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Should I be asked what Controversies in Pediatric Neuro-

surgery conveys to the reader, my answer would be a sense

of freedom. Aside from independently deriving different

ways to approach a given pathologic condition, this sensa-

tion of freedom is also generated by the editors’ willingness

to deny a predetermined conclusion or appropriate answer

for each given controversy. Consequently, most of the infor-

mation is provided in a sort of colloquial way among friends

aimed at achieving a unified purpose, rather than a debate of

opposing absolutes and incompatible truths. Additionally,

the “Lessons Learned” by the editors at the end of each chapter

tend to mediate the positions of the contributing authors

and likewise individuate the essential points of discussion.

Obviously, the intention is to offer the reader a convergent

view, rather than to accentuate the dubious.

Generally, one of the main limits and risks a multiau-

thored volume may suffer from is a quality of unevenness

among the various chapters. In many of these cases, editors

propend to offer a somewhat rigid scheme for their con-

tributors to adhere to in order to make their book as uniform

as possible. This book is unique in that it is evident that the

authors enjoyed the opportunity to employ their own style

when delivering their message or sharing their personal

experience. The lack of a dogmatic attitude by both the editors

and the authors amounts to a very readable book with a

surprisingly agile architecture apt for conveying and updating

information effectively.

The readability of this book is further enhanced by the

authors’ and editors’ shared understanding that an attitude of

assured knowledge must be renounced when addressing

these controversies, avoiding contraposition, and empha-

sizing the reasons for the multifaceted approaches often

required to treat pediatric neurosurgical conditions. Occa-

sionally, as in the excellent contribution by Albright in

Chapter 19, it is expressly declared that the will to avoid con-

sidering controversial therapeutic approaches must be chal-

lenged in the interest of delivering the best possible care.

The editors have chosen 20 controversial subjects that

cover the spectrum of pediatric neurosurgery, including

disorders of cerebrospinal fluid dynamics, congenital cranial

and spinal malformations, tumors, vascular congenital and

acquired disorders, intracranial infections, and intractable

epilepsy. These topics certainly belong to those areas of

pediatric neurosurgery where treatments still bring doubt

and discussion. However, after reading this book, one may

wonder whether the essential core of pediatric neuro-

surgery, or even the entire discipline, should be thought

of as controversial, as physiopathogenetic interpretation

remains obscure. A controversial spirit could argue that

other similarly debated pediatric neurosurgical subjects

were not covered. However, considering the excellence of

this work as it stands, even such a critic would be compelled

to admit that the field might demand a second volume

by the same editors, covering the remaining nosographic

entities of pediatric neurosurgery whose pathogenesis, not

to mention treatment, is quite debatable.

Over the years, controversy has arisen over the advan-

tages and disadvantages of pursuing the specialty of pedi-

atric neurosurgery in comparison with that of general

neurosurgery. Almost always, this debate is solicited by

general neurosurgeons and might have comprised the first

chapter of the book, but luckily we were spared such a

fruitless discussion. Indeed, pediatric neurosurgeons appear

to have a firm appreciation for the element of controversy

inherent in their discipline and do not feel a need to seek

some kind of legitimization of purpose. The controversies

in pediatric neurosurgery, such as those dealt with in this

interesting book, demonstrate unequivocally how open

Foreword
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the knowledge is already well established, its principles

fully accepted.

Concezio Di Rocco

Rome

xii Foreword

the field is to young and curious minds eager to further

develop the specialty. In this respect, the editors should be

praised for having chosen to challenge themselves by facing

unsolved problems with a flexible discernment, rather than

conforming to the status quo by working in a field where
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“Knowledge is a process of piling up facts; wisdom lies in

their simplification.”

—Martin H. Fischer

Considerable numbers of conditions in pediatric neurosurgery

are approached in various ways throughout the world. These

different treatment modalities are greatly dependent upon

surgical training and experience, location in the world, and

available resources. Due to the relatively small numbers of

cases and the lack of studies providing hard evidence, con-

siderable debate exists regarding the “correct” way of treat-

ing such conditions. The diverse algorithms that pediatric

neurosurgeons use to approach patients with Chiari I mal-

formations and tethered cords are perennial subjects of such

debate. How aggressive the surgical resection of cranio-

pharyngiomas and ependymomas ought to be is another.

We have attempted to address these controversies by invit-

ing opinion leaders in their respective fields to provide their

points of view based on the best evidence and the most

extensive experience to date. The authors were entirely free

to express their viewpoint, while the editors summarized

their points in the “Lessons Learned” sections following each

subject of controversy, sometimes taking sides, sometimes

just framing the open questions, as they remain open.

This book is intended to expose readers to the various

strategies available and to assist practitioners in their dis-

cussions with patients and their families in an unbiased

manner. The book is divided into two sections, intracranial

and intraspinal disease processes. We hope that this text-

book will serve as a reference with its diverse opinions and

approaches for all pediatric neurosurgical diseases. Fur-

thermore, we hope that the “controversies” addressed here

will allow us to expand our knowledge and understanding

of these conditions.

We are grateful to all contributors for their efforts. Our

thanks extend to the editorial team of Kay Conerly, Dominik

Pucek, Ivy Ip, and Emma Lassiter at Thieme Medical Pub-

lishers for their patience and dedication to the project.
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Arachnoid Cysts1

Arachnoid cysts are developmental anomalies occurring

between layers of the arachnoid membrane that are

frequently encountered in pediatric patients. Often they are

discovered incidentally and remain clinically silent. In a

minority of cases, however, arachnoid cysts can cause symp-

toms via mass effect on surrounding structures, spontaneous

rupture or hemorrhage, or obstruction of cerebrospinal fluid

(CSF) outflow pathways. They have been associated with a

wide spectrum of clinical presentations in pediatric patients,

including headaches, macrocephaly, hydrocephalus, seizures,

and motor/developmental delays.1–6

Patient evaluation is a key factor in the management of

arachnoid cysts, as a majority of these lesions can be man-

aged conservatively with sequential imaging. In the past,

the optimal initial management of symptomatic arachnoid

cysts requiring surgical intervention has been debated.

Although several options for treating arachnoid cysts have

been used in the past, by far the two most frequently used

modalities have been CSF shunting procedures, such as

cystoperitoneal shunting, and craniotomy with fenestra-

tion of the cyst membrane.5 Either shunting or fenestration

can be employed as a primary procedure, and each

approach carries with it its own set of risks and benefits.

Both procedures clearly have a useful role in the manage-

ment of arachnoid cysts, and the optimal management of

pediatric patients is likely more contingent on knowing

when to use the correct procedure. Fenestration offers the

clear benefit of potentially rendering patients shunt inde-

pendent for life, yet it is unsuccessful in a certain propor-

tion of cases. Cystoperitoneal shunting is usually relied on

as a definitive backup measure when fenestration is unsuc-

cessful or as a primary treatment for arachnoid cysts when

there is clear evidence of coexisting hydrocephalus.

Benefits of Cystoperitoneal Shunt
Procedures

Shunt procedures have been used as a treatment for arach-

noid cysts for decades. Although cystoperitoneal shunts

remain the most commonly performed diversion procedure

for treating arachnoid cysts, other shunt procedures, such as

ventriculoperitoneal, cystoventriculoperitoneal, cystocis-

ternal, and cystoventricular shunts, have been used by some

surgeons.7–9 CSF fluid shunting procedures offer several

advantages over open craniotomy with fenestration for the

treatment of arachnoid cysts. Foremost, the overall success

rate of cystoperitoneal shunt procedures in decreasing the

size of arachnoid cysts and reducing mass effect on sur-

rounding structures is higher than in major reported series

of craniotomy and fenestration.1,4,10,11 Nevertheless, fenes-

tration procedures are frequently attempted by many cen-

ters because a major emphasis is placed on shunt avoidance,

if possible.

It has been theorized that cystoperitoneal shunts address

the underlying problem relating to arachnoid cysts and a

potential underlying mechanism for their expansion, namely

impaired CSF flow dynamics. Furthermore, shunt procedures

are frequently required following attempted craniotomy with

fenestration, whether in the form of a cystoperitoneal shunt,

ventriculoperitoneal shunt, or subdural-peritoneal shunt3,12

(Fig. 1.1). The rate of shunt dependence following cranioto-

my with fenestration has been reported as 43 to 80% in larger

series.2,9,10,13 A study by Ciricillo et al reported that 12 of

15 children (80%) treated initially with fenestration were

shunt dependent following surgery.10 A previous study from

our institution reported an overall postfenestration shunt

dependence rate of 55%.9

3

♦ Cystoperitoneal Shunting

Gabriel Zada and Mark D. Krieger
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The requirement for shunting following fenestration

depends significantly on the presence or absence of hydro-

cephalus.2,9,13 Most authors are in agreement that patients

with hydrocephalus and an arachnoid cyst will require a

shunt procedure1,2,9,10,13,14 (Fig. 1.2). Along the same lines,

infants with arachnoid cysts presenting with macrocephaly,

without underlying hydrocephalus, are also significantly

more likely to be shunt dependent following a fenestration

procedure.13 A more recent study from our institution

assessed the rate of postcraniotomy shunt dependence for

patients younger than 2 years of age with arachnoid cysts,

when grouped by clinical presentation. The proportion of

postfenestration shunt dependency according to patients’

clinical presentation was 83% in patients with hydrocephalus,

57% in patients with macrocephaly, and 7% in patients pre-

senting with all other symptoms (p � .0039, two-tailed

Fisher’s exact test).13 These findings suggest that patients

presenting with arachnoid cysts and macrocephaly without

ventriculomegaly (in addition to patients with hydro-

cephalus) have an underlying aberrancy with CSF flow and

absorption, perhaps resulting in a forme fruste state of

hydrocephalus. Of note, some authors have reported that an

even more influential factor than the type of surgical inter-

vention used in determining the success rate of treatment is

the location of the cyst.10,15

Some surgeons have indicated that a major goal in the

treatment of arachnoid cysts is establishing equilibration of

intracystal pressure with intraventricular pressure. For this

4 I Intracranial

A B

Fig. 1.1 (A) Preoperative non-contrast-enhanced computed tomography

(CT) scan demonstrating a large left middle fossa arachnoid cyst. (B) Initial

follow-up CT scan showing a decrease in the cyst size and the development of

subdural hygromas. (C) Follow-up CT scan obtained after placement of a

cystoperitoneal shunt revealing improvements in the cyst size and hygromas.C

E1CH01.qxd  2/9/10  2:28 PM  Page 4



reason, some reports have stated that cystoperitoneal shunts

do not adequately restore physiologic intracranial pressure

but instead result in overdrainage of the cyst compartment.16

This dynamic, of course, depends in part on the valve system

that is employed in the cystoperitoneal shunt system. One

concern that has been raised with the use of shunt systems

is rapid overdrainage of arachnoid cysts, potentially result-

ing in extra-axial hematomas.17,18 Similarly, many authors

have reported that complete obliteration of a cyst is not

required to achieve improvement in patients’ symptoms, but

that a small decrease in cyst size is usually sufficient in doing

so.8 In recent years, programmable shunt valves have been

increasingly used with excellent surgical results, potentially

due to the regulated, gradual reduction offered by these

systems.17,19–21 Some authors have advocated cystoventricu-

loperitoneal diversion procedures in an effort to equilibrate

the intracystal and intraventricular pressures.4,14 Others

have been less supportive of this technique, given the more

complex Y-shaped connection requirement and the need for

additional catheter insertion.2,8 In an effort to restore the

communication between all intracranial CSF spaces, some

surgeons have advocated the use of cystoventricular shunt

systems with acceptable surgical results in patients without

hydrocephalus.7,8

1 Arachnoid Cysts 5

B

D

Fig. 1.2 (A) Initial non-contrast-enhanced CT scan exhibiting a poste-

rior fossa cyst and hydrocephalus. (B) Postoperative CT scan obtained

after fenestration showing improvement in the cyst size as well as

ventriculomegaly. (C,D) Follow-up CT scans revealing the patient’s

status following placement of a ventriculoperitoneal shunt.

A

C
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Risks of Cystoperitoneal Shunt Procedures

In addition to often being the more definitive procedure for

the management of arachnoid cysts, cystoperitoneal shunt

procedures are associated with a relatively low risk pro-

file.4,10,22–24 The risks of cystoperitoneal shunt insertion or

revision are generally reported as being lower than for

craniotomy with fenestration.4,10,11,25 Shunt insertion for

arachnoid cysts is generally a less invasive procedure than

craniotomy with fenestration, although endoscopic fenestra-

tion and the use of adjunct neuronavigation have certainly

provided minimally invasive fenestration of cysts in recent

years.15,26,27 Open craniotomy for cyst fenestration has been

associated with a higher risk profile and has been reported

to cause postoperative complications, including hemiparesis,

cranial nerve palsies, hypothalamic injury, increased seizure

frequency, and postoperative hematomas.2,3,10,12,28,29

Shunt procedures, however, carry with them the lifelong

burden of shunt dependence and associated potential risks,

such as infection, malfunction, and overdrainage.1,4,10,23 The

rate of subsequent revision for cystoperitoneal or associated

shunts has been reported as 10 to 50%.1,2,4,9–11 Undoubtedly, a

minority of patients will require multiple shunt revisions. In

one large series of 77 patients treated with cystoperitoneal

shunts, 8 patients (10%) experienced a total of 12 shunt mal-

functions over a mean follow-up time of 7.7 years.1 The mean

time to shunt malfunction following shunt operation was

4.8 years.

It has been noted that successful cystoperitoneal shunting

can lead to opposition and eventual scarring of the arach-

noid membranes, resulting in obliteration of the cyst.1,10 In

these cases, subsequent shunt malfunction may not result in

reexpansion of the cyst or recurrence of symptoms. Arai et al

noted that the degree of long-term shunt dependency was

related to the size of the cyst, with larger cysts being more

likely to present with shunt malfunction and intracranial

hypertension.1 Furthermore, they reported successful

removal of cystoperitoneal shunts without cyst recurrence

in 12 cases, with a mean follow-up time of 3.3 years.

In conclusion, patients with symptomatic arachnoid cysts

can be treated with a variety of surgical interventions. Each

patient must be assessed on an individual basis in regard to

the requirement for surgery and the optimal first-line inter-

vention. Key factors in this decision-making process include

the location and size of the cyst, the proximity to adjacent

cisternal spaces, and the presence or absence of hydro-

cephalus. Cystoperitoneal shunting is a relatively low-risk

and effective method of treating arachnoid cysts, especially

in cases of unsuccessful fenestration and in patients with

hydrocephalus. Given the major emphasis placed on shunt

avoidance at our institution, fenestration remains a pre-

ferred primary treatment in patients with symptomatic

cysts, especially in those without hydrocephalus and macro-

cephaly. Nevertheless, cystoperitoneal shunting remains a

useful, often definitive procedure in the management of

pediatric arachnoid cysts.

6 I Intracranial

♦ Open or Endoscopic Fenestration

Jeffrey A. Pugh and John C. Wellons III

Arachnoid cysts are the most common nontraumatic

intracranial lesions, with a reported frequency as high as 1

in 1000. First recognized in 1831, they can present with

headaches, seizures, accelerated head growth, or associated

hydrocephalus; however, given the relatively higher fre-

quency in autopsy studies, most are asymptomatic.30 As

such, the natural history of arachnoid cysts is poorly under-

stood, with reports in the literature of both spontaneous

resolution and progressive enlargement.31–33 Furthermore,

the pathophysiology of arachnoid cysts is not well under-

stood. Most theories center on a gradual accumulation of

CSF into a congenitally abnormal compartment via a “ball-

valve” effect. Oftentimes, areas thought to be arachnoid

cysts may in actuality be regions of periventricular

encephalomalacia following perinatal infarction and may

respond to standard CSF diversion (i.e., ventriculoperitoneal

shunting or endoscopic third ventriculostomy). Alternatively,

loculated fluid collections resulting from intraventricular

adhesions, more common in children with hydrocephalus

due to intraventricular hemorrhage of prematurity or

meningitis, may also occur. This discussion will center on

arachnoid cysts believed to be congenital; however, many

of the same surgical principles may be extrapolated for

secondary pathology.

Galassi et al classified arachnoid cysts of the middle cra-

nial fossa based on imaging characteristics and clinical

response to surgical management.34 Type I cysts communi-

cate with the subarachnoid cisterns, are often incidental

findings, and frequently do not require treatment. Type II

cysts may or may not communicate with adjacent cisterns

and are more likely to require treatment. Type III cysts do

not communicate with the subarachnoid space, cause local

mass effect, are more often symptomatic, and require surgi-

cal management.34 Di Rocco et al monitored local intracra-

nial pressure (ICP) in patients with middle fossa arachnoid

cysts and found constantly elevated pressure in patients

with type III cysts in contrast to normal pressure in patients

with type I cysts. In patients with type II cysts, recording
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elevated ICP assisted in surgical decision making in their

series.35

Intraventricular, suprasellar, quadrigeminal plate, and

posterior fossa arachnoid cysts present additional surgical

challenges due to location and proximity to delicate neu-

rovascular structures. Additionally, cysts in these locations

are more likely to present with associated hydrocephalus

and as such were commonly managed by ventriculoperi-

toneal shunting. The wide variability in clinical presenta-

tion of arachnoid cysts further complicates a systematic

approach to best management.

Early studies evaluating the best treatment for arach-

noid cysts demonstrated that ventriculoperitoneal or

cystoperitoneal shunting was associated with fewer serious

complications and best overall outcome.36–40 Harsh et al

reviewed their experience managing intracranial arachnoid

cysts in 16 pediatric patients.36 Five of nine patients treat-

ed by craniotomy and cyst fenestration into the basal cis-

terns demonstrated recurrence, in contrast to successful

reduction in cyst size and clinical improvement in all seven

patients treated by cystoperitoneal shunting primarily and

all four patients who underwent secondary cystoperitoneal

shunting after failed fenestration. Ciricillo et al reported

similarly poor success rates for primary cyst fenestration.37

Only 3 of 15 patients experienced long-term benefit from

cyst fenestration. In seven patients with middle fossa

arachnoid cysts treated by cyst shunting, all experienced

clinical improvement, and none required revision, whereas

6 of 14 patients with cysts in other locations required shunt

revision for cyst recurrence.

In some patients the presence of an arachnoid cyst may

be an indication of a more widespread imbalance in CSF

physiology. Patients with progressive macrocephaly and/or

hydrocephalus in association with a middle fossa arachnoid

cyst are probably the best candidates for ventricular or cyst

shunting.41 Raffel and McComb and later Fewel et al demon-

strated that patients presenting without hydrocephalus do

better with cyst fenestration alone compared with those

patients with hydrocephalus.42,43 Two thirds of patients

with hydrocephalus required prior or subsequent cystoperi-

toneal or ventriculoperitoneal shunting. Zada et al later

reported on their experience with cyst fenestration in

patients younger than 2 years of age.44 They found that five

out of six (83%) patients with hydrocephalus were shunt

dependent and that 57% of patients with nonspecific

macrocephaly required a subsequent shunt. This is in con-

trast to successful fenestration as the only treatment in 14

of 15 patients without hydrocephalus or macrocephaly. An

important note is that 55% of shunts placed during this

study required revision during a median follow-up of 33

months, demonstrating the complicated CSF flow dynamics

in these patients.44

Although shunting procedures have demonstrated

improved outcome, CSF shunt systems continue to have

early risks of overdrainage and foreign body infection, as well

as long-term risks of shunt malfunction and cyst recurrence.

Unfortunately, advances in shunt technology, including pro-

grammable valves, have not made a significant impact in the

rate of these complications. In contrast, improvements in

microsurgical techniques, neuroimaging, and neuroen-

doscopy have markedly decreased the complications associ-

ated with surgical management of arachnoid cysts and offer

patients the opportunity for shunt freedom.45–54

In the past cyst location was an important factor in

directing surgeons toward fenestration versus shunting.

Middle fossa arachnoid cysts frequently underwent open

surgical excision and marsupialization with additional fen-

estration of the deep wall into the basal cisterns. Thus,

either a major intracranial or a cystoperitoneal shunt proce-

dure was performed. As such the early advantage as far as

complication rate and morbidity were concerned under-

standably favored shunting procedures. As more minimally

invasive procedures were developed, the complication rates

for surgical management became more alike. To avoid the

long-term complications associated with shunting, open

and now endoscopic surgical fenestration has become the

favored approach. 

One criticism of cyst wall excision and marsupializa-

tion, particularly of large middle fossa arachnoid cysts, is

the risk of subdural hygroma or hematoma formation.55 In

the absence of adequate fenestration into the basal cis-

terns, cyst fluid accumulates in the subdural space, which

communicates poorly with any sites for CSF absorption.

Kang et al demonstrated that excision of the cyst wall and

fenestration into the basal cisterns was more successful

than shunting (79% vs 66%); however, in their study, nei-

ther of two patients who had cyst wall excision without

fenestration improved.56 In an attempt to reduce the risk of

subdural fluid collections, Elhammady et al performed

transcortical endoscopic fenestration of middle fossa

arachnoid cysts into the basal cisterns.57 In their small

series, two of three patients with direct access to the

arachnoid cyst developed significant subdural fluid collec-

tions in comparison to one of three patients undergoing

transcortical fenestration who developed a small fluid col-

lection that resolved spontaneously. Minimally invasive

approaches through keyhole craniotomies with the aim to

minimize disruption of the superficial cyst wall and maxi-

mize the fenestration into the basal cisterns have proven to

be more successful.48,58–61 Levy et al demonstrated a

decrease in cyst size in 82% of patients using standard

microsurgical instruments via a microcraniotomy to

obtain wide fenestration of the basal cisterns.61 Godano et

al employed the neuroendoscope to improve visualization

of the deep cyst membrane while working with standard

microsurgical instruments alongside the endoscope,

demonstrating complete resolution of symptoms in 11 of

12 patients.48
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As endoscopic equipment and techniques evolve, mini-

mally invasive management of the arachnoid cysts will

continue to be performed with greater success and fewer

complications. Greenfield and Souweidane have reported

successful endoscopic cyst fenestration in 32 of 33 patients.49

The one failure in their series responded to a second endo-

scopic fenestration, demonstrating that in appropriately

selected patients, cyst fenestration can safely and effectively

treat arachnoid cysts without the need for shunting.

Prepontine or suprasellar cysts were probably under-

appreciated as a cause of hydrocephalus before widespread

use of magnetic resonance imaging (MRI).62 Once these cysts

became recognized, treatment still centered on management

of the hydrocephalus because surgical excision or fenestra-

tion of these cysts was technically challenging and associated

with significant morbidity.63 With advancements in neuroen-

doscopy, suprasellar cysts have become more accessible.64–66

Gangemi et al summarized the results of 176 patients with

suprasellar arachnoid cysts from their review of the litera-

ture.67 They reported that 90% of patients were successfully

treated by endoscopic cyst fenestration into the third ventri-

cle and prepontine cistern compared with 81% success by

other surgical interventions (cyst resection, shunting, or per-

cutaneous ventriculocystostomy). We approach the endo-

scopic management of suprasellar arachnoid cysts as having

three surgical steps: fenestration into the roof of the cyst, fen-

estration through the floor of the cyst into the prepontine cis-

tern, and coagulation shrinkage of the cyst wall until the

anatomy of the third ventricle is restored and the cerebral

aqueduct can be visualized. Di Rocco et al reported on the

resolution of clinical symptoms in 12 patients undergoing

endoscopic ventriculocystostomy, with or without third ven-

triculostomy, despite radiographic improvement in only 9

out of 12.47 Wang et al successfully treated six patients with

dual fenestration and confirmed active CSF flow and patency

of all fenestrations with MRI.62 These reports demonstrate

the safety of endoscopic cyst fenestration but do not address

the long-term success or rather the potential for cyst recur-

rence. Cyst recurrence and obstruction of the cerebral aque-

duct are the main reasons for failure of simple endoscopic

cyst fenestration. Coagulation shrinkage of the cyst wall,

though opening up CSF pathways, is criticized for the risk of

thermal injury to the hypothalamus. Sood et al reported on

one child who developed precocious puberty following cyst

wall coagulation in eight patients.68 The remaining seven

patients did not demonstrate any hypothalamic dysfunction

following this procedure.

Arachnoid cysts in the posterior fossa and the quadrigem-

inal cistern frequently present with hydrocephalus due to

compression of the cerebral aqueduct, cerebellum, and fourth

ventricular outflow. Cysts in these locations are perhaps the

most difficult to manage through a microsurgical approach.

Advances in neuroendoscopic techniques have made cyst

fenestration safer. Quadrigeminal plate or pineal region cysts

can be approached via the posterior wall of the third ventri-

cle, fenestrating the cyst into the ventricular system and per-

forming an endoscopic third ventriculostomy at the same

time. Alternatively, an occipital bur hole approach over the

superior cerebellar surface provides minimally invasive

access to these cysts. Similarly, retrocerebellar cysts and cere-

bellopontine angle (CPA) arachnoid cysts can be approached

through minimally invasive occipital or retrosigmoid bur

holes. The neuroendoscope provides superior illumination of

the deep surface of such cysts, enabling fenestration into the

basal cisterns. Direct cyst fenestration has been shown to

reduce cyst size, restoring native CSF circulation pathways

and relieving hydrocephalus without the need for cyst or

ventricular shunts.69–73

Conclusion

Improvements in neuroimaging, microsurgical techniques,

image-guided surgery, and neuroendoscopy have all con-

tributed to lowering the complication rate of arachnoid cyst

excision, marsupialization, and fenestration, as well as

improving the efficacy of treating these cysts. However, the

best management of intracranial arachnoid cysts remains

uncertain. Given the well-recognized complications of

shunts (specifically, overdrainage, malfunction, and infec-

tion), our preference is to find solutions that enable

patients to be shunt independent. The pathophysiology of

arachnoid cysts is not well understood and is likely not uni-

form across cysts of different locations, size, and presenting

symptoms. Certainly, it is possible, even likely, that middle

fossa arachnoid cysts presenting with hydrocephalus or

macrocephaly have an underlying derangement of CSF

dynamics. For these patients, shunt independence is partic-

ularly challenging to accomplish. However, a minimally

invasive endoscopic cyst fenestration is very appropriate as

the first approach to manage these patients in the hope

that they may enjoy shunt freedom. If this fails to alleviate

symptoms, a cystoperitoneal or ventriculoperitoneal shunt

can be placed secondarily. Patients with middle fossa

arachnoid cysts presenting with headaches, seizures, or

focal neurologic deficits are well served by cyst fenestra-

tion, with the majority experiencing symptom relief with-

out the need for shunting. Hydrocephalus associated with

arachnoid cysts in other locations has been shown to be

very effectively treated by cyst fenestration and third ven-

triculostomy. These patients are well managed by restoring

natural CSF pathways and eliminating the need for shunts.

As technological advances continue to enable more and

more minimally invasive surgical approaches with improved

visualization and better microsurgical and endoscopic

instruments, the management of patients with intracranial

arachnoid cysts will continue to improve and enable more

patients to benefit from symptom resolution and shunt

independence.
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Arachnoid cysts are a superb example of how much our

decision preferences are influenced by certain preformed

concepts.

Most of us have a strong preference to avoid shunts, as

we are all experiencing the downsides of shunting with

those patients who continue to come back with the next

shunt malfunction.

Therefore, the treatment of arachnoid cysts without

shunts of several types is greatly preferred. Indeed the open,

endoscopic, or endoscope-assisted fenestration of arach-

noid cysts of various locations has improved with time.

Nonetheless, as Zada and Krieger have nicely outlined, the

shunting of arachnoid cysts is actually more effective than

fenestration. Both articles outline the important pretreat-

ment aspects: the most important one is to identify those

patients who are likely to experience complications from or

failure of shunting. These are patients with concomitant

hydrocephalus and infants with macrocephaly and a cyst.

Treating these patients with fenestration alone is probably

justified only when an adequate treatment of hydro-

cephalus with endoscopic third ventriculostomy is possible.

If not, it may be better to just go for a shunt right away.

♦ Lessons Learned
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Communicating Hydrocephalus2

The introduction of ventricular shunts in the early 1950s1

revolutionized the treatment of hydrocephalus and convert-

ed it from a terminal disease2 to a treatable condition with

overall good physical and cognitive outcome.3–8 These early

shunts contained a one-way valve, which opened and

allowed passage of cerebrospinal fluid (CSF) when the dif-

ference of pressure between its input and output reached a

preset threshold level. This type of valve is now referred

to as pressure-regulated or differential pressure and in its

most common implementation, which has been marketed

for 4 decades, contains a silicone diaphragm mechanism

that bends under pressure and opens circumferentially a

narrow passage through which CSF escapes. Other designs

also exist with similar pressure characteristics, for example,

proximal or distal slit, “spring-ball,” “ball-in-cone,” “duck-

bill,” cruciform, and diamond slit.9 In all designs, the defor-

mation characteristics of an elastic material are taken

advantage of to create a one-way mechanism that opens

whenever the proximal (ventricular) pressure exceeds a

preset level. This preset pressure level is intended to simu-

late normal intracranial pressure (ICP) within the cerebral

ventricular system; hence it is set around 10 to12 cm H20,

the nominal normal ICP. Early on it was appreciated that

different patients may respond better clinically if this

preset pressure was higher or lower than the average

“medium” setting; thus, “high” and “low” pressure valves were

designed.

Evolution of Valve Designs

Despite tremendous technological improvements over the

last several decades, there has been little change in shunt

valve design in essence, if one excludes the improvement in

materials, that has had a measurable effect on the long-term

mechanical complications of shunts. A major breakthrough

came in the 1980s, when the syndrome of shunt

overdrainage due to “siphoning” (rapid loss of CSF from the

head) in the erect position was appreciated. Different tech-

nological solutions were pursued to overcome this. Two main

types of devices were developed: “antisiphon” or “siphon

control” devices and “flow control” valves. Antisiphon

devices come in different designs; common ones use either a

dome to sense atmospheric pressure and apply increased

resistance to flow in the erect position (e.g., Delta chamber,

Medtronic PS Medical, Goleta, California) or gravity-

controlled balls that progressively occlude the CSF passage

and increase the resistance to flow (e.g., ShuntAssistant,

Christoff Miethke GmbH & Co. KG, Potsdam, Germany; 

and SiphonGuard, Codman & Shurtleff Inc., Raynham,

Massachusetts). Most manufacturers have incorporated

differential pressure valves and antisiphon devices in

single-case shunts (e.g., Delta valve � differential pressure

valve � Delta chamber, Medtronic PS Medical). Flow control

valves provide constant flow of CSF over a wide range of

pressures. The best example is the Orbis-Sigma OSV II valve

(Integra LifeSciences Corp., Plainsboro, New Jersey), which

contains a dome connected to a movable ruby pin with

variable profile that allows a stable flow of CSF to a wide

pressure range, while including an overflow mechanism in

case the CSF pressure becomes too high. Recently, the OSV

valve was developed in a lower flow setting as well, to suit

patients with normal pressure hydrocephalus (NPH) who

may be more prone to chronic subdural hematomas following

shunting.

Adjustable Valves

In the 1980s, an adjustable valve was produced, the Hakim-

Medos programmable valve (now called the Codman

Hakim programmable valve, Codman & Shurtleff), which

was able to change the opening pressure setting percuta-

neously with the help of a magnet system. It offered the

facility to change the opening pressure in 18 steps of 10 mm

H20 over a wide range, from 30 to 200 mm H20. It was an

♦ Nonadjustable (Fixed Pressure) Shunt Valves

Spyros Sgouros
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interesting concept, certainly advanced for its time. The

Codman Hakim was marketed as a programmable valve,

but it is better thought of as adjustable, as the user can

change only its opening pressure, not its essential function-

al characteristics; in other words, it operates on only one

program, at different pressure levels. The Codman Hakim is

a differential pressure valve, with a ruby ball and seat con-

trolled by a stainless steel spring of adjustable height.

Although its market acceptance (by market, we mean neu-

rosurgeons worldwide who implant shunts) was slow, it is

still in production today in its original form. Over the past

5 years the concept of changeable opening pressure has

gained acceptance. Other adjustable valve designs have

appeared as well, and they are gradually gaining market

acceptance or market share. Incidentally, the use of finan-

cial terms when discussing scientific devices like shunts is

appropriate, because the technological evolution that became

available for clinical use is directly related to the economic

realities that apply to the manufacture and distribution of

these devices.10,11

Recently, manufacturers have combined adjustable

pressure/differential pressure valves with antisiphon devices

in a single case. Three notable examples are the Strata

valve (Medtronic PS Medical), an adjustable Delta valve

(diaphragm differential pressure valve � Delta chamber)

with five pressure settings; the Miethke Pro-GAV (Christoff

Miethke GmbH & Co. KG, Potsdam, Germany), which com-

bines a ball-in-cone differential pressure valve and a grav-

ity-controlled ball antisiphon device; and the Codman

Hakim programmable valve, which has been combined

with the SiphonGuard (Codman & Shurtleff) in the same

case. These newer devices offer improved laboratory char-

acteristics but have not been available long enough to

ascertain their clinical performance.

Flow control valves are not yet available in adjustable

models.

Controversies Regarding Shunt Valves

After 5 decades of shunt design evolution, laboratory and

clinical studies, and considerable scientific debate at

countless meetings, the issues of superiority of shunt

valve design remain unresolved. This by implication signi-

fies the difficulties with the development of implantable

medical devices, as well as the economies of scale that

affect medical devices in comparison with commercial elec-

tronic goods, for example, which incorporate infinitely

more complicated technology than shunt valves and are

sold for a fraction of the price. At the same time, it has

been rather striking how polarized neurosurgeons’ views

are on the choice of shunts, though no conclusive scientif-

ic evidence exists, which implies that significant factors in

the choice of shunts play to the history of education of

each individual surgeon (most surgeons choose valves

that their mentors were using when they were training, in

parallel to the known assertion in commerce that most

drivers will choose the same make of car when they

change, provided they had no major problems with the

previous one), and the ability of the industry to penetrate

the local environment of neurosurgeons using the usual

market techniques (advertisements, personal contacts,

social trends, etc.).

Several in vitro studies have examined the hydrodynam-

ic properties of shunt valves, with particular reference to

antisiphon action.12,13 Two major valve-testing facilities

exist: in Cambridge, UK, and in Heidelberg, Germany, in the

respective Departments of Neurosurgery. Both of these

testing facilities have consistently shown that most shunt

valves do not counteract effectively the overdrainage phe-

nomenon in the erect position, despite manufacturers’

claims.12,13 The standard differential pressure valves have

major susceptibilities to overdrainage, the Codman Hakim

programmable valve cannot counteract overdrainage in the

erect position even in its higher settings, and the dome-

designed antisiphon devices (e.g., Delta chamber, Medtronic

PS Medical) are susceptible to subcutaneous pressure.14

This last problem has been shown to render the devices

inactive with time, as they are implanted in the subcuta-

neous tissue, which encases them in fibrous tissue, and

they lose their reference to atmospheric pressure, which

deactivates the whole mechanism of increased resistance

to CSF flow.

Considerable controversy exists still on whether flow-

regulated valves offer a better clinical long-term outcome

than pressure regulated devices. Several clinical studies

and a randomized clinical trial have not yet proven this

conclusively. It seems that, although in the laboratory,

flow-regulated valves are better than differential pressure

valves in counteracting the siphoning effect and maintaining

normal ICP, in actual clinical practice, the overall shunt sur-

vival time (the time from implantation to the shunt’s first

revision due to some complication, commonly obstruc-

tion) is not substantially different between the two shunt

types, the only difference being the types of complications

that affect them.15–17 Differential pressure valves are associ-

ated with a higher proximal obstruction rate, whereas flow

control valves are associated with a higher valve obstruction

rate. Furthermore, differential pressure valves are associated

with a higher incidence of slit ventricles seen on radiology,

but only a minority of patients develop the clinical features

of the syndrome (Fig. 2.1).

Cost comparison studies, performed mainly for the reali-

ties of the developing world, have shown no difference in

clinical outcome in differential pressure valves costing

$60 and $600,11,18 demonstrating clearly the tremendous

differences in performing neurosurgery in developing and

developed countries, and by implication the overpricing and

2 Communicating Hydrocephalus 13

E1CH02.qxd  2/9/10  2:32 PM  Page 13



acceptance, and NPH has become a more prominent focus in

comparison to 10 or 20 years ago, with the view, promoted by

shunt manufacturers, not proven by robust clinical trials, that

adjustable shunts are more suitable to patients with NPH.

Critical assessment of the published evidence does not sup-

port the idea of any superiority of adjustable pressure valves.

Before embarking on comparisons between these two

types of differential pressure valves, it is important to

remember that for at least 3 decades children and adults

worldwide have been treated with fixed pressure shunts

with very good results. Fixed pressure shunts have a consol-

idated profile of complications,19–23 which makes manage-

ment of patients predictable and, to a large extent, easy. On

average, a newly implanted fixed pressure valve, whether

differential pressure with or without antisiphon device or a

flow-controlled valve, has a 1-year survival rate of 70%, a

5-year survival rate of 55 to 60%, a 10-year survival rate of

20%, and an immediate postimplantation complication rate

(including infection) of �10%.22 Symptomatic slit ventricle is

a clinical problem often difficult to solve, but thankfully it

is not that common, seen probably in � 20% of shunted

children, and rarely in adults. Millions of children worldwide

have benefited from fixed pressure shunts, completed school,

completed higher education of some kind, and enjoy a near-

normal life. This was not possible before the invention of the

differential pressure valve.

Several clinical studies have established the use of

adjustable valves in both children and adults.24–29 All studies

declared that adjustable valves have the same rate of

complications as fixed pressure valves, not less. A randomized,

14 I Intracranial

inflationary effect of the medicolegal and commercially driv-

en environment.

For most hydrocephalic children older than 2 years and

most adults, a medium-pressure valve with an antisiphon

device offers good long-term results. Adult patients are not

particularly susceptible to overdrainage, so even valves

without antisiphon devices offer good results. Neonates,

young infants, and children in the first 2 years of life proba-

bly benefit most by a flow control valve, as they are the

most likely to develop slit ventricle syndrome. Children

with established slit ventricle syndrome can be difficult to

manage and often require several valve trials. They are most

likely to need change from a differential pressure to flow

control valve and can benefit often by adjustable valves if

they have developed poor compliance and are very sensitive

to small changes of pressure. Young infants with very big

ventricles and a small cortical mantle are particularly sus-

ceptible to overdrainage, collapse of the cortical parenchy-

ma, and development of subdural hematomas; thus, they

should have high resistance valves (high pressure � anti-

siphon or flow control or adjustable set at high pressure).

Fixed Pressure versus Adjustable 
Pressure Valves

Another controversy that has arisen in the last few years is

whether adjustable pressure valves are superior to fixed pres-

sure valves. This debate has evolved for two main reasons: the

shunt manufacturers decided to promote the marketing of

adjustable valves as the concept seemed to gain market

Fig. 2.1 Computed tomography (CT) scans of children with posthemor-

rhagic hydrocephalus obtained a few years after shunting. Differences

in the size of the ventricles are observed. The smallest ventricles are

seen in the child with (A) a differential pressure valve, the largest ven-

tricles in the child with (B) a flow control valve. (C) The child with a

valve with an antisiphon device has moderate-size ventricles.

A-C
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controlled study by Pollack et al between the Codman Hakim

programmable valve and fixed pressure valves was not

designed to demonstrate if the ability of pressure change

confers any clinical advantage; it was only designed to show if

the two types of valves had similar complication rates.25 The

main advantage of adjustable valves is the facility to change

the opening pressure of the valves without resorting to an

operation. Most studies with large patient numbers have

demonstrated that 50 to 60% of patients required at least one

adjustment of the pressure setting. Nevertheless, in all studies

it is clear that there is no well-defined protocol for changing

the opening pressure. Some surgeons use adjustable pressure

valves in all cases,27–29 whereas others use them selectively

for patients who may require pressure change (e.g., in slit

ventricle syndrome).24 Another shortcoming is the lack of

recommendations regarding the startup setting and the cri-

teria for changing the pressure setting. It seems that pressure

change has been done at surgeons’ discretion or interpreta-

tion of the symptoms or because of a lack of improvement on

the part of patients. An exception is patients who develop

postshunting subdural hematomas who invariably have the

valve pressure setting increased. Even in these patients, addi-

tional drainage of the subdurals via a burr hole has been

required in a significant percentage.25,26 Although no clear

consensus exists, it appears that adjustable valves may be

useful in children who suffer from slit ventricle syndrome

and have tried other valves and in adults with NPH. They may

be useful in other circumstances where incremental change

of intraventricular pressure may be beneficial, for example, in

neonates with very large ventricles with a thin cerebral mantle,

where there is a significant risk of subdural collections

following shunting (Fig. 2.2), and in children with large con-

vexity arachnoid cysts where fixed pressure valves in a

cystoperitoneal shunt can cause overdrainage.30

Invariably, all adjustable pressure valves have a signifi-

cantly higher cost than standard fixed pressure valves, on

the order of 30 to 50%, depending on local pricing policies.

Some proponents of the routine use of adjustable valves

for all patients and all ages have tried to argue that the

excess cost is being offset by the long-term saving that the

option of pressure change incurs. That economic argument

has not been proven yet. A speculative study has been

performed,10 but it has no real value, as it attempted to

calculate the projected economical saving rather than

compare prospectively actual cost efficiencies in implant-

ed patients. There is no prospective study that compares

the cost of adjustable versus nonadjustable valves, and it

would be impossible to carry out such a study, having in

mind the problems that patients with hydrocephalus,

especially children, have over several years (repeat admis-

sions for possible obstructions, repeat scans for investiga-

tions of headaches, doctors’ differing attitudes to symptoms,

etc.). Certainly, the current evidence in the literature does

not justify the routine use of adjustable valves in all

patients and all ages.

Conclusion

Fixed pressure shunts have an established profile of success,

complication, and long-term failure rates. They have proven

their value with time. Many new shunt designs have

appeared in the past 20 years, but none have managed to

2 Communicating Hydrocephalus 15

Fig. 2.2 CT scans of a neonate with hydrocephalus and an abnormally

thin cerebral mantle. (A) A few days after insertion of a valve with an

antisiphon device, large subdural collections developed. (B) The

original valve was removed, and an adjustable valve was inserted and

gradually increased in opening pressure, until the subdural collections

were absorbed.

A B
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symptomatic slit ventricle syndrome or adults with NPH.

The routine use of adjustable pressure shunts has not been

proven justifiable yet.

16 I Intracranial

make a dramatic impact on the success, complication, and

long-term failure rates. Adjustable pressure shunts may be

good for specific types of patients, such as children with

♦ Programmable Shunts

Ethan A. Benardete

History

The development of the first valves for CSF diversion shunts

occurred in the 1950s. Because ventriculoatrial shunts were

common at the time, Matson and Alexander realized that a

one-way valve was necessary to prevent reflux of blood

from the atrium of the heart into the ventricular system.31

Several basic valve designs were developed, including ball-

in-cone, diaphragm, and slit valves.32,33

During the ensuing decades, as ventriculoperitoneal

shunts became preferred, a further benefit of shunt valves

was recognized, the shunt valve’s ability to regulate CSF

flow. It is this capability that led to the next innovation in

valve technology: adjustable shunt valves. The earliest

adjustable designs date to the 1970s and 1980s.31 Adjustable

shunt valves provide a way to change the amount of CSF

drainage without the need for further surgery.

CSF Dynamics

In the early 20th century, insightful experiments by Dandy

and Blackfan, among others, demonstrated the nature of

obstructive and communicating hydrocephalus.34 As was

later observed, all hydrocephalus is obstructive in point of

fact, but when the obstruction is at the level of the sub-

arachnoid space or arachnoid granulations, it is commonly

referred to as communicating.35

The normal in vivo situation is not well mimicked by a

CSF shunt. It has been observed that normal CSF flow is pul-

satile, whereas the flow in a ventriculoperitoneal shunt

tube is largely continuous and subject to gravitational forces

as well as ICP.36 Differential pressure valves then compensate

for these forces by providing a fixed opening pressure so

that continuous drainage does not occur. Below the opening

pressure, CSF flow decreases to negligible amounts, whereas

above the opening pressure, the pressure head behind the

valve drives the flow.

What determines the right opening pressure for a given

patient? The shunted patient is an artificial situation in

which slight changes in position may potentially dramati-

cally alter the pressure difference across the valve. Brain

physiology must adapt to this foreign situation, but we have

no way of telling what the ideal opening pressure may be a

priori. Some patients may do well with their initial fixed

differential pressure valve. Nonetheless, in a significant pro-

portion of patients, the initial fixed differential pressure

valve may cause problems. These problems, which will be

considered more fully later, are related to either over- or

underdrainage.

Valve Technology

Briefly, we will review the basic facts of shunt valve design.

Fixed differential pressure valves come in a variety styles. The

original Holter valve uses two tubes with slits to both produce

one-way flow and create a fixed resistance, or opening pres-

sure. Valves of a similar nature include the Phoenix valves

(Vygon Neuro, Valley Forge, Pennsylvania). Another variation

on the slit valve is the miter valve, such as the Mishler valve

(Integra).

Other fixed valves use a ball and spring to put resistance

across the small opening inside the valve chamber. The

Hakim valve (Codman & Shurtleff) is a ball-and-spring type

well known for its durability. The GAV and Paedi-GAV

(Aesculap Inc., Center Valley, Pennsylvania) combine a ball-

and-spring design with an integral antisiphon device, which

uses weighted balls to compensate for the effects of patient

position. Several other valve designs, for example, the PS

Medical valves (Medtronic), use a diaphragm to regulate flow

across the valve opening.

Flow control valves represent a different concept in

valve design. These valves attempt to hold flow constant

across a broad range of pressures. The well-known valves in

this category are the Orbis-Sigma valve and the OSV II

(Integra). Fluid pressure drives a small conical piston so

that, when pressure is higher, the opening for fluid flow is

smaller. This allows relatively even flow over a wide range

of pressures. The shunt design trial of the 1990s failed to

show any benefit to this design over fixed pressure valves in

terms of failure rate or patient outcome.37

The concept of a noninvasively adjustable valve dates to

at least the 1970s.31 Several adjustable shunt valves are on

the market today. The Codman Hakim programmable

valve uses a ratchet mechanism to control the resistance

of the spring mechanism that controls a ball across the

valve opening. The ratchet mechanism is adjustable by an

external magnet using an electrically operated program-

ming unit. The standard valve is adjustable from an opening
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pressure of 30 to 200 mm H20. After programming, the

setting of the valve can be checked using a skull radi-

ograph by comparing the position of a movable radiopaque

marker with fixed markers on the valve. The valve is also

available with a separate antisiphon component. Because

this valve and other adjustable valves rely on a magnet to

program the opening pressure, rechecking the setting is

suggested following magnetic resonance imaging (MRI)

scans.

Similarly, the Medtronic PS Medical Strata and Strata II

valves use a magnet to noninvasively adjust the tension on a

spring, which seats a ball inside a conical opening.

Increasing tension on the spring increases valve resistance.

The setting of the valve can be obtained without radi-

ographs using a handheld indicator tool, which comes in

both a manual and an electronic version. This valve typical-

ly comes with an integral antisiphon device; however, the

valve is also available without the antisiphon component.

The valve is adjustable to five different levels of resistance or

“performance” levels, from 0.5 to 2.5.

The Sophy valve, manufactured by Sophysa (Orsay,

France) and first introduced in 1985, is the oldest commer-

cially available adjustable valve. It also uses a magnetically

movable fulcrum to adjust the tension on a synthetic ruby

ball that is seated within the flow pathway. The Polaris

valve, which is marketed as MRI-compatible, is an updated

version of the Sophy adjustable valve.

Aesculap markets the pro-GAV adjustable valve based on

the fixed GAV shunt design (Miethke). This valve is housed

in a titanium metal casing unlike the plastic coverings of the

other valves. Similar to the others, tension on a ball is

adjusted with an external magnet and read with an indica-

tor tool. The design also incorporates an antisiphon device.

In summary, several adjustable shunt valves are available,

each with minor variations. There are no clinical studies that

evaluate one design over another. Surgeon preference

regarding such subtleties as size, ease of use, availability, and

familiarity largely drives the decision over which one of the

adjustable valves to use.

Clinical Uses

Ventriculoperitoneal (or ventriculoatrial or ventriculo-

pleural) shunts are conceptually simple devices, and the

clinical uses of adjustable shunt valves are straightforward.

Adjusting the valve opening pressure lower results in less

resistance to flow, and higher CSF flow rates are obtained.

Similarly, higher opening pressures result in higher resist-

ances and less flow under similar conditions. When plotted

as a pressure versus flow curve, the different valve settings

typically give a series of parallel curves (Fig. 2.3). Each line

in Fig. 2.3 represents the performance of the valve at a dif-

ferent resistance setting.

This adjustable resistance feature is useful in several clin-

ical situations. Because the correct opening pressure for a

given patient is initially unknown, a starting opening pres-

sure must be estimated. A typical dilemma occurs with

patients with large ventricles. These types of pediatric

patients are not uncommon in centers where treatment for

hydrocephalus is delayed. One must weigh the desire to

provide high CSF flow to reduce the size of the ventricles

against the risk of causing a subdural hematoma by rapid

collapse of the ventricles. Numerous publications have doc-

umented the utility of having an adjustable shunt valve in

this situation. By raising the opening pressure of the valve,

an incipient subdural hematoma can be treated noninva-

sively without the need for valve revision or evacuation of

the subdural fluid (Fig. 2.4).

A second type of patient in which an adjustable valve

can be useful is the patient with slit ventricles. Here

shunt overdrainage leads to an abnormally small amount

of CSF within the ventricular system. Symptoms include

2 Communicating Hydrocephalus 17

Fig. 2.3 Graphical representation of adjustable

shunt valve function. Each line represents the

pressure versus flow curve for a given setting of

the adjustable valve. As the valve is set to higher

opening pressures, less flow occurs at any given

pressure.

E1CH02.qxd  2/9/10  2:32 PM  Page 17



been ruled out, this situation can sometimes be treated

noninvasively by decreasing the opening pressure of the

valve.

Clinical Studies and Evidence

Efficacy

Numerous retrospective studies have documented the

effectiveness of adjustable shunt valves for various pur-

poses. In 2005 Kestle et al published a prospective multi-

center study of the Strata valve documenting its efficacy

18 I Intracranial

chronic headaches and frequent shunt malfunctions.

Gradual elevation of the opening pressure can allow for

reexpansion of the ventricles.38 This reexpansion may

also lead to fewer proximal malfunctions, as the ventric-

ular walls are not coapted. Noninvasive manipulation of

the opening pressure makes this procedure much more

tolerable.

Occasionally, the neurosurgeon will encounter situations

where shunt underdrainage is a problem. In neonates, in

particular, underdrainage is often accompanied by accumu-

lation of subgaleal CSF collections. These collections can put

the healing incision at risk. After a shunt obstruction has

Fig. 2.4 Clinical examples of adjustable shunt valve use. (A) This

patient presented at 16 months of age with severe communicating

hydrocephalus and a head circumference of 61 cm. (B) The patient

underwent placement of a right occipital ventriculoperitoneal shunt

with an adjustable shunt valve. (C) Over the course of several

months, large bilateral subdural hematomas developed. (D) The

patient’s shunt valve was reset to a higher resistance with gradual

resolution of the chronic subdural collections. (E) Long-term follow-

up shows complete resolution of the subdural hematomas. The

patient continued to improve neurologically after placement of the

shunt.

A-C
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and safety.39 The first-year revision rate for these patients

was similar to patients with fixed pressure valves.

Nevertheless, the adjustable property was found to be use-

ful in a large number of patients. Similar favorable results

with other types of adjustable valves have been found by

others.40–42

Several studies have shown that readjustment of the

opening pressure in a patient with large ventricles can arrest

the development of subdural fluid collections and allow for

their resorption. In 1987 Dietrich et al reported on such a

case.43 Their experience with 74 patients was also summa-

rized in 1990.44 Similarly, a retrospective study of 75 patients

with the Sophy valve reported 10 cases of subdural fluid col-

lections managed by valve adjustment.45

Patients with slit ventricle syndrome or shunt

overdrainage can also be treated by noninvasive adjust-

ment of the shunt valve. Kondageski et al published a

report on 24 patients with shunt overdrainage symptoms

who were managed by insertion of a Strata valve and shunt

valve adjustment.46 Although patients with subdural fluid

collections were not excluded, inclusion in the study was

predicated on clinical symptoms as well as documented

low ICP (measured with a fiberoptic ICP probe). A significant

reduction in symptoms occurred after insertion of the

valve, and insertion of the adjustable valve was also signif-

icantly associated with reduction in the need for further

surgery.

Further studies have focused on the value of these valves

in neonates. In the early postinsertion period, low opening

pressure can be set to avoid subgaleal fluid accumulation.47

After several days, the opening pressure can then be

increased to prevent overdrainage-type symptoms.

Adjustable Shunt Complications

Significant concern regarding the susceptibility of

adjustable shunt valves to stray magnetic fields has led to

several published studies. An in vitro study by Nomura

et al showed that cellular phones could theoretically influ-

ence the setting, but that valves in the standard frontal or

occipital locations are unlikely to be influenced by the

magnetic field of cellular phones.48 An in vitro and in vivo

study of the Codman Hakim valve found it to be particu-

larly susceptible to magnetic fields,49 and further studies

have found both the Sophy and Codman Hakim valves at

risk.50,51

In my experience, inadvertent changing of the shunt

valve setting is relatively uncommon. Nevertheless, it is rea-

sonable to recheck the valve setting after MRI imaging and

at each follow-up visit or emergency consultation. The

major manufacturers of adjustable valves are all developing

devices that will be less susceptible to magnetic pulses such

as MRI (e.g., Polaris).52

Comparison with Fixed Differential Pressure Valves

No prospective, randomized trial of adjustable shunt valves

versus fixed differential pressure valves has ever been pub-

lished. It is unlikely that such a trial would ever be under-

taken because of difficulties with enrollment and design.

The shunt trial of the 1990s did seem to indicate that no

particular shunt valve design was superior to any other.37

But similar to other trials in neurosurgery, comparisons

such as this often fail to demonstrate superiority because of

indiscriminant patient selection. There are undoubtedly

certain valve designs that work better for certain patients,

but without selecting those patients a priori, it is usually

impossible to see an effect.

Recent published reports have found in a retrospective

analysis that adjustable shunt valves are effective in reducing

proximal shunt malfunction and need for shunt revision.53

There is little evidence to suggest that adjustable valves

from the major manufacturers malfunction more frequently

than other valves. In my experience, valve malfunction

represents the least likely cause of shunt malfunction.

Cost

Another common argument against adjustable shunt

valves is that they cost more that the standard differential

pressure valve. However, proponents of adjustable shunt

valves argue that the cost of the valve is more than com-

pensated for by avoidance of additional surgery and time

in the hospital to “switch over” to a different fixed pres-

sure valve. In addition, if a certain number of slit ventricle

syndromes or subdural hematomas were avoided, this

might make up for the cost of the valve. One study has

addressed these issues and found that the adjustable valves

were a cost benefit.54 Similarly, Arnell et al concluded that

a primary programmable valve insertion in pediatric patients

was cost-effective.40

Conclusion

Treatment of hydrocephalus with the use of ventricu-

loperitoneal (or other terminus) shunts is a nonoptimal

solution to a difficult problem. Shunts do not mimic what

we know about the way CSF is absorbed in the normal

physiologic situation. However, adjustable shunt valves

improve the performance of CSF-diversion shunts in many

patients. Numerous reports support the notion that these

adjustable valves are effective in noninvasively treating

syndromes of both over- and underdrainage. I recommend

an adjustable shunt valve as the initial valve in all cases of

pediatric communicating hydrocephalus unless interfer-

ence from magnetic fields (i.e., very frequent MRI scans) is

a major concern.
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♦ Antibiotic-Impregnated Catheters

Gustavo Pradilla, Daniel M. Sciubba, and George I. Jallo

Hydrocephalus constitutes one of the most prevalent clini-

cal entities requiring neurosurgical treatment. CSF diver-

sion remains the mainstay of therapy.55 Regardless of the

location and system used, patients with implanted shunts

frequently present with system failures that result in con-

siderable morbidity and mortality.56,57 Among shunt-related

complications, infections continue to challenge neurosurgi-

cal specialists and clinicians alike, despite standardized pro-

phylactic antibiotics and strict sterile techniques.58 Recent

advances in sustained drug delivery technology facilitated

the development of antibiotic-coated catheters.59–62 The

purpose of this article is to familiarize the readers with

the clinical nuances of hydrocephalus treatment, to describe

the pathophysiology of shunt-related infections, to discuss the

principles of sustained drug delivery applied to antibiotic-

coated catheters, and to present clinical data that evaluate its

safety and efficacy.

Hydrocephalus

CSF circulation may be altered by congenital or acquired

conditions altering normal transit pathways, resulting in

obstructive hydrocephalus, or by either impaired absorp-

tion or CSF overproduction. Hydrocephalus can develop

at any age. Common causes of hydrocephalus include

prematurity (following germinal matrix hemorrhage),

congenital central nervous system (CNS) disorders such as

myelomeningoceles, Dandy-Walker malformation, arachnoid

cysts, posthemorrhagic development following aneurysmal

or posttraumatic subarachnoid hemorrhage, postinfectious

development after meningitis or meningoencephalitis, and

congenital skull deformities such as Crouzon and Pfeiffer

syndromes.63

The incidence of acquired hydrocephalus is inconsis-

tently reported, but congenital hydrocephalus data suggest

that it occurs in �0.4 to 3.16 of every 1000 live births.64–67

Until the mid-20th century, patients with hydrocephalus

faced progressive and devastating neurologic dysfunction,

often resulting in death. Historical accounts attribute the

earliest description of hydrocephalus and the first docu-

mented attempts of ventricular puncture to Hippocrates

(5th century BC); however, it appears that the technique

only resulted in drainage of the subdural space.68–70 Head

wrapping, bloodletting, trephination, and other techniques

were used unsuccessfully from the 16th to the 18th

centuries. In the late 19th and early 20th centuries, exper-

imentation with CSF diversion as a treatment for hydro-

cephalus was started using venous grafts and artificial

cannulas without significant results.71 Under Harvey

Cushing’s leadership, members of the Hunterian Laboratory

at Johns Hopkins, including Walter Dandy, greatly con-

tributed to the understanding of CSF physiology. This work

allowed Dandy to later develop bilateral choroid plexec-

tomies and third ventriculostomies as the first efficacious

surgical treatments for infantile hydrocephalus.70–72

Endoscopic ventriculostomy and ventriculocysternostomy

quickly followed with variable rates of success. CSF diver-

sion to a body cavity was extensively investigated by Matson

and colleagues at Boston Children’s Hospital.73 This work

focused primarily on ureteral diversion but lost favor to

other sites due to significant infection rates and other delayed

complications.

Although multiple sites were tested, significant progress

in the field was modest until the development of biocom-

patible materials and unidirectional valves. In the 1950s

work by Nulsen and Spitz on ventriculojugular shunts pro-

vided a simple valve mechanism71 that in conjunction with

the introduction of silicone shunt tubing by Pudenz set the

foundation for the systems used today.74–76 The first patient

treated with a silicone ventriculoatrial shunt died 2 years

later from a shunt obstruction, but silicone has remained a

preferred material in shunt tubing manufacturing and is

currently used to produce the new generation of antibiotic-

coated catheters.

Treatment

Patients presenting with acute hydrocephalus secondary

to intraventricular hemorrhage (IVH), acute shunt mal-

function, or other etiologies require prompt CSF diversion

with either temporary drainage or permanent shunting.

Temporary alternatives to shunt placement include admin-

istration of diuretics, repeated lumbar punctures, lumbar

drainage, repeated ventricular punctures, external ventricular

drainage, and ventriculosubgaleal shunts.

Medical therapies for hydrocephalus are aimed at

decreasing CSF production and involve the administration

of diuretics. The most commonly used diuretics, acetazo-

lamide and furosemide, have been used alone and in combi-

nation with variable efficacy. Acetazolamide blocks the

formation of H+ and HCO3- from CO2 and H2O, which results

in urinary bicarbonate excretion, and furosemide inhibits

the Na–K–2Cl symporter in the thick ascending limb of the

loop of Henle, both resulting in diuresis. Although their

mechanisms of action differ, combination therapy results in

a synergistic reduction of CSF production. Clinically, the

efficacy of these medications is moderate and temporary. As

illustrated in a clinical trial, their use has been associated
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with increased mortality, increased shunt placement, and

higher neurologic disability at 1 year when compared with

serial lumbar punctures77 in pediatric patients with posthe-

morrhagic hydrocephalus.

Repeated lumbar punctures and continuous lumbar

drainage have been previously advocated to prevent hydro-

cephalus and relief intracranial hypertension in patients

with IVH. It was hypothesized that the removal of degrading

blood and protein from the CSF decreased the risk of hydro-

cephalus and reduced the need for permanent ventricular

shunting. For premature infants with ultrasound-documented

IVH (with or without hydrocephalus), this hypothesis has

been tested in randomized trials. Results from these studies

were evaluated by a systematic Cochrane foundation review,

which showed no reduction in the risk of shunt dependence,

disability, multiple disability, or death when early lumbar

punctures or ventricular taps were performed.78,79 This analy-

sis also showed that repeated taps were associated with an

increased risk of CNS infection. Because of this, the authors

recommend that repeated punctures be reserved for patients

with symptomatic intracranial hypertension.

Premature neonates suffering from germinal matrix

hemorrhages tend to have multiple comorbidities and very

low birth weights. Significant morbidity of repeated

ventricular punctures and inability to place permanent

ventricular shunts led to the development of ventriculo-

subgaleal shunts. Willis and colleagues evaluated the effi-

cacy and related complications of this procedure over a

1-year period.80 Their study showed that ventriculosubgaleal

shunts stabilized the clinical and radiographic progression

of hydrocephalus in all six premature patients and pre-

vented permanent shunting in one patient (16.6%). Four

patients, however, developed shunt infections involving

either the ventriculosubgaleal shunt itself (one patient) or

the subsequent ventriculoperitoneal shunts (three

patients). The overall rate of infection in the study was two

thirds (infection rates for primary ventriculoperitoneal

shunt placement in the authors’ institution at the time of

the study was 1%). The results of this study suggested that

ventriculosubgaleal shunts were effective for temporary

CSF diversion in neonates with posthemorrhagic hydro-

cephalus, although the observed infection risk was signifi-

cant. Several other studies have validated the use of

ventriculosubgaleal shunts since, with lower infection

rates.80–82

Permanent CSF diversion can be accomplished by place-

ment of ventricular or lumbar catheters using several tech-

niques, including frameless stereotaxis and neuroen-

doscopy. Selection of an adequate location for placement

of the distal catheter can have a significant role in the

longevity and rate of postoperative complications of the

shunt. Regardless of the location and technique used, post-

operative shunt infections remain the most prevalent com-

plication of CSF diversion.

Shunt Infections

CSF shunt implantations constitute nearly 50% of all surgical

procedures performed by pediatric neurosurgeons, with

�30,000 shunt procedures performed annually in the United

States alone.83 Although infection constitutes the most

prevalent complication following shunt placement in the

pediatric population,84 the rate of shunt infections varies

considerably in the literature and from center to center,

ranging from 0.33 to 39.0%.85,86 Postoperative nosocomial

meningitis after shunt placement has been reported in up to

33% of patients in some series; it carries mortality rates as

high as 20%.87 As reported by Dallacasa and others, most

infections tend to occur within a few months of surgery,

with 91% occurring within 9 months of shunt placement.88

In general, these “early” infections frequently result from

direct inoculation of nonpathogenic skin flora into the

shunt components at the time of surgery.

Coagulase-negative staphylococci constitute the most

prevalent organisms isolated (45–72%),89–91 followed by gram-

negative bacilli (19–22%).92 Pathogens normally found in skin

flora such as Propionibacterium acnes and other gram-

positive rods are common especially in adolescents, but

environmental and intestinal floras such as Haemophilus

influenzae and Enterococcus are also frequently described.92–96

Fungal pathogens have been reported with less frequency

(2–17%).84,85 Infections occurring beyond the postoperative

period are less likely to result from Staphylococcus aureus and

are frequently associated with abdominal pseudocysts and

other sources of infection.83

Although risk factors for shunt infection remain contro-

versial, young age and a history of prematurity have been

frequently identified and have been associated with poorly

developed immune systems, compromised skin quality with

higher bacterial density, and increased incidence of systemic

infections and sepsis.88,97 In patients presenting with postop-

erative or early shunt infections following shunt placement,

bacterial colonization of the hardware during surgery could

be an initiating factor. After implantation the response of

local and systemic immune mechanisms can be significant-

ly altered by the presence of the shunt, which acts as a for-

eign body and therefore facilitates bacterial proliferation.98

Perioperative risk factors were analyzed prospectively by

Kulkarni and colleagues, who found that intraoperative

exposure of the hardware to breached surgical gloves and

postoperative incisional CSF leak were significantly associated

with higher infection rates.93–95,97 In addition, a correlation

between lower rates of infection and increased surgeon

experience has been found in several studies.99–101

Patients with shunted hydrocephalus commonly present

with concomitant comorbidities that require abdominal,

thoracic, or other types of surgeries in the vicinity of the

implanted hardware. Although the incidence of sympto-

matic shunt infections resulting from intra-abdominal
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following a shunt tap has not been adequately studied, but in

published series it ranges from negligible to 32%.109–112

Laboratory Studies

Peripheral leukocytosis and serological markers, including

C-reactive protein (CRP) and erythrocyte sedimentation

rate (ESR), can be useful markers of acute infection and

therapeutic response. Microbiological CSF analysis can ori-

ent the diagnosis in conjunction with high clinical suspi-

cion. Confirmation of diagnosis, however, must not delay

prompt antimicrobial therapy and surgical intervention.

Biochemical and cytological profiles are helpful markers of

CNS infection, with hypoglycorrhachia, elevated protein

concentration, and polymorphonuclear infiltration strongly

suggesting active infection. As reported by Lan and

colleagues, CSF neutrophil counts � 100/mm3 have a 96%

specificity and a 0.55 positive predictive value for shunt

infection.105

Gram staining can provide further insight and facilitates

characterization of the pathogens involved. As reported by

Tung et al,113 patients with CSF eosinophilia have a higher risk

of developing shunt malfunction and shunt infections;

however, based on the findings of Lan and colleagues,

eosinophilia is significantly more prevalent in patients with

malfunction when compared with those with infection.105

Causative pathogens can be identified in up to 85.7%

of cases.114 Antibodies against Staphylococcus epidermidis

can be useful in detecting chronic ventriculoatrial shunt

infections.115

Treatment

Medical management of shunt infections consists of systemic

or intrathecal antimicrobial therapy. The success of antimi-

crobials as monotherapy is limited, as shown by James and

colleagues.116 In this study a combination of intravenous

and intrathecal antibiotics showed a 30% efficacy with a 2- to

3-week course. The inability to remove bacteria from colo-

nized hardware limits this approach to patients who are poor

candidates for immediate surgical intervention; however, in

all cases broad-spectrum antimicrobials are initiated until

microbiological data are available. A standard regimen should

include vancomycin, a broad-spectrum cephalosporin, and a

third agent to cover anaerobic infections. Therapy is tailored

as soon as antimicrobial identification and sensitivities are

obtained.

Broad-spectrum antibiotics are often combined with

temporary externalization of the distal catheter, particu-

larly in ventriculoperitoneal shunts that present with

infected pseudocysts or other intra-abdominal infections.

Serial CSF sampling and serological markers can be used

to determine resolution of the infection and timing for

reinternalization.
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surgeries has been low in retrospective series, shunted

patients presenting with fever or abdominal pain following

urological or intra-abdominal procedures should be moni-

tored closely for symptoms of shunt infection as well.102

Similarly, ventriculoperitoneal shunt catheters are at risk

for infection from intra-abdominal sources, and given the

higher virulence of intestinal flora following CNS penetra-

tion, shunt removal from the peritoneal cavity is commonly

recommended in these cases.

Open neural tube defects facilitate the penetration of

organisms found in epidermal and intestinal flora and con-

stitute an independent risk factor for shunt infection. It has

been hypothesized that concomitant repair of the spinal

defect with shunt implantation may decrease the incidence

of CSF leakage by relieving ICP. The risk of infection, however,

could be higher as the CNS could have been colonized prior

to the closure of the defect.103,104

Diagnosis

Early diagnosis of shunt infections in patients with non-

specific signs and symptoms remains challenging, as

reliable predictive factors are lacking. Common signs and

symptoms include fever, irritability, meningismus, and

seizures.88 The presence of fever and seizures appears to be

more frequently associated with shunt infections and may

help the clinician differentiate infection from mechanical

shunt malfunction.88,105

Fevers may be low grade and intermittent, with mild

generalized symptoms, unless more virulent organisms,

such as gram-negative bacteria, are involved. The pres-

ence of seizures in this patient group is multifactorial and

may be related to the higher incidence of seizure disorders

in patients with hydrocephalus as compared with the gen-

eral population, or due to the frequent episodes of high

fevers with shunt infection,105 which decreases seizure

threshold. Although shunt infections may present simul-

taneously with shunt malfunctions, they may develop in

the presence of a functioning shunt. Headaches are clini-

cally unspecific in this patient population and may develop

as a result of the infection or due to a concomitant shunt

malfunction. Incisional erythema, warmth, and pain along

the shunt tract can be seen but are not required criteria

for diagnosis. In patients with intraperitoneal distal

catheters, abdominal pain may result from peritonitis106

or arise from CSF pseudocysts (loculated peritoneal

collections).107,108

In patients presenting with clinical suspicion of shunt

infection, spinal fluid sampling can confirm the diagnosis.

The method of choice for CSF sampling depends on several

factors, such as shunt configuration, age, spinal anatomy, and

condition of the skin at the sampling site. Selection of lum-

bar puncture over shunt tap is therefore based on clinical

analysis in a case-by-case manner. The incidence of infection
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The most efficacious intervention involves complete

removal of the hardware with placement of a new tempo-

rary externalized ventriculostomy. Continuous microbio-

logical and serological surveillance is maintained until the

infection resolves, then a completely new shunt system is

placed.117 Recurrent infection following hardware removal

and broad-spectrum antimicrobials ranges from 5 to

20%.116,117

Prophylactic Measures

Factors that have been associated with decreased rates of

infection in single-institution series include reduction of

the number of people in the operating room, performing

shunt surgeries as the first cases of the day and with spe-

cially trained teams, decreasing the duration of surgery,

avoiding contact between the shunt hardware and the

skin, meticulous skin preparation, and use of prophylac-

tic antibiotics.118–120 The use of prophylactic antibiotics

has been studied in detail with mixed results. A meta-

analysis by Ratilal et al found significant benefit of

prophylactic antibiotics in the first 24 hours after place-

ment but did not find sufficient evidence of benefit after

24 hours.121 Other factors previously considered include

prevention of CSF leaks, postponing shunt placement in

premature patients as long as possible, and use of double

gloves.93,94

Antibiotic-Coated Catheters

Despite meticulous surgical technique, prophylactic pre-

and postoperative antibiotics, and multiple targeted meas-

ures discussed above, complete eradication of colonizing

organisms from the operative site and the shunt hardware

with intravenous antibiotics alone is often inadequate and

results in high rates of postoperative shunt infec-

tions.83,94,122 To address this issue, controlled-release tech-

nology was used to develop antibiotic-impregnated shunt

(AIS) systems capable of inhibiting biofilm formation on

shunt hardware.83,94,122–132 These systems are now readily

available, and studies continue to validate their use in

clinical practice.

Clinical Studies

Implementation of AIS systems has been shown to signif-

icantly decrease the incidence of early shunt infections

(within 6 months of shunt implantation).122,125,127,132 AIS

systems decrease progression from catheter colonization

to infection by enabling the sustained release of antibi-

otics into the catheter surface, which prevents staphylo-

coccal colonization. The AIS system used at the authors’

institution contains 0.054% rifampin (International

Nonproprietary Name rifampicin) and 0.15% clindamycin,

which have been shown to be bactericidal against multi-

ple species of staphylococci.62,124,126,129 In 2003 Govender

et al published the results of a prospective, randomized,

controlled trial that evaluated the efficacy of an AIS sys-

tem in preventing shunt infections when compared with

an identical control shunt system.125 One hundred ten

patients were recruited; 60 patients were randomized to

receive control shunt systems and 50 to receive AIS sys-

tems. Thirteen patients developed shunt infections, 10 in

the control group and 3 in the AIS group. Staphylococcus

species were identified in 83% of infected patients

(whereas the 10 infected control shunts had positive cul-

tures for staphylococci, none of the AIS shunts had any

staphylococci). These results confirmed that AIS afforded

antistaphylococcal protection, especially during the early

postoperative period. In addition, in 2005 Sciubba et al

conducted a retrospective study on 211 pediatric patients

with hydrocephalus who underwent 353 shunt placement

surgeries over a 3-year period.122 The study compared

patients before and after the introduction of AIS systems

at their institution and included 6-month follow-ups for

both groups. A multivariate regression analysis showed

that AIS catheters were independently associated with a

2.4-fold decreased likelihood of shunt infection.

Despite the mounting evidence favoring AIS catheters,

reluctance to use such systems in very young patients still

exists due to concerns for antibiotic-related toxicity and

for increased risk of colonization or infection in patients

with an immature immune system by antibiotic-resistant

organisms after prolonged exposure to the released

antibiotics.

In an observational prospective study by the senior

authors, 74 infants underwent 108 shunt surgeries with

AIS catheters.132 These patients were followed for over

9 months. Twenty-seven patients (36.5%) had received CSF

diversion devices prior to the study. Five infections

occurred in 5 patients (4.6% of procedures, 6.75% of

patients), with 60% of these patients being � 32 weeks at

birth. Thirty-three patients (44.6%) required shunt revision

surgery, 5 (15%) for infection and 28 (85%) for malfunction.

These results confirmed that AIS systems could be used

safely in the treatment of patients younger than 1 year old

and with a history of prematurity.

The results of that study propelled a follow-up study by

the senior authors that compared the overall cost of regular

shunts with the cost of AIS catheters.130 The authors retro-

spectively reviewed data obtained in 211 pediatric patients

who underwent 353 shunting procedures at their institu-

tion over a 3-year period and followed them for 12 months

after surgery. The association between AIS catheter place-

ment and subsequent shunt infection was assessed using a

multivariate regression analysis, and potential factors con-

tributing to the costs associated with treatment of postop-

erative shunt infections were analyzed. Two hundred eight
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shunts (59%) were placed with nonimpregnated catheters,

and 145 shunts (41%) were placed with AIS catheters.

Whereas 25 patients (12%) with non-AIS catheters devel-

oped a shunt infection, only 2 patients (1.4%) with AIS

catheters became infected. Among infected patients, those

with non-AIS catheters had longer hospital stays, more fre-

quent complications related to the treatment regimen, and

more frequent polymicrobial infections when compared

with those implanted with AIS catheters. These results

strongly suggested that despite the higher cost of individual

AIS components, the rate of infection and the frequency and

severity of related complications following postoperative

infections are less when compared with patients implanted

with non-AIS catheters.

♦ Lessons Learned

The use of fixed pressure-regulated valve systems for the

treatment of hydrocephalus is in fact a success story over

decades. Most of the clinical experience the community of

pediatric neurosurgeons has is based on the use of this type

of shunt valve. We also have the most experience with this

type of valve when the issue is shunt-related complications,

notably the excessive drainage of CSF and its consequences.

The thoughtful and pragmatic review by Sgouros reap-

praises fixed pressure valves and reminds us that little is

proven in terms of improvement provided by other shunt

valve designs such as flow-regulated valves, in particular,

pressure-adjustable valve designs. It is clear that with the

fixed pressure design we know best what to expect.

Evidence is only slowly emerging about the real value of

some improvements provided by adjustable valves, which

we are only too eager to expect. The financial aspect is

addressed in that the one determined thing about

adjustable valves is that they are more expensive than “sim-

ple” valves. Clearly, this is important in both developed and

developing countries.

The controversy is picked up elaborately by Benardete,

who not only presents the available evidence about

adjustable valve designs and their manufacturing varieties,

but also shows the ability of adjustable models to change the

opening pressure of a shunt valve without surgical revision.

The concepts to treat large ventricles with a stepwise

decrease from an initially rather high valve setting and to

treat slit ventricles with a stepwise increase from an initially

low valve setting are intriguing and based on the objective to

avoid sudden alterations to CSF dynamics. The evidence sup-

ports these concepts in that the number of shunt revisions

appears to be significantly reduced by the use of adjustable

valves. This constitutes a decrease in suffering, surgery, infec-

tion risk, length of hospital stay, and cost.

As practitioners, we must appreciate what we have and

what we understand well, such as fixed pressure valves, and

we must be critically open to new developments, such as

adjustable valves, which may well be more widely used in

the future once the evidence becomes firm and convinces

many more in the pediatric neurosurgical community.

The Hopkins group discusses the benefits of antibiotic-

impregnated catheters. They as well as several other centers

have conducted retrospective studies that demonstrate the

clinical efficacy in the reduction of shunt infections in chil-

dren (particularly high-risk infants) since the introduction

of these systems. These catheters prevent the colonization

of gram-positive organisms and in turn decrease the risk for

shunt infection. There have been no complications or resist-

ant infections with these systems. Although many centers

do not use these shunt systems, we will need prospective,

randomized clinical studies to see the benefit of the shunt

systems.

Conclusion

Postoperative shunt infections constitute a major source of

morbidity and cost and, despite considerable efforts, have

not been eliminated. More studies are needed to further

understand the risk factors and pathophysiology of this dis-

ease and to develop more effective treatment protocols and

prevention strategies that could significantly reduce the fre-

quency of these events. Newer techniques in microbiology

and materials science may improve our understanding of the

etiology of shunt infections and facilitate earlier diagnosis

and more effective treatment. The development of antibiotic-

impregnated catheters has had a significant impact in shunt

infection rates and constitutes a safe and effective strategy to

prevent these challenging complications.
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Noncommunicating Hydrocephalus3

Endoscopic third ventriculostomy (ETV) has become the

treatment of choice for hydrocephalus originating from an

intraventricular obstruction, usually at the level of the aque-

duct. Despite widespread enthusiasm at being able to treat

hydrocephalus without reliance on a foreign body and with-

in the skull boundaries, inherent risks exist for this high-end

procedure. The dilemma of how to treat a specific patient

with hydrocephalus, whether with a shunt or with ETV, has

to be resolved on an individual basis, taking into account fac-

tors such as age, etiology, anatomy, clinical behavior, the

available technology, and the surgeon’s experience. This

chapter will discuss different patterns of hydrocephalus and

the applicability of ETV.

Physiology and Advantages

In a third ventriculostomy, a hole is made using fiberoptic

technology, under direct vision, on the floor of the third

ventricle. The new opening allows cerebrospinal fluid (CSF)

to exit downward to the interpeduncular cistern, continuing

to the convexity of the brain, to be absorbed through “natu-

ral” pathways.

A patent third ventriculostomy converts an “obstructive”

type of hydrocephalus into a communicating one. In contrast

to the extracranial diversion produced by a ventriculoperi-

toneal shunt (VPS), ETV solves the problem of excess fluid

within the brain boundaries through a more physiologic

intracranial approach.1,2 CSF drainage is therefore not signif-

icantly affected by position, gravity, or intra-abdominal

pressure.

The lack of dependency on a foreign body is another

advantage of ETV over shunting. The infections that fre-

quently occur following VPS insertion usually mandate

additional operative procedures for removing the hard-

ware.3 When infections do occur following ETV, they can be

relatively easily resolved with antibiotic treatment only. In

addition, shunts often malfunction due to tearing, blockage,

or misplacement. Shunt replacement, though dependent in

part on original pathology and age, is required at an average

rate of at least 10% per year.4

Early failure of ETV can occur either as a result of an

insufficient opening on the floor of the third ventricle (due

either to small diameter or lack of opening of the “second”

membrane) or in situations where the final stage of CSF

absorption, at the arachnoid granulations, is not functional.5

Current methods attempting to test the absorption stage

before an ETV are, unfortunately, not reliable.

Late failures of ETV do occur but are infrequent and rarely

occur more than 6 months after surgery.6 When compared

with VPS, late failure rates following an initially successful

ETV are probably rarer by more than an order of magnitude.7

Late failures are usually attributed to scarring and closure of

the stoma.8,9 When a late failure does occur, a repeat ETV can

be offered to patients who have no flow void on the floor of

the third ventricle visible on magnetic resonance imaging

(MRI).8 Nevertheless, it is important to note that because late

failures following ETV can and do occur, and may even cause

“sudden death,”10,11 patients should be warned that an ETV,

even an initially successful one, does not cure hydrocephalus.

Such patients should stay under supervision and follow-up

and take symptoms associated with high intracranial pres-

sure (ICP), if they do occur, very seriously.

Indications

The classic indication for ETV is primary or secondary aque-

ductal stenosis1,2,12 (Figs. 3.1 and 3.2). When a tumor exists

at the level of the pineal gland, or posterior third ventricle,

ETV can be combined with an endoscopic biopsy. In hydro-

cephalus caused by tectal lesions, only an ETV is performed.

In aqueductal stenosis, the MRI typically demonstrates a

triventricular configuration, no flow at the level of the aque-

duct, and displacement of the floor of the third ventricle

downward.
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has a limited role to play as a temporary measure to control

ICP until the tumor is removed.22 After tumor removal,

when the aqueduct is usually wide open, hydrocephalus, if

present, is mostly absorptive.

Technique

ETV is done in patients under general anesthesia, usually

through a right frontal, precoronal bur hole. The exact

placement of the entry point is crucial, especially in com-

plex cases such as combined ETV–biopsy procedures.

Navigation may be helpful in choosing the placement of the

bur hole, as well as for planning an optimal initial trajecto-

ry path to the ventricle and the foramen of Monro.23,24 Once

inside the ventricle, the procedure is determined by the

individual anatomy, and navigation systems are less useful.

Use of peel-away tubes has an advantage in establishing an

open route that can be flushed as necessary and in prevent-

ing abrasions to the walls of the frontal lobe.

After a “tour” to identify the exact anatomy of the lateral

ventricle, the neuroendoscope is advanced through the fora-

men of Monro to the third ventricle, taking care not to cause

damage to the fornix and the choroid plexus. At this stage, the

somewhat stereotypical anatomy of the third ventricle is

revealed. The hole is aimed to be in front of the mammillary

bodies, keeping to the midline, at the tuber cinereum and

posterior to the median eminence and infundibulum. Special

care is devoted to prevent perforations to the basilar artery

bifurcation, situated on the other side of the membrane. The

basilar pulsations may occasionally be seen through a thin

membrane. Lasers are usually not used any more to create

the hole. Most trained surgeons make the initial hole with a

blunt monopolar electrode without current. Electricity is

occasionally required when the membrane is tough. The hole

is widened using a Fogarty catheter or the endoscopic forceps.

The opening of the second membrane to fully visualize the

content of the interpeduncular cistern and the subarachnoid

space is very important (Fig. 3.5).

Complications

The most dreaded complication of ETV is basilar artery per-

foration.25 Such an occurrence can be fatal. To prevent it, one

should consider each patient’s anatomy carefully, both on

preoperative MRI and through the endoscope. The initial

hole should be placed as anterior as possible, and only if a

good view exists. Injury to the walls of the lateral ventricle

occur mostly when the ventricles are not very big.

Navigation systems can assist in choosing optimal trajecto-

ries and bur hole placement.23,24 Small venous bleedings

usually subside spontaneously with rinsing, using either

Hartmann’s solution or normal saline. Endocrinological

complications have been described following ETV, but they

are rare.26 Chronic subdural hematomas have been reported
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Age may be a factor in the success rates of ETV in aque-

ductal stenosis. Success rates in infants (measured as the

resolution of symptoms with shunt freeness) were initially

quoted as between 30 and 80%.13 Recent publications have

shown ~50% success rates.14 Most, but not all, authors still

believe that age (within the group of infants) is important

for the prediction of success.15,16 Because ETV in infants up

to 2 years of age is so controversial, a randomized controlled

study (under the auspices of the International Society

for Pediatric Neurosurgery, International Study Group on

Neuroendoscopy, and International Federation of

Neuroendoscopy) is currently under way.13 This interna-

tional multicenter randomized clinical trial (the

International Infant Hydrocephalus Study) focuses on neu-

robehavioral scoring as its primary outcome measure.

ETV has the potential to successfully treat situations

where the fourth ventricle outlet is blocked (Figs. 3.3 and

3.4). Pathologies such as Chiari malformation and Dandy-

Walker syndrome have been treated successfully with ETV in

small series.17 Further data are required for evidence-based

decisions on ETV in these situations.

Similar decision patterns apply to chronically shunted

patients who present with a shunt malfunction. This group

seems to be ideal for ETV, as long as they show a primary or

secondary blockage at the aqueduct when their shunt mal-

functions.18–20

Initial enthusiasm for the role of ETV in children with a

posterior fossa tumor has recently subsided.21 ETV probably

Fig. 3.1 Post-endoscopic third ventriculostomy (ETV) magnetic reso-

nance imaging (MRI) reveals obstructive hydrocephalus caused by a

tectal lesion compressing the aqueduct. A flow void is seen through

the stoma in the floor of the third ventricle (arrow).
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and seem to occur more in those patients with very large

fluid spaces to start with.27 Infections may also occur and

should be suspected when postoperative fever appears

within 2 weeks of the procedure. Wound breakage may

occur, especially in infants, and mandates special emphasis

on closure techniques in this population.5,28

Ongoing hydrocephalus persists in some cases.

Occasionally, the absorption systems of the brain require time

to adapt. This temporary situation has led some to insert a

continuous lumbar drain (CLD) or perform a lumbar tap fol-

lowing ETV procedures, thus allowing natural pathways to

adapt and come into use gradually.29 Others have advocated

leaving Ommaya reservoirs to deal with early, as well as late,

ETV failures.30 In nonstraightforward cases, we also like to

leave ICP monitoring for a few days. Pressure waves can be

treated then with lumbar punctures or even CLDs.

Following an ETV, patients should spend the first postop-

erative night in an intensive care unit setting.
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Fig. 3.2 (A,C) Obstructive hydrocephalus caused by aqueductal compression by a thalamic lesion. (B,D) After performing an ETV, the ventri-

cles have decreased in size, and a flow void is apparent through the third ventricular floor (arrow).
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Technology

Most surgeons use rigid optical systems for ETV. Outer scope

diameters range from 2.3 to 7.0 mm. Working channels � 2

mm allow the use of bipolar coagulation. Free hand scope

manipulation is generally the rule for ETV. Arm holding and

manipulation systems have been described and are available

but have so far not gained widespread popularity.24

Results

ETV success rates have usually been measured in terms of

“shunt freedom.” Comparisons between centers and patho-

logic groups have been hampered by the lack of uniformity

for both inclusion criteria and failure definitions. For nonin-

fants, aqueductal stenosis (idiopathic or tumor-related)

success rates of 50 to 90% are commonly described.31–35

Hydrocephalus Associated with Open Spina Bifida

and Chiari Malformation

Open spina bifida and meningomyelocele are associated with

a high incidence of hydrocephalus. Thirty-five to 90% of

patients with meningomyelocele will have either clinical or

radiologic evidence of hydrocephalus.36 The etiology of

hydrocephalus in these patients is multifactorial. However,
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Fig. 3.3 Fourth ventricular outlet obstruction (FVOO), pre-ETV MRI. A

flow void is seen through the aqueduct (long arrow) but not at the

fourth ventricular outlet (short arrow). All the ventricles are enlarged,

and the third ventricular floor bulges downward (arrowhead),

suggesting a pressure gradient on it.

Fig. 3.4 (A) A suspected FVOO hydrocephalus. A flow void is present

through the aqueduct (arrow), but the third ventricular floor is

bulging downward (arrowhead), suggesting a pressure gradient. (B)

After performing an ETV, a flow void is apparent through the stoma,

and the third ventricular floor has less bulging. The flow void through

the fourth ventricle outlet (short arrow) is much more obvious after

the operation, suggesting that the diagnosis was not an FVOO.

However, the patient improved after the ETV.

A B
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most are secondary to a small posterior fossa with an associ-

ated Chiari (type II) malformation, causing an obstructive

type of hydrocephalus. Other obstructing causes may be at

the fourth ventricular outlet and aqueductal stenosis.37–39

Low-grade ventriculitis and meningitis, as well as hypoplas-

tic arachnoid villi, may also contribute with an absorptive

component.38 There is thus no single hydrocephalic-causing

mechanism, and the communicating-obstructing nature

depends on the predominating factors in an individual case.12

Some surgeons have excluded patients with meningomye-

locele from ETV series based on the assumption that the

hydrocephalus is not purely obstructive.18,40 However, oth-

ers have performed ETV in selected cases and achieved a

reasonable success rate.12,41

In addition to the pathophysiologic basis of hydro-

cephalus in patients with meningomyelocele, these

patients have various cerebral anomalies and anatomical

variations that may pose technical difficulties for perform-

ing the procedure, thus increasing the associated risk.

These anomalies include an enlarged massa intermedia of

the third ventricle, a distortion of the hypothalami, the

absence of septum pellucidum, a small foramen of Monro,

the presence of atypical veins on the third ventricular

floor, arachnoidal adhesions and septations in the third

ventricle, a narrow interpeduncular cistern, and the

absence of the infundibulum.37,40,42,43 Up to 70% of cases of

myelomeningocele may have third ventricular floor anom-

alies.43 In the largest series describing ETV in children with

meningomyelocele, Teo and Jones described their experi-

ence with 78 patients.12 These patients were carefully

selected on the basis of imaging suggesting an obstructive

hydrocephalus. The overall success rate was 72%. Three
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Fig. 3.5 (A) Intraoperative view of the tuber cinereum (mammillary bodies � asterisk, infundibular recess � arrow), (B) blunt poking of the

floor, (C) the opening in the floor, and (D) a view of the basilar artery in the interpeduncular cistern.

A

C

B

D

E1CH03.qxd  2/9/10  2:38 PM  Page 33



to differentiate the two situations. Some have claimed that

in FVOO, the Luschka foramina should be enlarged.

ETV has seldom been reported as the treatment for

FVOO.46 Concerning the etiology related to adhesive arach-

noiditis, the role of ETV is unclear. However, the few cases

reported to date had good clinical outcome, with no fail-

ures. In addition, no patient developed a trapped fourth

ventricle. This may be due to a more physiologic CSF

drainage rate, obviating secondary aqueductal stenosis.

Fenestration of the fourth ventricle outlet is a more physio-

logic treatment; however, the high success rate and more

simple procedure make ETV the preferred treatment.

Despite modern MRI techniques, this is the situation where

contrast material ventriculography may have an added

value in the selection process. We have successfully per-

formed ETV for a few such patients with hydrocephalus,

where, despite a clearly open aqueduct, the floor of the

third ventricle has been downward displaced, a secondary

sign of a pressure gradient between the third ventricle and

the interpeduncular cistern.

Dandy-Walker Syndrome

Dandy-Walker syndrome is associated with a high rate of

hydrocephalus. However, many patients do not have hydro-

cephalus at birth.53 Hydrocephalus is caused by obstruction

of the fourth ventricular outlet secondary to atresia of

foramina of Luschka and Magendie.50 The obstruction may

be partial with a functional insufficiency, thus explaining

the low rate of hydrocephalus at birth.53 The sylvian aque-

duct may be obstructed or open.48,54 The treatment of

Dandy-Walker syndrome has posed much debate.

Microsurgical opening of the fourth ventricular outlet has

been proposed for children older than 3 years.55 However,

success rates for the later procedure among younger chil-

dren have been low (15%) and associated with high mortal-

ity (10%).53 Thus, the main treatments consists of CSF

diversion, from the supratentorial, infratentorial, or both

compartments.48,53,55,56 These treatments have several asso-

ciated complications. Shunting the supratentorial ventricles

may cause secondary aqueductal stenosis from pressure

differentials between the supra- and infratentorium, caus-

ing an isolated fourth ventricle and necessitating additional

shunt placements.48 Thus, some surgeons suggest placing a

fourth ventricular shunt primarily. Posterior fossa shunts

have a high complication rate (42% morbidity directly asso-

ciated with the proximal catheter).57 Villavicencio et al have

proposed an open fenestration for patients with sympto-

matic posterior fossa cysts after exhausting the shunt

options.58

Thus, the deciding factor is aqueductal patency. A patent

aqueduct enables placement of a supratentorial shunt (risk-

ing secondary aqueductal obstruction with a trapped fourth
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cases were aborted due to third ventricular anomalies pre-

cluding a safe procedure. The success rate for children

younger than 2 years was 53%, and for elder children 80%.

Further analysis showed that the low success rate was for

ages less than 6 months (18%), whereas 6- to 26-month-

old children had an 80% success rate. Warf described his

results in 22 children with meningomyelocele younger

than 1 year.40 The success rate was 40%, and four cases

were aborted due to distorted third ventricular anatomy.

The 80% success rate in elder children, with no increased

morbidity, places the outcome of ETV for patients with

meningomyelocele at similar outcome rates as for aque-

ductal stenosis.32,44 High rates (84%) were achieved for

patients previously shunted who presented with shunt

malfunction.12 Shunted ventricles decrease the transman-

tle pressure, thus decompressing the subarachnoid space,

while preserving CSF production by the choroid plexus of

the fourth ventricle, thus enabling maturation of the

arachnoid villi. Considering the ventricular distortion in

patients with meningomyelocele, some surgeons prefer to

first place a shunt, then offer an ETV at a shunt malfunc-

tion episode.20

Thus, MMC-related hydrocephalus is not an absolute con-

traindication for ETV. Selected patients with suitable

anatomical configuration may undergo ETV with a high suc-

cess rate. Meningomyelocele-related cerebral anomalies

need to be addressed pre- and intraoperatively, to anticipate

and prevent morbidity and mortality.

Fourth Ventricular Outlet Obstruction

Treatment of sole fourth ventricular outlet obstruction

(FVOO) includes few options: supratentorial shunt place-

ment, microsurgical opening of the fourth ventricular out-

let, with or without stent placement, and ETV.45–47

Placement of a supratentorial shunt poses the basic risks

of shunt systems. In addition, drainage of the supratentorial

ventricles may cause secondary aqueductal stenosis and a

trapped fourth ventricle, necessitating additional proce-

dures.48,49 Open fenestration of the fourth ventricle and

stent placement when the aqueduct is stenotic are effective;

however, stent failure may be fatal.45

FVOO is rarely a sole pathology. Most reported cases are

related to myelomeningocele or Dandy-Walker syn-

drome.37–39,50 Other associated malformations are Chiari I

malformation and achondroplasia.17,51,52 The etiology of

acquired FVOO is multifactorial, either posthemorrhagic or

postinfectious (including viral infections). The common

resultant is adhesive arachnoiditis and occlusion of the ven-

tricle outlet.

It is possible that some patients who are classified

under the communicating hydrocephalus category have, in

fact, an FVOO. The enlarged fourth ventricle does not help
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ventricle). An obstructed aqueduct necessitates drainage of

both compartments.

Due to the obstructive nature of hydrocephalus, some

surgeons have tried ETVs for patients with Dandy-Walker

syndrome. These procedures have been performed alone, in

addition to aqueductal stenting (between the third ventricle

and the posterior fossa cyst), or in addition to fenestration

of the posterior fossa cyst.56,59–61 Mohanty et al published

the largest series of ETV in patients with Dandy-Walker

syndrome.56 They used a rigid endoscope for the ETV and a

flexible endoscope if needed for aqueductal procedures.

After a standard ETV was performed, the aqueduct was

inspected. If obstructed, the membrane was fenestrated,

and a cystoventricular stent was placed, if needed. The

overall ETV success rate in this study was 76%. No specific

morbidity or mortality occurred in this group. Smaller

series including patients with Dandy-Walker syndrome had

success rates of 42 to 66%.60,61

Thus, despite the lack of large series, the current litera-

ture notes favorable results for ETV alone or in addition to

an aqueductal procedure (membrane fenestration, with or

without stent placement).

Postinfectious and Posthemorrhagic 

Hydrocephalus

Postinfectious and posthemorrhagic hydrocephalus is mostly

thought to occur due to absorption insufficiency secondary

to adhesions in the CSF pathways—basal cisterns, subarach-

noid space, and intraventricular septations.40,62 Thus, CSF

flow is obstructed in the subarachnoid space and at the

draining end point, the arachnoid villi. These mechanisms

led to the concept that the preferred treatment is a shunt,

and ETV was considered contraindicated in patients with a

previous infection or hemorrhage.41,63 Siomin et al per-

formed a multicenter retrospective study analyzing the

results in posthemorrhagic and/or postinfectious hydro-

cephalus patients undergoing an ETV.64 Interestingly, the

success rates in patients after either hemorrhage or infec-

tion who had a triventricular pattern were 60 to 64%; how-

ever, patients with previous central nervous system (CNS)

infection and hemorrhage had only 23% success rates. The

presence of an infection did not alter the high success rate

for ETV in patients with aqueductal stenosis (90%). All pre-

mature infants with intraventricular hemorrhage who had

their ETV as the first treatment failed. However, all patients

who underwent the ETV at the time of a shunt failure were

successful. This may be due to transformation of the hydro-

cephalus to an obstructive hydrocephalus by the shunt,

while maintaining CSF production by the fourth ventricle

that enables arachnoid granulation maturation. Warf pre-

sented his experience in ETV in Uganda.40 In 300 cases of

ETV, 60% had postinfectious hydrocephalus. Warf subdivided

the patients into four groups depending on age (younger

than and older than 1 year) and whether the aqueduct was

patent or obstructed. The success rate for postinfectious

hydrocephalus according to the subgroups was 45% for

children younger than 1 year and with a patent aqueduct;

the remaining subgroups had success rates between 70

and 80%. The difference between children with a patent

and obstructed aqueduct was not significant (50 vs 70%,

respectively; p � .064), however, the difference between

children younger and older than 1 year was significant (60

vs 80%, respectively; p � .042). Warf also mentions the tech-

nical difficulty in performing an ETV in patients with signif-

icant postinfectious changes, especially in the presence of

scar tissue, hemosiderin, or inflammatory deposits. Warf’s

criteria for postinfectious hydrocephalus, however, are

problematic. He defined as postinfectious hydrocephalus

any case that fulfilled the following: (1) no hydrocephalus at

birth and (2) either a history of a febrile disease and/or

seizure preceding a clinically apparent hydrocephalus or

radiologic and endoscopic evidence of prior ventriculitis.

The endoscopic evidence of prior ventriculitis included

intraventricular septations, scarring of the third ventricular

floor, distortion of the third ventricle, studding of the

ependyma with inflammatory exudates or hemosiderin,

and obstruction of the foramen of Monro by inflammatory

exudates or scar. As noted elsewhere, posthemorrhagic

findings may overlap these endoscopic ones.62 In addition,

certain viral diseases may cause aqueductal stenosis, thus

biasing the hydrocephalus etiology toward clear obstruc-

tive.65–67 Warf did not mention the infectious cause of his

cases but does note that cultures were negative at the time

of endoscopy.

Neither Warf nor Siomin notified higher morbidity or

mortality among the postinfectious or posthemorrhagic

cases. The high success rate in these patients suggests that

the subarachnoid space is not obliterated and the absorption

capacity is not hampered as previously thought. Thus, the

current literature supports ETV as the treatment of triven-

tricular hydrocephalus in patients with a previous history of

a CNS infection or hemorrhage, especially children older

than 1 year.

Future Prospects

Neuroendoscopy faces challenges in expanding technology

and conceptual boundaries, as well as in understanding bet-

ter how to select the right patients and how to enhance pro-

cedure efficacy. This process has to be accomplished

through collaborative work.
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Discussion

Patient Selection Criteria

VPS is safely preformed in patients of all ages and is indi-

cated for all types and causes of hydrocephalus. Even

in cases of slit ventricles, a ventricular catheter can be

successfully placed, and only in rare instances are addi-

tional technologies, such as intraoperative ultrasound and

stereotaxic image guidance, needed for this placement. In

most instances, a single catheter is effective in treating

patients with either communicating or noncommunicat-

ing hydrocephalus. However, in some cases of hydro-

cephalus associated with cysts or other obstructions,

effective treatment may require the placement of multiple

catheters or fenestration of the septations.

Whereas VPS is indicated for any patient with hydro-

cephalus, ETV is indicated only in a small percentage of

patients with hydrocephalus. The most important factor in

evaluating a patient for an ETV is anatomy. In a review by

Jallo et al, a patient is considered a candidate for ETV if the

patient has certain anatomical features, such as isolated

enlargement of the lateral and third ventricles with a

normal-sized or small fourth ventricle, an adequately sized

third ventricle to allow safe movement of the endoscope,

and the presence of adequate space between the basilar

artery and the clivus to allow the ventriculostomy to be

performed without damaging any vascular structures.74 In

patients who do not have this anatomy, ETV can be technically

difficult, dangerous, or impossible.

Shunting, however, can be safely and effectively per-

formed in patients of all ages, regardless of the etiology of

the hydrocephalus. There is a higher rate of complications

and failure in younger patients, particularly in patients

younger than 6 months and in premature infants.75–78

However, most studies on ETV have shown decreased effec-

tiveness in children younger than 2 years, due to either

reduced CSF absorption or the development of arachnoid

membranes after the ETV.79–81 There is currently disagree-

ment as to the age limit for ETV, both as to what the age cut-

off is and to whether this age limit exists,82,83 but the vast

majority of the literature on ETV demonstrates that ETV

effectiveness is decreased in younger patients. Additionally,

in infants and newborns, it can be difficult to determine if

hydrocephalus is entirely noncommunicating.69

The studies on the relationship between age and both ETV

and shunting indicate that both treatment modalities can

be more difficult in younger patients. It is possible that the

advent of new shunt technology may be able to overcome

some problems that are intrinsic to the shunt mechanism
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♦ Ventriculoperitoneal Shunts

Gregory G. Heuer and Phillip B. Storm

Hydrocephalus is one of the most common conditions treated

by pediatric neurosurgeons, with an incidence of 1 in 2000

births.68 Hydrocephalus can result from several conditions,

but in its most common form, it presents prenatally, at

birth, or in the early neonatal period.

Although there have been several methods to describe

and categorize hydrocephalus and the accumulation of CSF,

one of the first classification schemes separated patients

into those having communicating or absorptive hydro-

cephalus and those having noncommunicating or obstruc-

tive hydrocephalus. Patients with noncommunicating

hydrocephalus are those that have enlargement of the ven-

tricles because of an obstruction rather than the diffuse

enlargement of all four ventricles seen in communicating

hydrocephalus as a result of decreased absorption of CSF

into the sagittal sinus. The causes of noncommunicating

hydrocephalus include aqueductal stenosis, brainstem

tumors, intraventricular tumors, intracranial cysts, postin-

fectious hydrocephalus, encephaloceles, and genetic/

syndromic hydrocephalus.69

ETV was first described by William Mixter, a urologist.70

In 1923 Mixter used a urethroscope to perform a third ven-

triculostomy in a patient with hydrocephalus. Walter

Dandy, an early pioneer in many areas of neurosurgery,

successfully used both primitive endoscopes and open tech-

niques to perform third ventriculostomies.71 However, these

early approaches were associated with a high rate of com-

plications and failure; therefore, this technique was not

widely adopted. Although previous shunting devices had

been attempted as early as 1905, in 1952 the modern shunt

was developed by Nulsen, Spitz, and Holter at the Children’s

Hospital of Philadelphia.72,73 With the development of these

new shunts, the management of hydrocephalus dramatical-

ly changed, as a large number of patients could now be

treated safely and effectively. Due to the development of

more advanced surgical techniques in the early 1980s, a

resurgence in the use of ETV occurred.

With two effective surgical procedures available to treat

children who present with noncommunicating hydro-

cephalus, there now exists a controversy concerning the

optimal treatment. There has not yet been a randomized

trial comparing these two techniques. ETV can be a useful

technique for the treatment of noncommunicating hydro-

cephalus in patients who have had multiple shunt revisions.

VPS, however, is the most effective treatment and should be

the first line of therapy. There are several factors for the sur-

geon to consider when deciding on the treatment of choice

for each patient, including patient selection criteria, surgical

technique, patient care, and complications.
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itself,84 but it is unclear if advances in ETV technology can

overcome issues that are likely to be patient-related in the

majority of cases.

The ability to properly select patients for ETV is thought

to be essential to the success of the procedure. Overall, large

studies indicate that only 16 to 20% of patients treated for

hydrocephalus present with the type of diagnoses that even

potentially could be treated with ETV,76,78 and many of these

patients will not be candidates for ETV due to age, anatomy,

or some other factor. In those patients who are not candi-

dates for ETV, shunting is the only option.

Surgical Technique and Patient Care

The surgical technique for placement of a standard VPS is

well established and routinely performed at all neurosurgi-

cal centers. This technique can be used in a wide range of

patients. Even in newborns, shunts can be safely placed nor-

mally in 20 minutes and almost always within 1 hour.

Other than the ventricular catheter and shunt device, no

significant extra equipment is required for placement.

During the operation, the surgeon knows that the CSF is

flowing through the shunt prior to leaving the operating

room.

Postoperatively, patients are observed for any signs or

symptoms of immediate shunt malfunction. In the absence

of these findings, patients are sent home on postoperative

day 1.68

In contrast to shunt placement, third ventriculostomies

are performed using specialized endoscopic equipment.

This equipment may include an endoscope, control panel,

irrigation pump, Bugbee wire, balloon catheter, laser, and

endoscopic electrocautery device.74 In centers that do not

routinely perform endoscopic procedures, the expenditure

for the purchase, upkeep, and upgrades that are unavoidable

for this type of technology is significant. Even with the sig-

nificant technical advances that have been made in this type

of equipment, there still remains a significant learning

curve for surgeons as they begin to use this technology. This

learning curve is invariably higher than that for the more

common shunt placement procedure. Furthermore, the

number of patients who are appropriate candidates, even

using liberal selection criteria, is still very small, making it

even more difficult to become facile at ETV.

Even in the most experienced hands, serious periproce-

dural complications are more common in ETV than in

shunting. The mortality rate in ETV is ~1%, resulting from

serious complications such as vascular or hypothalamic

injury, not to mention serious morbidity-related fornicial

injury and oculomotor palsy.85–90 The periprocedural

mortality rate associated with shunting procedures is

� 0.1%.75,78

Postoperative care in shunted patients routinely consists

of observation alone. Because a correctly functioning shunt

immediately reduces ICP, patients should have some

immediate improvement in their signs and symptoms. In

the rare incidence of suspected shunt failure in the imme-

diate postoperative period, the shunt can be tested by tap-

ping the shunt valve to assess the proximal and distal por-

tions of the mechanism. In contrast, determining the suc-

cess of ETV is problematic. Because the ventricular size

may not change dramatically after surgery, in both ETV

and shunting, it cannot be used as a reliable indicator of a

successful procedure.91

Some authors propose the use of external ventricular

drains to monitor ICP and confirm a pressure decrease, as a

treatment for intraventricular hemorrhage that can occur

during the procedure or in patients with prior shunts to

“wean” them from CSF shunting.74,92–95 This increases the

overall complication rate of the ETV procedure, as the

patient is now exposed to the complication of infection that

is associated with external drains (a rate that is higher than

that associated with internalized shunts). Other experts

advocate placement of a subcutaneous reservoir after ETV

so that CSF can be accessed for diagnostic or therapeutic

purposes when patients acutely decompensate after ETV

failure.96 This technique adds time to an already longer pro-

cedure; additionally, it gives patients permanent hardware

and exposes them to hardware infection. Patients are

exposed not only to nearly the same risk of hardware infec-

tion as a shunt but also to the greater risk of the ETV itself.

Complications

The placement of a VPS is a very safe procedure. The

periprocedural mortality rate associated with shunting pro-

cedures is � 0.1%.75,78 However, a major frustration with

shunting procedures involves the long-term complications

related to these devices. These complications include sub-

optimal shunting (either over- or undershunting), mechani-

cal failure, and infection. Overall, the failure rate of shunts is

significant, with various studies showing a 1-year failure

rate as high as 30 to 40%.75,77,78 These numbers are mislead-

ing; however, because they are skewed by premature infants

who have a myriad of medical problems, making VPS more

difficult (in most of these patients, ETV is absolutely con-

traindicated). To be able to fully compare the two methods,

patients who are not candidates for ETV would have to be

removed from the analysis. This selected population con-

sists of older patients with noncommunicating hydro-

cephalus. Although variable at different institutions, the

infection and 1-year failure rates are much lower in this

group.76,77,97–99 Additionally, new designs may be able to

overcome some of the mechanical failures and infections

seen with shunts. The use of programmable shunts has

been shown to decrease proximal obstructions, and the use

of antibiotic-impregnated catheters has been shown to

decrease the rate of infection significantly.100–104
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Conclusion

Shunting remains the treatment of choice for noncommuni-

cating hydrocephalus. It is safer, faster, allows for easy eval-

uation of function, is not limited by age or anatomy of the

prepontine cistern, does not have a steep learning curve,

and fails at the same rate as the more dangerous ETV. ETV

has a mortality rate that is an order of magnitude greater

than a VPS, and the morbidity of an ETV is substantially

higher at the time of the initial procedure. The high frequency

of ETV failures both in the short and long term has caused

many surgeons to leave a subcutaneous reservoir behind,

thereby negating the benefit of decreased infection and lack

of hardware. Externalized ventriculostomies after ETV also

have a higher infection rate than placement/replacement

of a shunt, and ventriculostomies are inserted in every

ETV that has massive hemorrhaging as a complication.

Externalized ventriculostomies are also placed when a

shunt is removed and converted to a third ventriculostomy.

This not only increases the infection rate but also extends the

length of stay beyond a shunt revision and emphasizes the

inability to evaluate the efficacy of the ETV immediately

after the procedure. The only indication for an ETV is in the

rare patient with noncommunicating hydrocephalus who

presents later in life, has a favorable anatomy, and has had

multiple shunt revisions.

38 I Intracranial

The shunt mechanism does have several benefits in the

management of many of the complications, particularly

when compared with ETV. There are several readily available

techniques to test the function of a shunt. First, the valve

may be depressed and examined to determine if there is any

refill of the valve and at what speed this occurs. Additionally,

the valve may be tapped with a needle to determine if the

shunt is functioning properly and in many instances to

determine if the ICP is increased. In the event of a distal mal-

function or an infection, the catheter may be externalized,

effectively stabilizing the patient. Also, most malfunctions

can be treated effectively with simple shunt revisions that

normally take less time than the initial placement.

The long-term failure rate of ETV has been shown to be

the same as the long-term failure rate of shunts.105 The long-

term failure rate of ETV is underreported because patients

often have to go some distance for an ETV at a center with a

significant volume and an experienced surgeon, then undergo

shunting locally when the ETV fails. These patients are often

reported as examples of long-term success despite failure. At

our institution, we have treated several ETV failures with a

redo ETV or placement of a shunt, just as some of our ETVs

have undoubtedly been managed elsewhere and are not accu-

rately reported as failures. As the ETV technology improves,

making the procedure safer and more permanent, it is expect-

ed to make shunting obsolete in properly selected patients.

♦ Lessons Learned

Hydrocephalus is the most common disease treated by

pediatric neurosurgeons. Shunt systems and endoscopic

procedures have existed since the infancy of neurosurgery.

Unlike communicating hydrocephalus, this condition has

two treatment modalities, each with proponents. Although

ETV was performed as early as the 1920s, with the advent of

shunt catheters and valves, this procedure fell out of favor.

There was a revitalization in the endoscopic technique with

the advances in optics and instrumentation. The placement

of a shunt system is relatively straightforward, with mini-

mal risks for the majority of children, whereas ETV is asso-

ciated with an increased procedural risk, in particular injury

to a major arterial vessel. Aside from the surgical risks asso-

ciated with the procedure, the success rate is slightly lower

for ETV, as some children lack a resorptive ability for the

CSF. This has been documented in the literature by age of

the child, etiology of the noncommunicating hydro-

cephalus, and technique. Although the surgical techniques

for shunt placement are well established and performed

around the world, long-term complications, such as mal-

function and infection, are significantly higher in this popu-

lation. These children are dependent upon the shunt system

for their CSF diversion, and it is well known that these sys-

tems do fail.
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Compartmentalized Hydrocephalus4

Compartmentalized hydrocephalus, also referred to as

multiloculated or multicystic hydrocephalus, is a known

and dreaded complication of an inflammatory process

within the cerebrospinal fluid (CSF) compartments of the

brain. Although rare, when present it significantly increases

the complexity in treating the associated hydrocephalus.

Until the reintroduction of the endoscope to neurosur-

geons in the mid-1980s, the two treatments available

were multiple shunt catheters and craniotomy. As neuro-

surgeons have become more facile with endoscopy, the

management of this condition has increasingly been

dependent on fenestration of these spaces endoscopically.

What follows is a discussion of this entity, its management

with the endoscope, the complications seen, and the

outcome.

Pathophysiology

Fluid spaces can become trapped or isolated in response

to an inflammatory process within the CSF compartments

of the brain. The most common sources for this process, or

ventriculitis, are infection and hemorrhage.1–3 Small pas-

sageways between the ventricles, such as the foramina of

Monro, Magendie, and Luschka, and the sylvian aqueduct

can scar over, entrapping the upstream ventricular

space(s). Additionally, hemorrhage within the germinal

matrix of a premature infant or a severe infectious ventri-

culitis, such as is seen with gram-negative or fungal

organisms, can cause the subependymal layers to dissoci-

ate from adjacent parenchyma, thus giving rise to one or

more sequestered spaces that grow into the adjacent ven-

tricle. Further complicating this process is that over time

this dissociative process can evolve, leading to new cysts

forming months after the offending force has been dealt

with.4 Finally, an infection that is extremely pyogenic will

create a turbid CSF that will result in an extremely

inflamed ependyma, which will scar when in contact with

adjacent ependymal surfaces, leading to entrapped CSF

spaces.

The end result of the processes described above is one or

more CSF spaces that are no longer in communication with

the normal CSF circulatory pathways or that are no longer in

communication with a shunted CSF space. These trapped

spaces can accumulate fluid over time either from choroid

plexus residing within the trapped space or from transudate

from the walls of the space. As the fluid accumulates, the

size of the space increases, and it becomes a mass that caus-

es the intracranial pressure to rise. It is at that point that the

patient begins to deteriorate clinically.

Treatment

Fenestration of multiple intraventricular cysts has come to

be favored over the use of catheters. Managing a ventricular

drainage system that incorporates multiple proximal

catheters can be complicated, and when such a system is

used to drain multiple subependymal cysts, there is a

tendency for the cysts to collapse down around the

catheters and occlude them. Before endoscopy became

widely available, managing such a patient usually ended in

craniotomy to fenestrate the cysts into one large fluid space

after multiple trips to the operating room for addition and

revision of proximal catheters.5 Consequently, neurosur-

geons welcomed the addition of the endoscope to their

armamentarium. Their excitement, however, was soon

blunted when they realized that these cysts typically lacked

landmarks. Only with the addition of image guidance

systems did the endoscope become a truly effective tool for

managing multiloculated ventricles.

Over the past several decades, there has been a tremen-

dous advance in the use of neuroendoscopy for managing

various intraventricular pathologies, including multilocu-

lated ventricles. This is due to improvements in the optics of

the endoscope, improved imaging technology, and the

♦ Endoscopic Fenestration

Rick Abbott
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marriage of image-guided surgery with neuroendoscopy.6

Also important has been the development of instruments

such as microforceps, lasers, saline torches, and microbal-

loons.7–11 With these advancements have come increasing

reports of their use for fenestration of septations within

hydrocephalic ventricles or the septum pellucidum in iso-

lated ventricles, fenestration of arachnoid cysts and tumor

cysts such as seen with craniopharyngioma, and placement

of catheters in ventricles or intratumor cystic cavities. Of

these it could be argued that the management of multilocu-

lated ventricles has experienced the greatest change due to

the introduction of the endoscope.

In approaching multiloculated ventricles with the

endoscope, the surgeon should first consider the type of

scope to use. Available are fiberoptic scopes with deflec-

table tips, semirigid or rigid fiberoptic scopes, and rigid

glass rod or lens scopes. The advantage of a rigid lens

scope is the superior visualization of structures that it

provides. The image that this system projects to the cam-

era is a perfect reflection of the surgical field, and it can be

magnified to infinity with crystal clarity. The disadvan-

tage of this type of scope is that, because it is a rod, its tip

cannot be deflected to inspect a wider field of view. The

view can be widened only by changing the scope to anoth-

er with a different angulation in its tip’s lens (e.g.,

exchanging a 0-degree scope for a 30-degree scope to see

the margins of the field better).

Flexible fiberoptic scopes with deflectable tips will

allow for greater fields of view, but the conduction of the

image from the tip to the camera degrades the image

quality, resulting in a poorer image as compared with a

lens scope (so-called pixilation). Semirigid or rigid

fiberoptic scopes’ main advantage is their size; they suffer

the same disadvantage as flexible fiberoptic endoscopes.

One option for the surgeon is to use both a rigid lens scope

and a flexible fiberoptic scope to manage multiloculated

ventricles, as advocated by Oi.12 The superior image of the

rod scope can be used to familiarize the surgeon with the

anatomy present, and the flexible scope can be used to

better navigate the environment to accomplish the surgi-

cal goals.

There is a growing list of instruments available to the

endoscopist to manage multiloculated ventricles. For fenes-

tration, there are monopolar and bipolar cautery units, as

well as lasers. Fogarty catheters or specially developed

microballoons can be used for enlargement of small fenes-

trations. Tissue can be cut with specialty knives or scissors

that fit the endoscope’s working channels, and tissue can be

removed with various types of forceps that work with the

endoscope. Increasingly sophisticated holding devices for

endoscopes have been developed; some even include micro-

manipulators that allow for precise, small movements of the

scope once on site in the surgical field.6 The use of these

devices is somewhat controversial in that they limit large

movements of the scope, tending to confine the surgeon’s

field of interest. An important aspect of multiloculated

ventricles is that normal anatomical landmarks are fre-

quently masked or absent. Consequently, targeting a fenes-

tration can be difficult. The introduction of intraoperative

ultrasound and image-guided surgery has been an effective

answer to this problem. A second bur hole will allow for the

use of ultrasonography during an endoscopic procedure.

The ultrasound can be used to visualize the turbulence of

irrigation as it leaves the tip of the endoscope, allowing the

endoscopist to understand just where in the fluid space the

scope’s tip is.13 The difficulty with this technique, however,

is that the image is two dimensional, and the ultrasonic

head must be rotated to see the scope’s tip in a different

plane. If the jet of fluid emerging from the tip is not parallel

to the image’s plane, it will not be seen. Image guidance is a

better answer for the orientation problem. For rigid scopes,

tracking devices can be affixed to the scope, allowing track-

ing of the tip during the surgery (Fig. 4.1). When projected

onto preoperative imagery, targeting of the fenestrations

becomes very straightforward. If flexible scopes are to be

used, a tracking device can be attached to the channel

through which the scope will be delivered to the target.

Tracking probes can be used as obturators for the scope’s

channel to orient the placement of the channel at the

intended fenestration site.

Potentially, all the instruments mentioned above may be

needed during the procedure, so steps should be taken to

ensure they are compatible with the scopes planned for

use. Assisting personnel should be familiar with the instru-

mentation to be used and how to troubleshoot any prob-

lems. They should also be aware of the flow of the case and

anticipate the surgeon’s needs during the operation. This is

critical in endoscopy, as the surgeon is commonly working

in tight spaces near critical structures. Time on site should

be kept to a minimum to avoid surgeon fatigue that will

occur as a result of controlling the scope in such an environ-

ment. It is not a bad idea to rehearse the surgery mentally or

at least to go through the steps of the procedure in advance

with the assisting personnel. The surgeon should be famil-

iar with his or her instrumentation, their capabilities, and

their appropriateness for the demands that will be present

during the procedure. He or she should also be aware of

what backup equipment is available, how to use it, and

where it is located.

It is useful to spend some time studying the patient’s

radiographs. First, goals for the surgery are set. When

multiple cysts are present, it may be impossible to fenes-

trate them all through a single bur hole. As the cysts are

fenestrated and the CSF drained, there will be an expect-

ed shift in the anatomy, making the preoperative films

irrelevant. Thought should be given to the anatomy

underlying the walls of a fluid space that is being fenes-

trated, particularly if that space is narrow. The planned
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acknowledge that in many cases all the cysts cannot be

fenestrated in a single setting. There is nothing wrong

with sharing this with the patient’s family and telling

them that instead of one large craniotomy, several rela-

tively minor surgeries may be needed. Postoperative

imagery can be used to determine what has been accom-

plished and what is left to fenestrate. A postoperative

computed tomography (CT) scan with contrast injected

into the ventricles to determine what has been communi-

cated can be very helpful in this regard (Fig. 4.2).

44 I Intracranial

surgery should occur along a straight line, as it is much

simpler to stay oriented in this situation than it is when

multiple turns must be taken. Computer-assisted naviga-

tional equipment can be useful for this by establishing a

line of targeted cysts and points for their fenestration,

then drawing the line out to the skull’s edge to locate the

bur hole. Also, by studying the anatomy as seen on the

image set, the surgeon can anticipate where visible land-

marks might be that will help with orientation during the

procedure. Finally, it is important during planning to

Fig. 4.1 Endoscope’s guide sleeve being tracked as it moves to the target.
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Once a surgical plan has been made, the patient is

brought to the operating room. Ideally, the patient should

be positioned in such a manner that the planned bur hole

will be at the apex of the surgical field. This will minimize

loss of CSF during the procedure. Sometimes this can be dif-

ficult, though, as another requirement of patient position-

ing is the need to reference to the guidance system. With

careful planning and forethought, these two goals can be

accomplished. After drilling the bur hole, the guidance sys-

tem is used to place the endoscope’s working sleeve at the

first fenestration target. The system can be used for place-

ment at other fenestration targets, but it must be remem-

bered that the accuracy of the guidance system degrades

with fenestration of cysts that are under pressure and the

loss of CSF. With each fenestration the surgeon should

become increasingly conservative and more reliant on land-

marks in the operative field. If there are no landmarks, and

the surgeon is concerned about shifting anatomy, then the

procedure should be stopped and postoperative imagery

obtained to assess what remains to be done.

There are several ways to perform fenestrations.

Monopolar cautery can be used to make a series of punctate

holes that are then connected using scissors, or it can be

scrolled to outline the intended fenestration, with forceps

used to remove any tissue fragments. Lasers can also be

used to cut a fenestration. When using an instrument that

cuts using energy, the surgeon must be thoughtful of what

lies hidden on the other side of the wall being fenestrated.

Ideally, the energy source should confine the delivered

energy to the wall itself, and the instrument should not

deflect the wall into underlying structures. Once the fenes-

tration is made, the scope is advanced through it to confirm

that the fenestration is complete. By doing this, not only is

the completeness of the fenestration checked, but the fenes-

tration is also enlarged as the scope is moved to inspect the

cyst it has just entered.

After such a surgery, there is usually a major decompres-

sion, with a resulting drop in intracranial pressure. Not

uncommonly the brain becomes mobile in such a setting,

with the patient experiencing nausea and dysequilibrium,

particularly with movement. Families should be warned of

this, and intravenous fluids should be provided until things

stabilize for the patient.

Outcome and Complications

There are relatively few articles that report on outcome after

managing multiloculated ventricles endoscopically.

Spennato et al report on 23 of their patients, 12 of whom

had multiloculated ventricles.14 Six required only a single

endoscopic procedure, four required two procedures, one

four procedures, and one seven. One avoided shunting alto-

gether, and eight required one shunt, with one of these

patients’ systems having two proximal catheters. The

remaining three required two or more shunts. The authors

also reported that most required one or no revisions during

the follow-up period (3–51 months). There were four cases

of infection in these 23 patients, one postoperative thalamic

hematoma and one case of CSF leakage. Lewis et al reported

on 34 cases of loculated ventricles managed endoscopical-

ly.13 Thirteen of these patients had multiloculated ventricles,

and six required more than one endoscopic procedure.

Three of these patients had one or more shunt malfunctions

following the endoscopic procedure, but this represented an

improvement over the 52 revisions this group required

prior to the procedure. Lewis et al reported one CSF leak and

one ventriculitis in their 23 patients. The results of these

two reports compare favorably to the study by Nida and

Haines of six patients whose multiloculated ventricles were

managed with an open craniotomy for cyst fenestration.5

Five of these patients required a total of 86 shunt revisions

prior to the endoscopic procedure (median of 8) and only 8

following the procedure (median of 1) (average follow-up of

44.5 months before the procedure and 27 months after).

Conclusion

Neuroendoscopy has become an effective tool in the man-

agement of compartmentalized hydrocephalus, and the

treatment of the condition has been simplified. The time in

hospital for such patients should be lessened because of

fewer shunt malfunctions; consequently, the quality of life

for them and their families has improved.

Fig. 4.2 Contrast injection via a shunt into the ventricles showing

which have been successfully communicated.
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In a separate review of 12 patients with compartmentalized

hydrocephalus attributed to CNS shunt infections, 8 had

documented gram-negative infections, 2 had gram-positive

infections, and 2 had fungal infections.19

Intraventricular hemorrhage, particularly in premature

infants, is also frequently associated with compartmental-

ized hydrocephalus. Loculated, noncommunicating CSF

compartments can be noted in patients with intraventricu-

lar hemorrhage in the absence of associated CNS infection.17

However, because so many patients with loculated hydro-

cephalus have a history of both CNS infection and intraven-

tricular hemorrhage associated with prematurity, it is often

difficult to determine which of these factors played a dom-

inant role in the pathogenesis of this phenomenon. For

example, in our previously reported series of 33 patients

who underwent craniotomy for compartmentalized hydro-

cephalus, the majority had a history of both CNS infection

(n � 23; 70%) and prematurity with intraventricular

hemorrhage (n � 20; 61%).15

Although nearly all patients with compartmentalized

hydrocephalus had documented CNS infections, premature

germinal matrix hemorrhage, or both of these entities, rare

cases are associated with neither of these conditions. For

example, compartmentalized hydrocephalus has been

reported in association with birth trauma and brain tumors

in a very small number of patients.18

Management Options

Shunting

The vast majority of patients with compartmentalized

hydrocephalus, regardless of fenestration procedures, will

require CSF diverting shunts. Prior to fenestration proce-

dures, many patients have undergone multiple revisions of

ventriculoperitoneal shunts. Despite a functioning shunt,

additional intervention is warranted when progressive

enlargement of one or more compartments that are not

adequately drained by the shunt is associated with signs or

symptoms of elevated intracranial pressure. At this point,

one option is to place additional ventricular catheters con-

nected to the previous shunt system or to place additional

separate shunt systems.

Multiple ventricular catheters can be used to treat com-

partmentalized hydrocephalus and alleviate symptoms,24

but most neurosurgeons currently try to avoid placing addi-

tional intracranial catheters for several reasons. First,

because multiple CSF compartments are often present, two

or more proximal catheters may not adequately decompress

all of the enlarging CSF compartments. Moreover, additional

46 I Intracranial

♦ Open Craniotomy or Shunting

David I. Sandberg, J. Gordon McComb, and Mark D. Krieger

Compartmentalized hydrocephalus, also called multilocu-

lated hydrocephalus, is a condition in which patients have

multiple CSF compartments in the brain that are divided by

septations and do not communicate with one another.

Treatment is required when signs and symptoms of elevat-

ed intracranial pressure are associated with progressive

enlargement of one or more compartments. Neurosurgical

management of these patients is often extremely challenging,

and outcomes are often poor despite multiple operations.

Following, we briefly review the etiologies of compartmen-

talized hydrocephalus, then focus on treatment options. We

present the rationale for open craniotomy and microsurgi-

cal fenestration as an effective means of creating communi-

cation between various CSF compartments and enabling

CSF diversion to be achieved without multiple shunt

catheters.

Compartmentalized Hydrocephalus:
Etiologies

Compartmentalized hydrocephalus is most commonly asso-

ciated with a prior history of central nervous system (CNS)

infection and/or intraventricular hemorrhage.15–21 These

and other insults to the brain most frequently occur during

the neonatal period, particularly in premature infants.18,20,22,23

In an early report describing this phenomenon, Schultz and

Leeds proposed that the formation of intraventricular

septations is likely due to the organization of exudate and

debris that accompany ventriculitis.21 Pathologically, the

septations separating abnormal ventricular compartments

are composed of fibroglial elements, small areas of denuded

ependyma, subependymal gliosis, and associated inflam-

matory cells.21 Septations can create artificial divisions

within a single ventricular compartment and/or occlude the

foramen of Monro, the cerebral aqueduct, and the outlets of

the fourth ventricle.19 Production of CSF within cystic

compartments that do not communicate with other CSF

spaces can cause progressive enlargement of one or more

compartments.

Infection causing compartmentalized hydrocephalus may

be attributed to neonatal meningitis in children with no

prior history of hydrocephalus.20,23 Additionally, compart-

mentalized hydrocephalus may occur following CNS infec-

tions in shunted children whose ventricular compartments

were enlarged but not loculated prior to the infection.19

When CNS infection is implicated as a cause, gram-negative

organisms are particularly prominent. In a review of patients

with postinfectious compartmentalized hydrocephalus, 9 of

13 patients were noted to have gram-negative infections.20
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operations with added shunt hardware will increase the

risk of subsequent shunt malfunctions and infections.

Finally, the management of shunt malfunction or infection

in patients with multiple shunt catheters or systems can be

quite complicated.

Rather than placing multiple shunt systems when treating

compartmentalized hydrocephalus, a fenestration proce-

dure is recommended, via either endoscopic techniques or

open craniotomy. Regardless of which means is chosen, the

vast majority of patients will still require a shunt to ade-

quately treat hydrocephalus. The goal of fenestration is to

reduce the number of shunt systems to one. In the most

recent published reports describing fenestration for com-

partmentalized hydrocephalus via endoscopy or cranioto-

my, only a small minority of patients in each series were

shunt-free after fenestration.15,25

Neuroendoscopic Management

Neuroendoscopic techniques are increasingly being used for

a variety of neurosurgical conditions, including compart-

mentalized hydrocephalus. Several authors have reported

endoscopic procedures to create communication between

isolated CSF compartments.25–32 These reports describe suc-

cessful communications created between previously isolat-

ed CSF compartments with a subsequent decrease in shunt

revisions and avoidance of multiple shunt catheters in the

majority of patients. The rationale for endoscopic manage-

ment of compartmentalized hydrocephalus is presented

separately by Dr. Abbott in the preceding section of this

chapter.

Neuroendoscopy is routinely used by all three authors.

We have found that endoscopic fenestration is very effective

when only a single loculation or very few loculations are

present, and endoscopic management in this circumstance

should be considered the procedure of choice. However, in

complex cases with multiple loculations, we have achieved

greater success via open minicraniotomy than endoscopy.

Below we present our rationale for this approach.

Craniotomy for Fenestration

In complex cases of compartmentalized hydrocephalus, we

believe there are multiple advantages of craniotomy over

endoscopy. First, the operating microscope provides better

visualization of the various loculated compartments and

membranes than the endoscope. Second, because of the

limited instrumentation currently available with

endoscopy compared with microsurgical techniques, fenes-

trations tend to be smaller and would logically be more

likely to close over time. The operating microscope pro-

vides higher magnification as well as a wider and deeper

field of view than the endoscope, which facilitates the

creation of a wide opening of septations. We believe that

multiple large communications created between the vari-

ous CSF compartments offers the greatest possibility of

avoiding the need for repeated fenestrations or additional

intracranial catheters over time.

We have also found that it is easier to “get lost” regarding

anatomical landmarks with endoscopy in these complex

cases than with the operating microscope. Frameless stereo-

taxy, in our opinion, provides little help in this regard

because of the profound shift that occurs during surgery as

multiple cysts are fenestrated and subsequently deflate.

Finally, bleeding is much easier to control with standard

techniques under the operating microscope than with

endoscopy, during which even a small amount of bleeding

can significantly hamper visualization. The only disadvan-

tages of minicraniotomy compared with endoscopy are a

larger incision and the need for elevation of a small bone

flap, usually 3 to 4 cm in diameter. The craniotomy is often

performed simultaneously with a shunt revision, and only a

small extension of the existing shunt incision is typically

required to create a small bone flap. The amount of time

required for these steps is probably equivalent to the time

spent for an endoscopic procedure.

Typically, a minicraniotomy for fenestration of compart-

mentalized hydrocephalus is performed via a posterior

parietal approach. The patient is positioned in the supine or

lateral decubitus position with the body well taped to the

operating room table to facilitate rotation of the table in

various directions to obtain different views. Surgery is often

performed on the side with the thinnest cortical mantle if

no shunt is present. If a shunt is present, the previous shunt

incision is opened and extended several centimeters to

allow enough bone exposure for a small craniotomy (typi-

cally 3–4 cm in diameter). A small cortical incision enables

entry into the most superficial CSF compartment. Standard

microsurgical techniques enable wide fenestration between

as many CSF compartments as possible. Via a supratentori-

al approach, communication can be achieved not only

among loculated collections on both sides supratentorially

but also with posterior fossa loculated cysts, which often

protrude through the tentorial notch. Septations are typi-

cally divided with a combination of bipolar cautery, suction,

microscissors, and various dissectors. Most frequently, after

completion of the fenestration, a new proximal catheter is

placed under direct vision into the compartment most like-

ly to remain patent and keep open communication with

other compartments. This catheter is then connected to

existing shunt systems. The dura is closed in a watertight

fashion around the catheter, and the intradural space is

filled with irrigation prior to closure to prevent subsequent

brain collapse. Figures 4.3, 4.4, and 4.5 demonstrate pre-

and postoperative imaging studies and intraoperative find-

ings in a typical patient.

Only two studies describing craniotomy for compartmen-

talized hydrocephalus have been published. Nida and Haines
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reported a series of 10 patients, 4 of whom were treated by

shunting alone, and 6 of whom underwent craniotomy for

fenestration followed by shunt placement.22 In this series, a

craniotomy was performed to allow fenestration via a trans-

callosal approach. The authors describe a decrease in the

number of shunt revisions required in patients who under-

went craniotomy compared with preoperatively, and fewer

shunt revisions were subsequently required in these patients

than in those who were shunted without fenestration.

In 2005 we reported on our series of 33 patients who

underwent craniotomies for compartmentalized hydro-

cephalus.15 Thirty-one of these procedures were performed

via a posterior parietal approach, and two were performed

via a posterior fossa craniotomy and upper cervical

laminectomies. There were no new neurologic deficits

noted in any patients, and no patient required a blood trans-

fusion intraoperatively. As expected, neurologic status was

extremely poor in the vast majority of patients both pre-

and postoperatively. Over a median follow-up of 3.7 years,

the majority of patients (n � 25) maintained shunt systems

with only one catheter, and one patient did not require a

shunt. Six patients required two shunt catheters, and one

required three shunt catheters. During this period, many

patients (19 of 33) required additional fenestration proce-

dures (ranging from one to six procedures), a finding that

has also been noted in reports on endoscopic fenestration

procedures in this challenging patient population.25

Conclusion

Compartmentalized hydrocephalus is an extremely chal-

lenging condition to manage. The vast majority of patients

will require a shunt. The goal of fenestration is to reduce

48 I Intracranial

Fig. 4.3 Preoperative axial T2-weighted magnetic resonance imaging

scan in a 6-month-old patient with a history of prematurity, grade IV

intraventricular hemorrhage, and ventriculitis. Multiple ventricular

compartments separated by septations are noted.

Fig. 4.4 Intraoperative photograph taken during a craniotomy for

fenestration of compartmentalized hydrocephalus in this patient. The

shunt valve is visualized beneath the skin flap, and clear Silastic tubing

is attached to the proximal end of the valve to prevent entry of blood

or debris. A Penfield no. 1 dissector is visualized that has been placed

from the posterior parietal incision and now rests on the frontal bone

after communication of previously loculated compartments.

Fig. 4.5 Postoperative computed tomography scan in the same

patient demonstrating communication between several previously

loculated cerebrospinal fluid–filled compartments. (From Sandberg

DI, McComb JG, Krieger MD. Craniotomy for fenestration of multiloc-

ulated hydrocephalus in pediatric patients. Neurosurgery 2005

Jul;57(1 Suppl):100–6, discussion 100–6. Reprinted by permission.)
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the number of shunting systems required to treat the

hydrocephalus, ideally to only one. Fenestrations may

be performed endoscopically or via craniotomy. In the

authors’ experience, craniotomy and microsurgical tech-

niques most effectively create wide communications

between loculated compartments in complex cases.

Fenestration procedures may reduce the number of shunt

revisions required, but the rate of shunt revision and/or

repeat fenestration, either endoscopic or open, is high in

this patient population. Unfortunately, despite aggressive

interventions to treat compartmentalized hydrocephalus,

neurologic outcomes tend to be very poor in this popula-

tion, as most patients have severely damaged brains due to

prior intraventricular hemorrhage and/or CNS infection.
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♦ Lessons Learned

Compartmentalized or multiloculated hydrocephalus is

one of the more difficult conditions treated by pediatric

neurosurgeons, as it requires multiple procedures and the

need for multiple shunt systems. As the authors report,

the difficulties arise from the anatomy and the effect of the

multiple loculated fluid collections or ventricles. The diag-

nostic modalities include magnetic resonance imaging and

CT scans with dye to help elucidate the lack of communica-

tion between the fluid collections and the ventricular

system. The treatment for this condition can be microsur-

gical or endoscopic. The chapter illustrates the advantages

of each approach. The endoscopic route is minimally inva-

sive but more difficult as the anatomy is distorted and

visualization blurred from previous hemorrhage or infec-

tious process. The microsurgical approach provides better

visualization and control of the potential bleeding sources,

but it is more invasive and requires a potentially longer

hospital stay.
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Slit Ventricle Syndrome5

The development of the ventriculoperitoneal (VP) shunt has

dramatically improved the prognosis for patients with

hydrocephalus, but it has produced problems of its own. Slit

ventricle syndrome (SVS) represents one of the more

difficult shunt-related diseases to treat largely because

there is no consensus and little evidence as to what exactly

it is, why it occurs, and how best to treat it. Even the nomen-

clature is confusing: the syndrome has been variously

named normal volume hydrocephalus,1,2 noncompliant

ventricle syndrome,3,4 shunt-related pseudotumor cerebri,5

and small ventricle–induced cerebrospinal fluid (CSF) shunt

dysfunction.6 Some have questioned whether the syndrome

even exists at all.7

Although small “slitlike” ventricles are a frequent occur-

rence in long-standing shunted hydrocephalus, it does

appear that there is a subset of shunted patients who have

symptoms of shunt dysfunction with elevated intracranial

pressure (ICP) and no evidence of ventricular dilation. The

formal definition of SVS involves the clinical triad of inter-

mittent transient symptoms of shunt dysfunction (defined

as headaches lasting 10–90 minutes), small ventricles on

computed tomography (CT), and slow shunt valve refill.8

This condition has been estimated to affect between 6 and

22% of all patients who have radiologic slit ventricles and

headaches.4,9 In one series of 370 shunted patients, 11.5%

developed SVS, and 6.5% required surgical intervention,

despite the finding of radiographic slit ventricles in � 60%.10

SVS does not present during infancy11 or when hydro-

cephalus occurs in adults.2 Most commonly, it presents

between 5 and 10 years of age in patients who had been

shunted during infancy (Fig. 5.1).11,12

Because headache is common in shunt patients, SVS

must be differentiated from other conditions that can cause

headaches in patients with radiologic slit ventricles, such as

CSF overdrainage, intermittent proximal shunt dysfunction,

and migraine.4,13 One study used invasive ICP monitoring to

differentiate five subtypes of “slit ventricle syndromes”:

low-pressure headaches due to overdrainage, intermittent

proximal shunt obstruction, true shunt failure without ven-

triculomegaly, intracranial hypertension with a working

shunt, and headaches unrelated to shunt function.2

Etiology

In SVS, the ventricles do not enlarge in response to elevated

ICP produced by shunt malfunction. Intermittent symptoms

are presumed to be caused by catheter obstruction produced

by small ventricles that leads to increased pressure, marginal

51
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Jonathan P. Miller and Alan R. Cohen

Fig. 5.1 Computed tomography scan of a 10-year-old girl who had

been shunted during infancy. Despite small ventricles, lumbar punc-

ture demonstrated high opening pressure, and a proximal shunt mal-

function was found during surgical exploration.
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Treatment Options

Conservative Treatment

A significant number of SVS patients will improve without

surgical intervention.24 Conservative treatment options

include observation, hydration, diuresis, and corticosteroid

treatment. Antimigraine therapy has been successfully used

to treat SVS patients, possibly by reducing venous conges-

tion or improving coupling of CSF absorption to ICP.25,26 It is

unclear whether patients who improve without surgical

intervention truly have SVS or simply small ventricles with

shunt-associated headaches that are not related to ICP.5

Shunt Revision/Removal

In the setting of slit ventricles and low-pressure headaches,

it is possible that the problem involves simple CSF

overdrainage. In this case, increasing the valve pressure or

adding an antisiphon device can be very effective.8 Clinical

improvement is not always accompanied by reexpansion of

the ventricles.8 Some patients with overdrainage syndromes

in fact will not require a shunt at all. One trial of external-

ization with ICP monitoring in 22 patients with SVS demon-

strated that 5 did not require shunting and underwent

removal of the shunt without further treatment.27

Cranial Expansion Procedures

Increasing intracranial volume could be an effective treat-

ment for SVS by reducing the effects of decreased compli-

ance, especially if synostosis and microcephaly are present.

Subtemporal decompression was first performed by

Cushing for raised ICP and later by Dandy to treat pseudotu-

mor cerebri and was popularized as a treatment for inter-

mittent shunt obstruction due to small ventricles by Epstein

et al.28 The procedure involves removal of part of the tempo-

ral bone to create an artificial fontanelle. This allows release

of pressure and can vent pressure waves that presumably

occur as a result of abnormal buffering capacity.3 One study

of 22 SVS patients treated with ipsilateral subtemporal

decompression with the dura left open found that shunt-

related admissions were decreased by 75% and shunt revi-

sions by nearly 80%.29 Subtemporal decompression by itself

can dramatically reduce ICP6,30 and seems to work even if

the ventricle does not enlarge postoperatively.31 In a study

of 32 SVS patients, subtemporal decompression was associ-

ated with an early increase in the number of shunt revisions

in the early postoperative period, but the number of admis-

sions for raised ICP was reduced.3

Other more extensive calvarial expansion techniques

have also been used to treat SVS based on the observation

that widespread pathologic suture fusion occurs in this con-

dition. In one report, 14 patients with intracranial hyper-

tension in spite of a functioning shunt were treated with
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dilation, and restoration of catheter function.2,4,9 Patients

with SVS have noncompliant ventricles that remain very

small even in the face of markedly elevated ICP. Three theo-

ries have been advanced as to why this is the case, and it is

possible that more than one or even all three are correct.

The first theory to explain noncompliant ventricles is

that there is increased ventricular wall stiffness in SVS that

prevents expansion in response to pressure changes. This is

thought to be due to chronic changes in the ventricular wall,

such as subependymal gliosis in patients with long-term

ventricular drainage. Direct measurement of ventricular

compliance demonstrated increased ventricular elastance

in four SVS patients.1 A canine model of long-standing

shunted hydrocephalus with overdrainage has shown histo-

logic evidence of subependymal and periventricular gliosis

that presumably led to increased elastance,14 although these

findings were not confirmed in autopsy examination of one

patient with small ventricles and a long-standing ventricu-

lar shunt.15

A second proposed mechanism for noncompliant

ventricles in SVS argues that overshunting of infantile

hydrocephalus leads to craniocerebral disproportion with

microcephaly and synostosis that produces very small ven-

tricles that are unable to expand. Dampening of cerebral

pressure waves might cause understimulation of growth of

the calvaria and premature ossification of sutures.16,17 It has

long been known that chronic shunting produces dramatic

changes in the skull, especially thickness,18 and one study

of 400 patients shunted in infancy found overdrainage

associated with microcephaly and synostosis in � 8%.19

Microcephaly does occur in SVS,12 histologic evidence of

craniosynostosis has been observed,16 and subtemporal

decompression and other cranial expansion techniques

have been used with some therapeutic success.9,17

A third theory about etiology of SVS postulates that the

problem is with venous hypertension leading to poor

absorption of CSF at the level of the arachnoid granulations.

It is known that CSF is not absorbed until ICP is 3 to 6 mm

Hg higher than pressure in the venous sinuses, particularly

the superior sagittal sinus.20 High venous pressure can lead

to hydrocephalus in achondroplasia.21,22 Venous bypass has

been used successfully to treat selected cases of hydro-

cephalus,23 and other intracranial hypertension syndromes

(particularly pseudotumor cerebri) are believed to occur

because of elevated venous pressure.20 Chronic shunting of

hydrocephalus in patients with distensible heads could lead

to uncoupling of ventricular and venous pressure due to

dampening of the normal intraventricular pulse pressure.

High venous pressure in SVS patients could then prevent

appropriate absorption of CSF, leading to distention of corti-

cal subarachnoid spaces as well as increased cerebral elas-

tance due to venous congestion.9,20 SVS patients may there-

fore have an acquired form of shunt-related pseudotumor

cerebri.5
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craniotomy and morcellation of bone from the coronal

suture to the transverse sinus and to the squamosal sutures

on either side, and symptoms were improved in all

patients.9 Another study involved three patients treated

with a biparietal craniotomy with reorientation of the bone

flap to provide more intracranial volume. In this study, ICP

was monitored invasively before and after the operation and

was observed to be dramatically improved in each patient.17

In a study of five SVS patients treated with cranial expan-

sion and removal of sclerotic sutures, all were asympto-

matic at 24 months postoperatively.16

Lumboperitoneal Shunt

Lumboperitoneal (LP) shunting is postulated to be an effec-

tive treatment for SVS because it allows for drainage of the

cortical subarachnoid space as well as the ventricles.5,32,33 LP

shunts are often avoided in the pediatric population due to

fear of scoliosis, pain, neurologic changes, and hindbrain

herniation.34 However, if valves are used, and LP shunts are

placed only in older children, these complications are rare.5

Reestablishment of a pressure gradient from the ventricles

to the subarachnoid space allows normalization of ventric-

ular size, and subarachnoid drainage prevents distention of

cortical subarachnoid spaces. In one early report, a patient

with SVS and progressive shunt dysfunction was confirmed

to have communicating hydrocephalus by cisternogram,

then underwent placement of an LP shunt that alleviated

his symptoms.35 A more recent series of LP shunt insertion

showed clinical improvement in seven SVS patients.32 Each

patient had symptoms of intermittent shunt malfunction

and a functioning shunt demonstrated by shunt tap or sur-

gical exploration, and the VP shunts were not removed. In

three of these patients who now had VP and LP shunts, sub-

sequent VP shunt dysfunction actually led to ventricu-

lomegaly,36 supporting the hypothesis that LP shunting

allows a pressure gradient from the ventricles to the sub-

arachnoid space.

If communication of CSF can be demonstrated using

radiographic techniques, LP shunting can be used by itself

with permanent removal of the VP shunt.33 In a series of

27 patients with severe SVS, incapacitating headaches, and

recurrent proximal shunt malfunction, CT scan after intra-

ventricular injection of iohexol verified communicating

hydrocephalus in 24 patients. These patients underwent VP

shunt removal and placement of an LP shunt with resolu-

tion of symptoms and normalization of ventricular size.

There were no cases of hindbrain herniation or other com-

plications.33 Another series of 33 patients with SVS possibly

due to an isolated ventricle underwent replacement of the

VP shunt with an LP shunt. Postoperatively, all patients had

resolution of symptoms, there were fewer subsequent shunt

revisions and infections, and no patient experienced hind-

brain herniation.7 For patients with lumbar anatomy that

precludes LP shunt placement, cisterna magna-ventricle-

peritoneum shunts have been used with good results.37

Endoscopic Third Ventriculostomy

Endoscopic third ventriculostomy (ETV) is an appealing

treatment for hydrocephalus because patients can become

shunt-free even after prolonged shunt reliance (Fig. 5.2).38

ETV for SVS seems counterintuitive, as ventricular enlarge-

ment is one of the principal requirements for safe ventricu-

loscopy. As a result, early attempts were mainly performed

as a last resort in patients for whom other treatments had

failed. In one study, five patients with aqueductal stenosis

underwent ETV after failure of valve upgrade and subtem-

poral decompression, and all five had encouraging results.39

In another series including seven SVS patients undergoing

ETV, two were rendered shunt-free, and the other five had

improvement of symptoms.10

More recently, several techniques have been used to pro-

duce ventricular enlargement in preparation for ETV, such

as externalization of the shunt with40 or without27 con-

trolled intracranial hypertension, or placement of a pro-

grammable valve41,42 or high-pressure antisiphon device.43

In one study of 22 patients with SVS, patients underwent

shunt externalization and invasive ICP monitoring, and all

16 patients who demonstrated a need for continued shunt-

ing underwent ETV regardless of the putative cause of

hydrocephalus.27 Ten of these patients became shunt-free.

Of the six failures, four were apparent prior to discharge

from the hospital, and the other two had scarring over the

ventriculostomy defect. In a series of four patients with SVS

and small ventricles, VP shunts were externalized, and the

external ventricular drainage bag was gradually elevated to

an average of 18.8 cm above head level over an average of

5.8 days to render the ventricles navigable. Three of the four

patients were successfully rendered shunt-free.40 In another

study, 15 patients with SVS underwent ventricular cannula-

tion using a very small flexible endoscope to measure com-

pliance.42 In 4 patients, compliance was low, and ETV was

performed using a larger endoscope; in the other 11 patients,

a shunt with a programmable valve was inserted and the

pressure slowly increased over an average of 16.3 months,

after which ETV was performed. All 15 patients in this study

became shunt-free with no symptoms.

ETV for SVS is not without risks, as these patients

frequently have adhesions that make ventricular cannula-

tion and navigation difficult and potentially hazardous.

Additionally, two studies have identified transient short-

term memory loss as a risk of ETV in SVS patients.27,39

Management Plan

Any attempt to formulate a treatment plan for patients with

SVS should include a careful assessment of symptoms and
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of synostosis. ETV is difficult in patients with SVS, and our

general technique is to externalize the shunt and occlude it

transiently with ICP monitoring in an attempt to enlarge the

ventricles. Frameless stereotactic image guidance is useful in

cannulating small ventricles with the endoscope. We per-

form LP shunting infrequently in the pediatric population.

Conclusion

SVS is a difficult entity to treat because of uncertainty

regarding both the etiology and the most effective treatment

54 I Intracranial

measurement of ICP by means of intraparenchymal fiberop-

tic monitor placement or lumbar puncture. Conservative

treatment is a good first step for any patient who does not

have disabling symptoms. If a patient presents with symp-

toms of low-pressure headaches and low pressure on moni-

toring, valve upgrade can often be helpful. Evidence of inter-

mittent shunt malfunction can usually be effectively treated

by replacing the shunt in a different location, using stereo-

tactic guidance if necessary. Subtemporal decompression is

reserved for patients who have not responded to other treat-

ments. Cranial expansion surgery may be effective in cases

Fig. 5.2 Intraoperative photographs showing the steps of endoscopic

third ventriculostomy in a patient with ventriculomegaly. (A) The

thinned floor of the third ventricle is visible between the infundibular

recess and the mammillary bodies. (B) A no. 4 French Fogarty balloon

catheter is used to perforate the floor of the third ventricle, (C) then

inflated to produce (D) an opening. This operation may be difficult to

perform if the ventricles are small and do not enlarge with controlled

shunt occlusion.

A

C D

B
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for this condition. The principal theories as to the etiology

of SVS involve decreased brain compliance, cephalocranial

disproportion, and venous hypertension. Several treatments

have been used successfully, including ventricular shunt

revision, cranial expansion techniques, LP shunting, and ETV.

With patience and careful application of these approaches,

most SVS patients can be managed successfully with a satis-

factory long-term outcome.
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♦ Lumboperitoneal Shunting

Harold L. Rekate

The term slit ventricle syndrome is a catch-all term that

refers to a severe headache disorder in patients with ven-

tricular shunts and chronic headaches. Our original defini-

tion of the term defined the condition as a triad of small

ventricles on imaging studies, severe headaches lasting 10

to 90 minutes, and slow or no refill of a shunt-flushing

device.44 Many reports of the syndrome followed, but there

was no consensus about its definition or evidence about the

cause of the headaches. It was assumed that SVS was related

to chronic overdrainage of CSF by the shunt system and that

the resulting long-term changes in the brain or skull led to

the headaches.45–47

Based on a retrospective review of patients with chronic

headaches and shunts, we defined five distinct pathophysi-

ologies that had been incorporated into the concept of

SVS,48 including intermittent proximal obstruction; severely

low ICP analogous to spinal headaches; cephalocranial dis-

proportion, which occurs only in the context of genetic

craniofacial syndromes (i.e., the patient has increased ICP

despite a working shunt); and intracranial hypertension

associated with nonresponsive ventricles and shunt failure.

The latter has been called normal volume hydrocephalus

(NVH) by Engel and colleagues, who originally described

it.49 The fifth pathophysiology is shunt-related migraine,

which is a diagnosis of exclusion. It requires definitive evi-

dence of normal ICP dynamics. These patients usually have

a family history positive for migraine headaches.

Patients with low-pressure headaches and intermittent

proximal obstruction are best managed by upgrading the

valve and ascertaining that the valve mechanism includes a

device that minimizes the gravitational effects caused by

the height differential between the ventricular catheter in

the lateral ventricles and the peritoneal catheter terminis.

Patients with Crouzon or Pfeiffer syndrome and hydro-

cephalus have a complex problem that includes hindbrain

herniation and obstruction of venous outflow.50,51 In such

cases, the only functional strategy is a surgical approach

that involves enlarging the intracranial compartment.52–54

NVH and shunt-related migraine are the most persistent

and troubling conditions to manage. Without ICP monitoring,

possibly on multiple occasions, it is often impossible to dif-

ferentiate the two conditions. These patients are frequent

visitors to emergency rooms and are often admitted to the

neurosurgical service. On each occasion, they undergo imag-

ing studies. The cost of missing a shunt failure could mean

new neurologic deficits or even the patient’s death.

Considerable energy and money can be consumed, and these

patients likely undergo several unnecessary surgical inter-

ventions. We have found it valuable to assess whether such

patients can function without their shunt and thereby avoid

these constant interventions. As we gained experience using

ETV to manage shunt failure, we decided to attempt shunt

removal in patients with frequent shunt failure or intractable

headaches in an effort to improve their quality of life.55

Shunt Removal Protocol

Patients with chronic severe headaches and demonstrably

working shunts have their shunt system removed and

replaced with an external ventricular drain (EVD). The

patient is taken to the intensive care unit, where the EVD is

closed to ICP monitoring. A new imaging study is obtained

12 to 24 hours later. If the patient’s ICP is � 30 mm Hg, the

EVD is opened at 30 cm above the level of the head to ensure

the patient’s safety.

This protocol (Fig. 5.3)55 is associated with three possible

outcomes. In �25% of the cases, ventricular size increases

minimally to moderately without symptoms or an increase

in ICP. The EVD is removed from these patients who have

shunt-independent arrest of their hydrocephalus. Typically,

these patients developed hydrocephalus from neonatal

intraventricular hemorrhage or were shunted when diag-

nosed with a brain tumor that was later treated. The results

were expected in about half of the patients: ICP increased,

the patients were symptomatic, and their ventricles

expanded. Except patients with hydrocephalus associated

with spina bifida, 80% of patients with ventricles

that expand will respond to ETV and can become shunt-

independent. We presume that the outcome is not as

predictable in patients with spina bifida because their

Chiari II malformation is associated with multiple sites of

obstruction to CSF flow not found in other forms of SVS.56,57

In the remaining 25%, ICP increases considerably, but ven-

tricular size increases little if at all. These patients have NVH.
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the subsets of SVS. If these patients had no history of overt

hydrocephalus during infancy, they would be diagnosed

with pseudotumor cerebri, which is also called idiopathic

intracranial hypertension. The pathophysiology underlying

these two conditions is the same, and their management is

similar.

Our work on a mathematical model of CSF dynamics in

hydrocephalus led us to study patients with pseudotumor

cerebri using retrograde venographic measurement of ICP.

Based on these measurements, we postulated that all cases

of pseudotumor cerebri are caused by increased intracranial

venous sinus pressure.61,62 We have performed this study in

more than 150 patients with various forms of pseudotumor

cerebri, including 15 patients with NVH. All of the latter

have showed increased pressure in the superior sagittal

sinus. NVH is pseudotumor cerebri that begins before the

fontanelle and sutures close.63

Explaining the relationship of pseudotumor cerebri to

aqueductal stenosis requires a few steps. Except in the con-

text of the sex-linked form of the condition that is inherited

only in male offspring, aqueductal stenosis is an effect of

hydrocephalus and not a general cause. Care should be

taken when equating triventricular hydrocephalus with

aqueductal stenosis. In naturally occurring animal models

of congenital hydrocephalus, the hydrocephalus develops

before the secondary closure of the aqueduct. Based on the

injection of iodinated dyes in humans, shunting opens the

aqueduct mechanically.64 Recently, we have shown that

adult patients with triventricular hydrocephalus and chronic

compensated hydrocephalus or long-standing overt ven-

triculomegaly of the adult (LOVA) have secondary opening

of the aqueduct after ETV.65 In such cases, the initial step is

ventriculomegaly, which increases the size of the temporal

horns of the lateral ventricles. This increase exerts pressure

inward on the midbrain. Functionally, the aqueduct

is closed but reopens with adequate treatment of the

hydrocephalus.

Even in babies with isolated triventricular hydro-

cephalus, ventricular size is unlikely to stabilize after ETV.66

Several reasons may account for this finding. A brain with

an open fontanelle is in communication with atmospheric

pressure. Pressure high enough to lead to the absorption of

spinal fluid may not be possible. This discussion could lead

to the conclusion that aqueductal stenosis is related to a ter-

minal CSF absorption defect that leads to ventriculomegaly

and would not be expected to respond to ETV.

We recently reported a case of a young woman who was

shunted as an adult for LOVA and who suffered from multi-

ple shunt complications. Eventually, she underwent ETV,

which failed to relieve her symptoms and did not decrease

the size of her ventricles. ICP monitoring led to the realiza-

tion that her ICP remained elevated to 35 mm Hg despite the

free flow of CSF through the stoma of the ETV and through

a subsequently opened aqueduct. Retrograde venography

56 I Intracranial

All of our patients in this group were shunted during infancy,

regardless of the age at which they became symptomatic.

Typically, they had developed triventricular hydrocephalus

associated with asymptomatic but excessive growth in head

circumference and normal developmental milestones. The

25% incidence in our patients is consistent with the findings

of McComb’s retrospective analysis of shunted infants

(McComb JG, personal communication, 2000).

We injected iohexol 180 in these patients. In our initial

report of this experience, the ventricular system communi-

cated with the spinal subarachnoid space in 24 of 27

patients. The remaining three patients had a history of

severe ventriculitis that led to a secondary obstruction of

their CSF pathways. Overall, the patients in this series were

neurologically normal and bright. In this group of patients,

LP shunts have successfully managed their condition.58–60

Normal Volume Hydrocephalus, Slit
Ventricle Syndrome, and Pseudotumor
Cerebri

The patients described above had a presumptive diagnosis

of hydrocephalus secondary to aqueductal stenosis. What

has happened? NVH is the most troubling and confusing of

Fig. 5.3 Algorithm of treatment of patients with severe headache dis-

orders and a shunt (slit ventricle syndrome). ICP, intracranial pressure;

ICU, intensive care unit; LP, lumboperitoneal. (From Barrow

Neurological Institute. Reprinted by permission.)
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showed that both transverse sinuses were stenotic. After

venous stenting, ICP and CSF flow normalized.65

NVH therefore is a form of pseudotumor cerebri that

begins in infancy. The hydrocephalus results from the dis-

tensibility of the infant’s skull. Effective treatments for the

management of pseudotumor cerebri usually require surgi-

cal strategies that access the CSF in both the cortical

subarachnoid space and cerebral ventricles. In most

instances, this strategy is best served by placing an LP shunt.

After shunting, the ventricles become smaller than normal

(slitlike). In patients with an intact septum pellucidum, the

shunted lateral ventricle ends up smaller than the unshunted

ventricle.67–69 Work in our laboratory has shown that this

ventricular asymmetry is caused by the septum pellucidum

lying against the head of the caudate nucleus. A pressure

differential can be recorded between the two lateral ventri-

cles. The lateral ventricle with the shunt is isolated. CSF

from the contralateral ventricle and the cortical subarach-

noid space cannot flow into the shunted ventricle,69 leading

to reversible obstruction of the ventricular catheter.

Lumboperitoneal Shunts in the Treatment
of Slit Ventricle Syndrome

At the annual meeting of the Joint Section on Pediatric

Neurological Surgery of the American Association of

Neurological Surgeons and the Congress of Neurological

Surgeons in New York in December 2001, two presentations

were given on the use and utility of LP shunts in the man-

agement of SVS.59,60 However, the approaches of the two

presenting groups differed significantly. The work of the

Chicago group treated symptomatic patients with severe

difficulties with symptomatic slit ventricles by adding an LP

shunt to an existing shunt system. In contrast, our use of LP

shunts resulted from our shunt-removal protocol. LP shunts

were placed in patients who had previously had their

shunts removed and not replaced. Patients of the Chicago

group had two separate shunts, whereas our patients were

treated only with the LP shunts.

Later the Chicago group reported on a group of patients

with symptomatic ventricular enlargement after placement

of an LP shunt. Based on these observations, these authors

suggested that LP shunts preferentially drained the sub-

arachnoid space rather than the ventricle.70 My own discus-

sion of the pathophysiology of the SVS that followed that

report postulated a lack of communication between the

ventricle and cortical subarachnoid space. When the LP

shunts were placed, ICP decreased below the opening pres-

sure of the ventricular valve. Because no CSF could drain

through the valve in the ventricle, ventrigulomegaly devel-

oped. The patient had intraventricular obstructive hydro-

cephalus.71 If the subarachnoid space is to be drained by a

second shunt system, the ventricle and the subarachnoid

space must be in communication.

Operative Procedure

Preoperatively, an imaging study using CT or magnetic reso-

nance imaging is obtained for the purpose of applying

frameless stereotactic techniques for placement of an intra-

ventricular reservoir. Determining whether LP shunts are

functional is difficult, especially in this group of patients,

because shunt failure cannot be diagnosed on the basis of

imaging studies. Even the routine use of reservoirs incorpo-

rated into the LP shunt does not make the assessment of

these shunts simple. Therefore, we routinely implant a ven-

tricular reservoir when an LP shunt is placed. The patient is

placed in a lateral decubitus position with the side of the

previous peritoneal shunt up. The head is placed in a head

holder, and the frameless stereotactic system is registered.

The head and the LP shunt site are prepared separately and

draped appropriately. We use a 9.5 mm Rickham Reservoir

(Codman Corp., Raynham, Massachusetts) because it is easy

to access later.

A 2 cm vertical incision is made at the L3–L4 interspace.

The spinal subarachnoid space is accessed with a 14-gauge

Tuohy needle (Codman) and a lumbar catheter inserted 

at least 10 cm into the subarachnoid space. The needle is with-

drawn, and free flow of CSF is determined. A transverse inci-

sion, usually the preexisting VP shunt incision, is reopened

and carried down to the peritoneum with a muscle-splitting

technique.

We prefer a variant of a Codman Hakim programmable

valve with SiphonGuard (Codman). A magnetic instrument

can be used to change the opening pressure of this valve

between 30 and 200 mm H2O. The SiphonGuard prevents

overdrainage using a flow-restriction mechanism. It has

little to do with siphoning. Rather, it prevents sudden rush-

es of CSF when patients assume the erect position or at the

time of sudden Valsalva maneuvers. Valves employing

diaphragm mechanisms are inappropriate for LP shunts.

However, other flow-restricting valves and gravity-com-

pensating mechanisms can be used for this purpose.

The ability to program the valve requires that the valve

not rotate. A modified form of the valve therefore incorpo-

rates a flat-bottom stage to prevent rotation (Fig. 5.4). For

the valve to be reprogrammed, it must be placed superfi-

cially in an accessible area and not deep in the soft tissues.

Typically, we set all valves at 100 mm H2O. If the operative

report is not immediately available, and the valve has not

been changed, the pressure setting is known.

At the time of the initial implantation of an LP shunt and

reservoir, we typically monitor ICP for 48 hours. Recumbent

ICP should be between 5 and 15 mm Hg, and upright ICP

should be between �5 and �5 mm Hg. In our experience

with this valve, these readings have been obtained in all

patients who have undergone the procedure. In this group

of patients, all CSF compartments communicate with all

others (Fig. 5.5). From the perspective of CSF dynamics,
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these pressure profiles are normal. ICP can be monitored

using an intraparenchymal transducer or by affixing a 23-

gauge butterfly needle transcutaneously into the reservoir.

Postoperative Management

Patients with this severe subset of SVS have had severe

headache disorders for a long time and may have received

narcotic medications for their chronic daily headaches.

Their headache disorder may not resolve completely despite

normal ICP, normal CSF dynamics, and drainage of all CSF

compartments through a common pathway. Four percent

of the world’s population has a headache at least 15 days

per month, which is the definition of chronic daily

headaches.72–74 Just under half of the adult patients shunted

during infancy report severe or disabling headaches.

Therefore, successful treatment must be defined with an

objective end point; it cannot depend completely on the

severity of the headache.

Before initiating the treatment protocol, my discussion

with these patients includes a commitment to ensure that

their ICP and ICP dynamics are normal but not freedom

from headache. Patients are informed that �80% of those

undergoing placement of an LP shunt for SVS have com-

plete or near complete resolution of their severe headache

disorder. For the remainder, it will likely be necessary to

measure ICP through the implanted reservoir to convince

yourself, the patient, and the other physicians managing

the patient’s pain that the problem is unrelated to the

shunt.

A full description of the management of chronic daily

headaches is beyond the scope of this discussion. In gener-

al, however, patients often treated with pain medication

must be withdrawn from these medicines carefully. The

use of medication for chronic headaches leads to a condi-

tion known as medication overuse headaches, which

requires management by an established pain management

team.

Concerns about the Use 
of Lumboperitoneal Shunts

For several reasons, neurosurgeons, particularly pediatric

neurosurgeons, are reluctant to use LP shunts to manage

either hydrocephalus or pseudotumor cerebri. In the first

place, the one-piece LP shunts in common usage rely on

the small diameter of the tubing and distal slit valves to

prevent overdrainage. These shunts effectively lower ICP.

However, the hydrostatic forces created when a fully

grown individual stands up tend to overwhelm the valvu-

lar mechanism. Consequently, severe postural headaches

are common in such patients. A valve mechanism must be

added to these shunts to prevent this problem. The valve
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Fig. 5.4 Illustration of the modified programmable valve in a lum-

boperitoneal shunt with a flat stage that prevents rotation in the sub-

cutaneous tissue. (From Barrow Neurological Institute. Reprinted by

permission.)

Fig. 5.5 Iohexol 180 cisternogram shows that all cerebrospinal fluid

compartments communicate with each other. (From Barrow

Neurological Institute. Reprinted by permission.)
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system described above can be manipulated to prevent

this complication.

The second problem relates to the potential for the devel-

opment of secondary hindbrain herniation (i.e., an acquired

Chiari I malformation). This condition, which can be lethal,

is reportedly common in patients undergoing LP shunt-

ing.75,76 Patients reported to have this severe complication

were infants with growing brains when their LP shunt was

placed via laminectomy with no add-on valves. However,

there have been no cases of acquired Chiari I malformations

among children who received LP shunts in which valves

were used rather than straight tubes with distal slits.59 The

careful use of valves with LP shunts will at least minimize

this complication.

There is a strong sense that LP shunts are unreliable.

The proximal catheter is thin and fragile, and the likeli-

hood of breakage at the connector is greater than with

ventricular shunts with no connector at or below the

nuchal line. In general, however, the reputation of LP

shunts as fragile and likely to suffer mechanical failure pri-

marily relates to the disease processes commonly treated

with lumbar shunts. The management of pseudotumor

cerebri with LP shunts often means that treated patients

are morbidly obese. Therefore, they have high intraperi-

toneal pressure, which makes the placement of peritoneal

catheters difficult.

It is also difficult to determine whether the shunt is

working at all, much less whether it is functioning correctly.

In this condition, shunt failure cannot be diagnosed on the

basis of imaging studies. Therefore, a physical measurement

of ICP is needed. Typically, patients with LP shunts would

have to undergo a lumbar puncture to determine ICP.

Especially in obese patients or anxious children, pressure

measured by lumbar puncture may be unreliable.

Furthermore, negative ICP cannot be measured via lumbar

pressure. These problems can be overcome by implanting

ventricular tapping reservoirs. Pressure can then be meas-

ured accurately with minimal discomfort in relaxed patients

whenever a complaint suggests shunt failure. Negative ICP

can be measured by a fluid-coupled transducer without

surgical intervention.

Management of Slit Ventricle Syndrome 
in Patients Who Are Not Candidates 
for Lumboperitoneal Shunts

LP shunts cannot be placed in all patients with SVS. There

are relative and absolute contraindications to their place-

ment. Spina bifida (i.e., a Chiari II malformation) and achon-

droplasia are absolute contraindications to the use of LP

shunts. LP shunting is contraindicated in patients with

spina bifida for three reasons. The most obvious is the

problem of the attachment of the neural placode to the scar

at the level of the initial repair and tethering of the spinal

cord to the placode. This situation makes implantation of

the lumbar catheter problematic and probably dangerous.

The generalized arachnoiditis associated with this condition

tends to interfere with CSF flow from the intracranial

compartment to the spinal subarachnoid space. Finally, the

Chiari II malformation tends to prevent CSF flow through

the region of the foramen magnum and upper cervical

spine.

Patients with achondroplasia are most likely to suffer

from the severe form of SVS. In these patients, hydro-

cephalus relates to obstruction of venous outflow at the

stenotic jugular foramina.77–79 These cases are complicated

by a very small foramen magnum, which is likely to prevent

the flow of CSF from the cortical to the spinal subarachnoid

space. These patients also have severe generalized spinal

stenosis often with little or no CSF flow to the lumbar theca.

The severe stenosis also makes placement of the lumbar

catheter problematic.

Two categories of patients with SVS represent relative

contraindications to the use of LP shunts. Patients with

coexistent SVS and a Chiari I malformation may undergo

successful LP shunting if two conditions are met: prior

decompression of the hindbrain hernia and demonstrably

adequate unimpeded CSF flow across the foramen magnum.

LP shunts will lead to ventricular dilatation in patients with

an intraventricular obstruction to the flow of CSF and

NVH.70 This problem is actually quite rare. It primarily occurs

in patients who develop hydrocephalus during infancy due

to venous hypertension but whose course was severely

complicated by an intercurrent severe shunt infection; the

resulting ventriculitis leads to secondary obstruction of CSF

flow within the ventricles.80 In such cases, all of these com-

partments must communicate with each other proximal to

the valve so that there is no differential change in the solid

geometry of the system. The cortical subarachnoid space

must be included in any strategy used to treat the severe

form of SVS.

Johnston and Sheridan managed pseudotumor cerebri

by using shunts from the cisterna magna to the peri-

toneum.81 My own experiences in this situation have not

been encouraging. Catheters placed in the cisterna magna

and then connected to a valve to the peritoneal catheter

have connectors at or below the level of the nuchal line.

They are difficult to assess, and they tend to break relative-

ly quickly. In these cases, the cisterna magna is still a fixed

reservoir of CSF that accesses the cortical subarachnoid

space.

The fragility of the system is improved greatly by splic-

ing a catheter in the cisterna magna to an existing shunt

system, thereby creating a cisterna magna–ventricle–

peritoneum shunt (Fig. 5.6).82,83 Because LP shunt tubing is
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Slit ventricle syndrome is the bane of all pediatric neurosur-

geons. As Drs. Miller and Cohen state in their introduction,

the development of the ventriculoperitoneal shunt has

resulted in prolonged survival of infants. There is no con-

sensus and little evidence, however, as how to best prevent

and treat this condition. The authors outline the etiology

60 I Intracranial

Fig. 5.6 Illustration of a cisterna magna–ventricle–peritoneum shunt.

(From Barrow Neurological Institute. Reprinted by permission.)
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Craniopharyngioma6

Craniopharyngiomas comprise roughly 3% of all intracranial

neoplasms1,2 and are the most common nonglial brain

tumor of childhood, constituting 6 to 8% of all pediatric

brain tumors.3–5 On a population scale, however, they are

relatively rare lesions, with an incidence of only 0.13 per

100,000 person years.6 Fewer than 350 combined adult and

pediatric craniopharyngiomas are diagnosed each year in

the United States, and less than half of these occur in chil-

dren.6,7 Thought to arise from embryological remnants of

the craniopharyngeal duct, these benign epithelial neo-

plasms with solid, cystic, and calcified components can

arise anywhere along an axis from the third ventricle to the

pituitary gland.8–12

The benign histology of craniopharyngiomas, however,

belies their rather malignant clinical course in children.

Described by Harvey Cushing as “one of the most baffling

problems to the neurosurgeon,”13 their close proximity to

the visual apparatus, circle of Willis, pituitary stalk, and

hypothalamus predisposes these patients to severe adverse

sequelae both at presentation and following treatment.

Common findings include headache, vision loss, diabetes

insipidus, panhypopituitarism, short stature, hypothalamic

dysfunction with behavioral and memory disturbances,

hyperphagia, and obesity.

Treatment Philosophy

Debate persists regarding the optimal management of cran-

iopharyngiomas. Regardless of selected management strat-

egy, however, definitive tumor control or cure should be the

goal of any treatment for pediatric craniopharyngiomas.

Two critical factors for potential cure are extent of surgical

excision and cranial irradiation. Some centers advocate rad-

ical resection for surgical cure, whereas others favor limited

resection followed by radiation therapy to limit injury to the

hypothalamus. Both major paradigms provide similar rates

of disease control and overall survival.14–30 Although radical

resection may have a higher potential for immediate periop-

erative morbidity,14,20,31–36 limited resection and radiation

therapy cause more delayed morbidity, including panhypopi-

tuitarism, visual deterioration, cognitive and attentional

dysfunction, secondary central nervous system neoplasms,

and cerebrovasculopathy, namely moyamoya disease.22,37–45

Palliative procedures, such as stereotactic cyst aspiration

and Ommaya reservoir drainage, may provide relief from

compression of neural and visual structures, but these

effects are invariably transient. Progressive solid and cystic

tumor recurrence and growth are inevitable. We believe

such therapies should not be considered definitive or

adequate treatment early in the course of disease.

The relative scarcity of craniopharyngiomas, the persist-

ent lack of consensus regarding optimal treatment, and the

potential morbidity of all forms of treatment combine to

make evaluations of the optimal management strategy

difficult, if not impossible. Given similar rates of disease

control and survival with the two main treatment strate-

gies, the focus of outcome assessment has shifted to quality

of life metrics.22,34,46–50 However, detailed quality of life out-

comes from large series of uniformly treated patients are

scarce. Here, we describe our preferred treatment paradigm

for craniopharyngiomas in children—radical resection with

the aim of surgical cure.

Preoperative Evaluation

Depending on the clinical status and age of the patient prior

to surgery, we prefer a complete evaluation by various spe-

cialists that includes opthalmologic, endocrinologic, and

neuropsychological testing. Parents and families are coun-

seled as to the expected short- and long-term postoperative

course.

Our preoperative imaging protocol consists of magnetic

resonance imaging (MRI) with frameless stereotactic image

acquisition and computed tomography (CT). CT provides
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tumor removal in this critical region and allows complete

removal of small fragments of tumor and/or calcium

deposits that may or may not contain viable tumor cells. The

endoscope is also useful for intraventricular visualization

and potential resection of tumor that lies within the third or

lateral ventricles not accessible via the transsylvian

approach. We reserve the transsphenoidal approach for

tumors that are primarily or completely within the sella tur-

cica.

Operative Technique

Following induction and intubation, patient positioning,

and stereotaxy registration, dexamethasone (0.1 mg/kg),

phenytoin (15 mg/kg), and cephalexin (25 mg/kg) are admin-

istered. Mannitol (0.25 g/kg) is than given at the time of skin

incision to aid in brain relaxation. The diuretic effect is max-

imal within 1 hour of infusion and will ideally have its

maximal effect at the time of brain and tumor manipulation.

Hyperventilation and progressive drainage of CSF from the

sylvian and basal cisterns will usually provide excellent

brain relaxation, even in the presence of hydrocephalus.

Ventricular drainage is reserved for cases refractory to these

maneuvers or in cases of severe, increased intracranial pres-

sure unresponsive to medical management. However, if

severe hydrocephalus is present or if there is a significant

solid tumor component superiorly within the third ventri-

cle, a 4 mm endoscope is placed into the lateral ventricle

and held in place with a rigid retractor. This maneuver

allows for alternation of visualization and dissection of

tumor from the endoscopic, intraventricular, or microscop-

ic transsylvian routes.

A Z-plasty skin incision posterior to the hairline is per-

formed from the tragus to just beyond the midline. The tem-

poralis fascia and muscle are sharply incised with a no. 15

blade and bluntly dissected off the underlying calvarium

with a periosteal elevator to allow for excellent reapproxi-

mation at the end of the case and minimize temporalis mus-

cle atrophy. A one-piece, modified pterional craniotomy

with removal of the anterior orbital roof, supraorbital rim,

and zygomatic process of the frontal bone is then performed

with the craniotome and chisel and mallet. A brain retractor

is used to prevent injury to the orbital contents or lacerate

the periorbita during the orbital and supraorbital

osteotomies. The dura is dissected from the sphenoid bone,

which is removed with rongeurs down to the supraorbital

fissure.

The dura is then elevated with a dural hook and incised

in a C-shaped fashion. Especially for large tumors that dis-

tort the anatomy of or extend beyond the suprasellar cis-

terns, identification of the vascular anatomy provides criti-

cal internal landmarks for safe navigation. Laterally, the syl-

vian fissure is widely split, and the branches of the middle

cerebral artery are identified. The arachnoidal dissection of
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detailed information about the extent and location of

tumoral calcification. Careful evaluation of multiplanar MRI

is essential to understand the often complex relationship

that craniopharyngiomas have to the visual apparatus,

hypothalamus, and surrounding vasculature and will lead to

improved outcomes.

First, the location of the tumor in relation to the optic

apparatus must be determined. Tumors can be entirely sub-

chiasmatic primarily within the sella, prechiasmatic with or

without subfrontal extension, retrochiasmatic involving the

floor of the third ventricle and hypothalamus, or have a

complex relationship to the chiasm with both pre- and

retrochiasmatic components. Second, attention must be

paid to the relationship of the dorsal aspect of the tumor

and the hypothalamus. Increased involvement and defor-

mation of the hypothalamus have been shown to predict the

level of preoperative hypothalamic dysfunction, as well as

the operative morbidity of resection. Third, as cranio-

pharyngiomas enlarge, they can form multilobulated cysts

that extend along the pathways of least resistance and

invade nearby anatomical spaces in the anterior, middle,

and posterior fossae. These extensions must be recognized

to optimize the surgical approach and minimize retraction

injury to normal brain parenchyma.

Surgical Approaches

Given the variability of the precise location and size of cran-

iopharyngiomas, a variety of approaches have been

described by different surgeons. These include the sub-

frontal,3,5,51–54 pterional,14,17,36,55,56 combined,15,28,30,32,34

bifrontal interhemispheric,57,58 transcallosal,59 subtempo-

ral,60 transpetrosal,61 and transsphenoidal approaches.62–65

We prefer a modified pterional exposure that includes

removal of the supraorbital rim, anterior orbital roof, and

zygomatic process of the frontal bone. This approach pro-

vides the shortest, most direct route to the suprasellar

region. It minimizes frontal and temporal lobe retraction

with wide splitting of the sylvian fissure, allows early

release of cerebrospinal fluid (CSF) from the sylvian and

carotid cisterns to aid in brain relaxation, and provides early

visualization of the carotid arteries and optic apparatus.

Tumors extending from the pontomedullary junction to

above the foramen of Monro can be successfully and safely

removed using this approach without the need for corticec-

tomy, sacrifice of the olfactory nerve, or potential cognitive

dysfunction from retraction of both frontal lobes.

Surgical adjuncts include the Cavitron Ultrasonic

Surgical Aspirator (CUSA; Tyco Healthcare, Mansfield,

Massachusetts), frameless stereotaxy, and rigid and flexible

endoscopes and should be used when appropriate. Recently,

we have found that endoscopic visualization during dissec-

tion of tumor from the ventral surface of the chiasm and

floor of the third ventricle greatly enhances the safety of
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the fissure proceeds medially to bifurcation of the internal

cerebral artery. Once the carotid artery comes into view,

careful inspection of the anterior cerebral artery, optic

nerve, chiasm, and/or tracts is performed to understand

the relationship of these structures to the tumor (Figs. 6.1
and 6.2).

We caution against early decompression of the cystic

portion of the tumor, as this can result in redundancy of the

tumor capsule and the overlying attenuated arachnoid. This

loss of turgor can obscure the planes of dissection. The over-

arching strategy for craniopharyngioma resection is to

develop an arachnoid plane circumferentially around the

tumor within the suprasellar cisterns followed by stalk

inspection and possible sectioning. The last and most criti-

cal step is manipulation and excision of the dorsal portion

of the tumor involving the hypothalamus.

6 Craniopharyngioma 65

Fig. 6.1 This 9-year-old girl presented with severe, progressive

headache. On examination, the child was found to have a partial left

cranial nerve III palsy and 20/40 visual acuity on the left. (A,C)

Following administration of gadolinium, magnetic resonance imaging

(MRI) revealed a 4 cm, mixed cystic and solid tumor with a postfixed

chiasm. (B) Solid calcification in the left suprasellar region was

demonstrated on computed tomography (CT). (D) Via right pterional

craniotomy, she underwent gross total resection (GTR) of the

adamantinomatous craniopharyngioma with transient worsening but

eventual improvement in her CN III palsy. Her visual acuity improved

to 20/25 following surgery. Despite stalk preservation, she developed

diabetes insipidus (DI) and requires DDAVP. She is now 18 years fol-

lowing GTR, has been without disease recurrence and completed

graduate school after college.

A B

C D
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in the region of the tuber cinereum. Following tumor

removal, the entire tumor bed must be inspected for residual

disease with either a micromirror or an angled endoscope.

Papaverine-soaked Gelfoam pledgets are then placed around

the arteries of the circle of Willis to help ameliorate

vasospasm (Fig. 6.2) and are removed prior to dural closure.

If the tumor has a significant retrochiasmatic or intraven-

tricular component, the lamina terminalis must be fenes-

trated (Fig. 6.3). The lamina terminalis is distinguished from

the chiasm by its pale, avascular appearance and is often dis-

tended and attenuated by the underlying tumor. Tumor

within the third ventricle can be delivered simultaneously

through the lamina terminalis, as well as from below the chi-

asm. We find the use of a 4 mm endoscope inserted into the

third or lateral ventricle to be extremely helpful to assist in

the delivery of the intraventricular component of the tumor,

obviating the need for a transcallosal approach to achieve

complete resection. For tumors with significant extension

into the sella turcica, removal of the tuberculum sellae and

posterior planum sphenoidale may be necessary to gain ade-

quate exposure of the intrasellar space. Following tumor

removal, all bony defects into the sinuses must be repaired

to prevent postoperative CSF fistulas.

Postoperative Care

Following surgery and neurologic examination, all children

are transferred immediately to the pediatric intensive care

unit. A multidisciplinary team of pediatric endocrinologists,
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Working in the opticocarotid, prechiasmatic, and caroti-

dotentorial triangles, an arachnoidal plane is developed

between the tumor capsule and the arteries of the circle of

Willis. Careful attention must be paid to ensure the preser-

vation of the basal perforators. This plane is developed in a

posterior direction until the basilar artery is identified

through the usually intact membrane of Lilliquist. This

extracapsular dissection is usually facilitated by well-

demarcated and preserved arachnoidal planes. In the case of

recurrent tumors, these planes can be heavily scarred and

may require increased use of sharp microdissection.

Following separation of the cerebral vasculature from the

tumor capsule, the cyst can now be aspirated and solid com-

ponents debulked. All attempts should be made to preserve

the capsule of the tumor to allow gentle traction for eventu-

al dissection of the tumor from its remaining attachments,

especially the floor of the hypothalamus. Continuing to

respect arachnoidal planes, the tumor is then dissected free

of the optic chiasm, the contralateral carotid arteries, and its

branches. Although an attempt is always made to identify

and preserve the pituitary stalk, we have found this success-

ful in only 30% of patients. We recommend sectioning the

stalk as distal as possible without compromising negative

margins to limit the severity of diabetes insipidus. Following

separation of tumor from the entire circle of Willis, pituitary

stalk, and optic apparatus, the capsule is grasped, and using

a combination of gentle traction and blunt dissection, a gli-

otic plane is developed between the dorsal aspect of the

tumor and the floor of the third ventricle and hypothalamus

Fig. 6.2 (A) Intraoperative photograph following splitting of the right

sylvian fissure confirming the prechiasmatic nature of the cranio-

pharyngioma seen in Fig. 6.1A. The left optic nerve is elevated by

tumor, rotated into view, and exhibits pallor. (B) Following GTR of the

tumor, the optic nerves are decompressed, and vasospasm is evident

in the right internal carotid artery and the A1 segment of the anterior

cerebral artery.

A B
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neuro-oncologists, and intensivists collaborate in the post-

operative care. Frequent urine and electrolyte analyses are

performed to monitor for and aggressively treat electrolyte

disturbances, namely diabetes insipidus. Dexamethasone is

tapered over the course of 1 week, and Dilantin is continued

for 3 weeks following surgery. Dilantin is continued for

extended periods only if seizures occur that are not attrib-

utable to electrolyte disturbances.

Postoperative MRI and CT are performed within 48 hours

following surgery to ensure complete resection. Surveillance

MRI and clinical follow-up occur every 3 months during the

first year, every 4 months during the second year, every

6 months for the next 3 years, and every year for the next

5 years. Frequent imaging allows for early detection of recur-

rence while tumors are small and preferably asymptomatic.

However, long-term imaging and follow-up are important, as

late recurrences have been reported. Regular evaluations by

dedicated pediatric endocrinologists, ophthalmologists, and

neuro-oncologists are essential in managing these children

long term.
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A

C D

B

Fig. 6.3 (A,B) This 7-year-old boy presented with headache and

behavioral outbursts. MRI revealed a 5 cm retrochiasmatic tumor with

significant extension into the third ventricle, causing obstructive

hydrocephalus. (C,D) Following GTR of his adamantinomatous cranio-

pharyngioma via a right pterional approach and fenestration of the

lamina terminalis, he remained neurologically, visually, and hormonal-

ly intact, and his hydrocephalus resolved following tumor removal. He

did, however, experience slight worsening of his short-term memory

but was able to do well in school and currently attends college. He

remains disease-free 14 years following resection.
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44% of 185 children treated for craniopharyngiomas using

various treatment modalities.48 Although some centers con-

tend that increasing tumor size limits the extent of resec-

tion and local disease control,29,31,55,78–84 we agree with

other authors30,51,56,85 that size has no impact on the ability

to achieve GTR—at least for virgin tumors. Nevertheless,

given the large size and multicompartmental nature of giant

craniopharyngiomas, a flexible and at times staged

approach may be required for successful and safe extirpa-

tion of these tumors (Fig. 6.4).

Although our data did corroborate prior studies report-

ing worse overall survival rates for children with recurrent

tumors,25,29,36,55,73,86 subgroup analysis revealed excellent

survival rates for children with nonirradiated recurrent

tumors and those of smaller size at reoperation. Thus, prior

68 I Intracranial

Outcomes and Complications

In the MRI era, radiographically confirmed complete resection

is possible in 80 to 100% of patients. Perioperative mortality

following aggressive surgery has also declined substantially

over the past 2 decades secondary to advances in neuroimag-

ing and microsurgical techniques from over 10% down to 0 to

4% in most current series.3,14–17,20,21,23,30,31,34,36,53,55,56,66–72

Multiple authors have reported surgeon experience with

craniopharyngiomas has a significant impact on the likeli-

hood of achieving complete resection and good functional

outcomes.26,34 Surgeons performing more than two opera-

tions per year for radical resection had good outcomes in 87%

of children compared with only 52% in those performing

fewer.26

Numerous centers have reported excellent rates of dis-

ease control and functional outcomes with the strategy of

radical resection. In a large series by Zucarro,30 complete

resection was achieved in 69% of 153 children. All children

who underwent complete resection were in school and no

more than 1 year behind in grade level, in contrast to only

62% of children who had limited resection and radiation. Di

Rocco et al16 reported complete resection in 78% of 54 chil-

dren treated with curative surgical intent. Overall improve-

ment in intelligence quotient (IQ) occurred following resec-

tion in their series with a mean postoperative IQ of 112

(range 95–130). All but 2 of 50 surviving patients enjoy nor-

mal social interactions. In a series by Hoffman et al,53 26 of

27 children who underwent aggressive resection had IQ

scores at or above average levels. Although 16 children had

memory deficits, 14 of them attended regular schools. The

authors contended that “memory impairment did not inter-

fere with school progress if intelligence was adequate.”

Yasargil et al36 reported good outcomes in 72.5% of children

after initial surgery, and Fahlbusch et al55 reported function-

al independence in 78% of adult and pediatric patients fol-

lowing radical resection.

In our series of 86 children who underwent radical resec-

tion of craniopharyngiomas, gross total resection (GTR) was

accomplished in all 57 (100%) of primary tumors and in 18

of 29 (62%) of recurrent tumors with acceptably low mor-

bidity (Table 6.1). In contrast to the findings of other centers

of increased morbidity, mortality, and worse functional

outcomes at reoperation,14,20,21,36,55,73–77 we found no such

differences in our series. Good and excellent functional

outcomes were achieved in 80% of children, and over 60% of

college-aged patients either attended or graduated from

college—a clear indication of the high functionality of the

majority of these children. New hypothalamic morbidity

occurred in 25% of children and was mild or moderate in all

but one case. Fewer than 20% of our patients developed

obesity, and only two patients developed severe or morbid

obesity. These results contrast greatly with those from a

German multicenter study that reported severe obesity in

Table 6.1 Morbidity and Mortality in 86 Children after Radical

Resection of Craniopharyngioma

No. of Patients (%)

Primary Recurrent

Perioperative mortality 2 (3.5%) 1 (3.4%)

Neurologic morbidity

Stroke 2 (4.0%) 2 (9.0%)

Mild hemiparesis 1 (2.0%) 0 (0%)

Transient CN palsy 8 (16.0%) 1 (4.0%)

Permanent CN palsy 1 (2.0%) 1 (4.0%)

Lethargy/abulia 2 (4.0%) 1 (4.0%)

Visual acuity

Preoperative deficit 14 (27.0%) 15 (60.0%)

Improved 10 (19.0%) 3 (12.0%)

Stable 35 (67.0%) 17 (68.0%)

Worse 7 (13.0%) 5 (20.0%)

Visual fields

Preoperative deficit 23 (43.0%) 22 (85.0%)

Improved 13 (25.5%) 7 (27.0%)

Stable 25 (49.0%) 12 (46.0%)

Worse 13 (25.5%) 7 (27.0%)

Diabetes insipidus

Preoperative 6 (12.0%) 19 (73.0%)

Postoperative, new 33 (73.0%) 6 (67.0%)

Postoperative, total 39 (78.0%) 25 (89.0%)

Anterior pituitary 

dysfunction

Mean number hormones 2.5 � 1.1 2.1 � 0.9

required � SD

Note: There were no significant differences in operative mortality, neurolog-

ic, visual, or endocrinologic morbidity rates between patients with primary

and recurrent tumors (p � .05).

CN, central nerve; SD, standard deviation.
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failed radiation therapy and large size at recurrence signifi-

cantly limited our ability to achieve complete resection—the

only remaining option for potential cure for these patients—

and resulted in worse overall survival rates. In contrast,

prior radical resection, per se, did not diminish the chance

of achieving complete resection at reoperation, leading to

improved disease control and survival rates. Fourteen chil-

dren experienced a total of 15 recurrences following GTR at

our hospital. All underwent reoperation at the time of

recurrence except one child, who had radiosurgery, given

the presence of fusiform dilatation of the internal carotid

artery. GTR was achieved in 79% with no surgical morbidity

or mortality. One patient had slight deterioration in vision,

but no child experienced hypothalamic or memory dysfunc-

tion. Overall survival for this cohort was 92% at mean fol-

low-up of 8 years, markedly higher than the rate of survival

of recurrent tumors reported in the literature.

Recurrence is one of the most common complications of

craniopharyngiomas and usually occurs within the first 3 to

4 years following treatment.12,15,17,21,30,32,33,35,36,53,55,56,68,72,77,87

In modern series, it occurs in roughly 20% of cases following

imaging-confirmed complete resection and in 20 to 30% of

cases following radiation therapy.3,12,14,15,17,20,21,23,30–36,53,

55,56,66,72,75,76,87 These facts must be considered when assess-

ing the efficacy and safety of any treatment algorithm. Thus,

in addition to the commonly reported morbidity, one must

consider the potentially deleterious effects of early irradia-

tion on the safety and efficacy of subsequent treatments,

which prove necessary in up to one third of children. In

experienced hands, radical resection alone may afford a

greater chance of upfront disease control and potential cure

compared with planned limited resection plus radiation and

provide more effective and safer treatment options should

recurrence arise.

Craniopharyngiomas in Very 
Young Children

The aforementioned risks of radiation therapy are even

more common and potentially detrimental in very young

children (ages 5 and under).22,42 Multiple centers have

reported worse functional outcomes, higher rates of tumor

recurrence, and decreased overall survival rates in younger

children.17,22,24,30,31,68,75,88–90 Importantly, one of the main

treatment modalities following subtotal resection (STR) or

recurrence—radiation therapy—is usually withheld in very

young patients given the age-dependent cognitive morbidi-

ty, risk of secondary malignancy, visual deterioration, hypo-

thalamic-pituitary-axis dysfunction, and cerebrovasculopa-

thy, namely, moyamoya disease.22,37–45 In accordance with

other centers, we strongly advocate radical resection as the

optimal treatment in very young children with cranio-

pharyngiomas.26,75,77,90

A retrospective review of our entire series of 86 chil-

dren revealed 19 children who were age 5 or younger at

the time of surgery. GTR was achieved in all but one child,

who had undergone numerous prior resections, radiation

therapy, and cyst aspirations prior to referral to the senior

author for salvage therapy. All remaining (18) patients

(95%) were alive at a mean follow-up of 9.4 years. Six

6 Craniopharyngioma 69

Fig. 6.4 (A,B) This 12-year-old boy who presented with headache was

found on CT to have a giant, mixed cystic and solid tumor with exten-

sive calcification in the suprasellar region and cystic extension into the

left middle fossa. (C) Following GTR of this adamantinomatous cran-

iopharyngioma, he experienced a stroke that left him with a mild

right hemiparesis that improved over time. He did not suffer diabetes

insipidus but was left with a new right superior quadrantanopia, like-

ly from retraction of the left side of the optic chiasm during tumor

removal. He experienced a 2 cm recurrence that was also treated with

GTR 5 months following initial surgery. He received passing grades at

appropriate level in school, required no adjuvant therapy, and has

been disease-free for 23 months following his last surgery.

A–C
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Conclusion

We continue to believe that children with craniopharyn-

giomas should be treated with curative intent at presenta-

tion, whether via radical surgery or limited surgery plus

irradiation. In accordance with other authors,14,30,32,74,77,91

however, we believe that in experienced hands radical

resection of pediatric craniopharyngioma at both presenta-

tion and recurrence offers the best chance of a durable dis-

ease control and potential cure. Given that most recurrences

happen in the first few years following resection and lower

morbidity of reoperation on smaller tumors,91 frequent

surveillance imaging in the early postoperative period is

necessary to identify recurrence early and immediately

treat the tumor while small in size. Late recurrences, how-

ever, do occur and require continued long-term follow-up

and imaging.

Nevertheless, the conclusions drawn from our experi-

ence may not be generalizable to all practices and patients.

The success and safety of radical resection depend on surgi-

cal expertise,26,34 postoperative endocrinologic support, and

the familial and societal resources to cope with postopera-

tive care and endocrine and hypothalamic deficits.92

Educational assistance or tutoring may be required to main-

tain schooling at appropriate grade level. If family structure

and socioeconomic conditions of an individual patient do

not provide appropriate support for this chronic disease, the

potential morbidity of radical resection may overshadow

the merits of curative resection.93

70 I Intracranial

patients experienced a total of seven recurrences. Six of

these were successfully cured with repeat resection, and

the final child had radiosurgery, given the presence of a

fusiform dilatation of the internal carotid artery. Four

patients had transient cranial nerve palsies, but no perma-

nent neurologic deficits occurred. New cases of diabetes

insipidus occurred in 50% of these children, and only one

child (6%) experienced visual deterioration. Mean body

mass index (BMI) following resection was +1.4 standard

deviations and within normal limits. New hypothalamic

morbidity occurred in two children (short-term memory

impairment and obesity, respectively), and two patients

had worsening of their severe hypothalamic disturbance

that was present preoperatively. Only 1 of 15 (6.7%) chil-

dren with normal BMI prior to surgery experienced obesi-

ty, and a single patient experienced cognitive deterioration

after radical resection. We found no differences in the rates

of recurrence, recurrence-free, or overall survival between

children ages 5 and younger and those who were older at

the time of surgery. No child required conventional

fractionated radiotherapy.

Given the increased risk of radiation therapy in young

children, we agree with other centers26,75,77,90 and strongly

advocate radical resection as the optimal treatment in very

young children with craniopharyngiomas. As our results

demonstrate, in experienced hands, excellent oncological

and functional outcomes can be obtained in this population

with minimal morbidity—sparing this vulnerable popula-

tion the inherent risks of cranial irradiation.

♦ Subtotal Resection with Adjuvant Therapy

Frederick A. Boop, David A. Yam, and Thomas E. Merchant

History and Background

Early pioneers in neurologic surgery recognized that tumors

in the suprasellar region were challenging to manage.

Surgical outcomes were quite poor, and some experts

concluded that the region was not to be disturbed by the

surgeon.94 Numerous attempts at both cranial and

transsphenoidal approaches continued with occasional suc-

cess, but for the most part, the results were generally unsat-

isfying. To make matters worse, these exceptionally rare

tumors make up only ~0.8% of all brain tumors, which made

experienced surgeons somewhat of a rarity. This problem

persists today. Even in the most talented hands, surgical

morbidity and mortality rates remain high.95

The introduction of corticosteroid therapy in the 1950s

revolutionized postoperative management. This was fol-

lowed by the introduction of desmopressin (trade name

DDAVP), which allowed a means to control postoperative dia-

betes insipidus for the first time. The introduction of the

operating microscope and better microsurgical instrumenta-

tion to neurosurgery in the 1970s was a milestone that

markedly improved survival rates. Because craniopharyn-

giomas are benign tumors, it was once held that the primary

goal of treatment should be a surgical cure by radical resec-

tion.96,97 The use of adjuvant therapy such as radiation treat-

ment or chemotherapy was eschewed and only offered to

patients with recurrent disease or those too sick for a surgi-

cal procedure. After decades of reviewing the results of

attempted GTR, several neurosurgeons expressed concerns

about quality of life and mortality after radical resection.

Thus began a small but growing trend of performing subto-

tal resection to decompress the optic apparatus and the

hypothalamus followed by adjuvant radiotherapy. After

over a century of improvements in radiographic imaging,

pre- and postoperative care, microsurgical techniques, and

the addition of adjuvant therapy, the controversies sur-

rounding this rare disease still remain.
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Clinical Case 1

A 7-year-old boy presented to his primary care physician

offering a 19-week history of nausea, vomiting, and

headache. He then developed facial drooping, which

prompted evaluation in a local emergency department,

where he was found to have a tumor and associated hydro-

cephalus. His review of systems was positive for decreased

visual acuity without a recent change in vision and was neg-

ative for symptoms of neuroendocrine dysfunction. His

physical exam was remarkable for anisocoria with a dilated

but reactive left pupil, decreased acuity on the left eye of

20/200, and a field cut in the left eye. A mild facial droop

was present on the left. His exam was otherwise unremark-

able. Laboratory studies revealed normal cortisol, prolactin,

testosterone, thyroid-stimulating hormone (TSH), free T4

(thyroxine), and antidiuretic hormone but decreased

luteinizing hormone, follicle-stimulating hormone, and

growth hormone (GH). His radiographic images are includ-

ed (Figs. 6.5 and 6.6).

Diagnosis and Treatment Considerations

When a child such as this presents with a suspected cranio-

pharyngioma, the neurosurgeon has two major obligations:

to obtain a confirmed pathologic diagnosis and to initiate

comprehensive treatment. Although radiographic imaging
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Fig. 6.5 Sagittal MRI T1-weighted image with contrast of a 7-year-old

boy showing a large sellar and suprasellar mass with cystic regions

and radiographic findings consistent with a craniopharyngioma.

Fig. 6.6 Axial MRI T1-weighted images with contrast of the same 7-year-old boy showing the relationship of the tumor to the hypothalamus,

the brainstem, and the ventricles.
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fairly large number of patients with residual disease go on

to receive observation, additional surgery, and/or delayed

salvage radiotherapy. Recurrence after reported GTR alone

without radiotherapy is undeniably common and occurs in

up to 53% of cases.106,107 Death in patients who undergo

attempted radical resection of craniopharyngioma is not

uncommon, with a 4 to 9% mortality rate reported in the

American Society of Pediatric Neurosurgeons’ survey and

higher rates in some series.95,100 Morbidity following

attempted GTR is an equally significant problem. Of patients

with attempted radical resection, up to 96% have a wide

range of permanent endocrinopathies related to the opera-

tive intervention106 (Table 6.2).98,102,106,108,109 Epilepsy is

more frequent in patients managed by attempted radical

resection, occurring in up to 40% of patients. Epilepsy is vir-

tually nonexistent in those patients receiving limited sur-

gery followed by adjuvant radiotherapy.98 In addition, hypo-

thalamic injury sufficient to alter the quality of life is

reported in up to 86% of patients undergoing radical resec-

tion.106,110,111 Considering these issues regarding mortality,

morbidity, residual disease, frequency of recurrence, and

quality of life, it is the authors’ opinion that radical resection

should be limited to small tumors that do not involve the

hypothalamus. Furthermore, given the high recurrence

rates in patients with proven GTRs, it behooves us that these

patients be followed indefinitely.

Subtotal Resection and Adjuvant Therapy

In contrast to radical resection, the use of subtotal resection

and adjuvant radiotherapy aims at maintaining the child’s

quality of life by surgically addressing mass effect, tumor

volume, and hydrocephalus while halting tumor progres-

sion with radiotherapy or other modalities. This approach

has been labeled palliative by advocates of radical resection;

however, it is clear that this treatment does have proven

long-term efficacy at the control of tumor progression equal

to that of radical resection.112 It is also a treatment strategy

that is not as dependent upon the skill or experience of the

neurosurgeon. Thus, limited surgery followed by focused

radiotherapy is a treatment that can be widely applied,

whereas radical resection, if it is to be done, should only be

done in regional referral centers and by experienced

microneurosurgeons with a proven track record. In terms of

operative and perioperative mortality, several series have

reported patients managed with subtotal resection and

adjuvant therapy with no reported deaths.98,113,114 Visual

acuity is preserved or improved in the majority of patients

using this treatment regimen.98 In the GTR group, the vast

majority of patients suffer from neuroendocrine disorders,

whereas patients in the limited surgery and adjuvant treat-

ment group have less early and lower overall neuroen-

docrinologic dysfunction. This is especially true in regards

to cortisol function and diabetes insipidus (Table 6.2). Most
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has dramatically improved over the last few decades, a wide

variety of lesions can occur in this region, including cranio-

pharyngioma, pituitary adenoma, epidermoid tumors, optic

pathway gliomas, meningiomas, colloid cysts, arachnoid

cysts, and inflammatory lesions. For these reasons, biopsy

of the mass is almost always indicated except in the most

classic cases as confirmed by clinical presentation and radi-

ographic imaging. If the child’s tumor is discovered inciden-

tally, stereotactic biopsy may be the quickest and least inva-

sive method. If, however, there is concern regarding mass

effect and neurologic change, open biopsy and resection

may be indicated.

For each patient, the treatment should be individualized

based on several factors. These include patient characteris-

tics, tumor location, size, preoperative comorbidities, visual

function, the presence of hydrocephalus, and hypothalam-

ic/pituitary-axis integrity. Each and every issue must be

addressed to the fullest extent possible, and the side effects

of available treatments must be considered. For tumors with

little to no involvement of the anterior hypothalamus such

as lesions located within the sella, surgical resection would

seem to be a reasonable approach if the surgeon and patient

are willing to accept the risk of diabetes insipidus.98–100 The

more commonly encountered, more extensive tumors with

hypothalamic involvement such as the case presented here,

however, clearly represent a challenge for the surgeon.

Although GTR of large tumors involving the hypothalamus

has been performed with success, such success often comes

at a high price, leading many to favor an equally effective use

of limited surgery and adjuvant radiotherapy.

Radical Resection

Although craniopharyngiomas are histologically benign

tumors, the risk of critical adjacent structures being dam-

aged by either the tumor or the proposed treatment

remains significant. The surgeon has two main options in

the treatment of these tumors: either attempted total resec-

tion or subtotal resection supplemented by other therapies

to keep the residual tumor from growing. The goal of the

radical resection approach is to obtain a surgical cure of this

benign disease, thus sparing the patient the risk of radio-

therapy. Radical resection can be an effective treatment

with excellent rates of long-term progression-free sur-

vival.101 For the experienced craniopharyngioma surgeon,

published risks may be acceptable; however, for the average

neurosurgeon who has seen only a handful of these tumors

in his or her professional lifetime, those statistics do not

translate. For tumors involving the hypothalamus, surgical

resection has met with severe cost to the patient with a

wide range of neuroendocrine and cognitive dysfunc-

tion.101,102 From the early days of craniopharyngioma sur-

gery to the present, GTR even in highly experienced hands

was achievable in only �45 to 75% of cases.103–105 As such, a
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patients following attempted total resection require

replacement of GH, TSH, cortisol, and vasopressin. With

limited surgery and radiotherapy, hormone dysfunction will

exist; however, the avoidance of diabetes insipidus prevents

a major cause of death and morbidity in young children

with craniopharyngioma.

Although no prospective randomized data are available,

large cohort studies do exist looking at the quality of life of

patients managed with limited surgery and adjuvant ther-

apy. In these, combined treatment modalities with limited

surgery have been shown to have better quality of life

outcomes compared with those patients treated by radical

resection.106,107,109,111,114 In the Boston Children’s series,

major disability was found in 33% of radical surgery patients

as compared with 15% in those treated with limited sur-

gery and radiotherapy.115,116 In the Royal Marsden series of

173 patients treated with limited surgery and radiotherapy,

52% of patients had no disability and lead active lives.117

This is compared with studies involving radical resection,

with up to 80% of survivors describing major disability

and impairment.101,106 Another cohort of 48 patients treat-

ed by either subtotal surgery followed by radiotherapy or

radical resection showed that the 62% of patients treated by

limited surgery were functional enough to attend normal

school versus 37% of those receiving attempted radical

resection.123

In summary, the use of limited surgery and adjuvant

therapy has allowed for improved quality of life with a

lower incidence of disability. This has led several regional

referral centers to alter their treatment paradigms in favor

of limited surgery and adjuvant therapy, including either

radiotherapy or chemotherapy.118–120 In some centers, the

use of intratumoral bleomycin or interferon-� has been

advocated in younger children to delay more aggressive

treatments, including the delaying of radiotherapy.118,121

The use of limited surgery and adjuvant therapy has been

proven to prolong survival and control progression of dis-

ease. The 10- and 20-year progression-free survival rates

reported are 83% and 79%, respectively, in one large series

with extended postradiation follow-up.117 Similar rates of

tumor control have been reported at other centers.98,114,122

Considering the improved quality of life, lower incidence of

endocrinopathies, comparable rates of vision control, excel-

lent rates of tumor control, and widespread applicability,

subtotal resection with adjuvant radiotherapy clearly offers

most neurosurgeons and patients a distinct advantage over

radical resection.

When using radiation, there are known early and delayed

risks that must be considered. Proponents of radical resec-

tion are quick to point these out. Earlier studies using

conventional opposing beam fields exposed a significant

normal brain volume to radiation and its side effects.

Improvements in conformal and stereotactic radiosurgery

have allowed reduction in these side effects with no

diminution in rates of disease control.114 Documented side

effects of radiotherapy have included vasculopathy, cerebral

infarction, visual loss, brain necrosis, secondary neoplasia,

and neurocognitive sequelae. It should be noted that,

although these effects do occur in patients undergoing lim-

ited surgery and radiation therapy, many of these side

effects also occur in patients treated with radical surgery

alone. A common argument against the use of radiation
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Table 6.2 Long-Term Endocrine Deficiencies Following Surgery or Limited Surgery with Radiation Therapy

Source Modality (n) Thyroid Adrenal GH Gn DI

Tomita (2005)72

Radical resection (n � 54) 50 (93%) 50 (93%) 50 (93%) 50 (93%) 47 (87%)

Poretti (2004)89

Radical resection (n � 25) 21 (84%) 19 (76%) 20 (80%) 21 (84%) 23/25 (92%)

Merchant (2002)23

Surgery (n � 15) 15 (100%) 14 (93%) 14 (93%) 4 (27%) 11 (73%)

Limited surgery � RT (n � 14/15) 14 (93%) 10 (67%) 14 (93%) 8 (53%) 5 (33%)

Thompson (2005)90

Radical resection (25) NA* NA* NA* NA* 24 (96%)

Subtotal Resection � RT (n � 23) NA* NA* NA* NA* 11 (47%)

Moon (2005)109

Limited surgery � RT (n � 25) -* -* -* -* 10 (38%)

* Data not provided in reference.

Abbreviations: DI, diabetes insipidus; GH, growth hormone; Gn, gonadotropins; RT, radiotherapy.
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might be taking drugs. On the morning of presentation, they

went to his room to awaken him for school but were unable

to arouse him. On presentation he was purposeful to pain.

He was in bigeminy with bradycardia and an elevated blood

pressure. He had absent reflexes. Following an emergent CT

scan, he was moved to the intensive care unit, where

bifrontal ventricular catheters were placed. After ventricu-

lar drainage, the patient awakened and stabilized. An MRI

was performed the next day showing a large cystic and solid

suprasellar tumor. His cardiac arrhythmia was felt to be sec-

ondary to severe hypothyroidism, which was corrected over

3 to 4 days. He was subsequently taken to surgery.

Discussion of Case 2

This patient was managed with GTR alone. His initial post-

operative course was unremarkable and uncomplicated

aside from diabetes insipidus. He has panhypopituitarism

requiring hormone replacement therapy, including vaso-

pressin therapy to manage his diabetes insipidus. His

Glasgow Outcome Scale was a 5, and eventually he was able

to return to the public school system to attend classes.

According to the Karnofsky Performance Scale, he was inde-

pendent in his activities of daily living and would perform

at nearly 100%. By all the usual measures this patient

appeared to have an excellent outcome from his tumor

resection. However, these measures do not account for the

fact that the child had gone from being a straight A to a C

student, with both attentional and behavioral problems.

They do not account for the 150 lb weight gain over the next

12 months. They do not account for the fact that he had one

useful quadrant of vision in each eye. They do not account

for the fact that over the next 3 years a carotid artery

pseudoaneurysm developed that necessitated arterial

reconstruction. Despite postoperative scans showing a GTR,

his tumor recurred in the posterior fossa 3 years later,

necessitating a petrosal approach for reresection.

General Discussion

Craniopharyngioma was once treated solely with attempts at

GTR, often with unsatisfactory outcomes. Because morbidity

and mortality rates used to be unacceptably high, improve-

ments in the management of these patients has focused on

reducing these rates and not on true quality of life measures.

More sensitive quality of life measures have pointed out

major problems in patients managed with attempted radical

resection alone. These include abulia, learning and memory

impairment, hypothalamic obesity, and social dysfunction,

which were not measured in earlier studies. Considering

these realities, a treatment paradigm has evolved that not

only focuses on mortality and survival rates but also stresses

the importance of the child’s quality of life. Due to the rarity

and regional referral patterns surrounding the management
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therapy in children is the development of neurocognitive

sequelae. However, as was noted, patients who had had rad-

ical resection experience a greater decline in IQ than those

managed with limited surgery and radiation.98 In addition,

the use of three-dimensional conformal radiation has

reduced the number of complications and the drop-off in

IQ.114 With continued advancements in conformal radio-

therapy and stereotactic radiosurgery, these side effects will

likely continue to decrease.

Approach to Case 1

Given the patient’s presentation and radiographic findings,

this child is likely to have a craniopharyngioma. There is

clear hypothalamic involvement, and the cystic regions of

the tumor appear to be causing obstruction of CSF flow. The

patient’s premorbid conditions include endocrinologic dys-

function, although he does not currently have diabetes

insipidus or hypocortisolism, loss of vision in the left eye,

and hydrocephalus. Given the lack of acute visual change,

this patient does not require emergent or urgent decompres-

sion of his optic nerves or chiasm. He does need decompres-

sion of his ventricles for treatment of his hydrocephalus,

from which he is symptomatic. Because two cystic compo-

nents are present and contributing to his hydrocephalus, the

patient could reasonably be taken to surgery for stereotac-

tic-guided insertion of an Ommaya reservoir, which can be

used to aspirate the cyst. The cyst fluid should be sent for

cytology, and biopsies can be obtained using framed stereo-

tactic or endoscopic guidance. At the time of surgery, a sep-

tum pellucidotomy can be performed, and either a ventric-

ular reservoir or shunt may be inserted for the treatment of

hydrocephalus. In this case, the ventricular reservoir is par-

ticularly useful, as the CSF obstruction may resolve with the

initiation of steroid therapy and adjuvant radiation. This

may obviate the need for CSF diversion altogether. Within

24 to 48 hours after placement of the cyst Ommaya and the

ventricular Ommaya reservoirs, the patient would likely

be ready for discharge. A short time later he could begin

adjuvant radiotherapy as an outpatient. Additionally, the

use of intratumoral agents is feasible through the Ommaya

reservoir. The child will need to be followed long term with

serial imaging, neurocognitive assessments, endocrine lab-

oratories, and visual field examinations. Should his tumor

progress after treatment, surgical resection would still be a

good option, given that all of the arachnoid planes are well

preserved.

Clinical Case 2

A 14-year-old male patient presented in coma. He had

shown deterioration of his school performance and person-

ality change for 3 months prior to this, but his parents were

afraid to question him about it because they were afraid he
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of craniopharyngioma, it is unlikely that a prospective ran-

domized trial comparing the two ideologies of treatment

could ever be performed. It is likely that there are two subsets

of patients with craniopharyngioma: the most common

being those with a larger tumor with hypothalamic involve-

ment and the rarer being those with a smaller sellar or

suprasellar lesion without hypothalamic involvement. It has

been well described that GTR can be performed for patients

without hypothalamic involvement; this approach is still

widely accepted at many centers, the trade-off being perma-

nent, iatrogenic diabetes inspidus and a higher mortality

rate.95,112 In using this approach, however, it remains critical

that these patients be followed closely for years, given the

high rates of endocrinopathy and recurrence. In considering

the more commonly encountered subset of patients with

tumor that involves the hypothalamus, limited surgery and

adjuvant therapy have produced equivalent rates of control

with a better quality of life and less dependence on hormone

replacement therapy.

It should be acknowledged that craniopharyngiomas

occur so rarely that no class I evidence as to best manage-

ment for all scenarios is available; hence, controversy as to

optimal management is likely always to exist. We still do not

know what the optimal treatment is for the very young

child who presents with headaches, normal visual, and nor-

mal hormonal functions. We still do not understand the

optimal timing of radiation and/or chemotherapeutic

agents. We still do not know what the 20-year follow-up

result is for a large cohort of patients who have undergone

radiotherapy and limited surgery, although we have several

patients who are approaching this duration who appear to

be functioning well. We still do not know the long-term

effect of growth hormone replacement therapy and its

potential effect on regrowth of tumor. With many unan-

swered questions, it is understandable that craniopharyn-

gioma management has remained controversial. Hopefully,

future studies will seek to answer existing questions and

many other questions that will lead to continued improve-

ments in patient outcomes.

Conclusion

As medical technology advances, the treatment of benign

intracranial tumors continues to evolve. The management

approaches of cavernous sinus meningiomas and schwanno-

mas are prime examples of how much change is occurring in

the field of neurosurgery. The use of three-dimensional

conformal and stereotactic radiotherapies has allowed the

more precise delivery of radiation while limiting the toxicity

to adjacent regions of the brain. Although radiation and

chemotherapy have their own associated side effects, these

treatments have shown promise in the management of

benign disease while maintaining better outcomes than

surgical management alone. The combined use of surgery

and adjuvant therapy in the management of pediatric cran-

iopharyngioma is a proven strategy that can be applied by

neurosurgeons with limited surgical experience with this

disease. Perhaps most importantly, this strategy allows for a

higher quality of life for children with craniopharyngiomas

than in the past when the goal of the surgeon was to resect

all of the tumor at all costs. Because of its clear benefits for

most patients and the fact that it can be safely instituted

in centers with lower clinical volumes, subtotal resection

with adjuvant radiation therapy should be considered

the best initial treatment for the majority of childhood

craniopharyngiomas.
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♦ Lessons Learned

The philosophy of treatment of craniopharyngiomas has

been a classic controversy in pediatric neurosurgery for two

generations. It remains a debate as to what level of surgical

aggressivity is appropriate and what degree of neurologic

and endocrine morbidity is acceptable. As Dr. Wisoff, a pro-

ponent of the “aggressive school,” wisely puts it, it is indeed

a matter of treatment philosophy rather than the nuts and

bolts of scientific evidence. The argument for aggressive

surgical resection is best determined by experienced sur-

geons who serve as referral centers for these rare tumors.

This approach which avoids the long term side effects of

radiation therapy provides the best opportunity in a poten-

tial cure for these locally aggressive tumors. Both groups of

authors admit that the role of the experienced surgeon is

paramount in achieving a complete resection without a host

of functional problems. But beyond the small number of

surgeons experienced in resecting this rare tumor, how is

experienced to be measured?

Dr. Boop’s group strongly point toward the significant

morbidity, even considerable mortality, of attempts to

remove craniopharyngioma completely. The fact that we

even must take mortality seriously into account is uncom-

fortable. Massive rates (up to 86%) of hypothalamic dysfunc-

tion affecting the quality of life lead them to advocate a

more conservative philosophy. They argue that an attempt

for radical resection should only be made if the hypothala-

mus is not significantly involved in the tumor growth. Those

where the hypothalamus is infiltrated should be treated by

debulking surgery alone with the explicit aim to maintain

the child’s quality of life. Adding radiotherapy to this con-

servative surgical approach maintains a sufficient tumor

control comparable to that achieved by radical resection.
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Who is right? Restraint is certainly desirable. And as

surgeons we are easier following our instinct to “get it all

out” rather than our ability to consider advantages of

“leaving something behind.” Given the fact that not

all patients will ever be treated by the handful of most

experienced craniopharyngioma surgeons, and given the,

in our view, very acceptable long-term survival rate of

patients treated with conservative resection and radio-

therapy, the latter approach will work well for more

patients than will the radical surgery philosophy.
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The long-term progression-free survival data are in fact

impressive, with 83% in 10 years. This treatment approach

calls for a reasonable resection of the tumor without injury

to the hypothalamus or surrounding structures with hope of

reducing the radiation field. These surgeons do not advocate

simple biopsies but rather conservative tumor resections.

Dr. Boop and his colleagues also argue for a referral of the

few craniopharyngioma patients to sufficiently experienced

centers, at least those patients who have hypothalamic

involvement.
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Optic Pathway/Hypothalamic Gliomas7

Optic pathway/hypothalamic gliomas (OPHGs) present a

management dilemma. They represent � 1% of brain tumors

seen in all age groups and 3 to 5% of all brain tumors in the

pediatric age group.1 Patients may present with very subtle or

devastating symptoms, have widely diverse imaging, and run

either an extremely benign course that may never require

intervention or a rapidly progressive course that may result in

early death. Predicting the biological nature of these tumors is

difficult; therefore, treatment paradigms are poorly defined. It

would be wrong to discuss the surgical management of these

tumors without first reviewing the different classifications.

Classification

A review of the recent literature is at best confusing. These

tumors have been classified according to clinical presenta-

tion, radiologic imaging, histologic subtype, anatomical

location, and the presence or absence of neurofibromatosis

(NF).2–4 Although each system has certain merits, they result

in considerable overlap; subsequently, treatment paradigms

are poorly defined. Clearly, if we could predict the biological

activity of the tumor, then surgical intervention could be

reserved for those aggressive types that result in early visual

loss, hydrocephalus, and hypothalamic disturbance. Those

with predictable biological inertia could be followed with

serial imaging or clinical assessment.

Prognosis by Location

1. Optic nerve involvement only (prechiasmatic): best

2. Optic nerves and chiasm (sparing the hypothalamus): fair

3. Hypothalamic involvement: poor

Prognosis by Age

1. 0 to 5 years of age: poor

2. 5 to 20 years of age: best

3. 20� years: fair

Prognosis by Histology

1. Juvenile pilocytic astrocytoma: best

2. Fibrillary astrocytoma: fair

3. Pilomyxoid variant: poor

Prognosis by Presentation

1. Unilateral visual loss: best

2. Bilateral visual loss: fair

3. Mostly hypothalamic dysfunction: poor

After a review of the literature, it is clear that there is a con-

sensus that those “anterior” tumors confined to the optic

nerve should be discussed separately from true optic chias-

matic-hypothalamic gliomas (OCHGs). The prechiasmatic,

optic pathway tumor is usually found in children with neu-

rofibromatosis type 1 (NF1), rarely spreads to the contralateral

nerve or chiasm, runs a very indolent course, is mostly of the

pilocytic variety and invariably does not progress, and there-

fore rarely requires treatment. The “posterior” tumors that

affect the chiasm and hypothalamus are sometimes classified

separately as primarily chiasmatic or primarily hypothalamic,

have often been called exophytic, and, most would concede,

are hard to distinguish from one another on imaging.

Natural History

The growth rates of optic pathway tumors can vary dramat-

ically. Some are so indolent that they have been called

hamartomas. Indeed, spontaneous regression has been seen

with the “anterior” located tumors in NF1 patients.5 Others

are so aggressive that they run a malignant course with

rapid recurrence and early death. Rarely, they may even

disseminate along the neuraxis.6 This is a phenomenon of

low-grade gliomas seen in only 5% of all cases, but when

present, more than half the cases are the “posterior” located

tumors.7 Along with the recognized prognosticators listed
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above, other factors that may play a role in the natural his-

tory of optic pathway tumors are the gender of the patient

and whether there is a background of NF1. In the surgical

series of Ahn et al, only 21% of boys showed tumor progres-

sion compared with 71% of girls.6 Listernick et al found pro-

gression of tumor in only 2 of 17 patients with NF1 versus

12 of 19 children with glioma not associated with NF1.8

Undoubtedly, the worst prognosis is with those patients

who present at a very young age with hypothalamic dysfunc-

tion. These tumors are often large with secondary hydro-

cephalus and intracranial hypertension. Untreated, virtually

all of these patients die before 1 year of age.9

Pathology

The most common histologic type is the pilocytic astrocy-

toma (PA). Prechiasmatic tumors are mostly of this type. Other

types are low-grade fibrillary astrocytomas, gangliogliomas,

and, rarely, malignant gliomas.

Burger’s group10 described a disturbing variety of astro-

cytoma that was monomorphous and myxoid in appearance

and associated with a more aggressive course (Fig. 7.1). They

called this the pilomyxoid astrocytoma (PMA). Other fea-

tures of this subtype resembled the PA, but there was a clear

absence of Rosenthal fibers and very few eosinophilic gran-

ular bodies (Fig. 7.2). Those patients with the pilomyxoid

variety had a progression-free survival (PFS) rate at 1 year of

38.7% compared with those patients with pilocytic tumors

whose PFS rate was 69.2%.11

Microvessel density may be another method of prognosti-

cating. This can be determined by immunostaining with factor

VIII. A higher density may be associated with reduced PFS.12

Clinical Manifestation

The clinical presentation varies according to the age of the

patient and the anatomical location of the tumor. Visual dis-

turbance is common and can be prechiasmatic, chiasmatic, or

postchiasmatic. If the patient is younger than 3 years old,

visual disturbance is subtle and so insidious that the patient

may be near blind at presentation and not have any visual

complaints. Of course, if the tumor is prechiasmatic, involv-

ing the optic nerve alone, visual disturbance will be confined

to the one eye, and examination may demonstrate proptosis.

If the tumor is chiasmatic, examination may demonstrate a

pendular-type nystagmus and asymmetrical and patchy visual

field loss due to confrontation. Fundoscopy often shows optic

atrophy, although papilledema may be seen with large tumors

or secondary hydrocephalus. If the hypothalamus is affected,

patients may present with precocious puberty, short stature,

gelastic seizures, and/or the diencephalic syndrome of Russell.

This syndrome is found in children younger than 3 years of

age and is characterized by emaciation without gastrointesti-

nal abnormalities, euphoria, and a hyperkinetic state. The

older child and adult with hypothalamic involvement may

present with obesity, diabetes insipidus, hypogonadism,

hypopituitarism, headache from secondary hydrocephalus,

memory disturbance, and emotional lability. Hypothalamic

disturbance is less common in adults than in children.

Management

The imaging study of choice is magnetic resonance imaging

(MRI) with and without gadolinium. The entire neuraxis

should be imaged to determine if dissemination has

occurred. Patchy or uniform enhancement is common and

does not indicate malignancy. Delineating the margins of

tumor from the optic chiasm and hypothalamus is difficult.

The prechiasmatic type shows fusiform enlargement of the

optic nerve and other features of neurofibromatosis. The

differential diagnosis of suprasellar tumors in childhood

includes craniopharyngioma (more often cystic and calci-

fied), germ cell tumors (more homogeneous in enhance-

ment and less cystic), dermoid cyst, and sarcoidosis. MR

spectroscopy may help assess biological activity, as some

have found elevated choline-to-creatine ratios in the peritu-

moral tissue of patients with OPHGs.13 All patients should

be evaluated by the ophthalmology and endocrinology

teams. Particular emphasis should be placed on the preop-

erative visual fields, as objective loss of vision can be severe

without patients complaining of visual disturbance.

Treatment

Observation

Observation is recommended for those patients in whom

the tumor is found incidentally. These patients usually have

NF1 and have had an MRI to stage their disease. Even in

patients with minor symptoms, one tries not to treat in the

absence of clinical or radiologic progression.

Surgery

Surgery is recommended in very special circumstances:

1. Those patients with tumors confined to the optic

nerve who are showing radiologic and/or clinical pro-

gression and in whom vision is severely compromised

or indeed who are blind should have curative tumor

resection. The cure rate with surgery is 100%. The sur-

gical approach is through a frontal craniotomy and

entrance through the orbital roof.

2. Patients with hydrocephalus secondary to third ven-

tricular obstruction are candidates for surgery. The

aim of surgery is threefold: tissue diagnosis, reestab-

lishment of cerebrospinal fluid (CSF) pathways, and

preservation of neurologic function. There is no evi-

dence to date to show a relationship between the

degree of resection and either overall survival or PFS.6,14
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Fig. 7.1 (A–C) Magnetic resonance imaging (MRI) of a

3-year-old boy with a rapidly progressive optic chiasmatic-

hypothalamic glioma (OCHG). He presented with the

diencephalic syndrome. 

A

B

C
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D

E

F

Fig. 7.1 (Continued) (D–F) Immediate postoperative

MRI showing a radical but subtotal resection. His vision

deteriorated after surgery, but all other hypothalamic

problems improved. The histology of the tumor is shown

in Fig. 7.2.
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hydrocephalus. Because many of these tumors are large, it is

difficult not to include the temporal lobes and pituitary

fossa in the radiation fields. Conformal fractionated stereo-

tactic radiotherapy may reduce the number of short- and

long-term side effects.15 Preradiotherapy surgery may

reduce the dose of radiotherapy, but no studies have shown

a survival advantage from this protocol. Radiotherapy after

subtotal surgical resection is delayed until there is progres-

sion of the residual tumor. The rationale for this is the phe-

nomenon of growth retardation after surgical intervention.

Furthermore, the older the patient is before radiotherapy is

given, the less chance there is of negative cognitive sequelae.

Chemotherapy

Chemotherapy is recommended in patients who present

younger than 5 years of age with progressive disease and no

hydrocephalus. There is an argument to try chemotherapy

in all patients who present with progressive disease despite

their age.16 An interesting study looking at patients who

were diagnosed with high-grade gliomas by inexperienced

pathologists and treated with combination chemotherapy/

radiotherapy but were subsequently felt to have low-grade

gliomas by a central registry found no survival advantage to

combined treatment compared with chemotherapy alone.

This study looked at all pediatric low-grade tumors, not

OCHG specifically.17 Several different chemotherapy proto-

cols have been used, including vincristine, actinomycin D,

carboplatin, and etoposide. Although initial disease control

is seen in �90% of patients, very few have significant reduc-

tion in tumor volume.18 Intratumoral injection of I-125

iododeoxyuridine has been used with limited success.19

84 I Intracranial

Therefore, it is imperative to remove as much tumor as

is necessary to open the third ventricle but not to dam-

age the hypothalamus and chiasm (Fig. 7.3).

3. If patients have failed chemotherapy and radiotherapy,

and the tumor continues to progress clinically and/or

radiologically, then subtotal resection is indicated.

Surprisingly, progression of residual tumor appears to

be halted or at least slowed by surgery (Fig. 7.1).

Radiotherapy

Radiotherapy is reserved for those patients who present

over 5 years of age with progressive disease but without

Fig. 7.2 Hematoxylin-eosin stain showing the typical appearance of a

pilomyxoid astrocytoma.

Fig. 7.3 (A) This 9-year-old boy presented with symptoms and signs

of intracranial hypertension. His OCHG had been followed for many

years. (B) This postoperative MRI demonstrates a subtotal resection

but sufficient enough to decompress the third ventricle and reestab-

lish normal cerebrospinal fluid pathways. His postoperative course

was uneventful with no worsening of hypothalamic or visual function.

A B
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Prognosis

Unfortunately, the literature has many inconsistencies. First,

very few studies have separated the “anterior” optic nerve

tumors from the true OCHGs.14 Second, the histologic sub-

type of PMA has only recently been described and may

account for the wide spectrum of survival rates.

Komotar et al20 showed that the PMA group of patients

were clearly disparate from the PA group. The mean ages at

diagnosis for the PMA and PA groups were 18 months and

58 months, respectively. The mean PFS times for the PMA

and PA groups were 26 and 147 months, respectively. The

mean overall survival times for the PMA and PA groups were

63 and 213 months, respectively. CSF dissemination of dis-

ease was seen in the PMA group only. Within the follow-up

period, seven patients with PMAs (33%) and seven patients

with PAs (17%) died as a result of their disease. In an age-

matched set, the mean PFS times for the PMA and PA groups

were 25 and 163 months, respectively, and the mean overall

survival times for the PMA and PA groups were 60 and

233 months, respectively.

If one disregards the various subtypes, then the overall

actuarial survival is over 85%.21 In older children or adults

with PA of the chiasm/hypothalamus, surgery alone

may offer excellent outcomes22 (Fig. 7.4). Of course, one

should expect at least minimal neuroendocrinologic

complications, such as diabetes insipidus and visual dete-

rioration. However, the prognosis is almost diametrically

opposite in younger children, who often harbor the more

sinister PMA variety. Recurrence rates are high, and
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Fig. 7.4 (A,B) MRI of a 17-year-old boy with deteriorating visual

function and clear radiologic progression. He had minimal hypo-

thalamic symptoms of poor temperature control and short-term

memory disturbance. (C,D) Immediate postoperative MRI shows a

complete macroscopic resection through an endoscopic-assisted

interhemispheric/transforaminal approach. The patient was discharged

from the hospital on day 1 in excellent neurologic condition and is

currently attending college.
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mostly hypothalamic dysfunction and are of the PMA vari-

ety. Despite all treatment options, these patients progress

rapidly and often have a fatal outcome.

Contemporary operative techniques, such as endoscopy

and frameless stereotactic guidance, have improved surgical

results but have failed to produce long-term benefits or cure

except in a small subset of patients. In the future, we look to

our oncological colleagues for novel treatment options

against one of pediatric neurosurgery’s most challenging

tumors.

86 I Intracranial

almost all of these infants will succumb to their disease

within 5 years.

Conclusion

The term optic pathway glioma encompasses a wide variety

of tumors. They can be extremely benign in patients with

NF1, especially when they involve the optic nerve alone, and

hence never require surgical intervention. Conversely, they

can be extremely malignant when they occur in infants with

♦ Lessons Learned

These tumors account for a small percentage of all pediatric

brain tumors but are probably the most heterogeneous

entity. Although the majority of these tumors are low-

grade gliomas, there are subsets with different predilec-

tions based on location, age, and prognosis. This chapter

does an excellent job of presenting the various options for

the treatment of these rare tumors. The natural history is

mainly determined by the genetic predisposition, that is,

neurofibromatous or not. We are now aware of the various

histologic types in this location, in particular, the more

aggressive PA, which is more common in young children.

This particular histology has a significantly worse PFS rate.

The discussion concerning adjuvant radiotherapy or

chemotherapy is clear and concise. The figures clearly illus-

trate the growth potential of these tumors and the results

of surgery.
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Ependymomas8

Ependymoma arises from the ependymal cells that line the

cerebral ventricles and central canal of the spinal cord. It is the

third most common brain tumor in children,1 with �70 to

80% of the cases presenting in children younger than 8 years

of age.2–4 Two thirds of patients with intracranial ependymo-

mas present with posterior fossa tumors, and 7 to 15% present

with disseminated disease at diagnosis5,6 (Fig. 8.1).

Prognosis and Treatment

Surgery

The optimal treatment of these tumors is surgical resec-

tion.6–11 The most significant prognostic factor predicting

survival in children with ependymomas is the extent of surgi-

cal resection.7,8,11–18 Location, histology, and other prognostic

variables appear to have a minor impact on long-term survival

rates in comparison to the extent of surgical resection.6,9,18–20

The 5-year survival rate for ependymomas has been found to

be between 60 and 89% after gross total resection (GTR), but

this decreases to 21 to 46% in incompletely resected

tumors.2,7,15,21–24 The frequency of complete resections ranges

from 25 to 93% for supratentorial ependymomas and from 5

to 72% for infratentorial ependymomas despite the presence

of novel surgical techniques.6,18,25–29 However, in some

instances, a preoperative plan for a subtotal resection in

ependymoma is the rule: on imaging studies, the presence of

a lesion that involves the pontocerebellar angle refers to infil-

tration of most cranial nerves and diffuse infiltration of the

floor of the fourth ventricle, indicating a preoperative subto-

tal removal plan for the neurosurgeon (Figs. 8.2 and 8.3).

Similarly, GTR of a tumor infiltrating the pons usually would

be extremely difficult and morbid for the patient, if not

impossible and lethal. The presence of a distant metastasis on

full neuraxis imaging should also have a major impact on the

goals of surgery, such as planning subtotal removal rather

than GTR preoperatively. It has been established that the rate

of GTR is dependent on location, being up to 100% in the roof

of the fourth ventricle, 86% in midfloor tumors, and 54% in the

lateral recesses.18 It is well known that the extent of resection

is the strongest prognostic factor for survival rates. Subtotal

resection is sometimes preoperatively planned by the neuro-

surgeon; sometimes the presence of a subtotal resection is

reported postoperatively either by the neurosurgeon or by the

imaging studies performed in the early postoperative days.

Even in patients for whom complete resection cannot be

obtained, the Children’s Cancer Group (CCG) 921 trial suggests

that a residual tumor measuring � 1.5 cm2 predicts improved

survival.6 Reoperation with attempted complete resection,

when safe and feasible after initial resection, allows proven

survival benefits in children with ependymoma and residual

bulky disease.12,30–32 But the role of second surgery is still debat-

ed, and the Children’s Oncology Group (COG) has developed a

88
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Fig. 8.1 A fourth ventricle ependymoma with peripontine infiltration

and two seeding lesions on the right cerebellar cortex.
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Fig. 8.2 (A) Enhancement of the wide infiltration of the fourth ventricle floor. (B) Early postoperative magnetic resonance imaging (MRI) of

the patient.

study in which second-look surgery is being performed in

patients with residual local disease, following adjuvant

chemotherapy before definitive radiation (COG ACNS0121).

Radiotherapy

For many years radiotherapy has been established as an

important modality in the subsequent treatment of intracra-

nial ependymoma. Although local field radiation was used in

the 1960s and 1970s, in 1975 extending the radiation field to

include the whole brain was recommended based on the

theoretical shedding of tumor cells into the cerebrospinal

fluid (CSF). Reports of similar failure rates in localized versus

craniospinal radiation by the late 1980s led to the recommen-

dation of a local radiation dose � 4500 cGy (in 1.5–1.8 Gy

fractions) for better local control.23,24,33–35

The method of increasing the chances of local tumor con-

trol in ependymoma using hyperfractionated radiotherapy

(HFRT) has been adopted.12 In the Pediatric Oncology Group

(POG) 9132 study, in 15 patients who had subtotal resec-

tion, a HFRT dose of 69.6 Gy given in 58 twice-daily frac-

tions resulted in a 3-year event-free survival (EFS) rate of

52%.36 This result compared favorably with a similar historic

group of patients treated with conventional fractionation

that had a 5-year EFS rate of 27%.36 But this study was not

able to demonstrate any clear benefit of HFRT in patients

with GTR.36 Massimino et al12 reported on a series of 63

patients with ependymoma who were given HFRT for GTR

or four courses of chemotherapy followed by HFRT for

subtotal resection. However, they were not able to demon-

strate a dramatically improved local control rate compared

with the historical series, especially in patients with resid-

ual disease and anaplastic histology. New radiotherapy

treatment techniques, such as conformal or stereotactic

radiotherapy (SRT), have been developed to minimize the

acute and long-term toxicities of radiotherapy. SRT uses

highly focal, precise radiotherapy with the biologic advan-

tages of fractionation.37–39 There are several reports with

promising 3- to 5-year local control rates40 using SRT as a

boost after conventional radiation therapy or for the treat-

ment of recurrent ependymoma.40–46 It must be acknowl-

edged, however, that there is no long-term follow-up on

patients treated using this method, so that efficacy has not

yet been determined. Conformal radiotherapy has also been

used in 88 localized 1- to 21-year-old patients with ependy-

momas.47 The 3-year EFS rate was found to be �75% in one

series.47 Of note, 74 of 88 children in this preliminary report

had GTRs.47 Twenty-four months after the initiation of con-

formal radiotherapy, no statistically significant change in

the measures of neurocognitive effects (i.e., no more than

�10 points from the normative mean for the appropriate

age group) could be demonstrated.47 Current studies have

also adopted a conformal approach for all patients older

than 12 months of age. The American Pediatric Brain Tumor

Consortium study of children younger than 3 years of age

uses intrathecal chemotherapy, or systemic chemotherapy,

as the first-line treatment option and saves conformal

radiotherapy for patients with higher-risk disease. COG also

suggests conformal radiotherapy as a treatment option in a

subgroup of patients older than 1 year of age with higher-risk

localized ependymomas. With the help of ongoing trials, the

benefits of conformal radiotherapy will be appreciated only

A B
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10-year overall survival rate when compared with GTR and

irradiation (67% vs 83%, respectively; p � .05).

Chemotherapy

Radiotherapy deferral strategies are also a part of the thera-

py plan for infants and young children. Earlier studies from

the POG and CCG planned to use delayed irradiation in their

infant protocols. In a later study by the Societé Française

d’Oncologie Pédiatrique (SFOP) on infants and young chil-

dren with ependymoma, the main aim was to avoid radio-

therapy as first-line treatment. According to the updated

results of the Baby POG I study, the 5-year survival rate was

90 I Intracranial

if there is no increase in the rate of failure. Because acute and

late toxicities should be within the predicted limits, these

toxicity assessments need to be very carefully performed.

There are other studies reporting on EFS rates following

GTRs suggesting that a subgroup of patients may benefit

from deferral strategies, thus avoiding immediate postoper-

ative radiotherapy.9,10,27,48–50 In these studies, 3 to 6 patients

out of 6 to 20 patients9,10,27,51 have been reported to be long-

term survivors who did not receive postoperative radiotherapy.

These authors concluded that surgery alone was a reason-

able option for totally resected, low-grade ependymomas.

However, in a retrospective review with 45 patients, Rogers

et al22 demonstrated that GTR and observation had an inferior

Fig. 8.3 (A) An axial T1-weighted image showing a

heterogeneous mass filling the fourth ventricle and

left pontocerebellar angle. (B) Coronal T1-weighted

image demonstrates the extent of the tumor to

the C2 level. (C) Early postoperative study demon-

strates the residual lesion.

A B
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25.7% in patients who had radiotherapy deferred for 2 years,

and the 5-year survival rate was 63.3% in patients with

1-year radiotherapy deferral.16 The aforementioned differ-

ence in survival, as a result of deferred radiation, persisted

even in children with a GTR and no metastases at diagno-

sis.16 These data suggest the sensitivity of ependymomas to

chemotherapy while indicating the fact that radiation can-

not be totally eliminated from treatment options. In the

French Society of Pediatric Oncology Baby Protocol 90,

infants were planned to be given radiotherapy only in case

of progression under a multiagent chemotherapy regimen.52

With this strategy, radiation could be avoided in 23% of

patients in this study.52 Additionally, the 5-year overall sur-

vival rate (52%) was found to be similar to that found in the

Baby POG I study (63.3%).16 This finding demonstrates that

some children with ependymoma can be cured without

radiotherapy. CCG 9921,53 German Pediatric Brain Tumor

Study clinical trials HIT-SKK 87 and 92,54 and the United

Kingdom Children’s Study Group/International Society of

Pediatric Oncology (UKCCSG/SIOP)55 prospective studies

also deferred radiotherapy to progression/relapse with sim-

ilar overall survival results: 59.0%, (5-year), 55.9% (3-year),

and 60.0% (5-year), respectively. Nevertheless, the Headstart

I and II studies with myeloablative chemotherapy and autol-

ogous hematopoietic stem cell rescue revealed an inferior

5-year survival rate of 38%,56 in comparison to the approach

of multiagent chemotherapy with deferral of radiation to

progression or relapse.52–55

In light of these studies, the deferral of irradiation to the

time of first relapse could be recommended in children

younger than 3 years old with radiologically proven GTR.

However, because most patients with radiologically proven

tumor residuum would show tumor progression in 1 year,

such deferral of radiation might be lethal. Therefore, in chil-

dren younger than 3 years old with residual tumor, conformal

irradiation is strongly recommended with minimal deferral.

Including the above-mentioned studies, there are several

reviews that considered the role of chemotherapy in the

management of ependymoma in children.52–55,57–59 However,

all retrospective studies in the early 1980s failed to show a

survival advantage.2,5,7,8,24,31 The only study using radiother-

apy and chemotherapy with vincristine and lomustine ver-

sus radiotherapy in a randomized prospective manner was

not able to demonstrate an improvement in the outcome of

children with ependymoma.60 It could well be argued that

the chemotherapy drugs used in this randomized study were

not optimal. Needle et al61 reported a 5-year progression-

free survival rate of 80% for patients older than 36 months of

age with incompletely resected ependymoma who were treat-

ed with irradiation followed by carboplatin and vincristine

alternating with ifosfamide and etoposide. Another CCG

study (CCG 921), a prospective randomized trial that investi-

gates the effect of lomustine, vincristine, and prednisone

versus “eight in one” chemotherapy after radiotherapy in

ependymoma patients older than 3 years of age, demon-

strated similar survival rates (50%) for both chemotherapy

arms.6 Multimodal treatment regimens used in the HIT

88/89/91 trial, consisting of adjuvant combined irradiation

and chemotherapy (either ifosfamide, etoposide, methotrex-

ate, cisplatin, or cytarabine and radiotherapy vs radiothera-

py and methotrexate, cisplatin, or vincristine), were found to

have increased 3-year survival rates to 75% in the treatment

of anaplastic ependymomas in childhood.14 In some other

reports, the 5-year survival rates for anaplastic versus

nonanaplastic ependymomas have been found to range

between 10 and 47% versus 45 and 87%, respectively.26,62–65

The current policy for children newly diagnosed with

ependymoma is maximally feasible resection followed by

local irradiation. Chemotherapy in the upfront setting is rec-

ommended in all patients younger than 3 years to delay or

avoid radiotherapy. Chemotherapy is also recommended to

decrease the rate of relapse in patients with GTR and increase

survival rates in patients known to have a poor prognosis at

the time of diagnosis. Thus, chemotherapy in the adjuvant set-

ting is an option for patients in whom GTR could not be

achieved and/or who have anaplastic ependymoma.

Recurrent Ependymoma

In the recurrence setting, chemotherapy options are very

limited, and they are palliative rather than curative.

Reoperation of tumors that are surgically accessible, irradia-

tion if not previously given, and salvage chemotherapy are

the recommended management options in recurrent

ependymomas.8,57,66 The role of STR for recurrence is under

investigation.40,43,45 Because salvage chemotherapy is not

curative, a variety of agents and schedules are also still under

investigation.8,30,67–70 The agents to show mildly promising

results have been cisplatin and etoposide.68–71 High-dose

intensive chemotherapy with autologous bone marrow

transplant rescue has also been investigated in the setting of

recurrent ependymoma. Unfortunately, there was very little

clinical response with a very high incidence of fatal toxici-

ty.57,66 In conclusion, chemotherapy has very little effect in

the setting of recurrent intracranial ependymoma.

Conclusion

Ependymomas account for 8 to 14% of brain tumors in chil-

dren. Approximately 85% of ependymomas present with

localized disease. Gross total resection is the most impor-

tant predictor of outcome. Conformal field radiotherapy is

recommended as adjuvant therapy in most patients, espe-

cially in infants. Chemotherapy in the upfront setting is

recommended in all infants to delay or avoid radiotherapy.

The role of chemotherapy in achieving the optimal surgical

outcome and/or rendering the patient free of visible resid-

ual disease is still under investigation. Chemotherapy is

8 Ependymomas 91

E1CH08.qxd  2/9/10  3:00 PM  Page 91



succumbing to disease, therapies aimed at improving sur-

vival are needed. Frequently, children who underwent pos-

terior fossa irradiation for this tumor have relatively low

intelligence quotients (IQs); therapeutic modifications such

as conformal radiotherapy are aimed at decreasing the

long-term neurologic morbidity. The development of new

strategies to improve survival with minimum toxicity is the

main focus of current studies.

92 I Intracranial

also recommended to decrease the rate of relapse in

patients with GTR and increase survival rates in patients

who are known to have poor prognosis at diagnosis. Thus,

chemotherapy in the adjuvant setting is an option in

patients in whom GTR could not be achieved or who have

anaplastic ependymoma. Currently, the overall survival

rate of all children with ependymoma is in the range of 39

to 69%. With approximately half of the patients eventually

♦ Surgical Resection with Adjuvant Therapy

Ali Shirzadi and Moise Danielpour

Intracranial ependymomas are the second most common

malignant tumor of childhood. Despite a seemingly

benign pathology and slow growth, their 5-year survival

rates and long-term prognosis remain poor.72–79 Surgical

resection is the initial treatment goal for these

tumors.79–81 The majority of these tumors arise in the pos-

terior fossa and are intimately associated with vital struc-

tures, making it difficult to attain a complete resection

without significant morbidity. Even in the face of a GTR,

the recurrence rate is significant, with various studies

illustrating the need for adjuvant therapy.80,82,83 The deci-

sion of how to approach these tumors is currently contro-

versial; radiotherapy is effective but not without risk of

significant adverse effects. Chemotherapy has shown

some promise in children who are too young for radio-

therapy, but it is not curative.82,84 Therefore, treating

physicians are left with the dilemma of deciding the use

and timing of adjuvant therapy. Based on the current lit-

erature, we discuss the role and timing of adjuvant radia-

tion and chemotherapy for children with intracranial

ependymoma, as well as potential new targets for treat-

ment of this disease.

Epidemiology

Brain tumors are the most common solid pediatric malig-

nancy, with equal distribution in children up to 14 years of

age. Intracranial ependymomas comprise �2 to 14% of all

pediatric brain tumors,81,85–87 with 60% diagnosed in chil-

dren younger than 16 years.85,88 They are known to be the

second most malignant tumor of children younger than

2 years of age, following medulloblastomas.84 Their presen-

tation is mostly at a very young age, with a mean age of 24

to 72 months.89,90 They are equally distributed among boys

and girls91 or with slight male predominance.90,92 A majori-

ty of these tumors are located infratentorially89–91 and can

be intimately involved with the lower cranial nerves and

vascular structures (Figs. 8.4, 8.5 and 8.6).

Radiation versus Chemotherapy

Radiotherapy has been used as an adjunct for treatment of

ependymomas for decades. However, there is an ongoing

debate on the impact of radiotherapy, recommended dose,

and timing of radiation. Radiotherapy can have adverse

effects on a young child’s developing nervous system, signifi-

cantly affecting cognition (IQ) and memory.93–96 Additionally,

neuroendocrine and second cancers are known to be delayed

effects of radiotherapy.97 Suc et al98 reported on more than 

5-year follow-up of 20 long-term brain tumor survivors

younger than 3 years of age at diagnosis. In this study, 85%

had impaired cognition, with 55% requiring special educa-

tion. Similarly, in the study by Ater et al,99 infants treated with

postoperative Mustargen, vincristine, procarbazine, and

Fig. 8.4 A 9-year-old boy presents with 2-month complaints of nausea

and daytime headaches. His brain MRI revealed an irregular enhancing

mass in the fourth ventricle. A flair coronal image is presented here.
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prednisone (MOPP) chemotherapy without radiation had

a normal IQ (101) in comparison with the declining IQ of children

requiring radiotherapy (85 at 5.8-year and 63 at 10-year follow-

up). Over the past decades, there has been a growing interest in

delaying radiotherapy and initiating treatment with

chemotherapy, especially in the subgroup of children younger

than 3 years.82,84,100 Therefore, with the intention of avoiding or

delaying radiotherapy, the Pediatric Oncology Group study was

conducted.84

In the POG study, 48 children younger than 3 years with

intracranial ependymomas were treated with a combina-

tion of surgical resection and chemotherapy in an effort to

delay radiation. Thirty-one were younger than 2 years at the

time of diagnosis and received 2 years of chemotherapy fol-

lowed by radiation, whereas 17 were 24 to 36 months old at

the time of diagnosis and received chemotherapy for 1 year

followed by radiation. Of the children who had residual dis-

ease after surgery, there was 48% complete or partial response

to two cycles of cyclophosphamide and vincristine, with

61.8% survival at 3 years. Unfortunately, these optimistic

results did not persist. A significant divergence in survival

and prognosis appeared as a result of a delay in radiation.

Children in which radiation therapy had been delayed for

2 years while they received chemotherapy had only a 25.7%

survival rate compared with 63.3% for children who had

received 1 year of chemotherapy followed by radiation. This

divergence was also noted in children with GTR and no

metastases at diagnosis. The survival rate for the 16 children

in this subgroup was 62.5%. The eight children who were 24

to 36 months years old had a 5-year survival rate of 87.5%,

whereas the eight who were younger than 24 months had a

5-year survival rate of only 37.5%. The survival difference

among these subgroups led to the conclusion that delay of

radiation of more than 1 year adversely affected survival. The

authors of the POG study concluded that, although ependy-

momas may be chemosensitive, they are not chemocurative.

The UKCCSG/SIOP study82 followed children who were 3

years old or younger with ependymoma who where treated

primarily with chemotherapy to avoid or delay radiotherapy.

Eighty-nine children with intracranial ependymomas were

studied over an 11-year period. Of these patients, nine had

metastatic disease at the time of diagnosis. GTR was docu-

mented by surgeons at the end of the operations. After

maximal resection, the children had alternating cycles of

myelosuppresive and nonmyelosuppresive chemotherapy

blocks of 14 days for 1 year. Radiotherapy was avoided until

there was radiographic evidence of disease progression or

tumor recurrence. Chemotherapy was started at an average

of 23 days following surgery. It was terminated in 27 patients

prior to receiving maximal myeloablative dosing due to

disease progression (11 patients), unacceptable toxicity

(10 patients), residual disease (1 patient), without tumor on

imaging (1 patient), and without clear reason for the remain-

ing 4 patients. The investigators used relative dose intensity

(RDIChemo) to adjust for the cumulative dose of the

chemotherapy regimen and the time it took to administer the

medication to that defined by the protocol. RDIChemo result-

ed in a mean of 0.87 (0.53–1.41) equivalent of 90% of that

intention. One third of patients had an RDIChemo � 0.78 and

one third � 0.93. Comparing the postchemotherapy 5-year

survival rate among these different RDIChemo subgroups,

those achieving optimum RDIChemo (� 0.93) had a 76%
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Fig. 8.5 Axial contrast image showing an irregular enhancing fourth

ventricle mass.

Fig. 8.6 Sagittal T1 noncontrast image showing a fourth ventricle

mass with slight dilatation of the lateral ventricles.
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the high risk of progression in their patients further illus-

trated the requirement for radiotherapy and the lack of

strong evidence for chemotherapy as the primary adjuvant

treatment.

Similarly, in a study by Shu and associates at the

Children’s Hospital of Philadelphia (CHOP)/Hospital of the

University of Pennsylvania (HUP),81 patients treated imme-

diately with radiotherapy postoperatively (N � 34) were

compared with patients with delayed radiotherapy (N � 13)

due to chemotherapy (N � 10) or no immediate treatment

(N � 3). This study found a worse outcome for patients with

delayed treatment. However, this finding was not statistically

significant and had a small sample size. These studies and

other cooperative group studies100,101 have reported limited

success with trials using chemotherapy to delay radiothera-

py and favored immediate postoperative radiation therapy in

these patients. Additionally, the studies’ authors concluded

that an age older than 3 years, a dose � 54 Gy, GTR, no cord

extension, and a histologically low grade of tumor were

associated with a better prognosis (Figs. 8.9, 8.10, and 8.11).

Therefore, radiation may be able to be differed temporally

but could not be completely eliminated, even in children

with a GTR.

Many questions remain in the use of adjuvant therapy for

ependymoma following surgical resection. One of the most

significant is the dosage of radiotherapy that is the most

effective in preventing recurrence with the least risk of

neurocognitive decline. Shu and associates at CHOP/HUP81

radiated 39 patients with doses � 54 Gy and 8 patients with

doses � 54 Gy. They concluded that statistically significant

improved overall survival (p � .0005) and PFS (p �.35) rates
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survival rate in comparison with 52% survival in the nonop-

timum (� 0.78) RDIChemo subgroup. Therefore, patients

with higher “dose intensity chemotherapy” tended to have

an increased survival rate. Of the nonmetastatic patients,

50 had disease progression, and 36 of them underwent

radiotherapy in addition to 6 of the 9 metastatic patients,

all of whom had progression of their tumor. The mean time

from surgery to radiotherapy was 20.3 months, with a

mean age of 3.6 at the time of radiation. In patients with

disease progression, those who underwent radiotherapy

had an EFS rate of � 40% compared with � 20% among

patients with no radiotherapy. Comparing different prog-

nostic values, supratentorial tumors had a better survival

rate, although the findings were not statistically significant.

Also, neurosurgical resection based on the surgeon’s intra-

operative review was viewed as a powerful predictor of

outcome (Figs. 8.7 and 8.8), and metastatic disease sug-

gested a poor survival rate. The investigators concluded

that chemotherapy with the highest achieved dose intensi-

ty in children younger than age 3 with ependymoma is

effective but not curative.

The study by the French Society of Pediatric Oncology100

evaluated the benefits of postoperative chemotherapy and

additional surgery at the completion of chemotherapy or

tumor progression to avoid or delay radiotherapy in 73 children

5 years or younger. In the study, the progression-free sur-

vival (PFS) rate was estimated as 33% and 22% at the 2nd and

4th year, respectively, of tumor diagnosis. During the

intended chemotherapy period, 50% of patients experienced

relapse, and 72% required further surgery and radiation. The

investigators concluded that the decreased PFS as well as

Fig. 8.7 Immediate postoperative contrast axial image reveals 

complete resection of a grade II ependymoma.

Fig. 8.8 Sagittal T1 noncontrast image showing the reduction in the

size of the lateral ventricle.
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were observed in higher doses of radiation. Therefore, radia-

tion doses � 54 Gy were correlated with a better prognosis.

Merchant at el83 conducted a study to determine whether

the irradiated volume could be reduced to decrease central

nervous system–related side effects without diminishing the

rate of disease control. They followed 88 patients with a

median age of 2.85 who received conformal radiation therapy

(CRT) following surgical resection. CRT was defined as a spec-

trum of radiation and techniques to deliver the highest dose

of radiation to the volume at risk of recurrence to spare the

normal tissue. Seventy-three of these children were given a

radiation dose of 59.4 Gy, and the rest (11 younger than 18

months) received 54 Gy to their gross tumor volume (tumor

bed, residual tumor, or both) with a margin of 1 cm.

Neurocognitive testing was performed at baseline at 6, 12, 24,

36, 48, and 60 months following CRT. The PFS rate was meas-

ured from radiation to neuroimaging documentation of

tumor recurrence. The 3-year PFS rate was estimated to be

74.7% �/� 5.7% in comparison with the previously report-

ed 2- to 5-year PFS rates of 50 to 67% by other studies.77,102–105

Investigators attributed part of their success to the high pro-

portion of cases in which GTR was achieved, 84% compared

with the national average of 40 to 60%.105 In their study, high-

grade tumor (differentiated 90.3 �/� 4.6% vs anaplastic

43.7% �/� 14.3% ; p � .0001) and less than GTR (77.6 �/�

5.8% vs near total/STR 42.9 �/�16.2%; p � .0031) adversely

affected outcome and the hazard ratio for PFS. Additionally,

preirradiation chemotherapy marginally affected PFS by

univariate statistic (p � .0446). In regards to the neurocogni-

tive effects, patients underwent 316 examinations to evalu-

ate changes in IQ, memory, academic achievement, adaptive

behavior, and visual-auditory learning. In their conclusion,

Merchant and associates found no statistical significance in

these measurements 2 years after CRT among children either

younger or older than 3 years. Even though younger age at the

time of diagnosis is traditionally associated with a poor prog-

nosis, the authors attributed this poor prognosis to hesitancy in

giving radiation, lower dose of radiation, or more aggressive
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Fig. 8.9 Flair image showing stable MRI without recurrence taken

2 years after resection and a dose of 59.4 Gy at standard fractionation

of 1.8 Gy to the posterior fossa.

Fig. 8.10 Axial T1 contrast image taken after resection and radiation

shows no enhancement in the posterior fossa.

Fig. 8.11 Sagittal contrast image showing no tumor recurrence to the

posterior fossa and lateral ventricles that have decreased to their normal

size. The patient is doing well and is back to normal daily activities.
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therapies using cell cycle and differentiation pathways in

stem cells.

Conclusion

Although there are various trials being conducted in regards

to the most effective treatment with the fewest side effects

for intracranial ependymomas, the current literature strong-

ly supports the concept of GTR of this tumor as the initial

treatment. Additionally, the chemotherapy-first approach

may be used as an initial adjuvant therapy, but evidence

heavily calls for treating infants with postoperative confor-

mational radiotherapy. Reoperation for tumor progression

should be evaluated on a case-by-case basis dependent on

the advice of the treating team of physicians and the desires

of the patients’ family. It is likely that future advances in the

treatment of pediatric brain tumors will come with better

characterization of stem cell–like tumor cells and targeted

molecular therapies.
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behavior of the tumor. Based on these findings, it can be stat-

ed that age is not a factor in PFS, and focal conformal radiation

therapy with doses as high as 59 Gy can be applied safely, even

to children younger than 3 years.

Central to discussions on the treatment of pediatric brain

tumors and translational studies is the increasing awareness

that only a few atypical cells within a brain tumor may be

responsible for the growth and recurrence of some brain

tumors.105–107 Ependymomas may represent clinically108 and

genetically109 different diseases with a common cell of origin

that has gone awry, requiring a better knowledge of these so-

called cancer stem cells that could function as a therapeutic

target. The bulk of the cells of most cancers are generated by

a rare fraction of “stem cell–like” cancer cells,107,110–118 which

are responsible for growth and recurrence of these tumors,

and may be resistant to current treatments, including classic

chemotherapy and surgical regimens. With this in mind, it is

likely that future advances in the treatment of ependymomas

and other pediatric tumors will come from targeted molecular

♦ Lessons Learned

Ependymomas apparently still pose the management

dilemmas they did over the past 2 decades. GTR is the best

indicator for long survival, but it often cannot be achieved

because of the anatomical constraints of infiltration of cra-

nial nerves and brainstem, which would cause unaccept-

able and debilitating morbidity. Radiation is effective in

delaying tumor recurrence but causes tremendous mor-

bidity in young children, particularly as only higher doses

(� 54 Gy) appear to be sufficient. Chemotherapy has an

effect, but a limited one. Trials have shown that delaying

radiation more than 1 year has resulted in a significant

deterioration of survival. None of the newer “tricks” of

radiation oncologists, such as HFRT and CRT, appear to

resolve this issue in any meaningful way that would be

generally accepted.

What we can learn about the treatment of this obstinate

tumor continues to be further complicated by its relative

rarity and the inevitably small numbers of all studies that

are hampering statistically profound conclusions.

Not surprisingly, much hope is pinned on the ongoing

research in molecular biology. After going two steps forward

and one step back with ependymomas for a generation, it is

hoped that the understanding about tumor stem cells will

open a window for substantial progress.
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Scaphocephaly/Sagittal Synostosis9

Since Lane performed the first sagittal synostectomy in

1892, surgeons have sought to correct the cosmetic defor-

mity caused by sagittal synostosis and prevent any of its

possible deleterious effects.1 Efforts have ranged from a

simple strip craniectomy advocated by Shillito and Matson2

and Hunter and Rudd,3 to the more extensive procedure

pioneered by Jane,4 to extensive cranial vault remodeling

popularized in the 1990s by Marsh et al,5 Boop et al,6

Penslar et al,7 Maugans et al,8 and others with varying

degrees of success.9 After decades of research, it is now

apparent that there may not be a single “gold standard” for

sagittal synostosis. Rather, different procedures are indicat-

ed based on the age of presentation and the degree of

scaphocephaly.

Although scaphocephaly is present in �2 of every

10,000 live births,10 most infants do not present for neuro-

surgical evaluation until they are an average of 5 months,

which may exclude simple suturectomies as they often do

not address the long-term scaphocephalic shape and suture

recrudescence.6 However, as the awareness of craniosynos-

tosis increases in the community, the average age at

presentation may decrease. Younger age at presentation

may allow for less invasive procedures on relatively

younger infants, thereby lowering intraoperative blood loss

and potential morbidity while still improving aesthetics.

Cranial vault remodeling (CVR) has several disadvan-

tages when compared with a simple strip suturectomy. It is

associated with more extensive blood loss and exposes a

much larger surface area of the brain over a longer period

of time, raising the risk of morbidity and mortality.11,12 In

addition, CVR requires a joint effort between neurosur-

geons and plastic surgeons, the use of absorbable plates,

and a longer hospital stay, which drastically raises the

expense of the procedure.13 Given these disadvantages, it

would be beneficial for a select group of infants younger

than 3 months of age with minimal deformity to undergo a

less invasive approach.

Diagnosis

The diagnosis of scaphocephaly is generally made from the

physical examination. According to Virchow’s law, bony

direction ceases in the direction perpendicular to the sagit-

tal suture and compensates in the opposite direction. As a

result, these infants usually have a long, narrow head with a

prominent bony ridge along the sagittal suture. Predictable

compensatory growth occurs at adjacent sutures and can

affect the shape of the entire skull.4 As a result, frontal boss-

ing or an occipital prominence may also be noted. Plain

radiographs are useful for demonstrating fused sutures. In

addition, a three-dimensional computed tomography (CT)

scan can provide further proof of suture fusion and can also

identify any underlying brain abnormalities.14

Operative Technique

Patient Selection

Surgical treatment for craniosynostosis is generally pre-

ferred within the first year of life, when the infant’s skull is

malleable and the nonpathologic sutures have not yet

fused.15 Although craniosynostosis may be detected by the

third trimester on fetal ultrasound,16 most patients do not

typically present for evaluation until they are several

months old. Typically, the first 2 months of life involve rapid

growth of the cranial vault, accompanied by nearly doubling

of brain mass by the first 6 months of life.17 Surgery during

this period has many challenges, but it also may benefit

from the intracranial dynamics. Although a simple strip

craniectomy poses a risk of rapid suture recrudescence,

early suture release within the first few months of life can

take advantage of rapid brain growth and development to

aid in natural CVR with or without the aid of external

devices.18 Surgeons therefore must weigh the ability of the

infant to tolerate the surgery, which increases with age,

against the changing malleability of the skull, which favors

♦ Early Strip Craniectomy

Erin N. Kiehna and John A. Jane Jr.
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early surgery. As such, a simple strip craniectomy is ideally

performed in infants younger than 3 months with mild

scaphocephaly without significant frontal bossing or occip-

ital knobs.19 For older infants between 6 and 12 months of

age or those with more significant deformities, cranial vault

reconstruction may be more appropriate. In addition,

infants who have undergone a simple strip suturectomy

should be followed with serial exams and head circumfer-

ences to assess whether they will need further CVR in the

future.20

Operative Procedure

The patient is placed in the supine position with the head

resting in a padded suboccipital support (Fig. 9.1). The infant

is then prepped and draped widely. Local anesthetic with epi-

nephrine is used to decrease postoperative pain and mini-

mize incisional bleeding from the scalp. A midline skin inci-

sion is made from 1 to 2 cm anterior to the anterior fontanelle

to 1 to 2 cm posterior to the lambda (Fig. 9.2A). This incision

may be elongated for patients with occipital prominence.

Skin clips are used to reduce bleeding from the scalp edges.

The scalp is then reflected bilaterally, dissecting through the

loose areolar plane of the scalp, above the pericranium, as

its preservation reduces blood loss. When the anterior

fontanelle is open, a curet is used to separate the dura under-

lying the fontanelle from the overlying pericranium. Two bur

holes are then made on either side of the sagittal suture just

anterior to the lambdoid sutures. A craniotome is used to

connect these bur holes to the edges of the anterior

fontanelle (Fig. 9.2B). Great care is taken when removing the

bone overlying the sagittal sinus, with either Kerrison punch-

es or rongeurs. The width of the suturectomy is based on sur-

geon preference, weighing the risk of suture recrudescence

against the need for future cranioplasty if significant bony

regrowth does not occur. Venous bleeding is controlled with

the use of cottonoid patties, bipolar electrocautery, and

9 Scaphocephaly/Sagittal Synostosis 101

Fig. 9.1 Positioning of the patient with sagittal synostosis.

Fig. 9.2 Operative technique for early strip craniectomy. (A) Exposure of the sagittal suture. (B) Craniotomy. (C) Closure.

A-C
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morphogenetic protein (BMP) inhibitor, to prevent postop-

erative resynostosis in infants with craniosynostosis.21

Preliminary data on rabbits are promising, but further clin-

ical correlates are needed.

Helmets

For centuries, various civilizations have demonstrated the

effectiveness of external pressure on molding cranial shape.

Skull-molding caps were originally designed over 30 years

ago to provide additional cranial molding after surgery.

These devices have been demonstrated to result in greatly

improved cranial shapes than those created by surgery

alone.22 Although surgical correction is still the mainstay of

treatment for craniosynostosis, modern molding helmet

therapy continues to be a valuable tool in promoting nor-

mal growth patterns postoperatively, even after a helmet-

ing course is completed.23,24 Patients typically wear a series

of two helmets over the course of 1 to 2 years to promote

gradual remodeling over time. It is unknown whether hel-

meting alone would be effective for sagittal synostosis, as

this has not been studied secondary to the lack of funding

for correction of scaphocephaly in the absence of surgical

repair.

Springs

Since the late 1990’s, Lauritzen has pioneered the use of

internal springs to correct nonsyndromic sagittal suture

synostosis. His studies of strip craniectomy combined

with placement of internal springs at an average age of 3 to

4 months resulted in efficacious treatment of sagittal

synostosis.25 Further studies comparing spring-assisted

cranial remodeling with external helmeting would be

advantageous.

Outcomes

Although substantial research has been conducted to elu-

cidate any impact of craniosynostosis on long-term cogni-

tive development, no clear association has been made.

Certainly, learning disabilities do exist in this population

of patients; however, the frequency does not seem to be

affected by surgical intervention.26,27 The more commonly

reported measure of surgical outcomes for sagittal synos-

tosis is the cephalic index (CI), an easily calculated ratio of

width to length based on CT scans. However, this is an

imperfect grading scale, as it may fail to account for

“hourglass” bitemporal distortion of severe frontal or

occipital bossing. This leaves us with a photographic aes-

thetics end point, which is more or less subjective, often

based on the child’s and the parents’ perspective as they

age.28,29
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surgical hemostatic matrix. Following copious irrigation, the

incision is then closed with resorbable sutures in the galea

and a running resorbable suture through the scalp (Fig. 9.2C).

We have not endorsed the use of drains.

Morbidity and mortality of craniosynostosis repair often

have as much to do with anesthetic considerations as they

do with surgical considerations. Armored endotracheal

tubes are typically used to minimize potential compromise

of the tube and ensure adequate ventilation throughout the

operative case. Arterial lines are needed to maintain contin-

uous blood pressure monitoring and blood sampling during

the case and the immediate postoperative period. Central

venous lines may also be inserted to allow for rapid transfu-

sion of blood products and fluids as needed. The infant’s

core body temperature must be closely monitored, even in

suturectomies, which expose less surface area than CVR.

The surgeon must maintain meticulous hemostasis through-

out the case, and the anesthesia team must closely monitor

blood loss (often hidden in lap pads) and replace blood

products early. Positioning the infant in the supine position

with modest head elevation (� 30 degrees) reduces venous

bleeding without significantly increasing the risk of venous

air embolism.

Postoperative Treatment

Patients are generally extubated immediately following the

case and cared for in the pediatric intensive care unit until

they have achieved hemodynamic stabilization. We trans-

fuse for hematocrits � 22, platelets � 100, or an interna-

tional normalized ratio (INR) � 1.3. Scheduled alternating

ibuprofen and Tylenol is used for pain control. The entire

hospital stay rarely exceeds 4 days.

Adjuvant Treatment

In addition to a simple strip craniectomy, many devices

exist on the market today to prevent restenosis of the

excised sutures and aid in correction of the scaphocephalic

shape. Although the strip craniectomy alone often corrects

the biparietal dimension, it can fail in the correction of the

anteroposterior elongation. This is where additional opera-

tive techniques and external devices may play a critical role.

Bone Growth Inhibitors

Silastic and other plastic strips have been used to impede

regrowth of bone at the suture site. Although effective at

preventing suture recrudescence, their use has fallen out of

favor in an effort to avoid permanent implants. Another

effort to reduce bony regrowth involved applying Zecker

solution to the underlying dura. However, its predisposition

to lowering the seizure threshold has reduced its usage.

New research has focused on the use of Noggin, a bone
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Conclusion

A simple strip craniectomy with or without an external mold-

ing device is an option for the correction of nonsyndromic,

isolated sagittal synostosis without frontal bossing or an

occipital prominence in infants younger than 3 months of age.

Newer techniques involving retrievable springs may provide a

reasonable alternative to helmeting. For older infants or those

exhibiting signs of more extensive suture fusion, CVR would

be indicated.
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♦ Late Craniofacial Reconstruction

Oliver Simmons

Sagittal synostosis, the premature fusion of the sagittal

suture, is the most common form of craniosynostosis. It is

generally not recognized until scaphocephaly becomes clin-

ically observable. Sagittal synostosis accounts for 40 to 60%

of single-suture synostoses. It is generally accepted that the

incidence of scaphocephaly ranges from 1 in 2000 to 1 in

5000 live births.30 The skull deformity resulting from prema-

ture closure of the sagittal suture is predictable. Transverse

growth of the skull will be restricted, and the calvarium will

be long anteroposteriorly and narrow in the tempoparietal

region with ridges at the site of the fused suture (Fig. 9.3).

Schmelzer et al31 identified four predictable patterns of cal-

varial dysmorphology in patients with scaphocephaly:

bifrontal bossing, bitemporal retrusion, coronal constriction,

and occipital protuberance (Fig. 9.4).

The etymology of the word scaphocephaly indicates this

clinical appearance (from the Greek scaphos, meaning

“boat,” and kephaly, meaning “head”). Additional changes

such as frontal and occipital bossing will vary among indi-

viduals. Signs of scaphocephaly will usually present

between 1 and 4 months of age and should be identified by

an astute pediatrician.

The etiopathogenesis of primary scaphocephaly remains

mainly unknown. Multiple theories have been offered.

Virchow, in 1851, initially proposed that the suture was

the primary abnormality and was translated to the cranial

base. More than 100 years later, Moss, in 1955, theorized

that tension at the cranial base was translated to the cra-

nial vault suture. It is now relatively well accepted that

misregulation in apoptosis might be related to early matura-

tion of cranial sutures.32 Furthermore, environmental and

genetic factors play a role in the pathogenesis of scapho-

cephaly. As shown by the work of Lajeunie et al,33 a genetic

component is supported by the higher risk in monozygotic

twins, whereas the presence of an environmental compo-

nent is reinforced by the high rate of twinning, normal

monozygotic/dizygotic twin ratio, and a � 100% concordance

rate in monozygotic twins.

Fig. 9.3 Three-dimensional computed tomography (CT) scan show-

ing the fused sagittal suture and increased length-to-width ratio of

the calvarium.

Fig. 9.4 Three-dimensional CT scan of a patient with scaphocephaly

showing the prominent occipital protuberance.
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planned, the fronto-orbital deformity is addressed at the

same time as the anterior two thirds of the calvarium in the

initial stage. Staging a procedure will decrease the operative

time and the blood loss. Despite refinements in the manage-

ment of delayed presentation, early diagnosis remains the

best way of simplifying and directing the management of

isolated sagittal suture synostosis.

Surgical Management

Preoperative Management

General guidelines for safe management of the craniofacial

patient rely heavily on communication among all parties

involved. The anesthesiologist sees the patient preopera-

tively and assesses the overall health of the child and his or

her fitness to receive the operation outlined. Risks of large

volumes of blood loss as well as the potential for air emboli

make it necessary in all but the most minor intracranial pro-

cedure to establish arterial lines and central venous access

and to place a precordial Doppler, as well as an end-tidal

CO2 monitor.

Surgical teams place a Foley catheter for urine measure-

ment. The patient is positioned to pad all bony promi-

nences. Typically, patients are positioned supine for a

suturectomy. The patient who needs a posterior expansion

is placed in a Mayfield horseshoe that has been triple

padded with cotton to prevent facial pressure sores.

Because the eyes are the most sensitive structure on the

face, both the anesthesiologist and the surgeon must

confirm that they are covered or have no pressure on them.

Prior to this, the eyes are lubricated and covered in

Tegaderm mesh dressing. Anterior advancements are done

in the supine position, on a Mayfield horseshoe headrest.

Surgical Techniques

Since the earliest days of treatment, surgical techniques have

been described to correct this pediatric deformity. They

were first described for sagittal synostosis mainly because it

is the most often detected synostosis. These techniques were

aimed at correcting the deformity by re-creating what was

not present in nature, the sagittal suture. These techniques

were mainly employed when the surgery was felt to be safe

and have been used on younger and younger patients to

yield better results.

Although suturectomy is the mainstay in early treatment,

it relies totally on the growth of the head to correct the

deformity. These techniques have been augmented by the

use of helmet therapy that had traditionally been used with

nonsynosotic plagiocephalic children. Newer techniques,

such as endoscopic repair, are pushing the envelope and

allowing more osteotomies for reshaping that were not pre-

viously possible. They all, however, rely on the growth of the

head and the helmet to reshape the patient postoperatively.
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Diagnosis

Clinical examination will often be sufficient to develop sus-

picion of isolated sagittal synostosis. Some centers routine-

ly request CT scans to confirm their clinical diagnosis. Such

studies not only allow confirmation of a clinical diagnosis

but can also be used for presurgical planning and will pro-

vide another tool to follow these patients and objectively

evaluate outcomes. Nevertheless, this represents radiation

that might be construed as unnecessary by some. In fact, the

work of Agrawal et al34 elegantly showed that diagnosis and

treatment planning of isolated sagittal synostosis can be

reliably made clinically.

The CI represented by the maximal transverse width

(euryon–euryon) divided by the maximum anteroposterior

length (glabella–opisthocranium) is reduced.35 It is usually

calculated using a digital caliper from a CT study of the

patient’s calvarium. Normal head shape has an average CI of

76 to 78%. Classically, infants with isolated sagittal craniosyn-

ostosis will have a CI from 60 to 67%. These measurements

can also be performed clinically, but the soft tissue envelope

must be taken into consideration.

Radiology

In the past, several radiologic examinations were used to

diagnose and treat the synostosis. Plain radiographs are

used to show sclerosis and occasionally show “thumb print-

ing” as a sign of increased intracranial pressure (ICP). These

are also of historic significance, because of the widespread

and easy access to CT scans. Magnetic resonance imaging

(MRI) is of limited use in the bony anatomy and is mostly

used to evaluate for subtle posterior fossa brain parenchyma

deformities, such as Chiari malformations.

Treatment Planning

Treatment goals of scaphocephaly are to increase the poten-

tial space and reorient the vectors of cerebral growths,

restore the cerebrospinal fluid dynamics, and improve the

cosmetic appearance of the skull by reshaping the cranial

vault. The latter is performed by correcting the deforma-

tional changes and excising the fused suture. When diag-

nosed early (before 6 months of age), this can be done using

sagittal strip craniectomy and outfracture of the parietal

bone. In cases where the patient presents between 6 and 12

months of age, subtotal calvarectomy with vault remodeling

is typically performed and will be discussed here.

Late presentation (age 12 months and older) represents a

more complex problem, as represented by more severe clin-

ical findings. Weinzweig et al36 reviewed their experience in

a patient population. Total CVR is often required to address

the fronto-orbital deformity. This can be performed in a sin-

gle- or two-stage approach. When a staged procedure is
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Because the main risks of mortality in surgery are relat-

ed to sagittal sinus injury, I do not believe that closed/endo-

scopic repairs are necessarily safer than other repairs as has

been reported.37 The main advantage I see to endoscopic

repair is the fact that blood transfusions are not needed.

Because of this, I am an advocate for earlier surgery when-

ever possible and minimal surgery when there is significant

growth left and the family is committed to using a helmet to

recontour the head. However, I treat most of my cases as

standard open approaches, mainly because parents are not

always willing to commit to the use of a helmet. It is incon-

venient, time-consuming, and cannot be used to overcom-

pensate the head to take into account future growth.

The majority of my patients are therefore not candidates

for endoscopic techniques. The greatest advantage of the

open approach is what I call the “what you see is what you

get” result. Patients seem to come in two distinct groups:

early presenters, who are treated without plastic surgery,

and later presenters, who already have secondary deforma-

tions that I feel are not addressed with suturectomy tech-

niques.

Preferred Technique

My technique is based on a modification of the “Pi” tech-

nique.38 Typically, patients are photographed in the supine

position before being turned prone (Figs. 9.3, 9.4, and 9.5).

Most first surgeries are posterior expansions. This provides

the clear advantage in sagittal synostosis, as the main defect

is the biparietal narrowness (Fig. 9.6). These patients if

caught early enough have only mild amounts of frontal

bossing that does not typically require anterior remodeling

(Fig. 9.7). A strip of bone left over the sagittal sinus is main-

tained, and instead of single larger osteotomies in the front,

we perform multiple shorter osteotomies throughout the

length of the bar (Fig. 9.8). This accomplishes two things.

First, multiple short osteotomies allow for the necessary

1.5 cm or more of head shortening that is necessary for the

remodeling, as well as for a gentler contour of the upper

skull. A single osteotomy allows the bone to shift but not to

round out in direction. Second, multiple osteotomies limit

the amount of torque or tension on the dura in the region of

the sagittal sinus.

Next, the deformed and overly flattened (Figs. 9.9 and

9.10) lateral “clam shells” of bone are reshaped by closing
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Fig. 9.5 Narrow biparietal distance with pseudoturricephaly.

Fig. 9.6 Narrow biparietal distance.

Fig. 9.7 Mild anterior bossing and posterior bossing.
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Postoperative Outcomes

Fearon et al reviewed their experience in the surgical man-

agement of scaphocephaly of 89 patients treated predomi-

nantly with posterior cranial vault expansion.40 They found

a statistically significant decrease in cranial vault growth

both in breadth and length, with expected growth in width

being more affected. The poor growth observed may be

related to an intrinsic problem that led to sagittal synostosis

in the first place. Nevertheless, a trend toward normaliza-

tion of the CI was noted. None of the patients in their series

required or elected to undergo frontal remodeling after

follow-up of up to 14 years. Given these findings, the goal of

scaphocephaly correction should aim at overcorrection of

the presenting deformity.40
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wedge osteotomies and switching from one side to the

other, then performing closing wedge osteotomies on the

flattened side and opening osteotomies on the overly

rounded top portion (Figs. 9.11, 9.12, and 9.13). The switch-

ing of the sides makes it easier to obtain the bilateral 1 to

2 cm of expansion needed for the midvault.

Lateral “barrel stave” osteotomies, as described by

Persing et al,39 are made down the remaining portion of the

lateral skull to the skull base to allow for expansion of the

noncraniectomized portion of the skull (Fig. 9.14). Finally,

the posterior occipital bulge is infractured and plated in

place (Fig. 9.15). The bone gaps are filled in with a mixture

of bone paste and cut bones, as well as a sandwich of

Surgicel (Fig. 9.16). This results in a normal head shape

(Fig. 9.17).

Fig. 9.8 Prone with bicoronal flaps and bur holes.

Fig. 9.9 Overly narrow “clam shells” with severe narrowed biparietal

distance.

Fig. 9.10 Severely flattened “clam shells.” Fig. 9.11 Marked for flat and rounded areas.
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A B

C

Fig. 9.12 (A–C) Plan for closing wedge osteotomy to round out the

flat portions of the bone.

Fig. 9.13 Rounded out lateral “clams shells.”

Fig. 9.14 Bones expanded and lateral “barrel staves” on the base of the

skull, with transverse osteotomies to shorten the front-to-back distance.
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Arnaud et al43 investigated the cognitive development of

patients with nonsyndromic isolated sagittal suture synos-

tosis. No statistically significant difference was noted in cog-

nitive development of patients who were treated surgically

versus patients who did not undergo surgery. There is a

general consensus, though, that further investigation is

required to elucidate the impact of isolated sagittal synostosis

on neurodevelopment.44

Since the early 1990s, the minimally invasive philoso-

phy has been applied to the management of scapho-

cephaly. Drawbacks of the endoscopic approach include

results that appear less consistent than the predictable

results achieved with the remodeling technique.

Furthermore, the results rely highly on the patient’s wear-

ing a custom-made helmet for up to 1 year. Finally,

performing a craniectomy with such a limited exposure

potentially places the patient at greater risk for serious

complications compared with an open procedure, espe-

cially if bleeding is encountered.

Discussion

Initial techniques of surgery for synostosis were geared

toward simply removing the fused suture and allowing for

growth to fix the problem. The initial approach to surgery

just re-created what was there in nature and allowed for

growth; the ensuing repair of the deformity  relied on a com-

plete intraoperative treatment that allowed for immediate

reshaping of the skull. Although there are many treatment

options for children with this condition, frequently patients

simply present too late for the more traditional limited

approach. In these cases, I feel that endoscopic treatment is
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The reoperation rate in patients with single-suture sagit-

tal synostosis has been reported to be 4.35% in patients who

underwent strip craniectomy and 6.45% in patients who

underwent CVR.41 This difference may be explained by

more severe deformation that requires more extensive ini-

tial surgery, leading to a higher risk of a secondary proce-

dure. McCarthy et al42 designed the “hung span” technique

to address patients with scaphocephaly and persistent

increase in ICP, which is unusual. It not only allows increas-

ing the intracranial volume but also restores cranial vault

harmony.

Fig. 9.15 Occipital infracture held in place with resorbable plates.

Fig. 9.16 DBX and bone chips fill in the gaps.

Fig. 9.17 On-table postoperative result.
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too limited and unpredictable. The posterior expansion fol-

lowed by an anterior reconstruction if needed allows for safe

and easy increase in volume and shape of the skull. This is the

tried-and-true method that allows on-the-table reliable

change and does not require prolonged helmet wear and

additional growth for reconstruction.
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♦ Endoscopic Wide Vertex Craniectomy

David F. Jimenez, Constance M. Barone, and James N. Rogers

Sagittal synostosis, along with the scaphocephaly with

which it typically presents, remains the most common type

of craniosynostosis and the one most likely to be seen at a

neurosurgical or craniofacial practice. Many surgical

approaches have been developed to treat this condition, and

favorable results are often obtained. However, excellent

long-lasting results are difficult to obtain consistently

regardless of the type of procedure done. A major contribu-

tor to this problem is the intrinsic, genetically driven dural

forces that revert the operated cranium back to the presur-

gical scaphocephalic shape. Consequently, long-term fol-

low-up of these patients commonly reveals suboptimal

results in patients treated either with strip craniectomies or

extensive calvarial remodeling techniques. During the last

10 years, we have been advocating the use of minimally

invasive endoscopic techniques to perform endoscope-

assisted wide vertex craniectomies and bilateral temporal

and parietal wedge osteotomies, along with postoperative

cranial orthotic treatment, to achieve excellent long-term

results. We present our experience with this approach and

strongly advocate its use.

Clinical Materials

Patient Demographics

A total of 185 patients presenting with the diagnosis of

sagittal synostosis were treated with an endoscope-assisted

wide vertex craniectomy and bilateral temporal and parietal

wedge osteotomies, as well as postoperative helmet mold-

ing, between May 1997 and August 2007. There were 136

male patients (73.5%) and 49 female patients (26.5%).

Following surgery, all patients were treated with custom-

made Surlyn (Dupont, Wilmington, Delaware) helmets for

up to 12 months. The patients were closely followed during

the 12 months and then yearly thereafter.

Anesthesia

Craniosynostosis repair in infants is usually seen as one of

the more critical anesthetic challenges for an anesthesiolo-

gist. Pediatric anesthesia textbooks describe at length the

challenges to be faced during surgery, with a major concern

being the extreme blood loss associated with these proce-

dures. In fact, the recommendation is to have blood available

immediately at the beginning of the surgery and to replace

the blood lost, milliliter for milliliter, as the case begins.

Venous air emboli and ventilation difficulties are other seri-

ous concerns. The usual long duration of the surgery often

leads to significant heat loss and major fluid shifts that

require aggressive monitoring, such as arterial lines and

central venous catheters.

Endoscopic strip craniectomy for sagittal synostosis,

with its minimal blood loss and short duration, significant-

ly reduces the risks of surgery. Blood loss is typically mini-

mal, making the need for blood transfusion unlikely. Major

fluid shifts are minimized, necessitating only maintenance

fluids for the duration of the case. Arterial lines and central

venous catheters are unnecessary because hemodynamic

stability is easily maintained. Preoperative laboratories are

dictated by the patient’s medical history. A minimum of a

preoperative hematocrit is obtained for later comparison

postoperatively.

Induction of anesthesia is accomplished with mask

inhalation of sevoflurane in the operative suite after place-

ment of two pulse oximeters, electrocardiogram, and non-

invasive blood pressure monitors. Preoperative sedation

with midazolam is usually not needed because the patients

are too young to have separation anxiety issues. After induc-

tion, a peripheral intravenous (IV) line is placed in an

extremity, and muscle relaxant is administered prior to

intubation. After induction and securing the endotracheal

tube, the patient is placed in the “sphinx” position, 180

degrees away from the anesthesia machine and the anesthe-

siologist. Close attention to padding of pressure points is

important, even in short cases, to reduce the risk of nerve or

skin injury. A preoperative hematocrit is obtained and sent

to the laboratory. Prior to incision, antibiotics are adminis-

tered, and 1 to 2 �g/kg of fentanyl are given. Maintenance of

anesthesia is maintained with inhalation agents and muscle

relaxants as needed.

Airway stability is always of critical importance, espe-

cially in infants. The sphinx position, with the patient prone,

neck extended, and head elevated, can easily dislodge the

endotracheal tube. Close attention to breath sounds with

the change in position will allow immediate correction,

before the patient is prepped and draped. Once the proper

position is obtained, the tube should be well secured and a

throat pack inserted to minimize leakage. The airway circuit

is secured with tape to the operating room table to keep

tension off the endotracheal tube. Eye care is provided with

E1CH09.qxd  2/9/10  3:34 PM  Page 109



anterior fontanelle, and the posterior incision is made

immediately in front of the lambda. Using a monopolar

(needle-tip) handpiece set at 15 W, a bloodless dissection

plane is developed between the galea and pericranium. The

plane of dissection is extended from the anterior fontanelle

to the lambda and ~3 cm from the midline bilaterally.

A pediatric craniotome (7 mm) is used to make a bur hole

on the lateral edge (on one side) of each incision.

Osteotomies are created across the midline with Kerrison

rongeurs (6 mm). After developing an epidural plane toward

the anterior fontanelle, a wedge of bone is removed extend-

ing from the anterior ostectomy to the anterior fontanelle. A

30-degree rigid endoscope is inserted under the cranial

bone and used to visualize the undersurface of the cranium

and the posterior edge of the fontanelle.

The endoscope is held with the nondominant hand. A suc-

tion tip is handled with the dominant hand, which is used as

an aspirating dissector. A plane is developed between the

dura and the overlying bone by advancing the endoscope and

suction tip in unison. Developing this plane is fairly easy,

given the fact that stenosis of the suture frees the dural

attachment fibers from the overlying bone. By gently pushing

down on the dura with these instruments, the plane can be

rapidly developed between the anterior and posterior

osteotomies and several centimeters bilaterally from the

midline (Figs. 9.18 and 9.19). Once the bone has been isolat-

ed from the overlying scalp and underlying dura, a pair of

Mayo scissors are used to cut ostectomies on the lateral edges

of the anterior and posterior ostectomies. The cut piece of

bone can be sectioned or folded in two and removed from

one of the scalp incisions. A large piece of Gelfoam is then

placed over the dura, and light pressure is applied to the over-

lying scalp to obtain hemostasis. Wedge osteotomies are
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corneal shields or pads. We monitor all patients for possible

venous air embolism with the placement of an appropriate-

ly padded precordial Doppler. Normothermia is maintained

throughout the case with the use of a standard pediatric air

flow body warmer.

Because the head is elevated above the heart in the

sphinx position, air embolism is a concern but is typically

not clinically significant. However, because infants are like-

ly to have a patent ductus, the possibility of a right-to-left

shunt, with the risk of a cerebral air embolism, is still a

concern. A precordial Doppler monitor should be posi-

tioned over the heart to identify an air embolism quickly. It

should be carefully padded to minimize pressure on the

chest, as the patient will be in the prone sphinx position. IV

lines should be flushed of all air. Close attention to hemo-

stasis and adequate hydration of the patient significantly

reduces the incidence of embolism. End-tidal CO2 monitoring

can also aid in identifying an embolism. If an air embolism

is detected, the surgeons are immediately notified and the

head lowered and the field flooded until control can be

established.

As in all pediatric cases, maintenance of temperature is

critical. A warm operating room, warming lights, and air

blankets are used as indicated to maintain patient tempera-

ture. Muscle relaxation is important to make sure there is no

patient movement during the surgical procedure. Rectal acet-

aminophen and local anesthesia when closing are helpful in

minimizing postoperative pain.

After completion of the surgery, the anesthetic agents are

discontinued, and muscle relaxant reversal agents are

administered. A postoperative hematocrit is obtained and

sent to the laboratory for comparison. The patient is placed

again in the supine position, suctioned, and extubated when

responsive and breathing spontaneously. The patient is then

transported to the postoperative care unit with supplemen-

tal oxygen and pulse oximetry monitoring. Additional fen-

tanyl may be needed if discomfort is evident.

Surgical Procedure

Positioning

The patient is placed in a modified prone (sphinx) position

on a viscoelastic mat. The table is turned 180 degrees from

the anesthesia team, and the surgeons work at the head of

the infant with full access to the frontal and occipital areas.

The scalp is minimally shaved, and the head is prepped with

povidone–iodine solution.

Surgical Technique

To gain access to the subgaleal space, two incisions (2–3 cm

in length) are made, with the epicenter over the sagittal

suture. The anterior incision is made �2 cm behind the

Fig. 9.18 Lateral view of the scalp showing the wedge-shaped

osteotomies of the temporal (behind the coronal suture) and parietal

(in front of the lambdoid suture) areas.
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made bilaterally posterior to each coronal suture and anteri-

or to each lambdoid suture. Hemostasis from the diploic

space is achieved by using suction–electrocautery (60 W) and

cauterizing all edges of the calvaria that have been

osteotomized. The scalp incisions are closed with absorbable

Vicryl sutures and the skin with Steri-Strips and Mastisol.

Postoperative Care

The patient is observed overnight and discharged the follow-

ing morning. Most commonly, some discomfort will be expe-

rienced for about 8 hours following surgery; then the patient

returns to baseline. Pain is managed by treating the patient

with alternating doses of acetaminophen and ibuprofen aug-

mented with nalbuphine hydrochloride and morphine as

needed for adequate pain control. Unlike traditional vault

remodeling procedures, there is virtually no facial or cranial

soft tissue swelling, and the patient does not experience

pyrexia. On the fourth postoperative day, the head is scanned,

and on the sixth day a custom-made helmet is delivered and

properly fitted. The helmet is worn for �6 to 8 weeks, then

new ones are resized and worn for up to 10 to 12 months.

Results

Using CI measurements and standard anteroposterior, lateral,

and top photographs, as well as selective occasional CT scans

and plain radiographs, the patient is followed up at 6 weeks,

3 months, 6 months, 9 months, 12 months, 18 months, and

yearly thereafter. Most patients we have treated have been

closely followed up to the present time. One hundred and

eighty-five patients were consecutively treated during a 

10-year period. Seventy-three percent were male, and 26%

were female. The mean age at the time of surgery was

3.7 months, with a median of 3.0 months. The mean width of

the craniectomy size was 5.5 cm and mean length 10.5 cm.

The mean estimated blood loss was 27 cc. The mean percent

of estimated blood volume loss was 5.5%. The mean surgical

time was 62 minutes. The mean length of hospitalization was

1.1 day, with 177 patients staying only 1 night (96%) and

discharged the morning following surgery. Blood transfu-

sions were required in 15 patients (8%), and only 2 patients

(1%) were transfused intraoperatively. Complications includ-

ed two postoperative deaths (1% mortality rate). In both

cases, the surgeries were performed without technical

problems. One patient developed systemic and massive

hemolysis, and the second developed arterial and venous

thromboses. In both cases the patient’s parents requested

removal of life support. Other complications included five

superficial scalp irritations (early in the series) that healed

with helmet removal for several days and local therapy. There

was a minor sagittal sinus injury (cautery related) that was

easily treated with a single suture. There were three dural

tears with no intraparenchymal injuries that were primarily

repaired with no untoward effects. Using CI as an outcome

measure, results were rated as excellent: CI � 75, good: CI

81–75, and poor: CI � 70. The mean preoperative CI was 67.

Using these criteria, we obtained 87.0% excellent, 8.7% good,

and 4.3% poor results. These results were extensively

correlated with standard photographic documentation.

Discussion

Our experience treating patients with sagittal craniosyn-

ostosis over a 20-year period includes the use of many sur-

gical techniques, which include simple strip craniectomies,

Pi procedures, reverse Pi, bifrontal craniotomies, biparietal

craniotomies, vertex craniotomies, and various calvarial

vault (CVR) techniques (e.g., Marchac transposition).45–52

Our results with these techniques have been mixed. Early

results in most cases are very good (6–12 months),

but when followed long term, there is significant deteriora-

tion and return to baseline scaphocephalic shapes.53

Additionally, the use of titanium plates and screws have

been associated with several complications, which include

dural and cortical penetration, as well as extrusion and skin

breakdown and pseudocapsule formation.

Another concern has been the significant trauma and

stress associated with extensive calvarial remodeling

techniques. Large blood losses and voluminous blood

transfusions are the norm.54 Marked facial and cranial

bruising and swelling are the rule. Consequently, we have
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Fig. 9.19 Top view of the scalp demonstrates markings of the vertex

craniectomy. The frontal incision is placed 2 to 3 cm behind the ante-

rior fontanelle (AF); a wedge craniectomy is directed anteriorly to the

AF and connected to the lateral wedge osteotomies.

E1CH09.qxd  2/9/10  3:34 PM  Page 111



been the use of the suction–electrocautery unit (Valley

Laboratory, Valley Forge, Pennsylvania) set at 60 W, blend

1. The diploic space can be substantially cauterized until it

is blackened and no longer bleeding. This maneuver pre-

vents postoperative hematomas and negates the need for

subgaleal drains.

We have been working over the past decade with

Orthomerica (Orlando, Florida) and developed a protocol for

producing consistently well-fitting helmets at reasonable

prices. As the brain rapidly grows and the head changes in

shape, most patients have to wear up to three helmets. The

helmet therapy can be divided into three phases. Phase 1 aims

112 I Intracranial

attempted to obtain consistently superior results while

minimizing the trauma and blood transfusion rates asso-

ciated with traditional procedures. The basic concept is to

operate on a very young infant,55–58 minimizing blood loss,

tissue damage, and injury while using the rapid brain

growth phase to restore normalcy to the cranial base and

vault. As such, we introduced the concept of minimizing

the scalp incision with the use of endoscopes to achieve

the necessary dissection planes below the galea and above

the dura. Once the bone is fully exposed, the major

osteotomies can be safely made in a circumferential fash-

ion. A very important step in minimizing blood loss has

A B

C

Fig. 9.20 (A) Four-month-old boy with sagittal synosto-

sis and early and marked frontal bossing and bitemporal

narrowing. (B) Side view of the same patient demon-

strates significant frontal bossing. (C) Scaphocephalic

shape is seen on the top view of the patient’s head.
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to correct the scaphocephalic into a normocephalic shape.

Phase 2 aims to overcorrect and achieve a very round head

with a CI � 80. Phase 3 is designed to keep the normal head

shape and counteract the natural forces and tendency

toward reverting to scaphocephaly. We consistently have

noticed that whatever shape and CI a patient has at age

18 months, he or she will keep the same CI over the years to

come. (The longest follow-up of 10 years corroborates this

concept well.) We think that the failure of simple strip

craniectomies has to do with the unopposed natural forces

during the postoperative period, which can lead to unac-

ceptable results.

We believe that we have achieved our goals given the

high percentage of excellent results (87%) at the same time

that we have had a very low transfusion rate (8%), low

length of hospitalization (1 day), and short surgical times

(1 hour). A commonly heard complaint from colleagues is

in regards to the use of helmets following the surgery. It is

our belief that the helmets play a crucial and essential role

in the achievement of our final results. Skepticism about

our approach to treating sagittal synostosis with endosco-

pic techniques has been repeatedly expressed by our col-

leagues since our first publication.59 However, our short-

term follow-up (Figs. 9.18, 9.19, 9.20, 9.21, and 9.22) and
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Fig. 9.21 (A) Frontal view 18 months after surgery shows

lateral expansion of the temporal areas. (B) Correction

of frontal bossing and recession of the forehead.

(C) Correction of scaphocephaly and expansion of the

parietal areas with rounding and normalization of the

head.

A B

C
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In summary, endoscope-assisted craniectomy, fol-

lowed by well-tailored helmet therapy, is an excellent

way to treat sagittal synostosis in an infant. It is associat-

ed with significantly less blood loss, lower transfusion

rates, and shorter hospital stays. In the age of informed

consent, this surgical alternative should be given to par-

ents as a viable, safe, and effective option for treating this

condition. Our 10-year data support the aforementioned

conclusions.
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long-term follow-up (Figs. 9.23, 9.24, 9.25, and 9.26)

demonstrate early and persistent correction of marked pre-

operative deformities. Furthermore, in most cases the scalp

incisions are barely, if at all, visible, and the cranium and

forehead exhibit no bumps, lumps, indentations, or pro-

minent hardware. Anthropometric measurements (CI)

collaborates long-standing correction of the patients’

scaphocephaly. We attributed these results to early surgery

and helmet therapy.

Fig. 9.22 (A) Preoperative anteroposterior (AP) photo of a 

1-month-old boy with sagittal synostosis. (B) Lateral view shows

prominent occipital protrusion and frontal bossing. (C) Top view

demonstrates bifrontal enlargement and marked scaphocephaly.

A B

C
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A B

Fig. 9.23 (A) Long-term 9.5-year follow-up AP view demonstrates

forehead normalization. (B) Lateral view reveals normocephaly with

complete and sustained correction of the frontal and occipital abnormal-

ities. (C) Top view displays a round and fully corrected scaphocephalic

preoperative shape. C
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Fig. 9.24 (A) Photograph of a 2-month-old boy preopera-

tively shows the classic appearance of sagittal synostosis.

(B) Scaphocephalic shape with prominent forehead

and occiput. (C) Long and narrow head can be seen on a

preoperative view from the top.

A B

C
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A B

C

Fig. 9.25 (A) Four and a half years after surgery, normalization of

the cranial vault can be appreciated. (B) Lateral view shows excel-

lent forehead correction. (C) No longer scaphocephalic, biparietal

expansion of the cranium can be noticed.
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There has been considerable controversy about the optimal

management of sagittal synostosis. The timing of surgery

was disputed, but there is a reasonable consensus now that

early surgery, preferably in the first 3 months of life, yields

results similar to late reconstruction in terms of long-term

correction of cranial deformity. Surely the question of opti-

mal timing is determined by the time children are brought

to the attention of the pediatric neurosurgeon. Surgical cor-

rection beyond the age of 6 months most certainly will

require much more complex intervention than the issue

discussed here. The authors are in agreement about the tim-

ing of surgery. Kiehna and Jane emphasize the open strip

craniectomy technique, and Jimenez et al present their

endoscope-assisted minimally invasive surgical technique.

It all amounts to the same thing: operate early (i.e., around

age 3 months), remove the synostotic sagittal suture, and

provide the opening for growth of the brain on all sides. The

open technique is indeed a rather easy standard. It is used

by many pediatric neurosurgeons, probably with some

technical variations, such as positioning and the use of lat-

eral bone cuts (“barrel stave” osteotomies) to provide

increased lateral diameter. The endoscope-assisted tech-

nique of Jimenez et al essentially employs a general and

well-recognized surgical principle: minimize the size of the

exposure and the size of the wound, and consequently the

blood loss and the exposure of critical structures, such as

the sagittal sinus. Given the flexibility of the infant’s cranial

A B

tissues and the malleability of the skull bone at this age, this

technique continues to be intriguing, and the data appear to

provide evidence for the notion of minimal invasiveness:

smaller incisions, smaller blood loss, shorter hospital stay.

Nonetheless, the technique has not erased mortality, and

one wonders about the ease of stitching the sinus wall from

two small incisions.

Whatever the issues of surgical technique may be, the

basic principle of smaller wounds is valid and must be

respected by all pediatric neurosurgeons regardless of their

adoption of an endoscopic or endoscope-assisted or open

surgical concept. 

The late correction as advocated by Simmons illustrates

the advantages of performing surgery at this time, but this

does involve a longer operative time, more blood loss, and

prolonged hospital stay. The advantages are the immediate

correction of the deformity and no need for the molding

orthosis.

From the editors’ point of view, the treatment or cover-

ing of the incision or bone edges with presumably active

solutions or implants is not a favored strategy. Perhaps

future innovation will provide more convincing agents for

this purpose.

The postoperative care with helmet molding as an

adjunct to surgical correction is advocated by both groups.

Jimenez et al stress the importance of genetic pressure to

resynostosis. The opening of the suture and skull to the

Fig. 9.26 (A) Photograph of the child 10.5 years after surgery demonstrates persistent correction of preoperative deformities. (B) Lateral view

reveals continued improvement of the patient’s forehead and occiput. The patient has no symptoms and is excelling at school.

♦ Lessons Learned
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growth pressure of the brain at a critical juncture of brain

development during the first year of life may in fact give

way to a healthy “counterpressure” that works in favor of a

more normal skull shape. Helmets in addition to surgery

may not be acceptable to all pediatric neurosurgeons taking

care of scaphocephalic children. A study that may provide

evidence for the beneficial effect of such adjunctive meas-

ures, for instance, comparing operated patients with

and without molding helmet treatment, would be highly

desirable to settle this question.
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Deformational Plagiocephaly10

Etymologically, the term plagiocephaly has Greek roots,

plagios meaning “oblique” and kephale meaning “head.”

Posterior plagiocephaly refers to a flattening of the occiput.

It can be caused by lambdoid synostosis, which is an

extremely rare condition. For the vast majority of affected

infants, posterior plagiocephaly is the consequence of

abnormal forces acting on an intrinsically normal, develop-

ing cranium. This situation has been referred to by many

names, such as positional or deformational posterior plagio-

cephaly, benign positional molding, occipital plagiocephaly,

and nonsynostotic occipital plagiocephaly.

In 1992 the American Academy of Pediatrics recom-

mended that infants be placed on their backs to sleep,

because prone and, to a lesser extent, side sleeping had

been correlated with sudden infant death syndrome (SIDS).1

Beginning in 1992, and following the “Back to Sleep” cam-

paign,”2 numerous craniofacial centers documented an

exponential increase in the diagnosis of posterior positional

plagiocephaly (PPP).3–5 Following an initial period of diag-

nostic and surgical roaming,6 it became obvious that this

abnormal skull shape was not the result of a craniosynosto-

sis, but rather the consequence of unrelieved pressure onto

the occiput during infant sleep.

Incidence

Premature lambdoid fusion is extremely rare; whereas the

overall incidence of craniosynostosis is 6 per 10,000 live

births, posterior plagiocephaly secondary to isolated lamb-

doid premature fusion occurs in only 3 cases per 100,000

births.7–9 In contrast, over the past decade there was an

increasing incidence of PPP,3–5 which was reported in up to

48% of live births.7,10 Three quarters of those patients with

PPP were boys, and a majority of infants had right-sided

plagiocephaly.2,4,7,11–19

Pathophysiology

Regarding the pathophysiologic mechanism of PPP, it is

admitted that external force applied consistently to a spe-

cific region of the infant’s head deforms the skull. If PPP is

present at birth, it is likely the result of in utero or intra-

partum molding. Associated conditions include uterine

constraint such as multiple-infant birth, oligohydramnios,

uterine malformation, macrocephaly, cervical spine anom-

aly or brain injury with asymmetrical spasticity, and birth

injury associated with forceps or vacuum-assisted deliv-

ery.3,4,8,9,13,18–23 Most of these cranial deformities improve

spontaneously during the first months of life, except if the

infant continues to rest his or her head on the flattened side

of the occiput. In this situation, the occipital plagiocephaly

may be perpetuated or become more pronounced by gravi-

tational forces.24 Numerous babies, however, have at birth a

round skull shape that may become flattened occipitally as

a result of static supine positioning, because of the current

advice to nurse them in a supine position to prevent SIDS

and because neonates have limited cervical muscle

strength.1–4,19 Mulliken et al19 discussed the unresolved

controversy over whether torticollis is secondary to the

abnormal head shape in PPP or is the cause of this cranial

deformity. Because of the finding that an infant with PPP

who lies supine on the flattened occiput can have either

ipsilateral or contralateral shortening of the sternocleido-

mastoid muscle, these authors suggested that intrauterine

(and cranial posture) was determinant.19

Diagnosis

It is important to distinguish lambdoid craniosynostosis

from PPP, because the course and the management of these

two conditions are clearly different. True synostosis is

♦ Correction with Repositioning and with Cranial Remodeling Orthosis

Olivier Vernet, Sandrine de Ribaupierre, and Bénédict Rilliet
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habitually present from birth and is progressive. It never

improves spontaneously and confers the risk of intracranial

hypertension, although this happens in � 10% of cases

when only a single suture is involved.25

In contrast, PPP is often subtle and goes unnoticed or is

absent at birth. It develops during the first months of age

and confers no risk of raised intracranial pressure. Thus, the

diagnosis of PPP is made primarily on the basis of history,

with special attention to the antenatal period, looking for

evidence of intrauterine constraint.

Simple physical examination usually confirms the diag-

nosis of PPP.7 In the vertex view, patients presenting with

PPP demonstrate a parallelogram-shaped head: there is a

flattening of one side of the posterior cranium, along with

contralateral parieto occipital and ipsilateral frontal boss-

ing, and the ipsilateral ear is displaced anteriorly. A cheekbone

prominence may be observed ipsilaterally to the flattened

occiput. Lambdoid synostosis also produces a flat occiput.

However, in this situation, the vertex view reveals a trapezium-

shaped head: there is a unilateral occipitoparietal flattening

associated with contralateral frontal bossing. In addition, the

area of the fused lambdoid suture may present as a bony

ridge, with a bony prominence in the mastoid region behind

the ear, which is displaced posteriorly and inferiorly.26 The

severity of PPP may be assessed by anthropometric meas-

urements using calipers: with the infant’s head held in a

neutral position, two transverse fronto-occipital diameters

are measured obliquely from each supraorbital region, to

the parietooccipital region at the midpoint of the flattened

area (short axis) and the contralateral point of maximal

parietooccipital convexity (long axis). Additionally, anterior

displacement of the ear ipsilateral to the flattened occiput

may be evaluated by measuring the distance between the

external auditory meatus and the external canthus on both

sides. The physical examination should be completed with

an assessment of neck movements to confirm or rule out

the presence of torticollis.

Normally, there is no need for complementary radiologic

investigations. However, if available, skull radiographs

reveal in PPP a sclerotic margin parallel to a patent lambdoid

suture on the side of the occipital flattening. This aspect,

sometimes called “lazy lambdoid,” must not be confused

with a true lambdoid synostosis, where the suture is no

longer visible.15 Perisutural sclerosis, sutural narrowing,

and increased digitations are not signs of impending synos-

tosis.19,24

Treatment

The natural history of PPP is difficult to establish in the

absence of reliable and reproducible data, which would

allow practitioners to grade its severity. PPP has likely exist-

ed for centuries, although at a lower rate than today. This

condition was probably less recognized in the past than over

this last decade. It is estimated that � 70% of cases improve

spontaneously.11 This improvement may be encouraged by

regular change in sleeping position and physiotherapy.11,24,27

Severe positional skull deformations, however, may not

always correct satisfactorily.3,28,29 Even though there is little

information about the true risks of leaving this condition

untreated,7 PPP is probably essentially a cosmetic problem

without significant neurologic consequence.3,11,29

In the 1990s, when this condition became more recog-

nized, surgical management was the chief response6,11 until

cranial remodeling helmets were developed.12,30 The role of

different therapeutic modalities has to be determined, and

the management of infants with PPP remains controversial.

Repositioning

In the initial management of PPP, preventive counseling is of

paramount importance. Because most of these occipital

deformities develop during the first 2 months of age when

the skull is maximally deformable, parents should be coun-

seled shortly after birth. According to recommendations

from the American Academy of Pediatrics, they should be

encouraged to alternate the supine head position of the

infant nightly. When awake and being observed, the infant

should spend time in the prone position, with minimal time

in a car seat (when not a passenger in a vehicle).23 It is not

uncommon that occipital flattening is either absent or sub-

tle in the neonatal period. If the parents were not taught

these preventive strategies, PPP may develop progressively

and be noticed later on, usually by 2 to 3 months, at the first

visit to the pediatrician. Once deformational posterior pla-

giocephaly is diagnosed, parents should be made aware of

this condition and be given the same preventive counseling,

to minimize progression of PPP. In addition, the infant’s

room should be arranged so that the crib is placed to require

the child to turn away from the flat side to see objects of

interest in the room (e.g., parents, window, door, and toys).

The prone position should continue to be encouraged when

the infant is awake and being observed. If torticollis is pres-

ent, physiotherapy may be considered and/or parents

should be trained to perform neck-stretching exercises.

According to the American Academy of Pediatrics, these

exercises should be done with each diaper change: one

hand is placed on the child’s chest, and the other gently

rotates the infant’s head so that the child’s chin touches the

shoulder. This is held for 10 seconds. The head is then rotat-

ed toward the opposite side for 10 seconds. Next, the child’s

head is tilted so that the ear touches the shoulder for �10

seconds; this exercise is repeated for the opposite side. This

will stretch the sternocleidomastoid and trapezius muscles.23

Only a few studies have demonstrated the effectiveness of

these repositioning adjustments and exercises.22,24,27 In 1997

Moss, in a series of 66 infants with mild to moderate PPP

(difference between fronto-occipital diameters of � 12 mm),
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the physicians.12,17–20,28,30 Objectively, this favorable impres-

sion was confirmed by serial photographs (Fig. 10.2) and

anthropometric measurements showing a symmetrization

of the external auditory meatus to external canthus dis-

tances, as well as fronto-occipital diagonals. In our experi-

ence, such an orthosis was available for a 3-month period.

Cranial orthosis did not restrict cranial growth; serial meas-

urements of head circumference thus showed that every

patient remained on his or her usual percentile curve.

Cranial remodeling orthosis is a valuable treatment

option for infants who do not satisfactorily correct their PPP

with repositioning adjustments and exercises. It was

observed that the earlier the helmet is applied, the quicker

and more complete will be the correction.12,17 In practice,

the ideal period of time to initiate this treatment is from 4

to 6 months of age. Before 4 months of age, experience has

shown that the infants have usually not enough cervical

muscle strength to tolerate the helmet. After 1 year of age,

because the cranial growth lessens, and the skull has thick-

ened, the correction with an orthosis is longer and less

impressive.19 In addition, older children do not tolerate hel-

mets as well. In practice, we do not propose treatment after

1 year of age, except as an ultimate attempt to avoid a surgi-

cal correction. In such rare cases, however, favorable results

were reported in a small series.33 The treatment with cra-

nial remodeling orthosis is efficient, well tolerated, and has

no morbidity.

Only one study, although not randomized, has shown

that infants treated with helmet therapy seemed to improve

more rapidly and completely than those treated with crib

positioning alone.19

Conclusion

The recommendation that neonates be placed exclusively

on the back to prevent SIDS has led to an increase in the

incidence of PPP. An infant born with deformational poste-

rior flattening or who develops it in the postnatal period

should first be seen by the pediatrician. Preventive counsel-

ing, repositioning adjustments, and exercises should be

taught to the parents. If occipital flattening persists after a

trial of exercises and crib repositioning for 2 months, hel-

met therapy is recommended, particularly if the difference

between the fronto-occipital diagonals still exceeds 1 cm.

This treatment is rapid and effective if started between 4 to

6 months of age. However, it can be conducted until 1 year

of age. Helmet therapy is diminishingly effective if institut-

ed after 1 year of age. This therapeutic option should

always be used before surgical intervention is considered

for patients recognized with PPP in the first year of life,

knowing that this type of surgery would be a cosmetic pro-

cedure, frequently requiring blood transfusion, and not

without risk in view of the proximity of posterior dural

sinuses.

reported that repositioning infants may produce improve-

ment similar to that reported with cranial orthesis.24

Dynamic Cranial Orthosis

If there is progression or lack of improvement of PPP after a

trial of physiotherapy, osteopathy, crib positioning, and

neck-stretching exercises conducted for a 2-month period,

then helmet therapy should be considered, particularly if

the difference between fronto-occipital diameters � 1 cm.

The treatment by dynamic cranial orthosis was inspired by

ancestral ethnic practices aimed at intentionally deforming

human skulls.31

As others have done over this last decade,12,17–20,28,30 the

authors of this chapter have used helmet therapy to correct

PPP and reported their experience with this technique in

260 infants.32 We used a thermoplastic construct consisting

of a semirigid styrene outer shell thermobonded to a

polyurethane foam inner lining (Fig. 10.1). The first step to

building this helmet is to take a plaster of paris impression

of the infant’s head, which should be covered with a jersey

sock. This impression is filled with plaster to create a posi-

tive mold that is corrected by applying a crescent-shaped

silicone module over the occipital flattening. A cranial

remodeling orthosis is then created over this corrected

mold. Pressure is directed to constrain growth at the ipsilat-

eral frontal and contralateral parietooccipital bulging,

whereas a cavity is created over the adjacent flattened area,

to promote remodeling. The helmet is worn up to 21 hours

a day. Average duration of treatment in this study group was

13 weeks. There was a tendency toward shorter treatment

over the years. As reported elsewhere, excellent results were

obtained with this treatment, as judged by the parents and

Fig. 10.1 Cranial remodeling orthosis consisting of a semirigid styrene

outer shell thermobonded to a polyurethane foam inner lining.
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♦ Lessons Learned

repositioning or molding orthosis. The authors discuss

their treatment algorithm with repositioning followed by

molding orthosis in children younger than 1 year of age.

The issue arises in those children who present later in life

at 13 months of age or older. The optimal question is

unanswered as to the best treatment in these children. We

should also understand that there have been few studies

that have shown the superior results of helmets as

compared with simple repositioning.

A B

Fig. 10.2 (A) Vertex view of the skull of a 4-month-old infant with right posterior positional plagiocephaly. (B) Vertex view of the skull of the

same infant, age 7 months, treated at 3 months with a cranial remodeling orthosis.

This chapter illustrates the controversy surrounding the

management of plagiocephaly. This condition was rare

prior to the “Back to Sleep” campaign. The authors

emphasize the importance of distinguishing positional

plagiocephaly from the rare lambdoid craniosynostosis.

The diagnosis is typical based on the patient’s history and

physical examination. There is little need for advanced

imaging studies, such as radiographs and computed

tomography scans. The treatment is simple, with either
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Intracranial Suppuration11

Cases

Case 1

A previously healthy 4-year-old girl developed a mild upper

respiratory tract infection 5 days prior to presentation with

frontal morning headache, vomiting, earache, and fever vary-

ing from 38.0 to 39.5°C (100.4–103.1°F). Clinical examination

revealed a febrile, alert, and neurologically intact child with

chronic otitis media, left-sided conductive hearing loss, and

retroauricular tenderness. Myringotomies and left mastoid

drainage were performed. Mixed anaerobic organisms and

Pseudomonas species were cultured (Fig. 11.1).

Case 2

An alert 14-year-old male patient presented with frontal

headache, nasal congestion, and a first-ever generalized

seizure. Following the postictal period, clinical examination

♦ Conservative Management

D. Douglas Cochrane, S. Dobson, and Paul Steinbok

Fig. 11.1 Axial computed tomography (CT) scan with contrast (left)

with thin arrows outlining the extradural temporal and subtemporal

abscess collection. Solid thick arrow shows the filling defect in the left

transverse-sigmoid sinus complex compared with the patent sinus

(right, dotted thick arrow).
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The neurosurgical management of intracranial suppura-

tion is designed to (1) obtain adequate specimens of puru-

lent material for accurate bacteriologic diagnosis and to

direct antimicrobial therapy where accurate cultures can-

not be obtained by other means; (2) evacuate sizable collec-

tions of liquefied pus from any and all extra- and intradural

spaces affected and to lower intracranial pressure and min-

imize cerebral distortion; (3) débride sequestered bone; (4)

decompress and, if needed, irrigate the ventricular system

in the event of rupture of the abscess into the ventricular

system; and (5) control hydrocephalus, if present. In the

absence of these indications, neurosurgical intervention

may not be necessary.

Principles of Management

The rationale and nature of neurosurgical intervention nec-

essary to manage patients with intracranial suppuration are

dependent upon the principles outlined in the following

sections that describe the impact of current neuroimaging

revealed him to be neurologically intact with mild fever

(38.5°C [101.3°F]) and to have purulent nasal discharge.

Endoscopic sinus drainage of the right maxillary sinus

grew mixed organisms, predominantly aerobic and anaerobic

Streptococcus (Fig. 11.2).

Surgery of intracranial infections laid the foundation for

clinical neurosurgery as it is known today. The first success-

ful craniectomies and craniotomies for nontraumatic mass

lesions were performed for these disorders. Although

chronic infections in bone and intra- and extradural spaces

were controllable with surgery, acute infections, particular-

ly in the subdural space, had to await the availability of

effective antimicrobial agents to be effectively treated.1

With sulfonamides and penicillin, in addition to surgical

drainage, subdural empyema became potentially curable.

Guided by neuroradiologic investigations, initially angiogra-

phy, and now computed tomography (CT) and magnetic res-

onance imaging (MRI), the focus of treatment has shifted to

early recognition, accurate and specific bacteriologic diag-

nosis, and directed surgical intervention.

Fig. 11.2 (A) CT scan without contrast shows obliteration of the cor-

tical subarachnoid space over the left frontal lobe, suggesting a sub-

tle mass effect on the left hemisphere. (B) Axial and (C) coronal mag-

netic resonance imaging (MRI) confirmed that the mass was due to a

thin extra-axial collection (arrowheads). (D) Lower left coronal MRI

showing mucosal thickening in a fluid-filled maxillary sinus (arrow).

(E) Diffusion axial image with high-intensity signal in the collection

(arrowheads).
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for early diagnosis and assessment of the response to thera-

py, the need for accurate bacteriologic diagnosis and admin-

istration of effective antibiotics, and the requirement to

evacuate sizable collections of pus.

Impact of Neuroimaging: Early Diagnosis
and Assessment of Response to Therapy

The pathologic  and imaging evolution of brain abscess is out-

lined in Table 11.1. Experimental studies in primates suggest

that brain abscess formation occurs in an area of preexisting

necrosis or injury caused by direct traumatic injury, hemor-

rhage, infarction secondary to thrombophlebitis, or relative

hypoxia in watershed areas.2,3 Seeding with organisms sets

the stage for the development of septic cerebritis occurring

within the white matter. Cerebritis is characterized by an

acute inflammatory response, vascular dilatation, diapedesis,

microthrombosis, and small vessel rupture. Edema and poly-

morphonuclear infiltration with a surrounding microglial

response occur. The center of the lesion then undergoes

liquefaction.

By 10 to 13 days, early encapsulation is seen in experi-

mental brain abscesses.4,5 A peripheral zone of inflammato-

ry cells, neovascularization, and fibroblasts surround a cen-

tral necrosis. The latter cells produce a dense collagenous

capsule. The capsule is surrounded by edema and reactive

gliosis. Capsule formation is thinnest adjacent to the ventri-

cle and thicker on the side of the more luxuriantly vascu-

larized cortex. Grant, in a clinical study of patients with

brain abscess during the preantibiotic era, demonstrated

the presence of a capsule in every patient after a period of

6 weeks.6

In immune-suppressed animals, there is a decrease and

delay in collagen formation, a reduction in polymorphonu-

clear leukocytes and macrophages, a longer persistence of

organisms, and an increase in gliosis.9

Early cerebritis is characterized on CT scan by an ill-

defined, low-density change within the parenchyma.

Enhancement occurs after contrast medium administra-

tion. Subsequently, imaging will show the classic ring-

enhancing lesion with surrounding edema. Ring enhance-

ment may or may not correlate with capsule formation.

Differentiation of capsule formation from enhancing

cerebritis may be made using delayed (30–60 minutes)

scanning after contrast medium administration. On CT, ring

contrast enhancement reflects the degree of neovascular-

ization and capsule maturation. Calcification is common in

abscesses in neonates.7,8

The administration of corticosteroids to a patient whose

lesion is in the cerebritis stage may result in definite reduc-

tion in contrast medium enhancement. Contrast medium

enhancement in well-encapsulated lesions is not reduced.4

Table 11.1 Stages of Cerebral Abscess Formation and Imaging Findings Based on Experimental and Clinical Observations

Duration 

Stage (Days) Pathology CT MRI DWI

Early cerebritis 1–3 Bacterial invasion in an area of Local edema Low signal on Increased signal 

injury followed by an acute without CE T1 with mass intensity on DWI 

inflammatory response, vascular effect and and low ADC 

dilatation, diapedesis, edema values

microthrombosis, and small 

vessel rupture

Late cerebritis 4–9 Edema and polymorphonuclear Ill-defined capsule 

infiltration with a surrounding rim with CE 

microglial response followed by of contents

liquefactive necrosis of the 

center of the lesion

Early capsule 10–14 Central necrosis is bounded by a Distinctly T1: low to Low ADC in the 

peripheral zone of inflammatory enhancing intermediate cavity

cells, neovascularization, and capsule intensity FLAIR

fibroblasts, which create the Low-density Isodense 

capsule center relative to 

Peripheral gray matter

edema CE T1: ring 

enhancement 

Perifocal edema

Late capsule 14 or later Capsule thickening Increasing 

gliosis. Calcification in neonates

Abbrevations: ADC, apparent diffusion coefficient; CE, contrast enhancement; CT, computed tomography; DWI, diffusion weighted imaging; FLAIR, fluid

attenuation inversion recovery; MRI, magnetic resonance imaging.

Source: Compiled from references 5, 9, 21–25
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low ADC values indicating restricted diffusion were seen in

cases of treatment failure and were correlated with pus

accumulation. Changes in the capsule interface may also be

important.23,26 Sensitivity and specificity have been report-

ed by Reddy and colleagues.24

Nonpyogenic parasitic and fungal abscesses may show

increased ADC in the cavity compared with bacterial

abscesses.22,27 Although overlap in values occurs with bacte-

rial abscesses, other features are important in distinguishing

fungal abscesses, including multiplicity, size, deep nuclear

location, and signal heterogeneity on T2 and DWI.

On DWI, subdural empyema exhibits areas of high signal

similar to that produced by most brain abscesses, with the

high signal resulting from the high viscosity of the infected

fluid.21 DWI may be used as a simple method of making a

reliable diagnosis if an area of abnormal high signal is found.

Sterile effusions sometimes give signal similar to that of

empyema, and benign effusions often appear as areas of low

signal similar to that of cerebrospinal fluid (CSF).

The degree of enhancement of dura, empyema, or

abscess wall on CT or MRI varies over the course of treat-

ment and is a reflection of the inflammatory response and

not whether the collection has been sterilized. In limited

case observations, the DWI signal intensity from epidural

abscesses was variable.28

In infants with meningitis-associated subdural empye-

ma, cranial ultrasonography (or CT or MRI) usually reveals

unilateral or bilateral frontoparietal extra-axial collections

with echogenic boundaries.29,30

Plain film studies supplement the information obtained by

CT (and MRI) in patients with otorhinologic-associated

intracranial suppuration, by demonstrating opacification of

one or more sinuses13 and/or revealing a foreign body, skull

fracturing, pneumocephalus, or gas within the abscess cavity.

Accurate Bacteriologic Diagnosis 
and Appropriate Antimicrobials

Pathogen Identification

Bacteriologic identification can be obtained from various

sources in the acutely unwell patient (Table 11.2). Blood cul-

tures may reveal the causative organism in epidural abscess or

subdural empyema but are rarely positive in brain abscess.31

In patients with sinogenic suppuration, pus collected at the

time of sinus or ear drainage will usually reveal the causative

organisms unless antibiotic treatment has been started.

The culture of purulent material obtained at the time of

surgical drainage provides the best opportunity for micro-

biologic diagnosis. Proper handling of the specimen and

appropriate aerobic and anaerobic culture techniques

result in positive cultures in the majority of cases. Gram

staining of the pus can guide therapy in the presence of a

negative culture.

Increased uptake of contrast material by the ependyma may

indicate the presence of primary ventriculitis or that due to

intraventricular rupture.

CT and MRI are required for accurate preoperative local-

ization of the epidural, subdural, and/or parenchymal col-

lections and for monitoring resolution of the infection.

Contrast medium enhancement of the dura, empyema wall,

and abscess capsule is usually seen, and complicating cere-

bral edema, venous infarction, and parenchymal abscess

formation may be revealed.10–12

CT may not be diagnostic, revealing only hemispheral

swelling in subdural empyema;13 however, contrast medi-

um–enhanced MRI will usually reveal the extra-axial collec-

tions, as well as areas of underlying tissue and vascular

injury.10 Whether imaging is done using CT or MRI, coronal

and sagittal views are helpful in revealing collections at the

skull base and at the vertex and in defining the relationship

of the intracranial collection(s) to the involved sinuses.

MR images have typical characteristics on T1 weighting

(central hypointensity surrounded by a ring of enhancement

after gadolinium administration) and T2 weighting (hyperin-

tense area of pus, surrounded by hypointense capsule,

enveloped within surrounding edema).14,15 MR spectroscopy

has an evolving role in the differentiation of abscess from

tumor,16,17 in the differential diagnosis of brain lesions in

patients with acquired immunodeficiency syndrome (AIDS),18

and in staging abscess development.19

The use of diffusion weighted imaging (DWI) and the

corresponding apparent diffusion coefficient (ADC) maps

has greatly improved the ability to differentiate cerebral

infections from other cystic cerebral lesions presenting as

nonspecific ring enhancement20 and to demonstrate treat-

ment success and failure.21–25

DWI is based on detecting the microscopic motion of

water molecules and depends mostly on the water located

in the extracellular space. ADC maps are used to quantify

the degree of water motion. The degree of viscosity, the

causative organism, and the level of protein in the abscess

cavity may affect DWI findings and ADC values. Cerebral

abscesses contain inflammatory cells, a matrix of proteins,

cellular debris, and bacteria in high-viscosity pus; all of

these factors restrict water motion.21 Restricted water

motion in cerebral abscesses has increased signal intensity

on trace DWI and low ADC values. Because water movement

is less restricted in necrotic tumors, most show mildly

increased diffusion with low to intermediate signal intensi-

ty on trace DWI and high ADC values.21 In one series, the

sensitivity of DWI for the differentiation of brain abscesses

from nonabscesses was 96%; specificity, 96%; positive pre-

dictive value, 98%; negative predictive value, 92%; and accu-

racy of the test, 96%.24

Changes in the signal intensity have been correlated to

successful treatment.21,22 Persisting or reappearing high sig-

nal intensity in the abscess cavity on trace DW images and
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The spectrum of organisms cultured from sites of

intracranial suppuration has changed (Table 11.2). This is a

reflection of improved bacteriologic isolation techniques,

aggressive treatment of primary infections, and a decreased

incidence of nonmissile compound brain wounds. In most

series, the incidence of Staphylococcus aureus has decreased

and that of anaerobes has increased.32

Cultures from suppuration associated with sinusitis com-

monly show the growth of organisms responsible for chronic

sinusitis, including aerobic and/or anaerobic Streptococcus

(made up of the Viridans group streptococci and the

Streptococcus anginosus group) or other anaerobes. S. aureus,

aerobic and anaerobic Streptococcus, Pseudomonas aerugi-

nosa, facultative gram-negative organisms, and other anaer-

obes are causative in those infections of mastoid or middle

ear origin, whereas those secondary to trauma, surgery, or

primary calvarial osteomyelitis are due to Staphylococcus,

Streptococcus, or gram-negative organisms. Skin flora of low

pathogenicity, including coagulase-negative Staphylococcus,

Corynebacterium, and Propionibacterium acnes, have been

reported in postoperative/traumatic epidural abscesses.33

Reflecting their role in the pathogenesis of sinusitis,

anaerobes play a definite part in the pathogenesis of subdural

suppuration.34 Anaerobic or microaerophilic Streptococcus,

Bacteroides species, Fusobacterium, Peptostreptococcus, and

Clostridium perfringens35 have been reported. Salmonella has

been reported in the immunologically compromised host.

Subdural fluid collections complicating meningitis in infants,

although usually sterile, may culture the organism responsi-

ble for the meningitis. Specimens from subdural empyema are

sterile in up to 25% of patients.34,36

Anaerobic organisms isolated from brain abscess pus

include Bacteroides, Peptostreptococcus, Fusobacterium,

Veillonella, Propionibacterium, and Actinomyces. Aerobic

organisms include Staphylococcus, Streptococcus, Enterobacte-

riaceae, and Haemophilus. In at least one third of brain

abscesses, the pus will culture multiple organisms. This is

particularly common in otitic abscesses. In patients with

cyanotic congenital heart disease, Viridans Streptococcus,

anaerobic Streptococcus, and occasionally Haemophilus

species are seen. No growth is reported from up to 25 to 30%

of properly handled specimens.37–39

The bacteriologic diagnosis often points to the originating

infection. S. aureus abscess formation occurs most commonly

after compound skull fracturing, after operative intervention,

or as a result of a retained foreign body.40 Gram-negative

Table 11.2 Bacterial Etiology and Suggested Initial Antibiotic Choices

Underlying Condition Usual Organisms Initial Antibiotic Choice*

Otorhinological disease Aerobic and anaerobic Streptococcus Penicillinase-resistant synthetic penicillin �
S. aureus Other anaerobes third-generation cephalosporin � metronidazole†

Pseudomonas aeruginosa or meropenem‡

Head injury or operation Staphylococcus aureus Penicillinase-resistant synthetic penicillin �
Gram negatives third-generation cephalosporin or meropenem‡

Meningitis in infancy Usually sterile unless secondarily infected Third-generation cephalosporin � vancomycin

Unknown Unknown Penicillinase-resistant synthetic penicillin �
third-generation cephalosporin � metronidazole

Drug Doses

Cloxacillin 200 mg/kg/day divided q6hr

Vancomycin 60 mg/kg/day divided q6hr

Cefotaxime 300 mg/kg/day divided q8hr

Ceftriaxone 100 mg/kg/day divided q12hr

Ceftazidime 225 mg/kg/day divided q8hr

Metronidazole 30 mg/kg/day divided q8hr

Meropenem 120 mg/kg/day divided q6hr

* If a gram-positive organism has the potential for resistance to �-lactam antibiotics, or if allergy to �-lactam antibiotics is suspected, substitute vancomycin

for penicillinase-resistant synthetic penicillin.

† Third-generation cephalosporin (e.g., cefotaxime and ceftriaxone); ceftazidime if P. aeruginosa is suspected in the setting of chronic otitis media.

‡ Meropenem if

• Previous third-generation cephalosporin therapy has been given

•Prolonged hospitalization

•Prolonged ventilatory support

•Burns
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might be suspected (see Table 11.2), a carbapenem antibi-

otic, such as meropenem, can be used as monotherapy, as it

also covers S. aureus and anaerobes.

S. aureus is commonly identified in an abscess after

trauma. Compound wounds, in particular those contami-

nated with soil, may contain facultative gram-negative

organisms or Clostridium species. In these situations, a

penicillinase-resistant penicillin and a third-generation

cephalosporin provide initial coverage. Postoperative brain

abscess is rare and usually due to S. aureus or S. epidermidis.

Vancomycin should be considered, given the resistance of

nosocomial organisms to penicillinase-resistant penicillins.

Abscesses secondary to animal bites contain a mixed flora,

including Pasteurella multocida and a variety of Haemophilus

species.44

In the absence of a likely primary source of infection, the

initial choice of antibiotics should include agents to cover

Streptococcus (aerobic and anaerobic), other anaerobes, and

the less common Staphylococcus. A penicillinase-resistant

synthetic penicillin, a third-generation cephalosporin, and

metronidazole should be instituted empirically pending

results of Gram staining and culture.

The optimal duration of parenteral antibiotic therapy is

not known, although 6 to 8 weeks of intravenous therapy

has been empirically recommended. Certainly, treatment

should be continued until systemic evidence of infection

has resolved and the abscess collections have been shown to

be decreasing in size.45–49 In some situations a shorter

course may be sufficient. Depending on the organisms cul-

tured, their sensitivity to the prescribed antibiotic regimen,

and the response to therapy, some authors recommend an

additional 2 to 3 months of oral antimicrobial therapy to

prevent recurrence.43

Evacuation of Sizable Collections 
of Liquefied Pus

The need to evacuate collections of pus is dependent

upon the patient’s clinical condition, degree of cerebral

distortion, and the need for bacteriologic diagnosis.

Neurosurgical drainage is not always required. Drainage

of the epidural abscess may occur spontaneously or as a

result of sinus drainage procedures.50–52 When necessary,

and with the aid of modern imaging and stereotaxic

localization, a more conservative approach can be taken

to bone removal to achieve diagnostic and therapeutic

drainage by targeting collections with precision. The

extent of bone removal is determined by the degree of

osteomyelitis and bone sequestration, as in some

epidural abscesses; the need to reach the subdural space

widely, as in hemispheral, parafalcine, and infratentori-

al subdural empyema; or the need to address multiple

separated lesions within the brain and subdural space

concurrently.

organisms, including Bacteroides and Haemophilus, are com-

monly isolated from otogenic abscesses. Most brain abscesses

that complicate paranasal sinus infection will culture aerobic

and/or anaerobic streptococci.

The nature of the offending organism may influence the

development of the abscess capsule. Bacteroides excretes a

collagenase that inhibits capsule formation, resulting in the

development of small daughter abscesses. Propagation of

edema is aided by bacterial production of hyaluronidase

and heparinase.

Brain abscess formation in the neonate is usually caused

by Proteus mirabilis or Citrobacter diversus.41 Individual case

reports and series have also reported Salmonella, Serratia,

Enterobacter, and Staphylococcus as causative organisms.

Meningitis caused by Citrobacter, Proteus, Serratia, or

Enterobacter is complicated by abscess formation in a high

percentage of patients.42,43

Fungal brain abscesses most commonly develop in

patients with impaired host defenses, particularly those

with AIDS, or who are immunologically suppressed after

organ transplantation or chemotherapy for malignancy.

Candida, Aspergillus, Nocardia, and Cryptococcus are the

most common responsible fungal organisms. Pathogenic

fungi, acquired through either inhalation or implantation,

can result in brain abscess formation. This is most common-

ly seen with Histoplasma, Coccidioides, and Blastomyces and

the zygomycetes (Mucor and Rhizopus).

Toxoplasma gondii is the leading cause of brain abscess in

patients with AIDS. Entamoeba histolytica brain abscess usu-

ally occurs in the presence of involvement in extracranial

sites. Helminthic brain abscess is rare.39,41

Antibiotic Treatment

Systemic antibiotic treatment (see Table 11.2) should be

started as soon as the diagnosis of epidural abscess, subdur-

al empyema, or brain abscess is considered. Antibiotics

administered before surgery, although achieving some pen-

etration of bone, are unlikely to interfere with culture infor-

mation from the pus.

The microbial spectrum of brain abscess varies with the

primary site of infection. If this is known, the initial choice

of antibiotics can be directed to the most likely organisms.

For abscesses arising as a result of sinusitis where strepto-

coccal species are the most likely organisms, penicillin or a

third-generation cephalosporin (e.g., cefotaxime) and

metronidazole provide basic coverage. The majority of

infratentorial subdural empyemas are otogenic in origin,36

and because chronic otitis media or mastoiditis is often

associated with P. aeruginosa and Enterobacteriaceae, cover-

age should include a third-generation cephalosporin, such

as ceftazadime. Metastatic abscesses require a regimen

based on the likely site of primary infection. In particular

circumstances where multiresistant, gram-negative organisms
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Neurosurgical Intervention

When Is Neurosurgical Intervention Not Required?

In many patients with sinogenic or hematogenic intracra-

nial suppuration, accurate bacteriologic identification can

be obtained from the purulent material obtained from the

sinuses or from blood cultures. Wound cultures in the case

of penetrating or postoperative wound infections may also

suffice. Empirical antibiotic treatment, based on the known

or presumed source, may be started in patients with multi-

ple or deeply seated brain abscesses.21,23,53,54

In the early stages of intracranial suppuration, prior to the

liquefaction of purulent material, surgical drainage may not

retrieve diagnostic tissue and is likely to result in further

parenchymal injury. Cerebritis is by definition a nonliquefied

state, and treatment of infection early in the course needs

only presumptive diagnosis and empirical antibiotics.19

Selected minimally symptomatic patients presenting

with small collections may be treated with antibiotics

alone, if appropriate bacteriologic identification and sensi-

tivity testing are completed52,53 and if adequate sinus

drainage can be achieved by either medical or surgical

means. Transient symptomatic worsening over the first

48 hours of treatment may occur and is not necessarily rea-

son to abort conservative therapy, but clinical improvement

is to be expected within 2 weeks of the initiation of thera-

py.53 Neuroimaging performed after 2 weeks of treatment

should show the collections to be the same size or smaller

and at 6 weeks should demonstrate complete resolution of

the epidural infection. Diffusion weighted MRI may also

play a role in defining the response to treatment.21–23,26

Mauser et al and Leys et al have reported the successful

treatment of subdural empyema without operative inter-

vention.55,56 Empirical antimicrobial therapy or an antibi-

otic regime based on positive blood or CSF cultures was

administered intravenously for 6 weeks, followed by oral

therapy until the CT scan was normal. In a subsequent

study, Leys et al compared medical (antibiotic and

intracranial pressure control) treatment with medical plus

either aspiration or excision in patients with single hemi-

spheric abscesses or subdural abscesses measuring from 1

to 5 cm in size.57 The prognosis for survival was no differ-

ent in the three groups; however, those treated medically

without either aspiration or excision showed a lower inci-

dence of posttreatment seizures and residual neurologic

deficit. These authors suggest that surgery is always indi-

cated for lesions � 5 cm in diameter, those in the posteri-

or fossa, and those that increase in size while undergoing

medical treatment. Empirical medical management can be

considered for lesions � 5 cm that show response to

antibiotic treatment.

In our experience, débridement of sequestered bone is

required only when infection follows craniotomy as a pri-

mary operation, when it was part of any approach to

address infection, or in the setting of postoperative infection

of penetrating wounds.

Intracranial pressure monitoring or CSF drainage is not

commonly needed as part of the management of pediatric

patients with intracranial suppuration except in the setting

of infratentorial subdural empyema or cerebellar abscess.

Dural venous sinus thrombosis, a common accompani-

ment of mastoiditis and extradural abscess, does not require

surgical intervention (either thrombectomy or needle aspi-

ration) in the face of adequate antibiotic treatment.58,59

When Is Neurosurgical Intervention Needed, 

and in What Form?

Targeted Access and Drainage

Neurosurgical treatment is required for patients who (1) are

stuporous or comatose; (2) are deteriorating in neurologic

status despite nonoperative management; (3) exhibit

marked mass effect on CT or MRI; (4) show no improvement

with 1 to 2 weeks of antibiotic therapy, whether drained ini-

tially or not; and/or (5) indicate that intervention is neces-

sary to obtain purulent material for culture, the results of

which will direct antibiotic treatment. It should be noted

that the mass effect and cerebral irritation seen with sub-

dural empyema usually exceed that visualized on preopera-

tive imaging studies, so that the threshold for surgical

drainage is less than in the case of extradural abscess or

many brain abscesses.

Surgical management of extradural abscess is less com-

plex than that necessary for intradural collections. Limited

bone removal either by craniotomy (osteoplastic or free

flap), craniectomy, bur hole, removal of a previously created

bone flap, or depressed fracture fragments should be

planned to allow access to the collection. If bone is

sequestered and devascularized as a result of the operation

or skull fracturing, removal is required. The finding of pus in

the diploic space of vascularized bone at the time of opera-

tion does not necessarily mandate bone removal if the skull

appears otherwise normal. The epidural abscess should be

drained and the space thoroughly irrigated, and a suction

drain may be placed.

In the case of intradural suppuration, the absence of

definitive cultures and mass effect associated with clinical

symptoms57 prompts a surgical procedure for bacteriologic

diagnosis and evacuation of liquefied pus.36,60 The operative

approach, positioning, draping, and bur hole localization are

chosen to allow direct extracerebral access to the imaged

collections while permitting a craniotomy to be performed if

required. After the placement of the bur hole(s) or small

craniectomy(ies), the dura is opened, the collection is opened,

and aerobic and anaerobic cultures are obtained. The subdur-

al space is then drained of liquefied pus and irrigated through

the bur hole(s) with antibiotic (bacitracin)–containing saline

solution, until the returns are clear. No attempt is made to
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Intraventricular rupture of parenchymal abscesses, par-

ticularly those that are deep-seated or located adjacent to

the occipital horn, is not always fatal but does worsen the

prognosis. To prevent this event, aggressive antimicrobial

therapy and early drainage are recommended4,78 because a

delay in surgical intervention is believed to contribute to the

likelihood of intraventricular rupture.

Abscess Excision

Formal craniotomy and excision of abscess are less fre-

quently required now than in the past, given the effective-

ness of antibiotics and the ability to confirm the response

to therapy with CT and MRI. Excision is indicated for

patients who have multiloculated abscesses where aspira-

tion has failed, abscesses containing gas within the cavity

(reflecting either gas-forming organisms or a dural fistu-

la), recurrent bacterial abscesses that do not respond to

antibiotic treatment and drainage, and when the diagnosis

or the bacteriology remains in doubt (Nocardia or fungal

abscesses).32,79–82 Abscess formation in intracranial der-

moid tumors83–85 and complicating hemorrhage from cav-

ernous hemangioma86 should be excised with the primary

pathology. Current series report � 20% of patients under-

going excision.76

Ventricular Drainage and Shunting

The need for permanent CSF diversion in patients recover-

ing from intracranial abscess is infrequent. It is most com-

monly seen following infratentorial subdural empyema.

Permanent shunting has been needed in �20 to 25% of

patients.36,87

Conclusion

Epidural abscess, subdural empyema, and brain abscesses

are classic neurosurgical complications of otorhinologic,

middle ear, and posttraumatic infections and immuno-

suppression. Each may present as a neurologic emer-

gency and require a high index of diagnostic suspicion

and early recognition to minimize mortality and morbidity.

To facilitate recovery from neurologic deficit, aggressive

treatment must include antibiotic administration with

coverage for aerobic and anaerobic organisms and, in

most patients, selective drainage for bacteriologic diag-

nosis and removal of suppurative collections guided by

appropriate neuroimaging. Empirical antibiotic therapy

without surgical drainage may be appropriate in patients

with small collections. The availability of CT and MRI

scanning has resulted in earlier and more precise diagnosis

of intracranial suppuration, allowing nonneurosurgical or

minimally invasive neurosurgical treatment in a larger

percentage of patients.

remove formed adherent pus from the arachnoid. If drainage

is not believed to be adequate, as may be the case with an

interhemispheric collection, a craniotomy flap is turned

and the subdural space inspected and pus evacuated.61–63 In

the absence of osteomyelitis and extradural abscess forma-

tion, the bone flap is replaced at the end of the procedure.

Drains are not used to irrigate the subdural space after

wound closure.

Regardless of the technique of empyema drainage, reop-

eration is not infrequently needed prior to bringing the

infection under control. Nathoo et al reported on average

1.9 operations per patient,64 and 30% of Venkatesh et al

series of children with infratentorial collections required

multiple operations.36

In infants whose subdural empyema is associated with

chronic subdural hematoma, intermittent transfontanelle

needle drainage is likely to be all that is required in most

patients.49,65 Occasionally, craniotomy has been reported as

necessary.66

The majority of infants who develop subdural collections

as a complication of Haemophilus influenzae meningitis

(type B) will not require surgical intervention. If the mass

effect of the subdural collection is sizable and the clinical

condition of the infant fails to improve as expected, trans-

fontanelle needle or bur hole drainage is usually successful.

Cultures of the subdural material are usually sterile.

For parenchymal abscesses, aspiration with or without

catheter drainage is the oldest successful method and has

been used with good results.6,67–72 Abscess aspiration can be

performed using a variety of techniques. Free-hand CT or

ultrasound-guided aspiration assists with the accurate

placement of a drainage needle or catheter in most superfi-

cial cerebral abscesses. Deeply seated abscesses can be

reached safely using frame-based or frameless stereotactic

techniques with or without intraoperative MRI or ultra-

sound guidance.73–75

After localization, the procedure consists of making a bur

hole over the most insensitive portion of the cortex where

the abscess is superficial, opening the dura, and making a

small cortical incision. The abscess is palpated with a brain

cannula and punctured with a small soft catheter over a

stylet. The catheter is anchored loosely with a suture

through the scalp. Pus usually flows spontaneously from the

tube. Gentle aspiration with a syringe can be performed at

the operating table, and saline irrigation is used to help

empty the cavity. The catheter is left in place until drainage

ceases and is then removed. Repeated aspirations may be

needed as the infection is brought under control. The only

contraindication to aspiration is a bleeding diathesis. Repeat

aspiration is needed in �20% of patients treated with aspi-

ration only.33,76

Recent advances in endoscopic technology allow the

direct visualization of the abscess cavity and more complete

irrigation.60,77
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♦ Open Craniotomy and Drainage

Saadi Ghatan

need for sedation in younger children and occasionally crit-

ically ill patients, are well recognized.

Subdural Empyema

Representing only a minority of intracranial suppurative

infections,92 subdural empyema can be lethal or rapidly lead

to severe morbidity if diagnosis and treatment are delayed

and uniformly fatal if left untreated.93 In comparison with

cranial epidural or brain abscess, the rationale for rapid

neurosurgical evacuation of a subdural empyema is most

clearly and commonly made for both diagnostic and thera-

peutic reasons.

Defined as a purulent infection between the dura and

subarachnoid space, subdural empyema can be found any-

where in the cranial vault, but it most commonly occurs

over the cerebral convexities. The source of infection in

the pediatric population varies according to age. In most

children, cases of subdural empyema occur as a complica-

tion of otogenic or sinus disease;94–97 infants with menin-

gitis develop empyema in �2% of cases, and purulent

transformation of the sterile subdural effusions is not

uncommon.89 Otogenic and sinus infections are thought to

seed the subdural space through hematogenous spread

along bridging veins or via invasion and erosion of adja-

cent bone and dura. Most often, cultures from subdural

empyema reveal a polymicrobial infection that includes

anaerobes.98

Because early and prompt recognition of subdural

empyema is crucial, an understanding of the clinical symp-

toms and signs in conjunction with the pathophysiology of

this condition is essential. Early signs are similar to those of

meningitis due to spread through the subdural space: fever,

headache, and nuchal rigidity rapidly lead to an altered level

of consciousness secondary to inflammation of the brain

parenchyma, cerebral edema, and mass effect of the collec-

tion with resultant elevated intracranial pressure. Seizures

and focal neurologic deficits occur due to mass effect,

venous thrombosis, and infarction.99 Hematologic work-up

may reveal a peripheral leukocytosis, an elevated erythro-

cyte sedimentation rate (ESR), and an elevation in C-reactive

protein (CRP), all of which are nonspecific. Neuroimaging,

therefore, is essential.

CT and MRI scans can provide definitive diagnoses.

Small subdural empyemas on noncontrast CT may be sub-

tle and difficult to recognize, but they distinguish them-

selves from other suppurative intracranial infections by

not crossing the midline, and instead can occupy the inter-

hemispheric fissure (Fig. 11.3). They appear as isointense

Timely recognition and appropriate, aggressive therapy

are crucial in the treatment of infections of the central

nervous system (CNS) in pediatric patients. In children,

purulent infections within the cranial vault can have cat-

astrophic consequences if they are not recognized and

treated expeditiously. Advances in diagnosis and treat-

ment have lowered the morbidity and mortality rates

associated with epidural abscess, subdural empyema, and

brain abscess, the three suppurative entities explored

here. A description of their predisposing factors, etiolo-

gies, and natural history, as well as the therapeutic

options available to treat each condition, is provided for

these acute neurosurgical diseases, where both diagnostic

and therapeutic maneuvers are necessary. Some form of

surgical intervention (otolaryngology or neurosurgery) is

usually indicated in each of these conditions, and neurosur-

gical intervention is nearly inevitable in cases of subdural

empyema and brain abscess, where the risk of morbidity

and mortality is greatly increased.

Suppurative Infections: General
Considerations

Fortunately, epidural abscess, subdural empyema, and

brain abscess are rare entities in pediatric neurosurgery

and historically have been thought to make up only a

small percentage of cases treated in a busy pediatric neu-

rosurgery practice.88,89 Nevertheless, children are partic-

ularly susceptible to suppurative infections due to their

association with conditions such as sinusitis and mas-

toiditis and uniquely pediatric problems such as congen-

ital heart disease. Undoubtedly, they are recognized more

frequently with modern imaging techniques, and their

incidence and therefore prevalence will be higher in more

frequently encountered immunocompromised children in

the setting of organ transplantation, children undergoing

chemotherapy for neoplastic processes, and those with

AIDS.90

Because hematologic analysis is of little use in CNS infec-

tion, and because CSF analysis is mostly contraindicated in

suppurative intracranial infection due to mass effect and

raised intracranial pressure, diagnostic imaging, along with

its accurate interpretation, is the mainstay of work-up for

subdural empyema and epidural and intracerebral abscess.

Contrast-enhanced CT is readily available and simple to

obtain in children without the need for sedation. MRI is

more sensitive, particularly in the detection of multiple

abscesses, CSF involvement, or subdural empyema,91 but

inherent difficulties with availability and logistics, given the
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large study of nearly 700 patients in the era of CT revealed

superior outcomes with extensive craniotomy to allow

complete evacuation of purulent material and decompress

the swollen hemisphere.93

Brain Abscess

As with subdural empyema, children with brain abscess

require neurosurgical and infectious disease specialists to

manage their care: depending on risk factors, location, and

size of the abscess, delays in recognition and effective treat-

ment can lead to major morbidity and death. Improvements

in diagnostic imaging and antibiotic effectiveness have made

the treatment of brain abscess more effective and less inva-

sive, but it still remains a dangerous neurosurgical condition

with major short- and long-term morbidity, including

seizures111 and cognitive112,113 and fixed focal neurologic

deficits. Furthermore, definitive statements about a decrease

in the incidence or prevalence of brain abscess in the pedi-

atric population that have accompanied these advances in

diagnosis and therapy cannot be made;90 if anything, better

diagnostic imaging has led to the detection of more abscess-

es, and more children are immunosuppressed due to cancer

chemotherapy, organ transplantation, and AIDS.

Given that clinical presentation of brain abscess can be

varied and dependent upon the size, location, and stage of

disease, an understanding of the risk factors for abscess in

children is imperative. A high index of suspicion for brain

abscess should be maintained in children with congenital

heart disease, chronic sinusitis/otitis, penetrating head

injury, and cranial dermal sinus tract who have otherwise

unexplained fever and/or neurologic symptoms and signs.

Presentation may vary with age: infants may present with

an enlarged head circumference and bulging fontanelle

without localizing signs, whereas older children may pres-

ent with focal deficits particular to the location of the

abscess. Seizures are common both at presentation and in

the long term, with up to 70% of patients being affected,

particularly when the abscess localized to the frontal

lobes.111

Diagnosis of brain abscess is made with CT or MRI, and

imaging features depend on the stage of abscess evolution.

Data from animal models and humans, correlated with

CT114,115 and MR116 images, have defined abscess develop-

ment, which can be divided into four stages: (1) early

cerebritis (days 1–3), (2) late cerebritis (days 4–10), (3) early

capsule formation (days 11–14), and (4) late capsule forma-

tion (� 2 weeks).116 Edema is common in stages 1 to 3, and

ring enhancement is present in later stages.101

Improvements in diagnostic imaging have further facili-

tated advances in the surgical management of brain abscess,

allowing a minimally invasive approach through image-

guided stereotactic aspiration methods. Although abscess

during early cerebritis may be better managed medically

or hypointense extra-axial collections with rim enhance-

ment,100 with sulcal effacement and edema. MRI is the

study of choice for the detection of empyema among small

subdural fluid collections, revealing isointense signal on

T1-weighted images and high signal on T2-weighted

images,101 and DWI can distinguish between empyema

and effusion.102

Once recognized, subdural empyema is a surgical emer-

gency until proven otherwise. Although the literature may

reveal an alternative medical approach in the management

of a clinically stable, neurologically normal patient with a

small empyema,103–105 there is overwhelming clinical evi-

dence that surgical management is beneficial from a diag-

nostic and therapeutic perspective.89,93,106 Disadvantages of

nonsurgical medical management include the need for a

longer period of therapy, closer and more rigid neuroradio-

logic monitoring, and a lack of knowledge about the organ-

ism and its medical sensitivity.89

The need for aggressive surgical therapy is particularly

important in reference to the location of the empyema.106

In the posterior fossa, subdural empyema is mostly of oto-

genic origin and leads to rapid deterioration due to hydro-

cephalus and brainstem compression. In the pediatric

population in particular, early diagnosis and aggressive sur-

gical management are strongly advocated.106 Although it is

important to address the source of the infection,103 cran-

iotomy has been found to be superior to sinus or otologic

surgery, bur holes, or small craniectomies.92,93,103,107–110 A

Fig. 11.3 Subdural empyema. A 5-year-old presented with headaches,

nausea, vomiting, and lethargy. T1-weighted MRI showed multifocal

collections of subdural fluid consistent with empyema with surrounding

enhancement and mass effect.
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due to risks of hemorrhage,117 both diagnostic and thera-

peutic efficacy is significantly enhanced through a surgical

approach. Surgical management can be divided into two

categories: stereotactic aspiration and craniotomy. Both

techniques have been refined with the introduction of

frameless stereotaxis over the past decade. Multiple small

abscesses are sampled and drained with the stereotactic

approach through a small bur hole, whereas larger abscess-

es that come to the surface may be excised completely and

directly targeted through a smaller incision and craniotomy.

In infants, abscesses can be managed with needle aspira-

tion through the fontanelle, guided by ultrasound,118

frameless stereotactic skull base arrays (BrainLab, BrainLab

AG, Feldkirchen, Germany) (author’s unpublished experi-

ence), or electromagnetic frameless stereotaxis (AxiEM

Stealth, Medtronic, Louisville, Colorado)119 without the

need for cranial fixation of the underdeveloped skull in this

age group. Given the accuracy of frameless stereotaxis,

younger children and adolescents no longer require place-

ment in stereotactic head frames. Furthermore, the use of

the endoscope can be directed with neuronavigation into

large and potentially multiloculated collections for lysis

and irrigation.120

Timing and the modality of surgical intervention must be

made on a case-by-case basis, based on lesion location,

stage, and the patient’s clinical condition. Abscesses that are

near the ventricle (Fig. 11.4) require more urgent management,

given the risk of rupture with ensuing life-threatening ven-

triculitis.121 Large abscesses with edema and mass effect

threatening herniation are a surgical emergency, whereas

smaller abscesses found incidentally on imaging (e.g., in the

setting of congenital heart disease or immunosuppression

due to cancer chemotherapy) can be managed with less

urgency. Even in such cases, where neurologic symptoms or

signs are absent, the most important microbiological inves-

tigation is culture of the abscess fluid or pus.122 As with

subdural empyema, posterior fossa abscesses are better

managed with craniotomy than by stereotactic or bur hole

aspiration.123

Cranial Epidural Abscess

Although cranial epidural abscess may not present as acutely

or severely in comparison with subdural empyema, brain

abscess, or even its spinal epidural counterpart, this

intracranial suppurative infection still has the potential to

lead to catastrophic complications and must be considered

a primarily neurosurgical disease. Most cases of epidural

abscess are associated with frontal sinusitis or cranial

osteomyelitis (Pott’s puffy tumor) or arise from an otogenic

source, as in subdural empyema.89,94,124,125 Other reported

causes are skull fracture, hematogenous spread, poor denti-

tion, and iatrogenic etiologies after craniotomy.89

In the most common presentations, where there is

sinusitis, otitis, or another bony infection as the source of

infection, bacteria appear to spread along the valveless

diploic veins or by direct extension through areas of frank

osteomyelitis. Boys and younger adolescent male patients

appear to be particularly susceptible due to a peak in vascu-

larity of the diploic system between 7 and 20 years.126

Infections are usually polymicrobial, and bacterial species

commonly found in epidural abscess mimic those in empye-

ma, with streptococci, H. influenzae, and anaerobic species

being the most common, with staphylococcal and entero-

coccal species seen in a minority of cases.97,99 The hypoxic

environment of the frontal sinuses, in particular, favors

anaerobic species.

Because the infection occurs in the potential space

between the dura and the skull, symptom onset is typi-

cally insidious, in contrast to subdural infection.

Presenting symptoms are usually headache, fever, and

localized pain accompanied by swelling and tenderness

on exam. However, focal neurologic deficits can still

result, but usually later in the course of the disease when

the epidural collection has generated sufficient mass

effect, direct compression of neural structures, or venous

compression leading to infarction, as with subdural

empyema above.

In contrast to subdural empyema, definitive diagnosis can

be made with CT scans, with well-localized, crescent-shaped

(lentiform) collections analogous to epidural hematomas

Fig. 11.4 Brain abscess. A 3-month-old presented with fever and

malaise. Periventricular abscess with edema is seen after surgery in

infancy for jejunal atresia and presumed hematogenous seeding to

the brain.
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seen in the setting of trauma (Fig. 11.5). Furthermore,

epidural abscesses can cross the midline, whereas subdural

empyema does not, and surrounding brain appears normal in

the former and not in the latter in the early stages of dis-

ease.101 On MRI there is often dural thickening.127

Following the same rationale for treatment of subdural

empyema and brain abscess above, it is safer, more expedi-

tious, and cost-effective to involve some form of surgical

therapy in the diagnosis and management of epidural

abscess. Heran et al proposed “conservative” neurosurgical

management of epidural hematoma in a series of children

with isolated epidural abscess over a 20-year period.128 Of

eight patients treated with this condition, four had endonasal

or otologic procedures as the surgical intervention in their

disease, despite symptomatic worsening after the procedure

had been completed, a culture obtained, and antibiotic ther-

apy initiated. With improvements in endoscopic techniques

and antibiotic efficacy, this was achieved in the latter four

patients in their series of eight. This series is small and

underscores the need for prudent and expeditious neuro-

surgical treatment if there is clinical deterioration or a

“more exuberant collection of pus in the epidural space.”129

Neurosurgical management provides immediate diagnostic

and therapeutic benefit and allows débridement of infected

bony margins and/or cranialization of an infected sinus

when indicated.

Fig. 11.5 Cranial epidural abscess and Pott’s puffy tumor. A 6-year-

old girl presented with fever and a tender, swollen forehead.

Significant soft tissue swelling of the region of the forehead overlying

a lentiform collection representing an epidural abscess is seen. On

bone window and at surgery, osteomyelitis of the frontal bone was

visualized as a complication of frontonasal sinusitis.

♦ Lessons Learned

Ghatan informs us about the urgency for the prompt diag-

nosis and management for intracranial infections. Children

are particularly susceptible to suppurative infections from

the common infectious processes such as sinusitis and

mastoiditis. The proponent for aggressive and prompt sur-

gery is to prevent progression of these infections and

potential morbidity that had previously been reported.

Cochrane and colleagues remind us that neurologic surgery

began, among other things, with the treatment of intracra-

nial infection, and that in the early days this was often fatal

due to the lack of antimicrobial agents. The pathogenetic

evolution of the infection from cerebritis to abscess and its

imaging equivalents are presented in an appropriate

overview. Furthermore, we learn that the microbial spec-

trum has evolved over the years in that S. aureus has

become less frequently found, whereas anaerobes are

increasingly responsible for intracranial infection. The

authors state something that many infectious disease spe-

cialists may dispute, that is, the contention that preopera-

tively started antibiotics will not significantly affect the

yield of microbial culturing.

We are also reminded that there is little evidence on the

duration of antimicrobial therapy. This is all experience

based, with intravenous antibiotic treatment generally rec-

ommended for 6 to 8 weeks, followed by oral treatment for

2 to 3 months.
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Chiari Malformations12

In this era of prevalent magnetic resonance imaging (MRI),

Chiari malformations and syringomyelia are being diag-

nosed with increasing frequency. Although tonsillar ectopia

appears to be a unifying anatomical marker, it is important

to recognize that Chiari malformations are heterogeneous

conditions with different pathophysiologic mechanisms,

which can often cause overlapping symptoms. To treat these

patients, each patient’s tonsillar descent must be evaluated

in the setting of morphometric analysis of the posterior

fossa and stability of the craniovertebral junction. Tonsillar

herniation may arise from congenital causes with small

posterior cranial fossae (classic Chiari I malformations and

craniosynostotic syndromes) and acquired causes with nor-

mal posterior cranial fossae (hydrocephalus, Paget disease,

posterior fossa tumors, and spinal hypotension). Because of

the varied manifestations for Chiari malformations, there

have been differences in treatments and surgical outcomes.

Therein lies the controversy. Ultimately, successful manage-

ment depends on appropriate patient selection, tailoring

the surgical intervention to treat the underlying anatomical

disorder, and complication avoidance.

Diagnosis

The anatomical factors that need to be assessed are the level of

cerebellar tonsillar descent, degree of cervical-medullary com-

pression and foramen magnum impaction, presence of skeletal

anomalies (basilar impression, platybasia, odontoid alignment,

pannus formation, joint hypermobility, and craniocervical

instability), and disturbance of cerebrospinal fluid (CSF) circu-

lation (hydrocephalus or syringomyelia). To evaluate all these

variables, we routinely perform an extensive imaging work-up.

For each new patient, at least one full neuraxis brain and spine

MRI is performed. In selected cases, a gadolinium-enhanced

study is performed to exclude the presence of any malignan-

cies. A three-dimensional computed tomography (CT) scan is

also obtained, which is particularly useful for revision surgery.

Occasionally, this CT will also reveal bony variations, such as an

incomplete bifid C1 lamina or C1-occipital assimilation, and

aberrant vertebral artery anatomy.

Patients develop symptoms related to Chiari malforma-

tions from two primary mechanisms: direct brainstem

compression and disturbance of CSF flow.1 The most com-

mon symptom is the suboccipital headache that may radiate

to the vertex, behind the eyes, or to the shoulders and neck.

Cranial nerve signs may include impaired gag reflexes, facial

sensory loss, and vocal cord paralysis. Ocular, otoneurolog-

ic, and cerebellar disturbances are also varied and common.

Pediatric patients may demonstrate different clinical mani-

festations. The youngest patients may present with poor

Karnofsky scores related to failure to thrive, because of poor

oral intake. Other pediatric patients may have vague behav-

ioral problems before they are diagnosed. Some adolescent

patients may present after having had orthopedic repair of

scoliosis with unrecognized syringomyelia. Finally, an inci-

dental Chiari malformation may be found after a traumatic

event. These patients are first given conservative treatment,

which often involves pain management and clinical moni-

toring of the syrinx if present.

Surgical Indications

After conservative remedies have been exhausted, the three

main indicators for surgical interventions are poor Karnofsky

score (� 70), new-onset or progression of syringomyelia

(particularly syrinxes occupying � 75% transverse diameter),

and severe neurologic deficit.

Surgical Goals

The goals of Chiari surgery are fourfold:

1. Adequate decompression of the cervicomedullary

junction, which includes neural structures and relief

of CSF block

♦ Decompression with Duraplasty

Chan Roonprapunt, Paolo Bolognese, and Thomas H. Milhorat

E1CH12.qxd  2/9/10  3:41 PM  Page 141



142 I Intracranial

2. Creation of a normal-sized cisterna magna and retro-

cerebellar spaces

3. Establishment of optimal CSF flow between cranial

and spinal compartments

4. Stabilization of the craniocervical junction if there is

excessive joint hypermobility

Surgical Approach to Decompression 
with Duraplasty

Since the first posterior fossa decompression procedure per-

formed by Penfield and Coburn in 1938, there has been signif-

icant improvement in surgical morbidity and mortality for the

treatment of Chiari malformations. The traditional surgical

approach includes bony posterior fossa decompression. In

surveys sent to international pediatric neurosurgeons (2004)2

and American pediatric neurosurgeons (1998),3 suboccipital

decompression was considered the standard surgical proce-

dure. The majority of respondents favored routine dural open-

ing at surgery and closure with a pericranial or synthetic

patch graft. This technique has been adopted by many sur-

geons, because it definitively improves the flow of CSF at the

level of the foramen magnum. Current surgical debate prima-

rily rests on whether or not to perform a duraplasty.

The majority of published large case series support the

overall benefits of duraplasty in achieving definitive surgical

treatment.4–13 The controversy arises from a higher associat-

ed morbidity with duraplasty and intradural manipulations.

As a result, some surgeons are advocating bony decompres-

sion only, as there appears to be a subset of patients who do

respond to this intervention.14–17 In effect, the surgeon’s

decision is often determined by balancing the risk of a com-

plication (Fig. 12.1) versus the risk of undertreatment,

necessitating a return to the operating room (Fig. 12.2).

Duraplasty and intradural manipulations have been

associated with higher morbidity in certain series. When

the arachnoid is opened, there is increased risk for bleeding

and adhesion formation, which can lead to arachnoiditis,

pseudomeningoceles, hydrocephalus, and persistent

syringomyelia. In turn, these conditions may cause persist-

ence in symptoms or new posterior fossa syndrome

complaints. The advantage of opening the dura is that it

provides the necessary exposure to allow for internal

decompression. The effect of chronic severe foramen mag-

num impaction by the cerebellar tonsils is the formation of

arachnoidal adhesions, which may be the primary patholog-

ic focus. The adhesions may be quite pervasive involving the

brainstem, posteroinferior cerebellar artery, and spinal cord.

Microlysis of the adhesions is an important part of the inter-

nal decompression. Additionally, we advocate tonsillar

reduction if the obex area is closed and there is no evidence

of pulsatile flow of CSF from the fourth ventricle. At the end

of the operation, the tonsils are ideally positioned slightly

above the level of the putative foramen magnum. Those

surgeons who elect not to open the dura may not address

the potential significant impact of arachnoidal scarring.

Most surgeons have moved away from various intradural

techniques, including posterior fossa stenting, catheters,

and plugging of the obex, which have not been associated

with improved outcomes.18 The one popular exception is

tonsillar shrinkage or complete tonsillar amputation. Some

have argued that neural tissue should be preserved when-

ever possible.19 Reduction of the cerebellar tonsils appears

to be well tolerated. At the time of surgery, cystic changes

are often apparent as a consequence of chronic compression

and ischemia.20 There is evidence that the cerebellar tonsils

have no neurologic function, and bilateral tonsillectomy is

not associated with neurologic deficits.

Although the majority of surgeons who perform

duraplasties close the dura, there have been some reports,

with good outcomes, supporting leaving the dura opened12

or stitched laterally to the muscles.21 According to the

authors, it is important to preserve the arachnoid plane.

Postoperative complications were related to arachnoidal

violations. Limonadi et al reported that a dura-splitting

decompression compared with duraplasty can result in

reduced operative time, hospital stay, and cost with equiva-

lent early outcome.22 The counterargument is that one

return to the operating room for incomplete decompression

would significantly tip the cost-effective analysis in favor of

duraplasty.

Duraplasty material provides another variable for sur-

geons to choose. Duraplasties can include autologous versus

nonautologous graft materials. Autologous grafts may be

Fig. 12.1 Sagittal magnetic resonance imaging (MRI). Postoperative

pseudomeningocele formation from an outside institution requiring

reoperation for cerebrospinal fluid leak.
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additional intradural steps (microlysis of arachnoidal adhe-

sions, tonsillar shrinkage) as determined by intraoperative

color Doppler ultrasonography.

Complications and Revision Surgery

In balancing risks versus benefits for any procedure, it is often

useful to review those complications that may lead to addi-

tional surgery. There are several pathophysiologic mecha-

nisms for development of problems after surgery for Chiari

malformations. First, there may be complications directly

related to the index procedure, including transcutaneous CSF

leaks, pseudomeningoceles (Fig. 12.1), defective duraplasties,

meningoceles, cerebellar prolapse, infection, extensive adhe-

sions, cranial settling, and craniocervical instability. Second,

there may have been a failure to achieve the original goals

(i.e., persistent tonsillar herniation, persistent impaction of

the CSF spaces and neuroanatomical structures at the fora-

men magnum, and persistent and enlarging syringomyelia

cavities). Third, there may have been previously unrecog-

nized pathology not treated at the time of decompression

(e.g., hydrocephalus, pseudotumor cerebri, basilar invagina-

tion, and cranial settling). These complications provide an

impetus for further understanding of this complex disorder.

harvested from fascia lata, ligamentum nuchae, and pericra-

nium. Nonautologous materials include, in decreasing order

of use, bovine pericardium, cadaveric dura, and synthetics.

These products may be favorable because they decrease

operative time. We prefer autologous pericranium because

of the decreased incidence of inflammatory reactions and

CSF leaks.23,24

Among these variables, perhaps the central question is

what is necessary and sufficient in an operation to achieve

our surgical goals. To help answer this, we have adopted the

use of the color Doppler ultrasound to guide us intraopera-

tively. Many of the technical decisions are patient specific.

The particular variables in our practice include size of

craniectomy, levels of laminectomy, degree of tonsillar

reduction, and size of duraplasty. The color Doppler ultra-

sound is an important tool because it allows us real-time

feedback and intraoperative confirmation of the restoration

of CSF flow before we leave the operating room.4 Some sur-

geons have reported that an intraoperative ultrasound may

help in deciding whether to remove bone only or perform a

craniectomy with duraplasty.9 In our experience, the most

effective procedure with minimal complications has been a

tailored osseous decompression of the craniocervical junc-

tion, duraplasty employing autologous pericranium, and

Fig. 12.2 (A) Sagittal MRI. (B) Initial treatment from an outside institution with only posterior fossa bony decompression resulted in persist-

ent syrinx and symptoms. Subsequent revision employing expansile duraplasty reveals syrinx change within 3 months.

A B
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Surgery for Chiari malformations continues to evolve

with better understanding of the pathophysiologic mecha-

nisms and improvement in surgical techniques. In pediatric

neurosurgery, new intriguing procedures are being intro-

duced, such as tonsillectomy without craniectomy for the

management of infantile Chiari I malformation.25 More

information will be required before the value of this proce-

dure, or any new procedure, can be evaluated thoroughly. It

is likely that future advances in the management of Chiari

malformations will come from prospective multicenter

clinical trials that provide class II evidence of long-term

surgical outcomes.

♦ Decompression without Duraplasty

Frank J. Attenello, Matthew J. McGirt, and Benjamin S. Carson

Management of Chiari I malformation must consider the

wide variability of the disease. The definitive caudal dis-

placement of tonsils first described by Hans Chiari26 often

occurs with multiple associated pathologies, including

syringomyelia in 35 to 70%,26–28 scoliosis in 25 to 85%,29,30

neurofibromatosis type 1 in 6%,31 Klippel-Feil anomaly in

5%,31 basilar invagination in 4%,31 and other associated skele-

tal anomalies, such as platybasia and cranial settling. The

degree of tonsillar herniation varies widely as well, with

radiographic studies using MRI reporting herniation in

symptomatic patients ranging from 3 to 29 mm below to the

foramen magnum. Dynamic MRI studies suggest that

decreased CSF flow occurs at the foramen magnum and may

occur with a wide variety of flow abnormalities independ-

ent of the degree of tonsil herniation.27,32,33 It remains

debatable whether the anatomical degree of tonsillar hind-

brain crowding or the degree of CSF flow pathology plays a

greater role in the etiology of this disease.34 The hetero-

geneity of Chiari I–associated pathologic conditions,

variations in the degree of tonsillar ectopia, and the multi-

factorial pathogenesis of this disease can often make

patient selection and surgical treatment a challenge for its

effective management.

As would be expected, patients with Chiari I malforma-

tion are a heterogeneous group with respect to symptoma-

tology. Chiari I malformation most commonly presents with

headache and/or neck pain, exacerbated by neck movement

or physical exertion.35 Multiple other signs and symptoms of

cerebellar, brainstem, and spinal cord pathology also occur

with this malformation.31,36,37 Dyste et al showed that

patients with length of symptoms longer than 24 months,

ataxia, nystagmus, scoliosis, and trigeminal atrophy demon-

strate a decreased response to hindbrain decompression.38

Tubbs et al found that patients with headache/neck pain and

scoliosis were least likely to show symptom relief.31 Our own

series of 279 patients found that patients with subjective

headaches alone are twice as likely to experience symptom

recurrence as compared with more objective cranial nerve

or long tract findings. Of particular note are the differences

in presentation and outcome between Chiari I patients with

and without syringomyelia. Our own series has shown a

delayed response, both clinically and radiographically, in

patients with Chiari-associated syringomyelia that in some

cases may remain refractory to hindbrain decompression.

These variations in Chiari-associated copathologies highlight

the importance of approaching each patient individually

with a treatment algorithm and plan for surgery.

Surgical Treatments

Independent of these comorbid pathologies, the definitive

treatment of Chiari I malformation remains surgical poste-

rior fossa decompression.39 Although surgical hindbrain

decompression remains the standard of care for Chiari I,

tremendous variability in surgical approach exists.

Variations in surgical treatment for this disease have includ-

ed posterior fossa craniectomy alone, addition of C1 or more

cervical laminectomies, duraplasty, a widely expanded

duraplasty, dural scoring, tonsillar coagulation, obex plug-

ging, and fourth ventricle stenting.40 Considerable debate,

however, exists specifically regarding the relative benefit of

degree and type of decompression necessary in this proce-

dure. Multiple surveys to define current strategies have

been conducted, both by the Pediatric Section of the

American Association of Neurological Surgeons (AANS) in

2000 and the International Society for Pediatric

Neurosurgery, in 2004.41,42 Among the International Society

for Pediatric Neurosurgery responders, 95% of surgeons per-

form suboccipital craniectomy, and 5% perform only cervi-

cal laminectomy. Seventy-six percent of surgeons always

perform duraplasty, 20% perform duraplasty based on

patient characteristics, and 1% never open dura.42 In the

AANS survey for the treatment of symptomatic Chiari I, 20%

of surgeons recommend only bony decompression, 30%

recomme duraplasty, 25% suggest dissecting intradural

adhesions in addition to duraplasty, and 30% recommend

additional tonsillar coagulation.41 The results of these two

surveys, as well as favorable outcomes in therapeutically

diverging studies, highlight the vast variability in treatment

options of this heterogeneous disease. Of these surgical

options, the greatest debate exists as to the necessity of

duraplasty in hindbrain decompression.
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Authors employing these techniques will often perform

intraoperative ultrasound to examine the craniocervical

junction after dural scoring, ensuring adequate CSF flow, as

seen by tonsillar pulsations.48 Summation of reported out-

comes associated with these various nonduraplasty tech-

niques for the treatment of Chiari I malformation in children

and young adults shows resolution of symptoms in 78% of

cases (Table 12.1). In addition, the reported literature shows

a low complication rate after nonduraplasty decompression,

with 1.0% wound infection, 0.2% bacterial meningitis, and

0% CSF leak (Table 12.1).

Decompression without Duraplasty

Authors who advocate decompression without duraplasty

show variation in technique, with most surgeons advocating

suboccipital craniectomy, additional C1 laminectomy, and

occasionally C2 laminectomy in cases of severe ectopia.43–45

Caldarelli et al reported successful results without duraplas-

ty and highlighted the need to also resect the thick fibrous

band often encountered at the foramen magnum.46 Also

commonly employed is scoring of the outer layer of dura to

theoretically enlarge the hindbrain dural covering.43–45,47

Table 12.1 Summary of Reported Outcomes after Hindbrain Decompression with or without Duraplasty* 

Nonduraplasty

Mean Follow- % Syrinx (No. % Improved

Author Year # up (Months) of Patients) (No. of Patients) Infection Meningitis CSF Leak

Hida et al52 1995 12 60 100 (12) 92 (11) 0 0 0

Yundt et al53 1996 3 10 0 (0) 100 (3) 0 0 0

Gambardella et al54 1998 8 24 100 (8) 88 (7) 0 0 0

Genitori et al44 2000 26 21 38 (10) 92 (24) 2 0 0

Goel and Desai55 2000 31 38 100 (31) 90 (28) NA NA NA

Munshi et al43 2000 11 9–96 64 (7) 73(8) 1 0 0

James and Brant56 2002 4 108 25 (1) 100 (4) 0 0 0

Ventureyra et al34 2003 8 36 50 (4) 75 (6) NA NA NA

Limonadi et al57 2004 12 16 0 (0) 100 (12) 0 0 0

Navarro49 2004 71 28 34 (24) 72 (51) 0 1 0

Yeh et al48 2006 40 20 15 (6) 90 (36) 0 0 0

Caldarelli et al46 2007 31 56 42 (13) 94 (29) 0 0 0

Galarza et al45 2007 19 21 37 (7) 47 (9) 0 0 0

Carson69 2007 128 25 11 (10) 70 (89) 1 0 0

Totals 404 33 (133) 78 (317) 1.0 (4) 0.2 (1) 0 (0)

Duraplasty

Logue and Edwards58 1981 25 48 100 (25) 36 (9) 1 0 0

Hoffman et al59 1987 2 24 100 (2) 0 (0) NA NA NA

Dyste et al38 1989 6 NA 0 (0) 66 (4) NA NA NA

Armonda et al27 1994 8 13 50 (4) 100 (8) 0 0 0

Oldfield et al60 1994 7 21 100 (7) 100 (7) NA NA NA

Fischer61 1995 7 27 86 (6) 71 (5) 0 0 0

Hida52 1995 21 60 100 (21) 90 (19) 0 2 0

Guyotat62 1998 45 37 100 (58) 71 (32) 0 1 0

Feldstein and Choudri63 1999 7 30 100 (7) 100 (7) 0 0 0

Krieger et al64 1999 26 46 100 (26) 88 (23) 0 0 3

Sakamoto et al65 1999 20 48 100 (20) 100 (20) 0 0 0

Goel and Desai55 2000 21 38 100 (21) 81 (17) NA NA NA

Munshi et al43 2000 22 9–96 55 (12) 91 (20) 3 0 2

(Continued on page 146)
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Duraplasty

Duraplasty is also commonly employed, with an incision

across both layers of the dura, usually in a Y-shaped manner,

allowing exposure of neural contents and expansion of the

dural covering of the hindbrain.31,45,49,50 Reported duraplasty

techniques vary from large Y-shaped opening to a small lin-

ear incision limited to the cranial–cervical junction. Most

surgeons have advocated tailoring the degree of duraplasty

to the degree of tonsillar herniation. Surgeons report an

expansile closure of the dural opening with several different

substances, including the pericranium, bovine pericardium,

and synthetic dural substitutes.51 A proven advantage of a

particular dural graft is lacking. Authors employing

duraplasty have shown an overall symptom improvement

rate of 82% by our meta-analysis (Table 12.1). Furthermore,

the summation of reported complication rates after

duraplasty suggests wound infection in 1.5%, bacterial

meningitis in 0.7%, and CSF leak in 2.3% of cases (Table 12.1).

Discussion: Argument for Nonduraplasty
Decompression

Hindbrain decompression without duraplasty can achieve

symptomatic improvement in a high percentage of patients

with Chiari I malformations, with a reported incidence rate

of symptomatic relief ranging from 47 to 100% (mean 78%;

Table 12.1). Inherent to these reports of favorable outcome

after nonduraplasty decompression are the authors’ selec-

tion criteria for not performing duraplasty. Variability in

patient characteristics, differences in surgical treatment

algorithms, and nonstandardized outcome measures make

direct comparisons between duraplasty and nonduraplasty

studies difficult. However, it is clear from the literature that

favorable outcomes can be achieved with both surgical

modalities based on current practice patterns. Given the

very mild increased incidence of CSF leak reported with

duraplasty, it may be advantageous to identify patients who

can benefit from bony decompression alone.

We have experienced good results with suboccipital

decompression and C1 laminectomy alone without

duraplasty. In our series of 128 patients with Chiari I malfor-

mations undergoing hindbrain decompression without

duraplasty, surgery has resulted in a sustained resolution of

brainstem and cranial nerve symptoms in 100 (80%) patients

and a sustained resolution of headache in 95 (75%) at a mean

of 2 years after surgery. The majority of the 35 patients who

did not have complete resolution of symptoms experienced

some degree of improvement. In fact, only 11 (8%) patients

undergoing bony decompression alone have required subse-

quent revision decompression with duraplasty, a failure rate

consistent with prior reports of duraplasty outcomes (89%

success rate; Table 12.1). Nevertheless, we do not advocate

nonduraplasty decompression for all of our patients. We

have found that patients with significant tonsillar herniation

(to C2 or below) or with syringomyelia fare better with

duraplasty. In our series of 79 patients with Chiari-associat-

ed syringomyelia, 10 were treated without duraplasty, and

69 received duraplasty. Symptoms persisted in 40% of

patients undergoing bony decompression alone for syrinx

Table 12.1 (Continued )

Duraplasty

Mean Follow- % Syrinx (No. % Improved

Author Year # up (Months) of Patients) (No. of Patients) Infection Meningitis CSF Leak

Alzate et al66 2001 66 24 52 (34) 100 (66) 1 0 4

Lazareff et al67 2002 15 7 53 (8) 87 (13) 0 0 1

Greenlee et al68 2002 20 48 60 (12) 90 (18) 2 0 0

Ventureyra et al34 2003 8 36 38 (3) 100 (8) NA NA NA

Tubbs et al31 2003 130 50 58 (75) 83 (108) 0 0 0

Limonadi and Selden57 2004 12 15 100 (12) 100 (12) 0 0 0

Navarro et al49 2004 38 28 63 (24) 66 (25) 0 1 1

Yeh et al48 2006 85 20 24 (20) 98 (83) 2 2 5

Galarza et al45 2007 41 21 41 (17) 80 (33) 0 0 NA

Guo et al50 2007 16 36 100 (16) 81 (13) 0 0 1

Carson69 2007 151 28 56 (69) 82 (124) 3 0 2

Totals 817 61 (499) 82 (674) 1.5 (12) 0.7 (6) 2.3 (19)

*Nonduraplasty patients include those with bony decompression and/or dural scoring. Duraplasty patients include those with additional tonsillar 

reduction in some cases. Mean follow-up is recorded in all series as a range when mean is unavailable.

Abbreviations: CSF, cerebrospinal fluid; NA, data unavailable.
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(46%), normal systolic pulsations of the tonsils were

observed after suboccipital and C1 bony decompression

alone. Furthermore, expansion of subarachnoid spaces was

often observed both dorsal and ventral to the tonsils

(between the brainstem and tonsils). In cases demonstrating

improvement in both of these features on ultrasonography

after bony decompression alone, we perform nonduraplasty

decompression. In cases where persistent loss of systolic

pulsation and compression of the subarachnoid spaces ven-

tral and dorsal to the tonsils remain despite suboccipital and

C1 bone removal, we perform duraplasty.

In both our experience and that reported in the litera-

ture, hindbrain decompression without duraplasty can

achieve excellent results when applied to the appropriate

patient. Although further investigation is needed into more

objective clinical and radiographic selection criteria,

duraplasty may be unnecessary in many patients with

symptomatic Chiari I without syringomyelia.

versus only 17% of patients receiving duraplasty. Likewise, in

patients with tonsillar ectopia below C2, we have observed a

twofold increase in the risk of symptom recurrence in non-

duraplasty versus duraplasty cases.

In cases of Chiari I without syringomyelia or without

marked tonsillar ectopia, we use intraoperative ultrasonog-

raphy to determine the need for duraplasty as reported in

similar studies.48 Over the past 10 years we have used this

methodology in 279 consecutive cases, resulting in bony

decompression alone in 128 (46%) patients. In each of these

cases, ultrasound immediately after bony decompression

demonstrated marked loss of normal cerebellar and tonsillar

systolic pulsation due to tonsillar compression and

hindbrain crowding. Often, pathologic pistonlike and cyclical

herniations of the distalmost tonsils can be seen despite

being trapped and relative immobility at the rostralmost

aspect of the tonsil. Following bony decompression, we

reassess with ultrasonography. In nearly half of our cases

♦ Lessons Learned

The management of Chiari malformation and the appropri-

ate surgical techniques to achieve the treatment goals in

this condition are the perennial subject of discussion among

pediatric neurosurgeons. 

Are we any further in our understanding of this condition

and the impact of different variants of treatment than we

were 2 decades ago? There is probably some further evi-

dence, and there is certainly more experience.

The authors of the present discussion have outlined the

important issues, and indeed, there is progress in our

understanding of the treatments and their impact in spite of

the lack of hard, prospectively studied evidence.

Both contributions to this chapter, in particular that by

Roonprapunt et al, stress the importance of individualizing

the management approach. What is appropriate for one

patient is not necessarily appropriate for others. Carson et al

remind those of us who are believers in the duraplasty tech-

nique that a not so small subgroup of patients with Chiari I

malformations do well with a limited exposure and may

have a smaller risk for complications. Even though their

tabular comparison between the duraplasty and non-

duraplasty publications is the exemplified selection bias of

retrospective investigations, it does support the concept of

individualization. Also, it allows identifying circumstances

that do not render themselves to a craniectomy-only treat-

ment. This is the presence of a syrinx, cerebellar tonsils

being displaced beyond C2, and the lack of pulsation on

intraoperative ultrasound.

So we are in fact smarter than in the past. And perhaps

ongoing discussions will lead to the larger interinstitu-

tional trials needed to study the evidence behind the

experience.
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Intractable Epilepsy13

Vagus nerve stimulation (VNS), as delivered by the VNS

Therapy System (Cyberonics, Inc., Houston, Texas), is indicat-

ed for use as an adjunctive therapy in reducing the frequen-

cy of seizures in adults and adolescents over 12 years of age

with partial onset seizures that are refractory to antiepilep-

tic medications.1 VNS is not a cure for epilepsy; therefore,

patients should consult their physicians before engaging in

unsupervised activities.1 It is a good treatment choice for

patients who have not experienced success with convention-

al antiepileptic drugs. VNS does not cause adverse cognitive

effects. Furthermore, it can be administered concurrently

with antiepileptic drugs, but without additional sedative or

behavioral side effects.2,3 Because no formal clinical trials

have been conducted in children younger than 12 years

when the systems were implanted, the U.S. Food and Drug

Administration (FDA) has not approved the use of the device

in this age group.4 Although use of VNS for children younger

than 12 years is consequently considered “off label,” some

physicians do treat patients in this age group with VNS, and

such use is according to the individual physician’s judgment.

Most often, VNS is prescribed for preadolescent children

with partial epilepsy refractory to antiepileptic medications

who are not candidates for resective surgery.

Contraindications and Precautions

The safety and efficacy of VNS has not been established for

use in patients with arrhythmias, respiratory conditions,

preexisting swallowing difficulty, ulcers, vasovagal syncope,

only one vagus nerve, other concurrent forms of brain stim-

ulation, preexisting hoarseness, age younger than 12 years,

primary generalized seizures, or pregnancy. VNS could

affect the operation of a cardiac pacemaker or implanted

defibrillator. VNS cannot be used in patients after a bilateral

or left cervical vagotomy.1

Special precautions must be taken when a patient under-

goes magnetic resonance imaging (MRI). MRI should not be

performed with a magnetic resonance body coil in the

transmit mode on persons implanted with VNS. The heat

induced in the lead by an MRI body scan can cause injury. If

an MRI needs to be done, use only a transmit-and-receive

type of head coil. Magnetic and radio frequency (RF) fields

produced by MRI may change the pulse generator settings

or activate the device. The following pulse generator and

MRI procedures can be used safely without adverse events:1

♦ Pulse generator output programmed to 0 mA for the

MRI procedure

♦ Head coil type: transmit-and-receive only

♦ Static magnetic field strength: �2.0 tesla

♦ Specific absorption rate (SAR): �1.3 W/kg

♦ Time-varying intensity: �10 tesla/sec

Pathophysiology

The mechanism of anticonvulsant action is not precisely

known. It is believed that the VNS disrupts the abnormal

pattern of neuronal epileptogenic discharge, increases

the threshold of seizures, excites inhibitor pathways, and

releases inhibitory neurotransmitters.5 In animal mod-

els, VNS prevented seizures or seizure spread in these

models: maximum electroshock, pentylenetetrazol (PTZ),

3-mercaptopropionic acid (3-MPA), alumina gel, potassi-

um penicillin, strychnine, and kindling. Localization of

vagus-initiated activity in the brain has been observed

through animal studies of Fos immunoreactivity, regional

brain glucose metabolism, and positron emission tomog-

raphy (PET) imaging in human patients.1

In a [15O]H2O PET study of 10 patients receiving VNS,

increases in blood flow were seen in the rostral medulla,

right thalamus, right anterior parietal cortex, bilateral hypo-

thalamus, anterior insula, and inferior cerebellum.6 In the

same study, blood flow was decreased bilaterally in the hip-

pocampus, amygdala, and posterior cingulate gyrus. Henry

et al6 suggested that VNS brought about acute increases in

♦ Vagus Nerve Stimulation

Sudesh J. Ebenezer and Anthony M. Avellino
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the carotid artery and the internal jugular vein.1 A pocket

is then created in the left upper chest below the clavicle for

the pulse generator. In small children, this preaxillary inci-

sion can be made posterior to the lateral border of the pec-

toralis major to avoid the pulse generator from placing pres-

sure on the incision line.10 A subpectoral implantation may

allow better coverage with soft tissue, especially in children

with minimal subcutaneous fat, and it may reduce the like-

lihood of the skin breaking down and damage to the gener-

ator.11 The lead is tunneled subcutaneously from the neck to

the pulse generator pocket in the chest, and the two elec-

trodes (three helixes) are wrapped around the left vagus

nerve. A strain relief bend and loop are then formed (i.e., the

lead body is curled around and secured to the fascia with

Silastic tie-downs to allow for some movement), and the

lead is connected to the pulse generator. System diagnostics

(i.e., testing of lead) is then performed. We then place the

pulse generator in the chest pocket, with the extra coiled

lead next to the pulse generator, and repeat the system diag-

nostics. Both incisions are closed in the standard fashion.1

Figure 13.3 shows the hardware that is implanted.

Patient Follow-up

During the 7 to 14 days after implantation, the patient should

be seen to confirm wound healing and proper operation of

the pulse generator. The pulse generator’s output current for

both the magnet and the programmed stimulation should be

set at 0.0 mA for the first 14 days after implantation to allow

for healing. Because VNS is an adjunctive therapy to existing

antiepileptic medications, we generally keep all antiepileptic

medications stable for the first 3 months of stimulation

before we attempt to reduce or change a patient’s medication.

During initial programming, the output current should

be programmed to start at nominal parameters (0.0 mA)

and then be slowly increased in 0.25 mA increments until

the patient feels the stimulation at a comfortable level.

Patients who are receiving replacement generators should

also be started at nominal parameters, with 0.25 mA-step

increases to allow reaccommodation. The average output

current used during the clinical studies was �1.0 mA. Other

standard treatment settings were 30 Hz, 500 �sec pulse

width, 30 second on time, and 5 minute off time. There is no

proven correlation between high output current (mA) and

device effectiveness, nor is there a standard treatment level

that should be achieved during treatment ramping.

Excessive stimulation at an excessive duty cycle has result-

ed in degenerative nerve damage in laboratory animals.1

Results

Several studies have featured VNS in the pediatric popula-

tion. Many have reported benefit in children with a variety

of epilepsy syndromes.12–15 Results from several small

the synaptic activity of the structures that are directly inner-

vated by the central vagal structures, as well as the areas that

process left-sided somatosensory information. In addition,

VNS seems to alter synaptic activity in the bilateral multiple

limbic system structures. The altered synaptic activities at

these sites of VNS-induced cerebral blood flow (CBF)

changes may indicate areas of therapeutic VNS activity.6

Other studies have shown that VNS can reduce the onset

or propagation of seizures. These studies also showed that

VNS can cause inhibition of the hippocampus/amygdala,

leading to long-term clinical effectiveness.7,8

The electrodes of the VNS device are coiled around the

left, rather than the right, vagal nerve because efferent

innervations seem to be asymmetrical. The sinoatrial node

is innervated by the right vagus nerve, and the left vagus

nerve supplies the atrioventricular node. Stimulation of the

right vagus nerve therefore has the potential to produce

greater cardiac slowing than similar stimulation of the left

vagus nerve.9

Operative Procedure

Preoperative antibiotics are given 30 to 60 minutes before

skin incision, depending on antibiotic type. The patient’s

neck and chest are prepped and draped in the usual stan-

dard sterile fashion (Fig. 13.1). The left carotid sheath is

exposed, as it extends along the anterior border of the ster-

nocleidomastoid muscle, and then the left vagus nerve is

identified. An exposure of �3 cm of the vagus nerve facili-

tates placement of the electrodes on the nerve. It is prefer-

able to choose a 3 cm section of nerve halfway up between

the clavicle and the mastoid process, where it is clear of

nerve branches (Fig. 13.2). Above this area, superior and

inferior cervical cardiac branches separate from the vagus

nerve. Stimulation of these branches during the system

diagnostics (lead test) may cause bradycardia and/or asys-

tole. The nerve usually lies in a posterior groove between

Fig. 13.1 The skin incisions are marked. (From Cyberonics, Inc.,

Houston, Texas. Reprinted with permission.)
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observational studies suggest that the therapeutic effect of

VNS is better in children than in adults, and the benefit in

children is achieved more rapidly.3,9,12,16–26 Parents and care-

givers reported an increase in alertness, memory, motor,

verbal, and cognitive function.19,20,27,28

Three VNS studies did not note any negative effects on

cognition in adults or in children.29–31 Studies have shown

that VNS is effective in preadolescent patients.12,15,25,27,28,32,33

In one study, response was more favorable in the younger

group compared with children older than 12 years.4

Studies have suggested that children with highly medica-

tion-resistant seizures, such as children with Lennox-

Gastaut syndrome (LGS), may derive significant benefit

from VNS.3,18,21,22,28 A study of 16 children with LGS showed

an overall seizure reduction of 26.9% following VNS.21 With

LGS, some studies indicate that VNS can produce satisfacto-

ry seizure control, whereas other studies have failed to

demonstrate significant efficacy.3,18,20,34 In the study by

Rychlicki et al, the clinical effectiveness of the VNS seemed

greater in the group of patients with partial epilepsy and

drop attacks than in the group of patients with LGS.34 In a

Fig. 13.2 Branches of the vagus nerve. The

three helixes should be placed around the

vagus nerve below the level of the inferior cer-

vical cardiac branch. (From Cyberonics, Inc.,

Houston, Texas. Reprinted with permission.)

Fig. 13.3 Hardware showing pulse generator and lead. (From

Cyberonics, Inc., Houston, Texas. Reprinted with permission.)

E1CH13.qxd  2/11/10  10:20 AM  Page 152



13 Intractable Epilepsy 153

observe any difference in seizure reduction among

the group of 41 patients younger than 12 years at the

time of VNS implantation.28 Zamponi et al reported

a seizure reduction rate in children �50% in 10 of

13 patients.23

6. Murphy et al examined outcome in the first 100

patients implanted at a single pediatric epilepsy

center. Twelve patients were older than 18 years at

the time of implantation. At a mean follow-up of

2.7 years, seizure reduction �50% was achieved in

45% of patients. At their last follow-up, 18% of the

patients had been seizure free for 6 months. The

percentage of seizure-frequency reduction in younger

(6–11 years; n � 50) and older (12–18 years at the

time of VNS implantation; n � 34) patients was similar

in the two groups.38

7. In a study of 13 patients ranging in age from 6 to

28 years, Buoni et al reported 38.4% of patients obtained

a �50% reduction in seizure frequency.26 In the

Hallbook et al study, 6 of 15 children showed a 50% or

more reduction in seizure frequency, 12 showed an

improvement in quality of life, and 11 improved

in seizure severity and mood. Behavior, mood, and

depressive parameters tended to improve over time.39

8. Blount et al studied VNS in six patients younger than

5 years, of whom 83% had a significant decrease in

the frequency of their seizures. Two became seizure

free (33%), three improved (50%), and one (17%) had

no change in seizure status. Age at implantation did

not seem to correlate with patient success.32

9. Alexopoulos et al compared the efficacy in children

younger than 12 years at the time of VNS implanta-

tion versus adolescent children older than 12 years.

They studied 46 children (ages 2.3–17.9 years);

21 patients (45.6%) were younger than 12 years at

the time of surgery. Median seizure-frequency

reduction was 56% at 3 months, 50% at 6 months,

63% at 12 months, 83% at 24 months, and 74% at

36 months. A total of 24 patients experienced a

seizure-frequency reduction of �75%, and 19 patients

experienced no response (increase in seizures or

�50% reduction). Finally, five patients (10.1%) expe-

rienced no seizures for �6 months at the time of

their last follow-up. Response was more favorable in

the younger group.4

10. In the Rychlicki et al study of pediatric patients, �55%

of patients showed a reduction in seizure frequency of

at least 50%. Efficacy progressively improved with the

duration of treatment up to 24 months postoperative-

ly. Among study patients with partial epilepsy, a small

number experienced long-term seizure freedom. The

authors noted that during seizure freedom, patients

may function better during daily activities and

achieve improvements in quality of life and neuropsy-

chological performances.34

series of patients with autism and Landau-Kleffner syn-

drome, improvements in quality of life were seen in up to

76% of pediatric patients at 12 months of follow-up.35 In a

series of children with epileptic encephalopathies, a �50%

decrease in seizure frequency was seen in 72% of patients at

12 months and in 50% of patients at 18 months.36

We present highlights of several studies’ findings here, in

chronological order:

1. Study E04, an open-label safety study done during the

preapproval period, included patients 12 years old

and younger. Sixteen patients under age 12, ranging

from 3.6 to 12.0 years old, were evaluated. These

patients experienced a 17.9% median reduction in

seizures, and 31% of the patients experienced a �50%

seizure reduction.1

2. Murphy et al reported a reduction of �90% in the fre-

quency of seizures in 3 out of 12 children with

intractable epilepsy.27 In a study of 19 children, 6 (32%)

had a �90% reduction in the number of seizures, and

10 other patients (52.6%) had a �50% seizure reduc-

tion. This study had a follow-up period ranging from 2

to 30 months.3 Murphy et al described the results of at

least 3 months of VNS treatment in 60 patients (�18

years of age) enrolled in three different multicenter

trails. A median reduction in seizure frequency of 23%

at 3 months, 31% at 6 months, 34% at 12 months, and

42% at 18 months was observed. This study included

16 children younger than 12 years of age, enrolled in a

compassionate use uncontrolled preapproval trial.

These younger children appeared to derive a benefit

similar to that of the entire group.12

3. Patwardhan et al’s 2000 retrospective study of 38

consecutive pediatric patients, at a median follow-up

period of 12 months, seizure reduction �50% was

achieved in 26 of 38 patients (68%). There was no

difference in the response observed in the younger

(�12 years at implantation; n � 28) as compared

with the older pediatric patients. The quality of life

was improved in the majority of patients in this

study.25

4. Farooqui et al reported six patients with ages ranging

from 7 to 18 years, one of whom underwent VNS

explantation because of a self-inflicted wound that

was secondary to persistent trauma at the site of

implantation. The remaining five patients had an

average of 73 seizures per month. After an average

follow-up time of 6.5 months with VNS, these

patients had an average of 14 seizures per month, a

78% reduction.37

5. Helmers et al published a six-center retrospective

series in 125 patients younger than 18 years of age

who had been treated with VNS for 3 months to

1 year. Average seizure reduction was 36.1% at

3 months and 44.7% at 6 months. The authors did not
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11. Large studies of children have described multicenter28

and company database series.13 Most single-center

studies range from 1 to 28 patients.12,20,25,26,40 Many

studies have not separated younger (�12 years) from

older (�12 years) children in their analysis.

12. Saneto et al studied 43 children younger than 12 years.

Overall median seizure reduction was 55%, and

37% had at least 90% reduction. VNS was effective in

children with generalized, mixed, and partial med-

ically refractory seizures, indicating that VNS may be

effective in multiple seizure types and across age

ranges.15

Pulse Generator and Lead Replacement

Generators eventually require surgical replacement due to

battery depletion. Projected battery life decreases as lead

impedance increases. Battery life also depends on the pulse

generator model, parameter settings, and the frequency of

magnet use. In our experience, a battery can last �5 years.

Generator replacement does not, of itself, require lead

replacement unless a lead fracture is suspected. Fractures

can happen but are infrequent and can often be revealed

when performing diagnostic testing. A lead’s lifetime is

undetermined at this time, but it can easily outlast adoles-

cent growth spurts and several battery lives. Events that can

shorten the life expectancy of the lead are blunt trauma to

an area of the body beneath which the lead is implanted and

twisting or picking at the lead or generator. Improper surgi-

cal implantation of the VNS device, such as inadequate

strain relief, suturing directly on the lead or to muscle, and

not using tie-downs, can also decrease life expectancy of

the lead.1

Complications

Hoarseness, the most common complication in all patients,

can be caused by device malfunction, nerve fatigue, or vocal

cord dysfunction due to trauma at the implantation site.

Adverse events reported also include voice alteration

(hoarseness), increased coughing, pharyngitis, paresthesias,

dyspnea, dyspepsia, nausea and vomiting, laryngismus,

ataxia, hypesthesia, infection, and insomnia.1 It has been

reported that 54% of pediatric patients have hoarseness, 14%

have cough, and 9% have dysphagia.25

During the clinical trials (N � 454 persons ages 12 years

and older except for E04, which was a compassionate use

trial and included some children), 1.1% of the patients

developed infections that required explantation of the

device, and 1.8% developed infections that did not require

explantation.41 Wound infection has been reported as �3%

by DeGiorgio et al.42 The risk of infection in pediatric

patients may be higher. Studies of VNS in children10,25,43,44

report infection rates from 2.9 to 12.5%. In the study by

Kirse et al, infections seemed to occur more commonly with

the axillary incision compared with the cervical incision.10

Kirse et al also found the most common surgical complica-

tion leading to generator explantation is skin breakdown

and infection at the implantation sites.10 The pediatric pop-

ulation poses particular challenges with regard to this com-

plication because they may tamper with the wound or may

experience trauma to the wound or generator.43,45

Manipulation of the pulse generator or lead through the

skin may damage or disconnect the lead from the pulse gen-

erator and/or possibly cause damage to the vagus nerve.1

One developmentally disabled child in the study by Smyth

et al caused a lead fracture by rotation of the device in the

subcutaneous pocket.43 Vassilyadi and Strawsburg suggest-

ed that infections requiring explantation may be more com-

mon in younger children, especially those with mental

retardation.46

Although device implantation in children can sometimes

be risky, VNS is usually not associated with adverse effects

that can limit the use of antiepileptic drugs. Adverse effects

can include dizziness, ataxia, insomnia, cognitive impair-

ment, and weight gain.4

The VNS discontinuation rate in one study4 was 21.7%

(10/46 patients) and primarily reflected the absence of clin-

ical response after 12 months or more of intermittent VNS.

Five patients developed a wound infection around the gen-

erator, which necessitated device removal in four.4 In our

experience, when a child has an infection around the elec-

trodes and requires explantation, help from an experienced

otolaryngology surgeon is invaluable for the challenging

neck dissection.

Conclusion

Although reported numbers are small, in children younger

than 12 years, �40 to 60% exhibit a 40 to 50% seizure reduc-

tion, which improves over 6 to 18 months of stimula-

tion.12,13,15,20,26,28 These results seem to be at least similar to

or even better than the results in the two randomized,

blinded, active control trials17,29 (E03 and E05, participants

ages 12 years and older). In these original studies based on

114 and 196 patients, respectively, there was a 24% and 28%

mean reduction in seizures per day. In study E03, 23.4% of

patients and in study E05, 35% of patients had �50%

response.17,29 Response to VNS seems more robust among

younger children with a lesser duration of epilepsy than

other children.47 VNS is an effective treatment for LGS22 and

can be considered the first surgical option for treatment of

LGS and related syndromes because it is less invasive,

reversible, and has few serious side effects.

Most studies in adolescents and preadolescents have

limitations related to their retrospective and uncontrolled

design. Patient assessment has not always been blinded.

Seizure frequency data many times have been based on
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determine which patients achieve the best response rates.34

In the meantime, empirical evidence suggests that VNS is

suitable as an adjunctive treatment for medically refractory

seizures in pediatric and adolescent patients who are not

suitable candidates for resective surgery.26 VNS may be suit-

able for children younger than 12 years, as studies have

shown that they may respond as well as or even better than

adolescents with medically refractory seizures.4 VNS can be

applicable for a variety of seizure types across ages.15 Brain

plasticity or earlier use of VNS may account for the apparent

greater efficacy of VNS in children younger than 12 years.4,48
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reporting by patients and/or their families. Without ran-

domized, controlled trials (i.e., without a nonstimulated

control group) and without examining long-term outcomes,

it is difficult to speculate on the net benefit of VNS.4 VNS

studies in pediatric populations are often heterogeneous

and include patients with different epileptic syndromes.

Because each study has so few participants, it is not yet fea-

sible to perform a stratification to form a more homoge-

neous group. Also, follow-up periods and drug regimen

changes are frequently not specified.12,18–21,25,28

The use of VNS in children merits further investigation in

a randomized, controlled fashion, but at the same time, the

limited available evidence supports its continued use in

preadolescent and adolescent children. Future research

using economic decision analysis could help determine

whether the potential benefits are worth the additional cost

(i.e., removal of an infected generator and the need for bat-

tery changes) in a pediatric population. Such research

would be even more useful if compared with the results of

long-term studies of VNS in larger, more homogeneous pop-

ulations to determine optimal stimulation parameters and

♦ Corpus Callosotomy

Oğuz Çataltepe

Corpus callosotomy is one of the oldest surgical techniques

used in patients with medically intractable epilepsy to alle-

viate the seizures.49 Although resective surgical interven-

tions are always preferable in the surgical treatment of

intractable epilepsy, many patients are not candidates for

resective surgery because of the location, extent, or multifo-

cality of the seizure onset zones, and corpus callosotomy

constitutes an alternative surgical option for this patient

group. Corpus callosotomy is a palliative procedure that is

also associated with well-documented cognitive and behav-

ioral side effects. Corpus callosotomy enjoyed a revival as an

epilepsy surgery technique in the 1970s and had a wide-

spread application during the 1980s.50–54 However, the

number of patients that underwent a corpus callosotomy

procedure was dramatically decreased in parallel to the

increasing popularity of vagal nerve stimulator placement

procedures during the following decades. Nevertheless, cor-

pus callosotomy is still a viable option to control seizures in

certain cases.

History

Historically, the corpus callosotomy technique underwent

considerable modifications since its first application,

including the extent of the sectioning and the number of

commissures that were divided.55,56 The application of

corpus callosotomy in the treatment of intractable epilep-

sy was first reported by Van Wagenen and Herren49 in

1940. Van Wagenen operated on 10 patients with

intractable epilepsy and performed a partial or full corpus

callosotomy by approaching the corpus callosum through a

large right frontoparietal craniotomy and frequently by

dividing the sagittal sinus and anterior falx as well.

Thereafter, Bogen et al57 published their experience with a

series of articles in the 1960s. They divided the anterior

commissure, hippocampal commissure, and, in some

cases, massa intermedia along the corpus callosum.

Luessenhop et al52 and Wilson et al50,51 reported their

experiences in several articles published in the 1970s.

Luessenhop et al52 exposed the full length of the callosum

with a single large frontoparietal craniotomy and divided

the corpus callosum and anterior commissure, and fre-

quently the right fornix as well. Thereafter, Wilson et

al,50,51 who are largely responsible for the revival and sub-

sequent popularity of the procedure, published several

articles and also introduced the operating microscope to

this procedure. They initially performed the procedure by

dividing the corpus callosum, hippocampal and anterior

commissures, and one-sided fornix. They modified this

approach in the mid-1970s because of the high rate of

complications, such as ventriculitis and hydrocephalus.

Wilson et al limited the sectioning with the corpus callosum
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and hippocampal commissure only and did not divide the

anterior commissure and fornix to leave the ependymal

lining intact to avoid exposing ventricles. They further

modified this technique by defining the two-stage section-

ing of the corpus callosum with 2-month intervals to

reduce the postoperative sequelae.50,51 In the 1980s, staged

callosotomy became more popular. The first step of staged

callosotomy was the two-thirds anterior callosotomy; it

was followed by a second craniotomy for complete calloso-

tomy only if the seizure control was not satisfactory.

Thereafter, an increasing number of articles were pub-

lished on the subject with more details about postopera-

tive complications and outcome-related issues.58–64

Although the early series had high morbidity and mortal-

ity rates, corpus callosotomy became a safe, effective, and

well-established procedure with the introduction and

refinement of modern microsurgical techniques.56,65–67

Anatomy and Physiology

The corpus callosum is the largest commissure and princi-

pal anatomical and neurophysiologic connection pathway

between the two hemispheres. It mostly links homotopic

areas together in corresponding locations of the large

portions of the two hemispheres, but it also connects het-

erotopic areas. Although the corpus callosum is the largest

midline commissure, there are some other midline commis-

sural structures, such as the anterior commissure, posterior

commissure, hippocampal commissure, and massa interme-

dia. The corpus callosum consists of 180 million to 200 mil-

lion axons, with a mean area of 622 mm2, mean length of

74 mm, and mean thickness of 12 mm (at the genu and sple-

nium) and 6 mm (at the body).56,68,69 It can be divided into

four parts: the rostrum, genu, body, and splenium. The ante-

rior half of the corpus callosum includes the rostrum, genu,

and anterior half of the body of the corpus callosum and

includes fibers from premotor, motor, anterior insular, and

anterior cingulate cortical areas. The anterior half of the

corpus callosum is thus essential for the generalization of

tonic and tonic-clonic seizures and atonic drop attacks. The

posterior half of the callosum includes the splenium and the

posterior half of the body and connects fibers from the pari-

etal, temporal, posterior insular, and primary auditory areas

and caudal portions of the parahippocampal gyrus and

occipital lobes and transfers somatosensory and auditory

information.63,70 The corpus callosum is the most critical

commissure in propagation, crossing, and generalization of

the epileptogenic discharges to the contralateral hemi-

sphere. Bilateral synchronization of epileptiform discharges

occurs primarily via the corpus callosum. Therefore, sec-

tioning of the corpus callosum inhibits seizure generaliza-

tion because generalized or secondarily generalized

seizures are dependent on synchronization via the corpus

callosum.71

Surgical Indications and Presurgical
Assessment

Despite being one of the oldest surgical techniques in

epilepsy surgery, there is still not a general consensus

on indications of corpus callosotomy. In general, it has been

accepted as a palliative surgical intervention used in

patients with severe, medically refractive generalized

seizures who are not candidates for resective procedures. In

particular, patients with drop attacks and those with

secondary rapid generalized seizures are accepted as ideal

candidates for corpus callosotomy. Other indications

include infantile spasms, LGS, and generalized tonic-clonic

and partial seizures with frontal lobe onset and without

clear-cut lateralization.66 Among these, LGS is the most

responsive epilepsy syndrome to callosotomy and is consid-

ered one of the main indications for this procedure. Another

group of patients who may benefit from corpus callosotomy

are those with bilateral, diffuse malformations of cortical

development who exhibit generalized seizures.72 Corpus

callosotomy might also have a diagnostic utility in patients

who may have independent epileptogenic foci in either

hemisphere with an undetermined epileptogenic zone.60 In

these patients, defining the seizure focus may be challeng-

ing due to rapid secondary generalization, and corpus

callosotomy may be helpful to determine the focus of ictal

onset and thus provide the opportunity for resective surger-

ies to achieve better seizure control. Some authors consider

mixed or crossed cerebral dominance as a relative con-

traindication because of worsening lateralized deficits that

have been noted in this patient group.61

Surgical Technique

The most common callosotomy technique practiced today is

anterior two-thirds corpus callosotomy as the initial proce-

dure, followed by complete callosotomy if the patient does

not benefit from the initial procedure. Corpus callosotomy

is performed by placing the patient in a Mayfield pin head

holder in a supine position. A right-sided approach is used

unless the patient has a pathology on the left hemisphere or

has a right hemispheric dominance. The neck is flexed

20 degrees and tilted to slightly to the right side to use grav-

ity to decrease the need for retraction during the procedure.

A 6 cm lazy-S incision is marked 2 cm anterior and parallel

to the coronal suture. Two cm of the incision crosses the

midline to the left side. Two bur holes are placed over the

sagittal sinus �2 cm anterior and 3 cm posterior to the co-

ronal suture, and one bur hole is placed over the coronal

suture �4 cm lateral to the midline. A triangular craniotomy

flap with rounded anterior and posterior edges is removed

after dissecting the dura and sagittal sinus gently. The sagit-

tal sinus is covered with Surgifoam and cottonoids. Epidural

spaces are also filled with Surgifoam before tenting the dura
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cistern is opened, and the underlying glistening white

corpus callosum is encountered. The corpus callosum has a

very distinctive appearance and consistency. Next, the cor-

tical ribbon is repositioned, and further CSF drainage is

obtained through the supracallosal cistern. Then cotton

balls are replaced downward toward the corpus callosum to

keep the cingulate gyri separated and to expose the corpus

callosum better. At this stage, pericallosal arteries are also

exposed. They frequently travel very close to each other, and

even some tiny bridging vessels can be encountered. These

vessels need to be mobilized and separated to have a wider

exposure of the corpus callosum. Although, rarely, more

than one retractor ribbon is needed throughout this stage if

brain relaxation is not sufficient, and a second ribbon may

be placed on the falx to provide a better exposure. The cor-

pus callosum is then divided longitudinally using microdis-

sectors and bipolar forceps. When the division of the corpus

callosum is deepened, the grayish color of the ependymal

lining can be easily appreciated. It is preferable not to enter

the ventricle by opening the ependyma to avoid the risk of

chemical meningitis. The division of the corpus callosum is

continued around the genu until the visualization of the

anterior commissure between the fornices. Exposure of the

anterior commissure indicates the end of the anterior part

of the division procedure. The anterior commissure should

be left intact. The ribbon is readjusted posteriorly, and dis-

section continues on the rostrum and anterior body of the

corpus callosum by sweeping the dissector through the

corpus callosum. If the goal is an anterior two-thirds cal-

losotomy, then one challenge at this stage is translating the

planned length of the callosotomy onto the surgical field.

The length of the planned callosotomy can be measured

preoperatively using midsagittal MR images. This measure-

ment can be translated to the surgical field using a ruler or

by calculating the thickness of the ribbon as a measuring

tool. Another practical and reliable tool is the neuronaviga-

tor. Using the frameless neuronavigator, the preplanned

two-thirds distance can be easily determined and marked

with a probe on the corpus callosum. After reaching the

posterior end of the division, the ribbon is relaxed to see if

there is any bleeding and then removed once meticulous

hemostasis is obtained. The dura is closed primarily. Then

the bone flap is fixated with microplates, and scalp layers

are closed appropriately.

If the goal is posterior callosotomy or completing the

anterior two-thirds craniotomy to a complete callosotomy,

the patient is placed in a prone position with a 20-degree

retroflexion of the neck for better exposure of the splenium.

The head is placed in a Mayfield pin head holder, and a lazy-

S incision is placed at the vertex level. The incision crosses the

midline 2 cm to the left, and the surgical field is exposed

with two small self-retaining retractors. The anterior point

of the exposed area is 4 cm anterior to the lambda, and the

posterior end of the incision is just over 1 cm behind the

to drill holes on the bone edges. Intravenous mannitol can

be administered at this point if the dura is tight. We do not

use a lumbar drain routinely in these cases. The dura is

opened in a U shape and reflected over the sagittal sinus. An

MR venogram should be obtained preoperatively and

reviewed carefully before surgery to avoid injuring large

bridging veins and venous dural lakes. The interhemispher-

ic fissure and falx are exposed by dissecting the arachnoid

granulations gently from the dura and sagittal sinus wall,

and cottonoid pledgets are placed over the exposed cortex.

At this stage, a surgical microscope is brought into the field,

and the remaining part of the surgery is continued under

the microscope. If there are major bridging veins entering

the sagittal sinus, their arachnoid sleeves can be dissected

as far lateral as possible to minimize their stretch during the

retraction. It is exceptionally rare to have a major bridging

vein anterior to the coronal suture. If large bridging veins

are noted, the surgical procedure can be performed

between the veins using separate surgical corridors anteri-

or and posterior to the major veins. Division of larger veins

posterior to the bregma should be strictly avoided. After

preparing the surgical corridor, the cortex is gently retract-

ed away from the falx, and a single retractor blade with a

tapered end attached to a self-retaining retractor holder is

placed on the mesial frontal cortex. The orientation of the

surgical corridor is determined, and a cottonoid is placed

onto the mesial surface of the superior frontal gyrus along

the planned surgical corridor. The retractor blade is then

gently slid downward until the cingular gyrus is seen. At

this stage, two moderate-sized cotton balls are placed into

the interhemispheric fissure anterior and posterior to the

surgical corridor to keep the mesial frontal gyrus separated

from the falx and to minimize the necessity of the retraction

as much as possible. Some arachnoid adhesions extending

from the cortex to the sagittal sinus or falx can be seen at

this stage and can be easily separated with bipolar and

microscissors while sliding the retractor blade lower. The

inferior edge of the falx also can be seen at this stage. The

arachnoid membrane over the mesial frontal cortex in

the interhemispheric fissure is opened at a few separate

points using a fine bipolar forceps, and CSF is drained by

suctioning it through the cotton balls for a few minutes.

This maneuver provides a much relaxed exposure, and the

retractor can be removed briefly to avoid unnecessary pres-

sure over the cortex. Subsequently, the tip of the retractor

blade is placed again on the cottonoids and advanced down-

ward to expose the cingulate gyri. Dissection of the cingu-

late gyri from each other can be quite difficult in some cases

because of arachnoid adhesions. The ideal point to start

dissecting the cingulate gyri should be determined by

exploring the exposed area anteriorly and posteriorly.

When a relatively free part is found, dissection of the cingu-

late gyri can be performed easily using bipolar forceps tips

and a Penfield no. 4 dissector. At this point, the supracallosal
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lambda. The bur holes in the midline are placed on the

sagittal sinus, and the lateral bur hole is placed 4 cm lateral

to the midline; a free bone flap is then removed. Using the

same surgical technique as described above, the dura is

opened, and the dissection is continued toward the posteri-

or body of the callosum and splenium by following the mid-

line. It is very critical to stay on the midline during this part

of the procedure to avoid any injury to the fornices. A neu-

ronavigator can be used to achieve this goal. The division of

the corpus callosum continues toward the splenium and

ends with the exposure of the arachnoid covering the vein

of Galen beneath the splenium. Division of the hippocampal

commissure is not necessary and should be avoided.

If the plan is to perform a complete callosotomy in one

session, then we use a 10 cm S-incision located on the mid-

line and parallel to the sagittal suture. Four centimeters of

the incision is placed anterior to the coronal suture, and 6

cm of the incision is placed posterior to the coronal suture.

Next, we place three midline bur holes over the sagittal

suture and three lateral bur holes �5 cm lateral to the mid-

line. This way, we remove a larger free bone flap to deter-

mine the most appropriate surgical corridors to stay away

from major draining veins and also to use multiple surgical

corridors if needed. The remaining part of the procedure

proceeds as described above.

Several advanced techniques aimed at achieving a better

exposure with minimally invasive surgical approaches have

been described and have shown to benefit some cases.

These techniques include preoperative planning with

sophisticated MRI software, use of intraoperative frameless

neuronavigator guidance, and neuroendoscopic-assisted

microsurgery and radiosurgery.73

Complications and Side Effects

Surgery-related complication rates have been reported as 3

to 10% and include cerebral edema, infarction, meningitis

(septic/aseptic), hydrocephalus, ischemia, and bleeding,

such as subdural/epidural hematomas originating from

parasagittal veins.66 The side effects of corpus callosotomy

are well defined, and disconnection-related syndromes have

been categorized based on the extent of the callosotomy. An

anterior two-thirds callosotomy may cause decreased spon-

taneity of speech lasting for a few days to weeks. This might

be seen in a range from mild speech disturbance to com-

plete mutism. Acute disconnection syndrome is also well

known and is seen in the early postoperative period in the

majority of the patients. It includes mutism, transient

reduction in spontaneity of speech, difficulty of initiating

speech, stuttering, left-sided neglect, apraxia, various

degrees of left leg paresis, hemiparesis, left-sided or bilater-

al forced grasp reflexes, bilateral extensor plantar respons-

es, and urgency incontinence.63,65,66 Speech difficulties with

protected writing skills have been reported in right-handed

patients with right-sided language dominance. In addition,

dysraphia with retained speech has been observed in left-

handed individuals with left-sided speech dominance.55,56,61

This syndrome might be related to retraction and brain

edema on the nondominant parasagittal cortex, supple-

mentary motor area, or premotor cortex. Symptoms typically

improve over days to weeks.

A posterior callosotomy causes interhemispheric

somatosensory, auditory, and visual disconnection syn-

dromes. These are frequently temporary findings, but per-

manent interhemispheric sensory disconnection can also

develop. Sectioning of the splenium can result in two types

of posterior disconnection syndromes: visual disconnection

and sensory disconnection. These are detected as an inabil-

ity to describe the objects presented visually or tactilely on

the nondominant side. The patient may recognize an object

by sight or touch but cannot name it.55,56,61,63

Side effects of a complete corpus callosotomy include

both anterior and posterior callosotomy-related findings

and loss of one hemisphere’s access to the other. A complete

corpus callosotomy may also, though infrequently, cause

interhemispheric antagonism. Split-brain syndrome can

develop after a complete callosotomy and involves language

impairment, hemisphere competition, and disordered

attention–memory sequencing. These findings generally

improve with time. Hemisphere competition refers to unre-

sponsiveness of the nondominant hand (alien hand) to

verbal commands. The dominant hemisphere no longer has

access to the nondominant hemisphere to perform skilled

distal movements in these patients. However, owing to

the presence of the ipsilateral uncrossed motor pathways,

each hemisphere is still able to control some proximal

movements of the ipsilateral limb.56

Outcome

One of the largest reviews on the subject includes 563

patients who had corpus callosotomies at multiple cen-

ters.53 This study reported that only 7.6% of the patients had

seizure-free outcome, and 31.4% had no improvement.

However, 60.9% of the patients had worthwhile improve-

ment with rare seizures. In another study, Spencer et al54

reported that corpus callosotomies resulted in a significant

improvement in �70% of patients with atonic seizures. In

another series, Wong et al63 reported that of the 74 patients

who underwent corpus callosotomy,18.9% were seizure-

free, and 66.2% had a �50% reduction in seizure frequency.

Outcomes of corpus callosotomies have been reviewed

based on the callosotomy technique (complete callosotomy

vs two-thirds anterior callosotomy), and controversial

results have been reported.58,60,62,65,67 Some authors report-

ed better outcomes in patients who underwent complete

callosotomy. Spencer et al54 reported that, although 80%

of patients with complete corpus callosotomy became
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Nei et al74 compared the responses to corpus callosotomy

and placement of a vagal nerve stimulator in a series of

50 patients. They reported that 79.5% of patients who

underwent corpus callosotomy had �50% decrease in

seizure frequency, and 60% had �80% decrease in seizure

frequency. These rates were 50% and 33%, respectively, in the

vagal nerve stimulator group (n � 21). The complication

rates were 21% (3.8% permanent) and 8% (transient) for

corpus callosotomy and vagal nerve stimulator groups,

respectively. As a result, Nei et al concluded that callosotomy

is associated with greater efficacy but higher risk for compli-

cations, although mostly transient. In another study, You et

al75 found that the efficacy and safety of corpus callosotomy

and VNS were comparable in children with LGS.

Conclusion

Corpus callosotomy is a palliative surgical treatment option

for certain types of seizures and is associated with a low rate

of seizure freedom but a high rate of improvement. Anterior

two-thirds corpus callosotomy is the most commonly used

technique and provides very satisfactory results in the

majority of patients. Corpus callosotomy should be consid-

ered as a treatment option especially in patients with dis-

abling drop attacks and generalized seizures. Although VNS

has comparable results in controlling drop attacks, corpus

callosotomy is a viable option in patients who did not

respond well to VNS. Corpus callosotomy can also be used as

a diagnostic tool in determining surgical candidacy for

subsequent resective procedures.

seizure-free or had significant improvement, this rate was

only 50% in partial callosotomy cases. Roberts and Siegel65

reported that 38% of patients with anterior two-thirds cal-

losotomies had significant improvement (�80% seizure

reduction), but this rate became 81% when they completed

the callosotomy in second-stage surgeries. Other authors

also reported better outcome results with complete corpus

callosotomy in comparison with partial corpus callosoto-

my.62,64,67 Fuiks et al,58 however, did not find any significant

difference between the two approaches.

The outcome assessments based on seizure type also

attracted a significant interest among the authors and was

reviewed in several series. Roberts and Siegel65 published a

detailed outcome analysis based on seizure types. They

reported that atonic seizures responded best to corpus

callosotomy, with a 72% significant improvement rate, 21%

of them being seizure-free. These authors observed 34%

seizure freedom and 24% significant improvement (�50%

reduction in seizure frequency) in patients with general-

ized major motor seizures and 42% seizure freedom and

20% significant improvements in patients with complex

partial seizures. The worst outcome was seen in the focal

motor seizure group. Pinard et al67 reported that the best

outcomes were associated with drop attacks that either

completely resolved or dramatically reduced in frequency

in 90% of the children. Kawai et al72 also reported

10 patients with bihemispheric malformations of cortical

development who underwent corpus callosotomy. The

drop attacks resolved completely in 8 of 10 patients in this

series.

♦ Lessons Learned

Every seizure is a hurricane moving over the brain.

Intractable frequent seizures may make patients just as des-

perate as their caregivers and treating physicians. There

may be less controversy between the advocates of invasive

and destructive surgery such as callosotomy and those of

the presumably less invasive technique of VNS. Many

aspects, also outlined in this chapters, may in fact show that

both techniques have their place in individual patient cir-

cumstances.

The contribution by Cataltepe nicely outlines the history

of this well-known technique and cites the classic literature

up to Gazzaniga’s work, which showed the split-brain neu-

rocognitive pathology. The present-day practice is clearly

outlined, as one would primarily perform the surgery in a

two-stage method, with an anterior two-thirds callosotomy

first, sparing the splenium. The concept includes a possible

second surgery if the seizure activity warrants it. None of

the smaller commissures would be divided. There is a fairly

robust understanding of the role of the corpus callosum in

the generalization of seizure activity, and thus the patho-

physiologic thinking behind the surgery is rather clear.

We learn also the neuropsychological sequelae of the pro-

cedure, as well as its complications and downsides. It

appears that drop attacks and LGS, as well as rapidly gener-

alized intractable seizure, are the best indications for this

procedure.

Improvement rates are around two thirds, with one fifth

of patients having a chance of becoming seizure free. This

comes at a price, as one study is cited with 20% transient

and 4% permanent complications. This was compared with

8% transient complications in a comparison to VNS,

although the latter therapy did not achieve a comparable

benefit.

This is probably the most clear-cut difference between

the two: the “big” surgery (callosotomy) appears to have a

higher seizure control rate, however inhomogeneous any

study population may be, but a significant complication

rate. The “small” surgery (if there is such a thing as “small”
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surgery) of implantation of a VNS has much less morbidity,

but the seizure control rates are also not as good. We learn

that a small fraction of patients become seizure free, about

one third to one half benefit significantly, such as a �50%

seizure frequency reduction. There appears to be a peculiar

increase in effect over time. The authors detail the available

study literature. Still, very little is understood about the

physiology of VNS; in fact, we have little idea about how

this stimulation works. An important aspect discussed is

the fact that at this time, the FDA has not approved VNS for

children younger than age 12. Nonetheless, off-label use has

shown that children appear to benefit even more from this

treatment than adults. The best indications clearly overlap

with callosotomy: drop attacks, generalized seizures not

amenable to resective procedures, and LGS. The authors

make a convincing case for the use of this treatment modal-

ity in otherwise untreatable circumstances for children, in

spite of the fact that the formal FDA requirements have not

been met.

Both contributions to this chapter provide a fine

overview of two highly developed and probably somewhat

complementary techniques of epilepsy surgery.
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Moyamoya Disease14

Moyamoya syndrome is a vasculopathy characterized by

chronic progressive stenosis to occlusion at the distal portions

of the intracranial internal carotid arteries, including the prox-

imal anterior cerebral arteries (ACAs) and middle cerebral

arteries (MCAs). It is associated with �6% of childhood strokes.1,2

As progressive stenosis occurs, characteristic arterial collateral

vessels develop at the base of the brain. These collateral vessels,

when visualized on angiography, have been likened to the

appearance of “something hazy, like a puff of cigarette smoke

drifting in the air,” which translates as moyamoya in Japanese.

Some authors have distinguished between moyamoya

disease, the idiopathic form of moyamoya, and moyamoya

syndrome, defined as the vasculopathy found in conjunction

with systemic conditions such as heart disease, sickle cell

disease, and Down syndrome.3,4 In both moyamoya disease

and moyamoya syndrome, treatment strategies are directed

toward improving the cerebral blood supply. Medical man-

agement is an important adjunct in improving the outcomes

of patients with moyamoya, but definitive treatment of the

disease appears to require cerebral revascularization. Here,

we review the diagnosis and management of moyamoya,

with a particular focus on the utilization of a specific method

of “indirect” (not directly anastomosing two vessels together)

cerebral revascularization–pial synangiosis.

Clinical Presentation and Natural History

Adults with moyamoya often present with hemorrhage,

leading to rapid diagnosis. In contrast, children usually pres-

ent with recurrent transient ischemic attacks (TIAs), stroke,

seizures, or headaches; only �3% of pediatric patients in the

Children’s Hospital, Boston series had an intracerebral

hemorrhage as their first symptom.3

The natural history of moyamoya syndrome is variable,

ranging from slow progression, with rare, intermittent events,

to rapid progression with fulminant neurologic decline.3,5 At

the time of their initial presentation, almost all children

have bilateral involvement by arteriography, and the major-

ity of remaining patients presenting with unilateral disease

will go on to develop disease in the contralateral hemi-

sphere.3 It has also been estimated that up to 66% of patients

with moyamoya have progression of the disease with poor

outcomes if left untreated.6–8 This number contrasts strik-

ingly to an estimated rate of only 2.6% of symptomatic

disease progression in a meta-analysis of 1156 surgically

treated pediatric patients.9 A more recent review of asymp-

tomatic patients reported an annual stroke rate of 3.2% and

reported radiographic progression of disease in 80%.10 The

experience of Children’s Hospital, Boston has been that

�67% of patients will demonstrate radiographic progression

of disease within a 5-year period.

The overall prognosis of patients with moyamoya

syndrome depends on the rapidity and extent of vascular

occlusion, the patient’s ability to develop effective collateral

circulation, the age at onset of symptoms, the severity of

presenting neurologic deficits and degree of disability, and

the extent of infarction seen on computed tomography (CT)

or magnetic resonance imaging (MRI) studies at the time of

initial presentation.11 In general, neurologic status at the time

of treatment, more so than the age of the patient, predicts

long-term outcome.3,12

Importantly, individual patients have an excellent prog-

nosis if surgical revascularization is performed prior to dis-

abling infarction, even if severe angiographic changes are

already present.3 Even in asymptomatic patients, surgical

revascularization has been reported to protect against

infarction.10 However, if left untreated, both the angiograph-

ic process and the clinical syndrome invariably progress,

producing clinical deterioration with potentially irreversible

neurologic deficits over time.13

♦ Pial Synangiosis:
Encephaloduroarteriosynangiosis–Encephalomyosynangiosis

Ronald T. Grondin, Edward R. Smith, and R. Michael Scott
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Diagnostic Investigations

Moyamoya syndrome should be considered and diagnostic

evaluation begun in any child who presents with symptoms

of cerebral ischemia (e.g., a TIA manifesting as episodes of

hemiparesis, speech disturbance, sensory impairment,

involuntary movement, and/or visual disturbance), espe-

cially if the symptoms are precipitated by physical exertion,

hyperventilation, or crying. The diagnosis of moyamoya is

confirmed by radiographic studies. Radiographic evaluation

of a given patient suspected of having moyamoya usually

proceeds through several studies.

On CT, small areas of hypodensity suggestive of stroke

are commonly observed in cortical watershed zones, basal

ganglia, deep white matter, or periventricular regions.14,15

Hemorrhage from moyamoya vessels can be readily diag-

nosed on head CT.

CT findings often lead to an MRI study, with acute infarcts

seen using diffusion weighted imaging (DWI) and chronic

infarcts visualized with T1 and T2 imaging. Ongoing cortical

ischemia may be inferred from fluid attenuation inversion

recovery (FLAIR) sequences that demonstrate linear high sig-

nal following a sulcal pattern, felt to represent slow flow in

poorly perfused cortical circulation (the so-called ivy sign).15,16

The most diagnostic MRI findings in moyamoya disease are

diminished flow voids in the internal carotid and middle and

anterior cerebral arteries coupled with prominent collateral

flow voids in the basal ganglia and thalamus.15,17–21

Cerebral angiography is the gold standard for the diagno-

sis of moyamoya disease. Angiographic studies should

include selective injection of both internal and external

carotid arteries and vertebral arteries. External carotid

imaging is essential to identify preexisting collateral vessels,

so that surgery, if performed, will not disrupt them.

Aneurysms or arteriovenous malformations (AVMs), known

to be associated with some cases of moyamoya, can also be

best detected by conventional angiography.

Cerebral Perfusion Studies 
and Follow-up Imaging

Cerebral blood flow studies can be helpful in the diagnostic

evaluation of patients with moyamoya disease and assist in

treatment decisions. Techniques include transcranial Doppler

(TCD) ultrasonography, xenon-enhanced CT, positron

emission tomography (PET), and single-photon emission

computed tomography (SPECT) with acetazolamide challenge.

Although each of these studies has the potential to add

information on the diagnosis and management of moy-

amoya, not all are routinely used in the United States.

MRI/MR angiography (MRA) and conventional angiography

are the standard diagnostic tools used for most patients

with moyamoya. Following treatment, an angiogram and an

MRI/MRA are often obtained 1 year after surgery and,

depending on the age of the patient, yearly MRI thereafter.

Surgical Treatment

Once a major stroke or hemorrhage has occurred, children

with moyamoya disease frequently are left with permanent

neurologic impairment.5,22 Therefore, early diagnosis and

prompt treatment of this disorder are of utmost importance

to prevent additional neurologic deficits. Despite this

urgency, there is no agreed-upon method of treatment for

patients with this chronic occlusive cerebrovascular disorder.

There are reports of some patients who stabilize clinically

without intervention, but this typically occurs after they have

experienced significant, debilitating neurologic disability.

The majority of data available supports the use of surgi-

cal revascularization as a first-line therapy for the treatment

of moyamoya syndrome, particularly for patients with

recurrent or progressive symptoms.9 Some studies have

suggested that there may be differences in the effectiveness

of surgery for the treatment of moyamoya depending on

the type of presentation of the patient—hemorrhagic or

ischemic.6 These studies suggest that revascularization pro-

cedures prevent recurrent ischemic attacks, an important

finding given that the majority of pediatric patients with

moyamoya present with ischemic symptoms. Two relatively

large studies with long-term follow-up have demonstrated

a good safety profile for surgical treatment of moyamoya

(4% risk of stroke within 30 days of surgery per hemi-

sphere), with a 96% probability of remaining stroke-free

over a 5-year follow-up period.3,6 These data suggest that

surgical therapy of moyamoya confers an effective, durable

treatment for the disease.

Advantages and Disadvantages of Direct
Revascularization Procedures Relative 
to Indirect Revascularization Procedures

Surgical treatments designed to increase perfusion of

ischemic neural tissue in patients with moyamoya can be

classified as direct, in which a healthy vessel is transected

and anastomosed end to side to a cortical vessel distal to the

site of moyamoya stenosis, or indirect, in which vascular-

ized tissue, including muscle, dura, and scalp vessels, are

put into contact with the brain and serve as a new source of

collateral vessel development over time.

Direct anastomosis procedures, most commonly superfi-

cial temporal artery (STA)–to–MCA bypasses, may achieve

instant improvement in focal cerebral perfusion, but these

procedures are technically difficult to perform because pedi-

atric patients often do not have a large enough donor scalp

artery or recipient MCA to allow for an anastomosis large

enough to supply a significant amount of additional collateral
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bypass surgery for revascularization, a technique that is

often not feasible in young children due to the small caliber

of their vessels.40 A review of pediatric patients with moy-

amoya has proposed that children under the age of 8 years

should all receive indirect revascularization surgery, where-

as older children could potentially receive both direct and

indirect revascularization (if feasible).39 The Children’s

Hospital, Boston series strongly supports the utilization and

long-term effectiveness of indirect revascularization with

pial synangiosis in children of all ages. Although proponents

of direct surgery often cite the primary benefit of immedi-

ate increases in perfusion, there is substantial evidence sup-

porting the premise that indirect procedures, such as pial

synangiosis, provide similar or improved long-term out-

comes when compared with direct procedures in children.

In addition, pial synangiosis is technically less demanding

than direct bypass procedures, is less likely to fail, and does

not present the risk of hyperperfusion injury.

Surgical Technique of Pial Synangiosis

The posterior (parietal) branch of the STA is identified by a

pencil Doppler probe, and the artery is traced from its base

above the zygomatic arch to the parietal convexity. Its course

is accurately marked on the skin with an 18- or 21-gauge nee-

dle. We attempt to mark out at least 10 cm of vessel in most

patients, but in young children, often only 6 to 7 cm can be

identified. Although the parietal branch of the STA is most fre-

quently used because the skin incision can be kept behind the

hairline and the majority of the MCA circulation lies beneath

that branch of the artery, the frontal branch can be used if

necessary. Prior to draping, bilateral electroencephalography

(EEG) electrodes are applied to the scalp so that continuous

EEG monitoring can be performed throughout the case.

Standard skin prep and draping can then be performed.

Skin Incision

We use the microscope right from the beginning of the

artery dissection, finding it particularly helpful in very

young children because of the fragility and small size of the

STA and in young adults because of the frequent tortuosity

of the vessel and its branches. A small skin incision down to

subcutaneous tissue is made directly over the vessel at its

most distal marked point with a no. 15 scalpel. The artery is

identified by scalp retraction with toothed forceps and dis-

sected using a delicate curved pediatric hemostat. A linear

incision following the course of the artery is then performed,

using the hemostat to dissect and then protect the STA as

the assistant incises the skin overlying it. The skin edges

rarely require coagulation, and most scalp edge bleeding

will stop spontaneously, despite preoperative daily aspirin

therapy, which is maintained throughout the peri- and

postoperative period.

blood supply. Because of proximal stenoses, new blood sup-

ply provided to a single MCA branch may not allow wide

redistribution of the newly available collateral. Temporary

occlusion of a middle cerebral branch during the anastomosis

may interfere with leptomeningeal collateral pathways

already present and lead to an increased incidence of periop-

erative stroke. Furthermore, there is a paucity of reported

series documenting the effectiveness of STA-MCA bypass in

children in the United States. There is however, extensive

evidence, including long-term follow-up, substantiating the

efficacy of indirect revascularization procedures, such as pial

synangiosis.3

Indirect Revascularization Procedures

A variety of indirect anastomotic procedures have been

described: encephaloduroarteriosynangiosis (EDAS), where-

by the STA is dissected free over a course of several inches

and then sutured to the cut edges of the opened dura;

encephalomyosynangiosis (EMS), in which the temporalis

muscle is dissected and placed onto the surface of the brain

to encourage collateral vessel development; and the combi-

nation of both, encephalomyoarteriosynangiosis (EMAS).23–25

There are multiple variations of these procedures, including

solely drilling bur holes, without vessel anastomosis,26,27 and

craniotomy with inversion of the dura in hopes of enhancing

new dural revascularization of the brain.28 Cervical sympa-

thectomy,29 omental transplantation,30–32 and omental pedicle

grafting33–35 have also been described, although sympathec-

tomy has largely been abandoned due to its ineffectiveness.36

Finally, several groups have reported improved results in the

use of combined direct and indirect anastomoses.23,37–39 A

modification of the EDAS procedure has been described to

treat moyamoya syndrome in both children and adults,

termed pial synangiosis (described below), which leads to the

induction of new collateral vessels in the patient with chronic

ischemia due to moyamoya. The efficacy and durability of

this specific variant of indirect revascularization have been

validated by the largest surgical series of children with moy-

amoya reported in North America.3

Direct versus Indirect Procedures

One major consideration in the treatment of patients with

moyamoya is the decision of which surgical technique to

employ. A meta-analysis of 1156 pediatric patients treated

with surgery concluded that 87% (1003 patients) derived

symptomatic benefit from surgical revascularization (com-

plete disappearance or reduction in symptomatic cerebral

ischemia), but that there was no significant difference

between the indirect and direct/combined groups.9

Guidelines from Japan’s Ministry of Health and Welfare

regarding indications for the surgical treatment of moyamoya

syndrome (in both children and adults) discuss only direct
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Synangiosis Procedure

After the artery is exposed, we use a needle-tip cautery

(“Colorado needle”) at a low setting to separate the artery

with its subjacent galea strip from the galea on either side.

The artery pedicle is then encircled with a vessel loop dis-

tally and elevated and separated from the underlying

periosteum and temporalis fascia using standard monopolar

cautery, attempting to preserve as much adventitia and

loose areolar tissue beneath the vessel as possible.

Anterior and posterior scalp flaps are then developed

with electrocautery dissection to minimize bleeding, and

disposable fishhook-type retractors are used to maintain

scalp retraction. The artery pedicle is retracted out of the

field as needed using the vessel loop, and the temporalis

muscle is incised with the electrocautery into four equal

quadrants, which are retracted widely using the previously

placed skin hooks. Generous bur holes are drilled inferiorly

and superiorly in the exposure, and as large a craniotomy as

possible is turned using power equipment. The dura is then

opened vertically along the exposure and cut into six sepa-

rate flaps that are retracted on sutures; care is taken to pre-

serve any significant middle meningeal collateral observed

on the preoperative arteriogram, and the dura is opened

around or between such vessels. Under high-power micro-

scope, the arachnoid is incised linearly over the exposed

cortex using a disposable arachnoid knife and jeweler’s for-

ceps, beginning inferiorly over the temporal lobe in a sulcus

and when possible laterally toward the crown of the adja-

cent gyri. Vannas ophthalmic scissors are helpful in making

long, continuous arachnoid openings over MCA branches in

certain patients. The pial vasculature will be profuse and

tortuous in patients with advanced disease, and these areas

of the pia should be avoided when the arachnoid is opened.

Bleeding that occurs from the pial surface or from small

vessels within the sulci usually stops after a few moments

of irrigation with a microirrigator or the application of a

minuscule pledget of Gelfoam soaked in saline. After com-

pletion of the arachnoid opening through as much of the

length of the exposure as possible, the STA with its galea

investiture is brought down onto the surface of the brain,

placing the vessel over areas of opened arachnoid. Using

jeweler’s forceps and a Castroviejo needle holder, the vessel

is fixed to the cortical surface by placing three to six inter-

rupted 10–0 nylon sutures through the vessel adventitia and

the outermost layer of the pial-cortical surface (Fig. 14.1).

At the completion of the pial synangiosis, the donor vessel is

affixed to the cortical surface (Fig. 14.2). This tight pial

approximation leads to a more satisfactory postoperative

result then simply placing the vessel on the brain or sutur-

ing the vessel into the dura.

The dura is then laid loosely on the brain surface and not

sutured, as collateralization of the underlying brain will

also occur from the cut edges of the dura. A large piece of

DuraGen or Gelfoam soaked in saline and trimmed to the

size of the bony opening is placed over the entire exposure,

and the bone flap is repositioned using three to four mini-

plates. The bur hole openings at either end of the flap

should be enlarged if necessary prior to its repositioning to

ensure that the artery is not compressed when the flap is

replaced. The temporalis muscle is approximated only from

inferior to superior so that the superficial temporal artery is

not compressed. The scalp is closed in two layers, using 3–0

or 4–0 Vicryl suture on the galea followed by 4–0 or 5–0

monofilament Vicryl Rapide to approximate the skin edges.

A sterile Telfa-over-Xeroform gauze dressing is applied, but

the head is not wrapped tightly to avoid compressing the

scalp arteries. Patients are extubated and sent to the intensive

care unit for 24 hours following the procedure.

Fig. 14.1 Photomicrograph illustrating suture (10–0 nylon) passed

though the adventitia of a donor vessel prior to a pial stitch.

Fig. 14.2 Photograph of a donor artery after pial synangiosis demon-

strating attachment to the cortical surface and wide arachnoid opening.
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suffered a stroke within 2 months of the operation, and

those with certain angiographic risk factors, such as moy-

amoya disease in the posterior circulation. These risks

would also be present—and perhaps magnified—in a patient

undergoing STA-MCA bypass. We feel that the argument

that a rapid increase in cerebral blood flow following a

direct bypass is better for the patient is specious: the small

size of the anastomosed vessels and the presence of signifi-

cant proximal stenoses due to the moyamoya prevent the

bypass from supplying much blood to the operated hemi-

sphere initially, and patients who are unstable neurologically

are at greatest risk following such procedures, as the cere-

bral bypass data have demonstrated in the past. The excel-

lent follow-up angiographic results from pial synangiosis

procedures have been well documented in the literature,

whereas there is a paucity of similar data in the pediatric

neurosurgical literature demonstrating angiographic results

following bypass. In fact, the site of the bypass is often diffi-

cult to detect on postoperative angiograms, with much of

the new collateral to the brain coming from dural and scalp

vessels, as in a synangiosis procedure. Chronic subdural

hematomas developed in 3 of 143 patients (2%). Two of the

chronic subdural hematomas required evacuation via a bur

hole, but there was no permanent hematoma-related mor-

bidity in any of these cases.3 This complication probably

related to preexisting brain atrophy and chronic antiplatelet

therapy and might have occurred regardless of which surgical

technique had been used for revascularization.

Conclusion

Moyamoya disease is a chronic vasculopathy that, if left

untreated, results in progressive stenosis in the cerebral vas-

culature and symptomatic ischemic insult to the brain.

Surgical treatment consists of revascularization of affected

hemispheres through a variety of direct and indirect tech-

niques. Indirect revascularization techniques, such as pial

synangiosis, provide excellent long-term protection from new

or recurrent ischemic events with a low risk of perioperative

complications and should be strongly considered as the pri-

mary treatment of choice in the pediatric population.

Postoperative Management

The patient’s head is slightly elevated to assist in venous

return and to avoid cerebrospinal fluid accumulations

under the skin flaps. The patient is given sufficient pain

medication so that there is a minimum of crying and hyper-

ventilation. Antibiotics are given postoperatively for 24 hours.

Patients are mobilized as tolerated and kept well hydrated.

Blood loss with the procedure should be well under 100 cc,

and transfusions should be avoided if at all possible because

of the rheologic problems that can be created by a high

hematocrit. Postoperative seizure medication is continued

on an individualized basis, and aspirin is begun 24 hours

after surgery. Postoperative hypertension is rarely treated

unless significant elevations occur, and care must be taken if

treatment is required to avoid rebound hypotension.

Results and Complications

The clinical and radiographic results following indirect

revascularization with pial synangiosis are excellent.

Postoperative angiograms or MRI/MRA studies obtained

12 months after surgery typically demonstrate MCA collater-

alization from both the donor STA and the meningeal arteries

(Fig. 14.3).3,39 A review of 143 children with moyamoya syn-

drome treated with pial synangiosis demonstrated marked

reductions in stroke frequency after surgery, especially after

the first year postoperatively.3 In this group, only 3.2% of

patients had strokes after at least 1 year of follow-up, com-

pared with 67% preoperatively and 7.7% in the periopera-

tive period. After a minimum of 5 years of follow-up, the

overall stroke rate was 4.3% (2 of 46). This finding supports

the premise that surgical treatment of moyamoya with an

indirect procedure such as pial synangiosis provides a sig-

nificant protective effect against new strokes in this patient

population.

The most significant postoperative complication in our

series has been stroke, which in a consecutive series of

143 patients occurred at �4% per operated hemisphere.

Patients at greatest risk appear to be those with neurologic

instability around the time of surgery, those who have

♦ Extracranial-Intracranial Bypass Surgery

Nadia Khan and Yasuhiro Yonekawa

The spontaneous occlusion of the circle of Willis was first

described in 1957 by Takeuchi and Shimizu.41 Their first case

demonstrated a peculiar angiographic presentation consist-

ing of bilateral stenosis of the intracranial internal carotid

arteries (ICAs) beginning at the terminal portion with forma-

tion of an abnormal vascular network of collaterals in the

basal ganglia resembling “a puff of smoke drifting in the air,”

or moyamoya in the Japanese language, the term commonly

used for this angiopathy.

The presence of these angiographic findings in combina-

tion with other rare congenital or acquired systemic

diseases is termed moyamoya syndrome. Moyamoya
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angiopathy is referred to here as both moyamoya disease

and the moyamoya syndrome form of presentation.42,43 Two

clinical manifestations can be distinguished: childhood or

juvenile moyamoya (peak age at presentation 5–10 years)

and adult moyamoya (peak age at presentation 30–40

years). Patients with moyamoya become symptomatic due

to episodes of recurrent cerebral ischemia or complete

stroke. The clinical symptoms can vary from headaches to

recurrent TIAs, epileptic seizures, and disturbances of

speech and/or cognition. In cases of recurrent and even

chronic frontal ischemia, retardation of normal mental

development may result. Ischemic symptoms are most

common in the juvenile form of moyamoya and are more

often seen in Caucasian adult patients, whereas the primary

manifestation in Asian adults is cerebral hemorrhage arising

from the region of the network of collateral vessels.

Mortality can range from 2% in the acute infarct phase to

16% with intracranial intracerebral hemorrhage.

The natural history of the disease is not known. The juve-

nile form appears to progress into puberty, thereafter stabi-

lizing spontaneously.43 Eighty percent of patients have a

rather benign course in terms of life expectancy with or

without surgery but have to expect significant neurologic

dysfunction. At the other end of the spectrum, children

Fig. 14.3 Preoperative (top) and postoperative

(bottom) angiograms in a patient managed with pial

synangiosis. The top image demonstrates an internal

carotid injection of a hemisphere with Suzuki (stage

3?) moyamoya disease. Angiography of the external

carotid artery at 12 months postsurgery demon-

strates Matsushima grade A revascularization. Box

labeled A demonstrates the area that underwent

revascularization through the external carotid circula-

tion. Box labeled B shows the area of the cortex that

maintained its blood supply from the internal carotid

circulation.
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Choice of Revascularization

Depending on the severity of the clinical symptoms, the

extent of disease (unilateral vs bilateral) on angiography,

and the perfusion reserve deficits observed after a

Diamox challenge on H2
15O-PET, a variety of revascular-

ization procedures were performed in this group of chil-

dren. Thirty-four children underwent bilateral STA-MCA

bypass; in 4 patients an STA-MCA bypass was performed

on only one side.

In 20 patients where a decrease in the frontal perfusion

reserve deficit was seen, a unilateral STA–ACA; 16 patients

bypass and a bilateral STA-ACA bypass (4 patients) were

performed. In addition, indirect revascularization was per-

formed in the frontal region unilaterally using bur holes in

14 patients and bilaterally in 6 patients. Placement of a bur

hole in the occipital region was performed in one child, and

arteriosynangiosis using the occipital artery (OA) was per-

formed in two patients. The temporalis muscle was used

unilaterally in two patients to provide for indirect revascu-

larization in the MCA region. Furthermore, a posterior

presenting with the disease prior to the age of 5 may suffer

from significant impairment in normal psychomotor devel-

opment. Therefore, early detection and early surgical

management to augment cerebral perfusion by surgical

revascularization procedures are essential. Moyamoya

angiopathy occurs primarily in Japan and the Southeast

Asian countries. It was first recognized in Europe in the late

1960s. The last epidemiological survey was performed in

1996, when a total of 168 patients were reported with

peaks in the 0 to 9 years and 20 to 29 years age groups.44

Methodology

A systematic presurgical work-up protocol is important to

determine the optimal revascularization procedure and

timing of surgery.

The presurgical assessment includes a clinical and neu-

ropsychological evaluation, TCD MRI scans to demonstrate

ischemia or infarcts, and hemodynamic studies to evaluate

regional perfusion reserves deficits. Depending on the avail-

able expertise, this may include perfusion MRI, xenon CT,

hexamethylpropyleneamine oxime (HMPAO)-SPECT, or

H2
15O-PET with a Diamox challenge.45,46

In addition to these noninvasive investigations, a conven-

tional cerebral angiography is essential to determine the

anatomy of the affected vasculature and the extent and

anatomy of already existing collateral vessels, as well as the

caliber of potential bypass vessels. The choice of the number

and location of revascularization is based anatomically on

the severity and extent of disease, as demonstrated by the

angiogram, and functionally on the regional vascular perfu-

sion reserve, as demonstrated by the Diamox challenge

studies (Figs. 14.4 and 14.5).

Patients

Over a period of 10 years, 65 patients underwent surgical

revascularization for moyamoya angiopathy at the University

Hospital of Zurich, Switzerland. Sixty-six percent (42/65)

were children between 4 months and 15 years of age.

Moyamoya syndrome was seen in 17 patients. Their associated

conditions were neurofibromatosis in six, optic glioma in

one, compound hemoglobinopathy in one, G6P dehydroge-

nase deficiency in one, protein S deficiency in one, trisomy 21

in two, “morning glory” optic disk anomaly in one, factor V

deficiency with compensated cardiac valvular defect in one,

pupillary sphincter dysplasia in two, and Grange syndrome in

one. Presenting symptoms at the time of surgery were TIAs

(unilateral in 21, bilateral in 21); 11 patients had previous

watershed strokes with moderate to good recovery of neuro-

logic function. Accompanying headaches were seen in six

patients, and seizures occurred in four. One child had visual

symptoms, two children had an attention deficit and hyper-

kinetic disorder, and eight children with an average age of

7 years presented with developmental delay.

Fig. 14.4 Algorithm of management of moyamoya patients from

their preoperative diagnosis, choice of revascularization procedures,

to a follow-up plan. ACA, anterior cerebral artery; EC, extracranial;

IC, intracranial; MCA, middle cerebral artery; OA, occipital artery;

PCA, posterior cerebral artery; PET, positron emission tomography;

SPECT, single-photon emission computed tomography; STA, superficial

temporal artery; TCD, transcranial Doppler.
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temporal craniotomy with a large dural inversion was per-

formed in the temporo-occipital region in one patient who

had posterior cerebral artery (PCA) stenosis and clear pre-

operative perfusion deficits on Diamox-PET in this region.

Frontal arteriosynangiosis using the frontal branch of the

STA was performed unilaterally in two patients and bilater-

ally in one patient. One patient was not operated and just

followed up for 3 years.

We advocate cerebral revascularization with a direct

extracranial-intracranial (EC-IC) bypass as the gold standard

in the management of moyamoya angiopathy in children.

Direct microsurgical vessel-to-vessel EC-IC bypass anastomo-

sis, if necessary at more than one site, and even bilaterally,

should be offered whenever technically possible.

Neovascularization after indirect vessel transfer of bur

hole placement takes longer to establish and therefore

A

Fig. 14.5 H2
15O-PET scans, (A) baseline and (B) with Diamox challenge, showing perfusion

reserve deficits (arrows) in the frontal (ACA) and parietotemporal (MCA) arterial distribution

areas. (C) Schematic showing the same deficits in the ACA and MCA.C

B
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and PET hemodynamic analysis showed no evidence of fur-

ther strokes in any child. Repeat angiography at 6 months

demonstrated patency of grafts in all patients (Fig. 14.6).

The H2
15O PET Diamox challenge testing showed improve-

ment in perfusion reserves in the majority of cases.

Both the clinical stabilization and the improvement of

functional hemodynamic parameters confirm the concept

of compromised cerebral perfusion, which may be at risk

of decompensating, and its reversal by early surgical revas-

cularization.53,54 The efficacy of multiple direct vessel-to-

vessel bypass procedures even performed bilaterally in one

sitting could be demonstrated in the majority of our

patients. In addition to hemodynamic tests, the postoper-

ative angiography demonstrated an increase in the focal

perfusion in the region of the bypass (Fig. 14.6). Because

moyamoya angiopathy is a bilateral disease, surgical revas-

cularization may be required not only for multiple vascu-

lar territories but also bilaterally.

Clinical follow-up alone, without a full set of noninvasive

tests, is currently available for a postoperative period of as

long as 2 to 5 years. No patient had recurrence of TIAs or

strokes.

Improvement in cognitive function and school perform-

ance in the majority of children has been observed by par-

ents and caregivers. This aspect is currently investigated

with extensive objective neuropsychological evaluation.

Complications

Immediate postoperative complications resulting from

perioperative ischemia were observed in only two patients.

comes with a delay in efficacy, which may not be demon-

strable at 3 months’ follow-up.

The cerebral perfusion status in the frontal region needs

special attention. Moyamoya in children younger than 5 years

with recurrent and chronic frontal ischemia can be devastat-

ing to mental and cognitive development. Prevention of

severe mental retardation therefore justifies early surgical

revascularization, particularly on the dominant side. This has

led us to perform frontal bypass procedures with anastomo-

sis between the distal STA and a branch of the ACA. In the

American and Japanese literature,47–51 STA-MCA bypass pro-

cedures are reported frequently for moyamoya angiopathy,

but comparatively little attention is paid to frontal brain

reperfusion; thus, only a small number of STA-ACA bypass-

es49–52 are being performed, especially in children. The reason

is the considerable technical difficulty of such a procedure.

Therefore, most surgeons prefer indirect revascularization in

younger children because this is less demanding to perform.

This is an issue of specialized training and referral of patients

to specialized centers with the required expertise. This also

emphasizes the importance of interdisciplinary cooperation

among caregivers and specialists.

Only when a direct bypass is technically impossible

(unavailability of or too small a donor or cortical vessel

caliber) are indirect revascularization procedures such as

durasynangiosis and arteriosynangiosis used.

Outcome

Long-term follow-up of these patients continues. The post-

operative follow-up of 6 months with clinical, angiographic,

Fig. 14.6 (A,B) Lateral projections of a postoperative angiography demonstrating the functioning STA-MCA and STA-ACA bypasses and their

territorial blush in the frontal and parietotemporal regions (arrows).

A B

E1CH14.qxd  2/9/10  3:52 PM  Page 171



172 I Intracranial

In one patient a reversible postoperative ischemia of

the operated frontoparietal side was seen that recovered

completely at 3 months’ follow-up. One patient died 1 day

after surgery due to massive MCA infarction of the nonop-

erated side.

Surgical Techniques

Multiple Direct Extracranial-Intracranial Bypass

Depending on the angiographic findings demonstrating

the anatomical severity of disease (stenosis or occlusion of

unilateral or bilateral ICA, MCA, ACA, or PCA) and the

hemodynamic reserve tested after a Diamox challenge in

the distribution/perfusion territories of the MCA, ACA, or

PCA, the number of bypass procedures can be planned. The

aim is always to perform multiple direct anastomoses in

the regions most affected by hypoperfusion (STA-MCA,

STA-ACA, and OA-PCA).

Superficial Temporal Artery–Middle Cerebral Artery Bypass

Anastomosis of the extracranial STA and to a branch of the

intracranial MCA involves the following (Figs. 14.6 and 14.7):

A linear incision over the parietal branch of the STA is

made with dissection of the artery (8–10 cm of dissection

and free preparation). This is followed by a small cranioto-

my (2.5 cm in diameter) corresponding to the end of the

sylvian fissure. After locating a suitable MCA branch, a

direct anastomosis between the parietal branch of the STA

and the branch of the MCA is performed. Preoperative

external carotid angiographies, as well as immediate preop-

erative TCD Doppler scans, are used to evaluate the presence

of suitable donor vessels. In cases where the STA is

hypoplastic, the OA or the posterior auricular artery can be

used. In cases where the frontal branch of the STA is not

long enough, the parietal branch of the STA is used as an

interposition graft. The choices of cortical branches that can

be used as recipient vessels are angular, posterior temporal,

posterior parietal, rolandic, and prerolandic. In case the

craniotomy has to be extended due to the nonavailability of

a suitable branch, the craniotomy can be extended anterior

to the classic location to use the operculofrontal or cande-

labra group of branches for a direct anastomosis. Attention

must be paid to cut the dura carefully without sacrificing

already developed transdural arterial collateral vasculature.

This can be done by avoiding a single large flap of dura and

limiting dural coagulation and by using dural clips in case of

bleeding. Sometimes in cases where further revasculariza-

tion of the frontoparietal region is desired, double anasto-

moses can be performed. This can be achieved by preparing

a frontoparietal skin flap, dissecting both the parietal and

the frontal branches of the STA, and using them individual-

ly for the anastomosis in the frontal-opercular and fron-

toparietal regions, respectively.

Fig. 14.7 (A) Patient positioning and the two bypass procedures (arrows) using the STA, parietal and frontal branches, for the STA-MCA and

STA-ACA bypasses, respectively. (B) End-to-side anastomosis (arrow).

A B
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Timing of Surgery

A variety of clinical scenarios may be encountered, such as the

asymptomatic patient who had imaging for some unrelated

cause, or a patient with prior resolved stroke, and, of course,

patients with acute stroke and those with recurrent TIAs. This

may be seen in the context of unilateral or bilateral disease,

not all of which necessarily are symptomatic at a given time.

As a rule, surgery is performed at a time period of clini-

cal stabilization. After a complete ischemic stroke, a mini-

mum interval of 3 to 4 weeks from the onset of stroke to

surgery is desirable. Bilateral bypass operations can be per-

formed as one- or two-stage procedures. The time interval

between two surgeries can vary in each individual child,

sometimes allowing more time for clinical stabilization.

Bilateral bypasses as a one-stage operation are now pre-

ferred to prevent ischemia of the contralateral side. The side

with the more extensive disease and symptoms is operated

first, followed by the other, less severely affected side. The

one-stage bilateral procedure has been performed without

additional anesthesiological or surgical side effects to the

patient. Total operative time increases from, on an average, 3 to

4 hours per operation to 8 hours (range 6.0–9.5 hrs). All

patients spend the first 24 hours in an intensive care unit and

are transferred to a regular floor thereafter. The length of stay

in the hospital for a one-stage bilateral bypass operation is

similar to that of a unilateral bypass operation. Blood loss is

usually minimal, irrespective of a one- or two-stage procedure.

No local or systemic complications have been observed.

Special attention to neuroanesthesia is essential in surgery for

moyamoya angiopathy. Hypovolemia, hypotension, and hyper-

or hypocapnia must be avoided. Furthermore, a regime of suf-

ficient preoperative hydration and daily intake of 100 mg of

aspirin should be ensured. Postoperative analgesia is impor-

tant for patient comfort, especially in children, to prevent pro-

fuse crying and the resulting hypocapnia/hyperventilation.

Conclusion

Direct extracranial-intracranial microanastomosis for

revascularization in moyamoya angiopathy is the method of

choice in children with relevant hemodynamic compromise

tested after a Diamox challenge. Multiple direct bypass pro-

cedures for revascularization even performed bilaterally at

the same surgery and anastomoses to a branch of the ACA

have proved to be effective in preventing stroke.51,52,54

Indirect revascularization procedures (arteriosynangiosis

and durasynangiosis) are used in combination or as an

adjunct or alternative to direct bypass, in cases where the

donor or recipient arteries are not available or are of inade-

quate caliber for the anastomosis. Postoperative follow-up

of 2 to 5 years has demonstrated no further stroke in these

children. Improvement in cognitive functions in children

who demonstrated a preoperative frontal lobe executive

functional impairment has been observed.

Superficial Temporal Artery–Anterior Cerebral Artery Bypass

If there is severe perfusion deficit in the medial frontal

region, an additional STA-ACA bypass from the frontal branch

of the STA to the middle internal frontal branch of the ACA

can be constructed (Figs. 14.6 and 14.7).

The frontal branch of the STA is dissected using a frontal

skin flap. A small craniotomy (2.5 cm in diameter) is then

placed just in front of the coronal suture medially extending

to the midline. After locating a branch of the middle internal

frontal artery of the ACA, along the brain convexity, an end-

to-side anastomosis to the already dissected and prepared

STA frontal branch is performed. In cases where the frontal

branch is not long enough, the parietal branch of the STA can

be prepared and part of it used as an interposition graft.

Occipital Artery–Posterior Cerebral Artery Bypass

Moyamoya angiopathy with stenosis/occlusion in the poste-

rior circulation appears to be particularly frequent, though

less symptomatic, in children, but little attention has been

paid to this aspect in the literature to date. Revascularization

of the posterior circulation can be achieved via the supracere-

bellar transtentorial approach in the sitting position by a

direct bypass between the OA and the PCA,55 although this

has rarely been reported. This procedure is technically

demanding, especially in children. Therefore, in rare cases

where a posterior revascularization is required, dural carpet-

ing after an occipital craniotomy or an arteriosynangiosis

using the OA is a more frequently used option.

Multiple Direct Extracranial-Intracranial Bypasses

Combined with Indirect Revascularization

STA-MCA bypass with indirect frontal arteriosynangiosis or

frontal dural carpeting or STA-MCA bypass combined with

indirect occipital arteriosynangiosis or occipital dural car-

peting can be performed.

Dural Carpeting, Arteriosynangiosis

Larger craniotomies are performed with inversion of several

flaps of vascularized dura onto the surface of the brain. This

can be done in any region requiring revascularization: frontal,

frontotemporal, frontoparietal, or temporal-posterior.

Either the frontal or parietal branch of the STA or the OA

can be placed directly on the surface of the brain in an en

passant fashion, where the vessel and its surrounding tissue

are transposed onto the pia and sutured to the pia. Either a

small frontal, temporal, or occipital craniotomy can be used.

Neovascularization sprouts from these transposed vessel

segments as new vascularity is recruited by the chronically

ischemic brain tissue. These techniques can be used in

addition to the direct STA-MCA bypass procedures or if

there is no suitable recipient vessel available.
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♦ Lessons Learned

The management of moyamoya in children depends on the

secondary vascularization of the ischemic brain areas

affected. It is clear from the contributions in this chapter

that the disease carries a major morbidity.

One central principle applies to all patients: function

that is lost cannot be recovered by later intervention.

Thus, it appears essential to treat patients early, prefer-

ably when they are in a stable situation after an initial TIA

or even a first stroke. As in many other fields, it seems

important to individualize the planned treatment. In partic-

ular, a meticulous analysis of the preoperative angiogram,

including the selective angiogram of the external carotid

artery, is essential. It is important to determine not only the

appropriate selection of vessels to bypass (both external

carotid branches and intracranial receiving vessels) and

areas to graft, but also the presence of existing neovascular-

ization in order to avoid destroying new vessels in the sur-

gical approach.

There is a clear difference between both groups in terms of

preference of technical revascularization. From the editor’s

point of view, it seems reasonable to accept an individual sur-

geon’s preference for vessel-to-vessel bypass if the extraordinary

experience required for this delicate surgery is available. For

the most part, however, it may be more realistic to follow the

Boston group’s (Grondin et al) recommendation of not using

direct bypass in children under the age of 8 years.

There may also be an overlap of concepts, as stressed by

the Boston group: even if a bypass itself is not remaining

open in cases of very small vessel diameter, there is still the

effect of vessel and stalk transposition amounting to an

indirect procedure. Thus, the indirect procedure may still be

effective even though a direct bypass was attempted.

There seems to be little controversy about the clinical

progression with a stroke rate of 3% per year and an even

much higher rate of radiographic progression of about two

thirds.

Overall, the results of both the direct and the indirect

procedures appear to be good, with a perioperative morbid-

ity of �4% per hemisphere. Ninety-six percent of patients

remain stroke-free after that.

We find it interesting that the authors advocate the contin-

ued use of aspirin all the way through surgery and postoper-

atively. There is more concern about the morbidity following

hemorrhage than the morbidity of perioperative stroke.
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The first report of aneurysmal subarachnoid hemorrhage

(SAH) in a child was published in a German pathology jour-

nal in 1871.1 Here, Eppinger detailed a case of a 15-year-old

boy who collapsed while exercising. Autopsy revealed an

intracerebral hemorrhage associated with an aneurysm and

aortic stenosis.2 Several authors have referenced an even

earlier report, by Biumi of Milan in 1778, of a ruptured

intracranial aneurysm in a child.3,4 This report similarly

describes another German youth with aortic coarctation

who died suddenly of a ruptured aneurysm while playing

football. Interestingly, early thinking associated cerebral

aneurysms with a complication of an aortic condition and

thus prevented the recognition of the importance of cere-

brovascular disease.1 Since then, our understanding of pedi-

atric intracranial aneurysms and cerebrovascular disease

has evolved.

Incidence

Aneurysms in the pediatric population are rare, representing

�0.5 to 4.6% of all aneurysms.5,6 Only 700 cases have been

reported in the literature,7–17 and these are predominantly

case reports. The rarity of pediatric aneurysms was first high-

lighted by McDonald and Korb in 1939, when they found

only 28 pediatric aneurysms out of 1125 (�2.5%) total cases.3

Later large population-based reviews supported this early

finding. The largest published series of pediatric aneurysms,

described by Patel and Richardson,18 included 58 aneurysms

in patients younger than 19 years. This summarized the

British combined cohort of patients with aneurysms at

Queens Square and Atkinson Morley Hospital between 1944

and 1968, when a total of 58 out of 3000 (1.9%) cases of

ruptured intracranial aneurysms were recognized in children

younger than 19 years. None, however, were younger than

2 years. The rarity of childhood aneurysms is further accen-

tuated when the patients are substratified by age. Rarely have

intracranial aneurysms been reported in neonates.19,20 Thus,

the exact incidence of pediatric aneurysms is variable, 0.5 to

4.6%, and is more prevalent in the teenage age range and

exceptionally rare in younger children.1 In adults, there is a

female preponderance; in contrast, boys, particularly during

the neonatal and infant periods, are more prone to intracra-

nial aneurysms.14,20–22

Pathophysiology

Despite the rarity of pediatric intracranial aneurysms, contro-

versy exists regarding their pathophysiologic features. Data on

aneurysms in adults suggest that the initial defect is an injury

to the internal elastic membrane by hemodynamic forces,

which ultimately leads to aneurysm formation.16,23,24 Arterial

bifurcations are the most vulnerable to shearing damage

because they accept most of the hemodynamic forces, and

pathologic analysis confirms that the greatest amount of fen-

estrations of the internal elastic membrane is at the apex.16

This theory explains the presence of saccular aneurysms in

adults and even adolescents.16,22,23 Aneurysms occurring in

neonates and children also have vessel wall structural

defects; however, these are congenital and related to other

disorders. Intracranial aneurysms in children are usually

associated with various connective tissue disorders, namely,

Ehlers-Danlos syndrome type IV, Marfan syndrome, neurofi-

bromatosis type 1, autosomal dominant polycystic kidney

disease, and aortic coarctation, as previously described.25

Lipper and colleagues suggested a large congenital medial

defect as an initiating factor for aneurysm development in

neonates and children.26 An alteration in parietal connective

tissue has been postulated by Ostergaard et al.27,28 Even more,

Stehbens and associates observed that an infectious process

can also induce fissures in the internal elastic membrane,

leading to aneurysm formation.29 Indeed, the incidence of

bacterial infections in the pediatric population is estimated

to be �10%, whereas it is only 2.5% in the general popula-

tion.30 Interestingly, along with blunt head trauma, it has

♦ Surgical Management
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with a suspected aneurysm or SAH is similar to that for an

adult. The work-up is tailored to the patient and could

include any combination of computed tomography (CT)

scan, magnetic resonance imaging (MRI)/MR angiography

(MRA), and lumbar puncture looking for xanthrochromia.

Four-vessel cerebral angiography remains the gold stan-

dard;21 however, CT angiography (CTA) has proven to be

very safe and efficacious in most settings.37

Surgical Treatment

With the recent advancements in diagnostic, microsurgical,

and neuroanesthetic techniques, aggressive surgical treat-

ment should always be employed in a pediatric patient with

SAH to generate favorable outcome.14,35,36,38–40 In their

review of 48 cases, Choux et al noted that 73% of their sur-

gically treated group had an excellent outcome compared

with the 7% in the nonsurgical group.41 There is a lower inci-

dence of rebleeding in children (7–13%) when compared

with adult controls (20–30%).38,42 Khoo and coworkers

espouse early and immediate surgical obliteration of

cerebral aneurysm in children with low-grade SAH.

Postponement of surgical treatment of high-grade SAH

allows for stabilization with respect to edema, hydro-

cephalus, and vasospasm, thus lowering surgical morbidi-

ty.41 The timing of surgery in patients with high clinical

grade SAH must be individualized. The threshold to treat,

however, ought to be low in the pediatric patient.

The operative management of saccular aneurysms in

children is governed by the same principles as in adults,

with added concerns of a smaller physiologic reserve in

pediatric patients. Extra appreciation of the smaller anato-

my and decreased tolerance of temperature changes, blood

loss, and large fluid shifts are warranted intraoperatively.36,41

Because of the anatomical variability and typically larger

aneurysms in children, surgical obliteration is not straight-

forward. In a review of the literature, it was observed

that direct clip ligation of the aneurysmal neck is possible in

only 29.5% of cases.41 Contrary to adults, children often

require specialized and innovative techniques to obliterate

intracranial aneurysms.10,18,39,43 These include various com-

binations of clip ligation, entrapment in giant lesions, tandem

clipping, angioplastic clipping, aneurysmectomy, microvas-

cular anastomosis and bypass,14 direct excision with reanas-

tomosis, ligation of the parent artery with tourniquet,40

direct ligation of the cervical carotid or vertebral arteries,

extracranial-intracranial bypass, and direct excision with-

out bypass.35 Lansen and associates demonstrated that

even giant lesions could be treated effectively with micro-

surgical techniques. They reviewed 47 cases of giant child-

hood and adolescent aneurysms; 36 of these lesions were

successfully obliterated with surgical occlusion of proximal

artery.41 Of these, 29 were completely thrombosed postop-

eratively. Trapping (six cases), sac resection followed by

been reported that neonatal birth trauma could potentiate

aneurysm formation near the tentorial incisura.31

Although strong evidence exists associating neonatal

aneurysms to a congenital defect secondary to other

connective tissue disorders, Stehbens et al add to the con-

troversy by defending the assertion that these aneurysms

are degenerative hemodynamically determined lesions in

children.29 A hemodynamic cause is explained by a force of

axial stream on the apex of the vessel at the bifurcation fol-

lowed by sudden dissipation of kinetic energy, resulting in

structural fatigue causing aneurysm formation.16,30 Proust

and colleagues observed the preponderance of internal

carotid artery (ICA) bifurcation aneurysms in the pediatric

population to be 36.4% in their series compared with 2.1% in

the adult counterparts. The large ICA bifurcation angle

makes it a favorable place for aneurysm formation in

children.16 Therefore, we surmise that the early appearance

of aneurysms in children reflects a genetic predisposition to

the effects of hemodynamic stresses, possibly combined

with anatomical susceptibility.

In adults, most aneurysms are found in the anterior

circulation (anterior communicating artery, posterior com-

municating artery, and middle cerebral artery [MCA]) and

are small; 5 to 15% are noted in the posterior circulation. In

contrast, carotid bifurcation is the most common site for

pediatric intracranial aneurysms, followed by the posterior

circulation. These are often large (1.0–2.5 cm), and 16 to

54% are giant (�2.5 cm) aneurysms compared with those

found in adults.21 Posterior circulation aneurysms are more

prevalent in children than adults by threefold. Lastly, adults

are more prone to multiple aneurysms than children.32,33

Presentation

The initial clinical presentation of a child harboring an

intracranial aneurysm is SAH between 50 and 75% of the

time, according to most reports in the literature.14,21,34,35

Symptoms of adolescents presenting with SAH are similar to

adults with SAH: sudden severe headache, nausea, vomit-

ing, collapse, photophobia, nuchal rigidity, and focal

neurologic deficits. Neonates and infants are more likely to

present with nonspecific signs, such as irritability, seizures,

drowsiness, and vomiting. Generally speaking, the pediatric

population with SAH presents in better clinical grades than

adults, and the incidence of delayed ischemic deficits sec-

ondary to vasospasm is less.10,36 Because large and giant

aneurysms are fairly common in children, they often pres-

ent with signs and symptoms of mass effect, seizures, and

obstruction, especially with posterior fossa lesions.21

Because of the rarity of pediatric intracranial aneurysms,

their diagnosis can be easily missed. Any child with unex-

plained neurologic symptoms or unexplained sudden

headaches should be investigated thoroughly to rule out

intracranial aneurysm rupture. The investigation of a child
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extracranial-intracranial bypass (three cases), direct neck

clipping (two cases), and exploration (two cases) were used

in the remainder of patients. Excellent results were

obtained in 36 out of 47 cases, with significant morbidity in

6 cases and 5 deaths.41 When treating childhood aneurysms,

we must often use creative strategies to individualize treat-

ment to gain a favorable outcome. We describe a recent case

at our institution where we effectively treated vertebral

artery (VA)–posteroinferior cerebellar artery (PICA) aneurysm

with an in situ side-to-side PICA–PICA bypass. An 11-year-

old boy with a partially coiled enlarging VA–PICA aneurysm

presented with brainstem compression. Figure 15.1 shows

the giant aneurysm. Rather than just employing hunterian

ligation of the VA and risking a PICA territory infarct in an

intact child, we decided to preserve the PICA by revascular-

ization through an in situ side-to-side PICA–PICA bypass

due to the lack of an adequate occipital artery donor. Figure

15.2 shows the bypass intraoperatively, and Fig. 15.3

demonstrates a postoperative angiogram showing filling of

the medullary segment of the PICA territory and oblitera-

tion of the aneurysm. The patient remained intact 15 months

later.44

Despite our overall limited surgical experience with

childhood aneurysms, various authors have cited certain

surgical observations from their experience. Children

evidently tolerate proximal arterial occlusion and hunterian

ligation far better than adults.40 Successful carotid and

vertebral artery ligation with a Drake tourniquet is well

known.45,46 Cervical carotid occlusion may be especially

effective for control of some carotid-ophthalmic aneurysms

or for otherwise untreatable cavernous or petrous

aneurysms. Surprisingly, it has also been shown that basilar

artery occlusion can be tolerated with few deficits.45 It is

unclear whether this is due to a larger collateral supply or

increased plasticity of the child’s brain. The rationale for

ligation is to reduce the pressure head and filling within

the lesion, thereby allowing the sac to thrombose.46

Aneurysmorrhaphy or evacuation of intraluminal clot in

such partially thrombosed aneurysms improves preopera-

tive neural compression syndromes.39 Every attempt should

be made to avoid vessel deconstruction in young patients

due to the concern regarding long-term risks of large vessel

sacrifice, although recent literature describes sacrifice to be

relatively safe.47

Endovascular treatment of pediatric intracranial

aneurysms cannot be ignored. It is an attractive option for

obvious reasons. Compared with microsurgical experience for

these lesions, endovascular therapy is still in its nascent stage.

Fig. 15.1 Lateral angiogram of the right vertebral artery revealing a

compacted large aneurysm at the vertebral artery–posteroinferior

cerebellar artery (PICA) junction.

Fig. 15.2 Intraoperative picture of bilateral caudal loops

of the PICA in a side-to-side bypass using 9–0 Prolene

suture.
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retrospectively reviewed a total of 43 pediatric aneurysms

treated between 1977 and 2003 at their institution with a

focus on treatment durability. Their results show that micro-

surgical treatment offered a 94.1% aneurysm obliteration rate

compared with 81.8% for the endovascular group (Table 15.2).

The authors concluded that both endovascular and microsur-

gical treatments are generally successful. Microsurgical thera-

py, however, is more efficacious in completely eliminating the

aneurysm and more durable over the extended lifetime of

these patients. Furthermore, the coiling of large aneurysms

often results in significant recanalization rates, arguing

against their use in pediatric patients.48

Outcome

The overall outcome of pediatric aneurysmal disease is good.

Krishna et al reported an 82% favorable outcome in surgical-

ly treated cases.49 Children presenting with low clinical

grades had 100% favorable outcome. A similar experience has

been documented in the literature.9,14–16 Norris and Wallace

argued that children usually present in better clinical grades

after SAH compared with adults and that overall surgical out-

come is better.15 According to Ferrante et al, younger patients

tolerate surgery better due to greater brain functional capac-

ity and a robust collateral circulation.16,50 Delayed surgery for

higher grades has improved surgical outcome; however, this

is at the expense of management morbidity.

Conclusion

The incidence of pediatric aneurysms is rare. Thus, our collec-

tive experience in managing these lesions is relatively limited

and localized at specialized tertiary institutions. However, the

current sophistication of microsurgical technique, various

The long-term outcomes following endovascular treatment

are not fully elucidated in the literature. Longer life expectan-

cies and differences in underlying disease in children with

aneurysms raise important issues regarding the durability of

treatment choice between microsurgical and endovascular

therapy. Direct comparisons between endovascular and

microsurgical treatment are starting to emerge in the litera-

ture. Sanai and colleagues at the University of California,

San Francisco reviewed this question (Table 15.1).48 They

Fig. 15.3 Anteroposterior angiogram of the left vertebral artery

revealing filling of the bypass and the distal medullary segment of the

PICA. There is no filling of the aneurysm or the vertebral artery.

Table 15.1 Successful Aneurysm Obliteration in Pediatric Series Involving Microsurgical and Endovascular Treatment*

Obliteration Rate

No. of Endovascular

Study No. of Patients Mean Age (Years) Aneurysms Microsurgical Treatment Treatment

Storrs et al32 29 NR 29 76.0% (16 of 21) NA

Herman et al10 16 8 20 94.7% (18 of 19) NA

Yazbak et al (1995) 7 9 7 100.0% (7 of 7) NA

Ter Brugge98 21 10 25 88.9% (8 of 9) 100.0% (6 of 6)

Proust et al16 22 13 25 95.0% (19 of 20) 100.0% (4 of 4)

Huang et al11 19 10 19 100.0% (13 of 13) 100.0% (3 of 3)

Present series 32 12 43 94.1% (16 of 17) 81.8% (18 of 22)

* Successful obliteration is defined as the absence of the following: residual aneurysm, aneurysm recurrence, and death after initial treatment.

Abbreviations: NA, not applicable; NR, not reported.

Source: Adapted from Sanai N, Quinones-Hinojosa A, Gupta N, Perry V, Sun P, Wilson C, Lawton M. Pediatric intracranial aneurysms: durability of treatment

following microsurgical and endovascular management. J Neurosurg 2006;104:82–89.
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revascularization options, neurophysiologic monitoring,

excellent imaging modalities, high-level pediatric intensive

care, and neuroanesthetic techniques have made the surgical

management of SAH in children very safe. The unique patho-

physiologic features, along with size and distribution variabil-

ity of pediatric aneurysms, require creative and innovative

surgical strategies to obliterate these lesions. It is imperative

to individualize treatment. Indeed, endovascular techniques

have become quite sophisticated, and this treatment modality is

very effective in selected cases. Controversy regarding the dura-

bility of microsurgical versus endovascular repair exists in the

literature, and as we become more advanced, there will be more

emerging issues that will continue to fuel the debate. As far as

we are concerned, the best and safest way to tackle pediatric

aneurysmal disease is a combination of microsurgical and

endovascular therapy in highly specialized neurovascular

centers.

Table 15.2 Comparison of Data Obtained in Microsurgical and

Endovascular Treatment Groups

Treatment Group (%)

Variable Microsurgical Endovascular

No. of patients 13 16

No. of aneurysms 17 23

Complete obliteration 16 (94.1) 18 (81.8)

Recurrence 0 (0) 3 (13.6)

De novo formation 1 (5.9) 3 (18.8)

New neurologic deficits 1 (7.7) 1 (6.3)

Mortality rate 0 0

Source: Adapted from Sanai N, Quinones-Hinojosa A, Gupta N, Perry V, Sun

P, Wilson C, Lawton M. Pediatric intracranial aneurysms: durability of

treatment following microsurgical and endovascular management.

J Neurosurg 2006;104:82–89.

♦ Endovascular Treatment

Monica S. Pearl, Ingrid M. Burger, and Philippe Gailloud

Pediatric intracranial aneurysms account for �5% of all

intracranial aneurysms.51–55 Morphologically, they differ

from aneurysms seen in adults in that they tend to be larg-

er and more dysplastic, have a wide neck, and more often

occur in atypical locations. In addition, intracranial

aneurysms seen in children are more often associated with

etiologic factors such as trauma, congenital disorders, and

infection than in the adult population.52 Intracranial

aneurysms may be classified as saccular, fusiform, infec-

tious (“mycotic”), or dissecting aneurysms, each category

having its specific natural history, management options,

and clinical outcome, as aneurysm morphology is a key fac-

tor in regard to the degree of aneurysm obliteration and the

rate of recurrence after either microsurgical or endovascu-

lar treatment.56

Therapeutic options for pediatric intracranial

aneurysms include surgical and endovascular techniques,

or a combination of these, with a slow but gradual shift

noted over the last 15 years in favor of endovascular treat-

ment.51 This tendency reflects the progresses made in neu-

rointerventional techniques, as well as the promising

results observed in the endovascular treatment of adult

aneurysms.51 The International Subarachnoid Aneurysm

Trial (ISAT), a randomized controlled trial comparing surgi-

cal clipping with endovascular coiling for the treatment of

ruptured cerebral aneurysms, has shown better outcomes

in the endovascular treatment group.57,58 It was found in

particular that, for ruptured aneurysms felt to be equally

treatable by either method, the relative risk of death or sig-

nificant disability at 1 year for patients treated by coiling

was lower than in the surgical group (absolute risk reduc-

tion of 7.4%), whereas the risk of late rebleeding was high-

er in the endovascular group. The study has been criticized

in regard to possible selection biases detrimental to the

surgical group, as well as to the level of expertise of the

neurosurgeons performing the surgical treatments (gener-

al rather than vascular neurosurgeons).59 The ISAT study

nonetheless helps support the notion that endovascular

therapy is a valid alternative to surgical clipping; although

no child was included, it may suggest that embolization

could be a safe and effective treatment option for pediatric

patients as well. However, endovascular therapy for pedi-

atric intracranial aneurysms, either ruptured or unrup-

tured, requires further evaluation before its exact role can

be determined.

Technical Considerations

Endovascular techniques for the treatment of intracranial

aneurysms with conservation of the parent artery, also

known as constructive therapies, include standard coil

embolization, coil embolization with balloon remodeling or

stent assistance, and balloon-assisted liquid polymer

embolization (Fig. 15.4A–C). The use of covered stents (or

stent grafts) has been proposed as an option for large

fusiform or wide-necked aneurysms, primarily located in

the carotid and vertebral arteries, where the risk of occlud-

ing functionally important side branches is relatively low

(Fig. 15.4D). The long-term patency of stent grafts placed in

relatively small vessels, such as the ICA, is another potential
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experimental and will not be developed further in this dis-

cussion. Parent artery occlusion, also referred to as decon-

structive therapy, remains a valid alternative option for

nonsurgical candidates whose aneurysms are not amenable

to the aforementioned constructive treatment methods

(Fig. 15.5).

drawback of this approach and remains currently

unknown.60 Semipermeable membranes may represent an

improvement over conventional stent grafts both in terms

of parent artery and side branches patency, and may expand

the indications of stent grafting to intracranial lesions in the

future. Although promising, these approaches remain

Fig. 15.4 Constructive endovascular techniques. (A) Coil emboliza-

tion: the microcatheter is placed within the aneurysmal cavity, which

is progressively filled (packed) with detachable microcoils of various

nominal diameters, lengths, and geometric configurations (helical,

two-dimensional, three-dimensional, etc.). Dense packing resulting in

exclusion of the aneurysm from the circulation is obtained with a

volume of coil material not exceeding 40% of the total aneurysm

volume,101 the residual space being filled with thrombus. Standard coil

embolization requires a favorable aneurysm geometry, particularly in

regard to the sac-to-neck ratio. A low ratio (i.e., wide neck) aneurysm

will not hold the coils within the aneurysmal cavity, jeopardizing the

patency of the parent artery. (B) Balloon remodeling: inflation of a

compliant microballoon across the aneurysm neck concomitantly to

coil deployment allows treating lesions with an unfavorable sac-to-neck

ratio. The balloon is sequentially inflated and deflated to assist in the

placement of each coil. We believe that there is an increased risk of

thromboembolic events related to the wide coil–lumen interface and

to the repeated flow interruption caused by balloon inflation.

(C) Stent-assisted coiling: the deployment of a stent prior to

aneurysm catheterization and coiling offers assistance for wide neck

aneurysms without the need for iterative parent artery obliteration,

but it leaves a permanent intravascular device that necessitates dual

antiplatelet therapy (aspirin and clopidogrel) and carries a still unchar-

acterized risk of delayed flow impairment (acute or subacute in stent

thrombosis, chronic in stent stenosis from endothelial hyperplasia).

Stent and balloon remodeling assistance can be combined for the

treatment of dysplastic and/or fusiform aneurysms. (D) Stent graft:

stent grafts can potentially interrupt the flow within the aneurysmal

cavity without placement of intra-aneurysmal material. Such an

approach would be rapid (low radiation exposure) and solve the mass

effect issues sometimes associated with dense packing of aneurysms

located in the immediate vicinity of fragile structures, such as the

optic nerve. Drawbacks of currently available stent grafts include poor

trackability, unknown long-term patency of the parent artery, and,

even more importantly for neurovascular applications, the risk of

occlusion of side branches. Some of these issues may be addressed by

the new generation of stent grafts with a semipermeable architecture

currently under development.

A B

C D
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The clinical condition of the patient, the aneurysm loca-

tion and morphology, particularly the diameter of the neck

and its relation to the parent artery, and the presence of

branches arising from either the sac or the neck are impor-

tant considerations when choosing the most appropriate

treatment plan. The aneurysm neck, especially its size and

relation to the parent artery and potential side branches,

is the key feature in determining if coil embolization is

an appropriate treatment option. Standard coil emboliza-

tion is considered feasible for aneurysms with a small neck

Fig. 15.5 Deconstructive endovascular techniques. (A) The balloon

occlusion test, performed with a nondetachable balloon, shows

adequate collateral flow through the anterior and/or posterior com-

municating arteries, without flow within the aneurysmal cavity.

(B) The internal carotid artery can be occluded, for example, with two

detachable balloons, without placement of coils within the aneurysm

cavity. Advantages of this approach include short procedure duration

(low radiation exposure) and minimal foreign material, possibly allowing

for secondary aneurysm shrinkage. (C) In this situation, the balloon

occlusion test still shows adequate collateral flow through the anteri-

or and/or posterior communicating arteries, but the aneurysm is now

filled via retrograde flow through the distal internal carotid artery.

(D) Occlusion of the internal carotid artery alone might result in

aneurysm thrombosis and must be combined with coiling of the

aneurysmal cavity.

A B

C D
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events have not been elucidated yet, and more information

is needed regarding the role of coils, clot burden, aneurysm

size, and inflammatory mediators in the development of

these complications. At this stage, in view of growing safety

concerns regarding unexpected complications such as

meningitis, delayed inflammatory reaction, and hydro-

cephalus of unclear mechanisms, although potential bene-

fits when compared with standard platinum coils remain

undefined, it seems prudent to avoid using “bioactive”

devices in children.

Stent-assisted coiling of intracranial aneurysms with bal-

loon-expandable stents is rarely performed in children.82

Recent advances in stent technology have led to the devel-

opment of flexible self-expanding nitinol stents

(Neuroform, Boston Scientific Neurovascular, Natick,

Massachusetts; Enterprise, Cordis Neurovascular, Miami

Lakes, Florida; LEO, Balt, Montmorency, France) dedicated

to intracranial aneurysm therapy, specifically for the treat-

ment of complex and wide-necked aneurysms. Advantages

of these self-expanding intracranial stents over the balloon-

expandable stents previously used for assisted coiling

include improved trackability, helping navigate tortuous

intracranial vasculature (although this is true only for the

latest generation of self-expanding stents), improved deliv-

erability, and decreased vessel injury during deployment.83

Despite several technical differences in stent design, these

devices have been shown to be safe and effective in the

treatment of cerebral aneurysms.84–86 Variations in stent

design include open cell (Neuroform)87 versus closed cell

design (Enterprise, LEO),88,89 low radial force (Neuroform)87

versus high radial force (LEO)85 versus low radial force/high

compression resistance (Enterprise), and stent recoverabili-

ty after partial deployment (a characteristic inherent to the

closed cell design, with up to 70% of stent length for the

Enterprise83 and up to 90% of the stent length for the Leo85).

Several case-based series studying the Neuroform,84,88–92

Enterprise,83,86 and Leo stents85 have been published. Of the

total of 341 patients treated in these various series, only

2 were children, ages 11 years84 and 10 years,89 both of

whom were treated with Neuroform stents. Immediate and

short-term results within that limited experience are prom-

ising, but data about the long-term efficacy and potential

side effects specific to the pediatric age group are obviously

still lacking. Additionally, the thrombogenic properties of

stents mandate long-term anticoagulation, usually involv-

ing a dual antiplatelet regimen of clopidogrel and aspirin for

at least 4 to 6 weeks after the procedure (with aspirin often

continued for life in adult patients).83,84,86,87,90 Although lim-

ited data are currently available, long-term antiplatelet

therapy appears safe in children.93,94 Intracranial stents are

very promising, but at this time they should be used prima-

rily, in children as in adults, for aneurysms that have failed

or carry a high likelihood of failing conventional endovascu-

lar therapy.

(� 4 mm), a dome-to-neck ratio � 2, and in the absence of

important branches arising from the sac and/or the neck.61

Coil embolization is achieved primarily with platinum coils.

Advances made in platinum coil technology have tried to

address incomplete aneurysm occlusion, which increases

the risk of coil compaction and aneurysm recanalization.

Reported rates of recanalization are �21.0% to 28.6%, but

they can be as high as 60% for giant aneurysms.62–64 Recently

developed hybrid, or “biologically active,” coils are chemi-

cally pretreated to enhance their thrombogenicity52 and try

to decrease the recanalization rate.65 (See the editorial com-

mentary by Cloft about the ambiguities surrounding the

“biologically active” coil concept and its regulation.66)

Currently available modified coils include polyglycolic

acid/lactide copolymer (PGLA)–coated coils (Matrix, Boston

Scientific Corp., Natick, Massachusetts; Cerecyte, Micrus,

Sunnyvale, California; Nexus coils, MicroTherapeutics,

Irvine, California) and hydrogel-coated coils (HydroCoil,

MicroVention, Aliso Viejo, California).67 Other types of coat-

ed or active devices, such as coils with radioactive compo-

nents or coils coated with biological material such as colla-

gen or cells, are in the experimental phase. Matrix coils

comprise an inner core of platinum covered with a

biodegradable polymer (PGLA) designed to accelerate

aneurysm fibrosis, neointima formation, and inflamma-

tion.65 The safety of these coils for the treatment of endovas-

cular aneurysms has been shown to be similar to that of

bare platinum coils.68,69 However, higher rates of recanaliza-

tion (32%,65 from 26.1% for small aneurysms with small

necks to 75% for large aneurysms70) and thromboembolic

events (up to 20%71 vs 2.5–11.0%72) are now reported with

Matrix coils versus bare platinum coils. Progressive resorp-

tion of the polymer coat leading to loss of volume and insta-

bility is thought to be a possible explanation for the high

recurrence rates associated with Matrix coils.73 HydroCoils

are standard platinum coils coated with an expandable

hydrogel material that result in delayed progressive coil

expansion upon contact with blood.74 These coils are sup-

posed to provide superior aneurysm volume filling than

bare platinum coils75 and promote healing and endothelial-

ization at the aneurysm neck.75,76 Despite these features,

recanalization rates remain high, up to 27% for large

aneurysms.77 More concerning, however, are reported cases

of aseptic meningitis and delayed hydrocephalus,67,77,78

which seem to be specific to the HydroCoil, as no cases have

so far been described with PGLA-coated coils alone,68

although some have occurred when Matrix coils were used

in combination with HydroCoils.79 Delayed perianeurysmal

inflammation with dramatic neurologic dysfunction (bilat-

eral visual loss) has been reported after embolization with

HydroCoils.80 Perianeurysmal inflammation leading to visu-

al loss has also been described in cases of paraclinoid

aneurysms treated with either standard platinum or coated

coils.81 The factors leading to these various coil-related
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Endovascular Aneurysm Therapy

When a deconstructive method is indicated, endovascular

occlusion of the parent artery, with or without aneurysm

coiling, is clearly the technique of choice. When a construc-

tive method is contemplated, choosing between an endovas-

cular and a surgical approach remains controversial, as

neither approach can be deemed superior for all cases of

pediatric intracranial aneurysms. As for adult aneurysm

management, treatment decisions are therefore best made

on an individual basis by a multidisciplinary team.95

Constructive endovascular therapy with preservation of

the parent artery is the ideal treatment option for saccular

aneurysms, but experience currently remains very limited.

In a series of 37 aneurysms detected in 33 pediatric

patients, only 5 saccular aneurysms out of the 13 treated via

an endovascular approach over a 12-year period involved

constructive methods.51 Although the outcome for con-

structive versus deconstructive was not specifically

addressed in that report, 77% (10 of 13) of patients in the

endovascular treatment group made a good recovery, and

23% (3 of 13)11 had a significant neurologic deficit.51 The

outcome appears comparable to that seen in surgical treat-

ment of pediatric saccular aneurysms, with reported favor-

able outcomes ranging from 60 to 80%.96,97 Based on their

series reflecting a local experience, Agid et al recommended

endovascular treatment as the primary option for pediatric

aneurysms, stating that it offers better clinical outcomes

than surgery.51

Among the important factors to be considered when

choosing between an endovascular and a surgical approach

for children are the immediate efficacy and the expected

durability of the treatment. In their experience of 43

aneurysms treated in 32 pediatric patients between 1977 to

2003, Sanai et al noted that microsurgical treatment was

associated with higher rates of complete obliteration than

endovascular therapy, 94.1% (16 of 17) versus 81.8% (18 of

22), respectively.64 This contradicts other series in which

endovascular treatment was associated with obliteration

rates equal to or greater than those of microsurgical treat-

ment: 100% (6 of 6) versus 88.9% (8 of 9),98 100% (4 of 4) ver-

sus 95% (19 of 20),55 and 100% (3 of 3) versus 100% (13 of

13).11 Sanai et al further supported the surgical approach by

demonstrating a lower rate of aneurysm recurrence after

microsurgical treatment (0%) than in the group treated by

endovascular techniques (14%).64 However, both lower

aneurysm obliteration and higher recurrence rates in the

endovascular treatment group reported by Sanai et al may

be related to the older (and sometimes obsolete) endovas-

cular techniques used during the 25-year period covered in

their study, which even includes a case treated by balloon

embolization of the aneurysmal cavity. Given the constant

advances made in endovascular technology, improvements

in efficacy and durability are bound to occur, and series

covering a long time span using a wide range of techniques

may be of historical interest only. It is not a surprise that the

aneurysm treated by balloon embolization is among the

three aneurysms that recurred in the endovascular group.64

Yet we fully agree with these authors that a “deliberated

and individualized approach to treatment selection” is

required,99 a statement that we consider valid for patients in

all age categories. The following illustrative case has been

chosen as an example of the value placed on multidisciplinary

team management at our institution.

Illustrative Case

Right Middle Cerebral Artery Aneurysm 

in an 18-Month-Old Girl

The patient is an 18-month-old girl who, at the of age

6 months, suffered a right MCA stroke in the setting of pre-

ceding viral infection, reactive thrombocytosis, and reduced

protein C activity. Initial cerebral MRI and MRA revealed

restricted diffusion involving the right putamen and caudate

nucleus (Fig. 15.6), as well as a severe stenosis involving the

right M1 segment, with attenuation of distal right MCA

branches (Fig. 15.7A). Follow-up MRI 8 months later showed

persistent severe stenosis of the M1 segment with an

aneurysm at the site of the stenosis (Fig. 15.7B). Digital sub-

traction angiography confirmed the presence of a saccular

aneurysm and showed collateral flow from the right anteri-

or cerebral artery to the distal right MCA territory via a

complex arterial network located within the sylvian cistern

and surrounding the aneurysm (Fig. 15.8). Management

options were discussed during a weekly multidisciplinary

neurovascular conference, and endovascular therapy was

considered superior to surgical clipping in view of this

particular collateral anatomy.

Fig. 15.6 Diffusion-weighted magnetic resonance (MR) image shows

hyperintensity in the right putamen and head of the caudate nucleus,

indicating acute ischemic injury.
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microcoils (one GDC 3D and five GDC 360 soft, Boston

Scientific Neurovascular) (Fig. 15.9). A total of 27.5 mL

(1.9 cc/kg) of contrast agent (Omnipaque 300, Amersham

Health, Little Chalfont, Buckinghamshire, UK) was injected,

with a combined anteroposterior and lateral fluoroscopy

time of 26.6 minutes. Femoral hemostasis was obtained by

gentle manual compression after normalization of the par-

tial thromboplastin time (PTT) ratio. Heparin was restarted

3 hours later with a target PTT ratio of 2.0 to 2.5 for 20 hours.

The procedure was uneventful, and the patient was dis-

charged 2 days later in her baseline neurologic condition.

Daily aspirin was restarted at the preprocedural dosage in

regard to the MCA stenosis.

Discussion

Our obligation to provide children with optimal, up-to-date

therapy needs to be carefully balanced with our duty to pro-

tect them from harm related to inadequate procedures.

Being able to recommend a particular therapeutic strategy,

whether it be conservative, endovascular, or surgical,

requires a good understanding of its risks and benefits.

Many of the risks and benefits of strategies for aneurysm

treatment in children, however, remain less well character-

ized than they are for adults. Therefore, it is of fundamental

importance for individual clinicians, and for the field as a

whole, to innovate prudently, by continuing to support, pur-

sue, and collaborate in well-designed clinical research

aimed at better quantifying the respective risks and benefits

of endovascular and surgical treatments of pediatric

aneurysms. Only high-quality data from pediatric studies

will help clinicians choose the intervention with the highest

likelihood of success and the lowest likelihood of harm for a

particular clinical situation. Where high-quality data in

children are lacking or when data conflict regarding the best

Intervention

The procedure was performed under general anesthesia

via a right femoral access (4-French arterial sheath), using a

4-French diagnostic catheter as a guide (DAV, Cook,

Bloomington, Indiana). A loading dose of 160 mg of aspirin

was administered rectally shortly before the procedure, and

a bolus of 1000 IU of heparin was given after arterial access

was secured. A 1.9-French microcatheter (Echelon 10, ev3

Neurovascular, Irvine, California) was advanced over a 0.010

guidewire (Transend 10, Boston Scientific Neurovascular)

into the aneurysm, which was coiled using six detachable

Fig. 15.7 (A) Three-dimensional time-of-flight MR angiography

image obtained at the time of initial presentation. Irregular narrowing

of the right middle cerebral artery is observed, with attenuation of

distal branches, indicating flow impairment. (B) Anteroposterior

projection MR angiography image obtained 8 months later. On the

follow-up study, the narrowing and the distal flow appear to have

worsened, and an aneurysmal component is identified in the middle

of the M1 segment (arrow). 

Fig. 15.8 Three-dimensional digital subtraction angiography of a right

carotid rotational angiogram (here shown in a right anterior oblique

view) reveals a diffusely abnormal M1 segment, with a preocclusive

focal stenosis of its midportion and a saccular-looking aneurysm located

at the proximal end. These findings are consistent with a right middle

cerebral artery dissection. There is a conspicuous collateral network

within the sylvian fissure, in front of the aneurysm, principally supplied

by a branch of the right anterior cerebral artery (arrow).

A B
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Fig. 15.9 Endovascular therapy. (A) Anteroposterior view of the right

internal carotid angiogram prior to treatment. (B) Nonsubtracted

image shows that the aneurysm has been embolized, with the

aneurysmal cavity densely packed with coils. (C) Final angiogram

documents the absence of flow within the aneurysm, as well as the

preserved patency of the M1 segment.

A–C

therapeutic strategy, various biases may play a larger role,

such as biases related to the invasive versus minimally inva-

sive nature of the treatment, physicians’ aspirations to

pioneer novel methods, and financial interests in the mar-

ketability of new techniques or devices. As an example, let

us consider here the case of a 6-month-old child with a

giant skull base aneurysm. Will this patient be better treat-

ed by a deconstructive method (occlusion of the ICA) or by a

constructive method (stent-assisted coiling)? Currently,

there are no strong data regarding a direct comparison of

the risks and benefits of each method. In general, we know

that stent-assisted coiling is associated with potential draw-

backs, such as the risks inherent to a relatively complex pro-

cedure (arterial dissection or rupture, clot migration); the

need for longer fluoroscopy times, resulting in a higher radi-

ation dose (to which pediatric patients are more sensitive);

the need for antiplatelet therapy, which reduces but does

not remove the risk of delayed thromboembolic events; the

burden of unclear long-term efficacy (i.e., recanalization,

need for follow-up imaging); and the still unknown long-

term effects of an intravascular device placed in a child’s

vasculature. Nevertheless, stent-assisted coiling is more ele-

gant in that it will preserve the parent artery, and it benefits

from a positive “modern” flavor. Parent artery occlusion, by

contrast, may seem a crude and old-fashioned method, but

it is known to be successful at treating skull base giant

aneurysms with minimal periprocedural risks, in particu-

lar when adequate collateral circulation is demonstrated

by pretreatment angiography and balloon test occlusion,

and is associated with excellent long-term results. In the

absence of a strong argument in favor of one or the other

option (e.g., the absence of collateral pathways preclud-

ing parent artery sacrifice), the input from the

parents/guardians, after they have been presented with a

clear explanation of what is known about the respective

advantages and drawbacks of each available option, may

become decisive in the choice of therapy. The need for an

honest and informative consent process cannot be empha-

sized enough, in particular when discussing novel proce-

dures whose exact benefits and risks remain to be estab-

lished. The assessment and acceptance of new devices or

methods must work both ways, welcoming novel proce-

dures with due circumspection, yet offering them first as

treatment alternatives, and then as primary options if

their role and value are validated by our growing knowl-

edge and experience. In that regard, it is of particular

importance that physicians performing procedures in what

remains a limited patient population, that is, children with

cerebral aneurysms, try sharing their experience, positive

or negative, with the rest of the community. Although the

publication of case reports and case-based series repre-

sents an important step in that direction, only appropri-

ately controlled studies involving multiple centers can

allow gathering meaningful data from a statistically ade-

quate sample size in a limited time period and without

local biases. Early enthusiasm for endovascular manage-

ment of aneurysms (“all saccular aneurysms are endovas-

cular”), followed by delayed publication of mitigated

results and significant recurrence rates, must be avoided,

as it does little, if anything, to advance our field in the right

direction.

In summary, constructive and deconstructive endovas-

cular methods represent major components of our arma-

mentarium for the treatment of cerebral aneurysms in chil-

dren. They must not be understood as competing with

microsurgical options, but complementing them. Only a

multidisciplinary approach can adequately address the vari-

ety and complexity of these lesions through a case-by-case
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must reach to be considered a primary constructive thera-

peutic option. The constant developments made in the

endovascular field support progress. It remains doubtful,

however, that either approach will ever claim superiority for

all aneurysms that need be treated.

decision process. When a deconstructive method is contem-

plated, endovascular access is the method of choice.

Although endovascular coiling is clearly superior to surgical

access in certain situations, the long-term efficacy of surgi-

cal clipping sets the standard that endovascular treatment

♦ Lessons Learned

The endovascular approach to pathologies of the nervous

system’s vascular supply is an enormous success story of

innovation and rapid application of basic science in the clin-

ical setting. This is exemplified in the contribution of Pearl

et al. Due to the special challenges posed by pediatric

patients, the downsides and uncertainties of the various

embolization techniques become more apparent than in the

adult setting. New understanding of potential side effects of

used embolic materials, particularly their unknown long-

term problems, are raising concern about their use in the

pediatric population. The same is true for implants, the use

of which may require long-term antiplatelet medication.

The authors thoughtfully balance the promise of the many

avenues opened by these innovative treatment techniques

with the concern for long-term side effects. They also stress

the relative rarity of aneurysms in the pediatric population

and their relative inhomogeneity when compared with the

adult disease. Consequently, they emphasize the need for

interdisciplinary cooperation and careful individualization

of a treatment plan for each patient.

The surgical approach is tailored to the stated differences

between adult and pediatric disease. The common theme,

which very much appeals to the philosophy of the pediatric

neurosurgeon, is the concept of early and aggressive treat-

ment, either endovascular or microsurgical. Chandela and

Langer remind us that there is a significant genetic component

to the pathogenesis of aneurysms, probably more so in the

pediatric than the adult population. The concept of hemo-

dynamic stresses applies to aneurysms in children in the

same way as it does to those in adults. It is noteworthy that

the carotid bifurcation aneurysms are overrepresented in

the pediatric population when compared with the “usual”

adult series, and that these aneurysms tend to be large. The

microsurgical treatment of aneurysms appears to be much

more variable and more frequently complex in children

than in adults. The authors cite reports of relatively large

series of complex aneurysm surgery that included oblitera-

tion of the parent vessel, even the carotid, bypass procedures

and complex combinations of clip placement, entrapment,

and other creative techniques.

Retrospective evidence points toward an advantage of

microsurgical treatment over endovascular approaches.

Children appear to tolerate both complex procedures and

parent vessel obliteration significantly better than adults,

either because of the retained flexibility of the neurovascular

system or superior neural plasticity, or both. This, combined

with the many caveats expressed about the long-term dura-

bility of endovascular aneurysm obliteration techniques, is

a significant argument toward the continued use of micro-

surgery, however complex, for children with aneurysms,

albeit with highly individualized treatment planning and

evidently a large role for interdisciplinary cooperation.
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Myelomeningocele16

Fetal surgery was developed to treat conditions such as con-

genital diaphragmatic hernia and sacrococcygeal teratoma

that were otherwise fatal.1 An open neural tube defect,

however, is compatible with a term gestation, and a child

with such a defect in the modern era should expect a long

life span, particularly if concurrent medical problems are

managed appropriately.2 As with any surgical intervention,

the procedural risks must be balanced against the potential

benefit, which in this case is a reduction in the burden of

disability for the affected child. A particular ethical consid-

eration specific for this fetal procedure is the risk borne by

the mother, and whether she is able to dispassionately bal-

ance the risk to herself against the benefit to her unborn

child. Currently, the reported benefits of fetal surgery

include a reduction in shunt insertion rates and an improve-

ment in the hindbrain abnormality.3–5 Published reports of

results from fetal myelomeningocele procedures are mostly

retrospective case series compared with historical controls.

To obtain more conclusive data, the potential benefit of fetal

surgery for myelomeningocele is being examined in a clini-

cal trial directly comparing patients randomized into pre-

and postnatal treatment groups.

Neurologic Deficits and Myelomeningocele

The neurologic deficits associated with a myelomeningocele

can be separated into two groups: primary and secondary.

Primary neurologic deficits are those caused by the arrest-

ed development of the neural tube.6 Because neural tube

closure occurs during the 3rd and 4th week of gestation, the

spinal cord is very immature at the stage when a

myelomeningocele develops. It is clear that the normal

anatomy of the spinal cord is severely disrupted at the level

of the placode.7 The functional neurologic level is either at

the same level as the vertebral anomaly or actually higher

than the vertebral level, resulting in worse neurologic func-

tion in � 80% of patients with spina bifida aperta, but not

with spina bifida occulta.8 There is little that can be done in

the postnatal setting to reverse the primary developmental

abnormality of the affected spinal cord. It is unknown

whether the unclosed neural tube retains the capacity for

further development.

The appearance of a repaired myelomeningocele lesion

on magnetic resonance imaging (MRI) invariably shows a

dysplastic spinal cord terminating and adherent to the over-

lying soft tissues at the site of the defect. The presence of the

conus at the level of the repair site means that virtually all

of these patients have a tethered spinal cord by radiologic

criteria. A symptomatic tethered spinal cord can occur in

childhood or many decades later. Patients develop second-

ary neurologic deficits, such as loss of motor function,

paresthesias, and worsening bowel and bladder control.

Orthopedic problems, such as progressive foot deformities

and scoliosis, can also occur. It is not clear why some

patients with a myelomeningocele remain free of symptoms

related to a tethered spinal cord. One possibility is that these

patients are likely to maintain normal viscoelasticity of the

filum terminale, preventing the lumbosacral cord from

unnecessary stretching.9

Rationale for Fetal Repair 
of Myelomeningocele

The theoretical benefit of an early fetal myelomeningocele

repair is that the neural tube is covered and protected

many months before the anticipated delivery date. The

basis for expecting improved neurologic function is that

restoration of the dysplastic neural placode within the

spinal canal isolates it from the amniotic fluid and pre-

vents ongoing injury.10,11 Evidence supporting this

hypothesis was obtained from experiments performed on

fetal sheep. Mueli et al surgically created a spinal cord

lesion in fetal sheep at 75 days of gestation that simulated

a spontaneous spina bifida lesion.12 After delivery at term,
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Surgical Technique

Fetal surgery cannot be performed without the participa-

tion of a well-trained team. Successful completion of a pro-

cedure requires specialized maternal and fetal anesthesia,

the ability to perform uterine opening (hysterotomy) and

closure with control of uterine contractions, and continuous

intraoperative fetal monitoring. These techniques are

described elsewhere and will not be addressed further in

this chapter.18

The steps involved in the fetal procedure are similar to

the standard postnatal procedure. They include (1) identifi-

cation of the neural placode, (2) separation of the placode

from the surrounding epithelium, (3) closure of the dura

and overlying soft tissues, and (4) closure of the skin. There

are several differences, however, between a fetal procedure

and that done upon a term infant. First, all tissues during

dissection and closure must be handled with great care. The

neural placode is extremely fragile, and even limited manip-

ulation leads to loss of tissue integrity. Although the nerve

roots are able to withstand some handling, excessive ten-

sion causes avulsion. The dura is often insubstantial, trans-

parent when mobilized, and has the physical characteristics

of arachnoid in older children. The skin is able to handle

surgical dissection, but excessive tension leads to tearing.

A second limitation is the inability to place the fetus in a

neutral position at all times during the procedure. The loca-

tion of the hysterotomy is determined in part by the posi-

tion of the fetus but also by the location of the placenta

(Fig. 16.1). The orientation of the fetus can be confirmed

prior to hysterotomy with intraoperative ultrasound, but it

can be difficult to maintain the lumbar spine in a horizontal

position, which interferes with the visualization of the

lesion. Additional assistants are sometimes required to sta-

bilize the fetus.

The fetal neural placode is more easily distinguished

from the surrounding arachnoid and skin than in the term

infant. The edges of the placode are contiguous with the

arachnoid, which is extremely thin and translucent. If the

myelomeningocele sac is intact, the placode will be lifted

upward away from the surface of the back. The epithelium

of the skin usually does not reach the edge of the placode.

The clear identification of the intervening arachnoid usual-

ly allows the placode to be divided from its attachments

with sharp dissection. Depending on the consistency of the

placode, the neural tube can be retubularized; however, if

the placode is particularly fragile, this step may not be pos-

sible. The dura is loosely attached to the underlying subcu-

taneous tissues just lateral to the spinal canal. After incising

the dura at its lateral junction with the dermis, gentle instil-

lation of saline into the epidural plane lifts the dura away

from the underlying tissues, which minimizes the manipu-

lation of the dura. Between 18 and 20 weeks of gestation,

the dura can be very thin and difficult to handle. After 22

194 II Intraspinal

these animals were incontinent and had loss of sensation

and motor function below the lesion level. The gross and

microscopic appearance of the exposed spinal cord resem-

bled a human myelomeningocele lesion. Animals with

surgically created spina bifida lesions were then treated

using a musculocutaneous flap at 100 days of gestation.

These animals were then carried to full-term gestation

and had near-normal motor function and normal bowel

and bladder control. The results of these experiments sug-

gest that early repair of an exposed spinal cord may pre-

serve neurologic function and allow improvement

through plasticity.13 Although provocative and interesting,

these large animal experiments clearly rely on a model

system that does not recapitulate all the features of the

human disease.

Timing for Fetal Surgery

Fetal surgery for myelomeningoceles would be expected to

have the best results if performed as early as possible.

However, this is limited by the timing of diagnosis and the

technical limitations of the actual surgical procedure.

Ultrasonography allows detection of most fetuses with

myelomeningoceles by the midportion of the second

trimester.14 From a practical point of view, this means that a

diagnosis of a myelomeningocele is usually made between

18 and 22 weeks of gestation. Taking into consideration cur-

rent obstetrical practice, it is unlikely that the detection of

fetal myelomeningoceles will occur any earlier unless new,

more sensitive screening tests are discovered.

Preoperative Imaging Studies

Preoperative fetal imaging studies begin with a detailed

ultrasound examination. The specific goals of the exam are

to identify anomalies in ventricular shape and size, the

position of the cerebellar tonsils, the level of the spinal

defect, and the presence of lower-extremity deformities. In

many cases, the dimensions of the anatomical defect can be

accurately measured by ultrasound examination, although

there can be difficulty determining the exact dysraphic

level.14 Most patients being considered for fetal surgery will

also undergo an MRI study. The preferred technique

performed at the University of California, San Francisco is a

single-shot, fast spin echo T2-weighted sequence. The

parameters of this sequence are repetition time, 4000 msec;

echo time, 90 msec; field of view, 24 cm; slice thickness,

3 mm; no skip; bandwidth, 25 kHz; matrix, 192 � 160; and

number of excitations, 0.5. These images are acquired in the

axial, sagittal, and coronal planes, although adequate image

quality is sometimes difficult to obtain because of fetal

motion.15 There is some evidence that MRI may improve the

ability to detect coexisting spinal and brain anomalies that

may not be apparent on ultrasound studies.16,17
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weeks of gestation, the dura becomes more substantial and

can be handled more easily.

Once the dura is detached from the dermis and separat-

ed from the underlying lumbar fascia, it can be closed using

a running suture. If the amount of dura is insufficient, then

a patch is used to close the opening. The use of acellular

human dermis to repair the dura may contribute to the for-

mation of intracellular dermoid cysts.19 For this reason, a

synthetic collagen matrix (DuraGen, Integra Life Sciences,

New Jersey) can be used to create a dural barrier. Following

dural closure, the skin is closed as a single layer incorporat-

ing the superficial and deeper tissues. In general, dissection

of the underlying muscle and fascia is not attempted

because excessive fetal blood loss must be avoided and the

duration of the procedure minimized. Elevation of the skin

and separation from the underlying subcutaneous tissues

are relatively easy, although increased tension on the skin

inevitably leads to tearing. Small openings in the skin

caused by handling with forceps or tension from suture

points generally close rapidly. If the skin can be brought

together, the final postnatal appearance is often excellent

(Fig. 16.1). For situations where insufficient skin is available

to close the lesion, skin flaps, relaxing incisions, or synthet-

ic material can be used.

There are substantial complications associated with open

hysterotomy. These include placental separation, blood loss,

premature labor, and delayed uterine rupture.20,21 All of

these reasons have led to most fetal procedures evolving
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A B

C

Fig. 16.1 Fetal closure of a myelomeningocele lesion.

(A) The fetal myelomeningocele is framed in the hysterotomy

incision. The fetus is not removed from the uterus, and every

effort is made to maintain the amniotic fluid volume. The

actual sac consists of thin membranous tissue with a mini-

mum of skin extending upward toward the placode. (B) The

skin is closed as a single layer, in this case without a patch

required. (C) After delivery at 36 weeks, the wound appears

well closed, although the sutures, which are the monofila-

ment absorbable type, are still visible.
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Experimental evidence suggested that early closure of

myelomeningoceles should improve neurologic function by

preventing secondary injury to the exposed nervous tis-

sue.10,12 Early clinical results from fetal repair of human

myelomeningoceles have been disappointing. Tubbs et al

examined a cohort of patients (n � 37) who had undergone

fetal repair between 20 and 28 weeks of gestation and

compared their neurologic function to a cohort (n � 40) of

patients who underwent postnatal procedures.26 No statis-

tical difference was observed in lower-extremity function

between the two groups. Although this study, along with

others, has limitations inherent with any retrospective

analysis, the lack of clear improvement in neurologic func-

tion with fetal surgery suggests that the animal models used

to study this disorder do not adequately recapitulate the

human disease.

The incidence of delayed signs and symptoms such as

lower extremity weakness, worsening of bladder and bowel

control, and pain in patients who have had fetal surgery is

unknown. Based on anecdotal cases, reexploration in

patients who have had previous fetal repair appears to be

more difficult because tissue planes in the area of the

placode are poorly defined. Postnatal imaging studies of

the distal spinal cord in patients who have had fetal repair,

however, do not show an obvious anatomical difference

compared with patients who have had postnatal repair.

Urodynamics performed on a small group of children who

had undergone fetal surgery showed clear abnormalities

such as vesicoureteral reflux and a significant postvoid

residual urine volume. These results were indistinguishable
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toward endoscopic techniques. The treatment goals for

myelomeningocele can be achieved by using endoscopic or

open procedures, but the quality of the repair is substantial-

ly better with an open procedure.22,23 Because endoscopic

procedures are associated with fewer complications, new

techniques may allow this approach to be reevaluated in the

future.

Results

Data from centers performing fetal surgery for myelomeningo-

cele have indicated that the benefits of surgery are a reduc-

tion in the rate of cerebrospinal fluid (CSF) shunt insertion

and improvement in the appearance of the Chiari II malfor-

mation (Fig. 16.2) on imaging studies.3,24 It is unknown

whether the structural improvement in the hindbrain

abnormality results in an improvement of clinical signs and

symptoms caused by the Chiari II malformation. The shunt

rate in a cohort of 116 children treated with fetal surgery

and followed in the postnatal period for at least 12 months

was 54%.25 The strongest predictor for postnatal shunt

placement was the upper level of the spinal lesion, with

those above L3 showing the highest rates of shunt insertion.

This trend is similar to a historical series where lesion level

affected shunt rates.8 The overall percentage of patients

requiring shunt placement, based on retrospective series, is

usually in the range of 80 to 95%. By this measure, the

reduction in shunt insertion rates reported in the fetal sur-

gery group is encouraging. However, it is possible that selec-

tion bias alone may account for this benefit.

A B

Fig. 16.2 Effect of fetal closure on hindbrain appearance. (A) Fetal

magnetic resonance imaging (MRI) sagittal image showing a tight

posterior fossa with tonsillar descent into the upper cervical spine.

(B) MRI (T1-weighted sagittal sequence) of the same patient after

delivery showing the near normal appearance of the cerebellum with

normal-appearing brainstem and the presence of a cisterna magna.
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from those of patients who had undergone postnatal

repair.27 This is not unexpected, as urological function

should be strongly related to sacral spinal cord function.

Conclusion

Fetal surgery for myelomeningocele can be performed safely

with acceptable maternal and fetal risks. Whether these risks

are balanced by a benefit to the child over many years of

follow-up is unknown. To measure the presumed reduction

in shunt insertion rates and to assess maternal and fetal risks,

a randomized, prospective clinical trial sponsored by the

National Institutes of Health is under way. The Management

of Myelomeningoceles Study compares patients who are

randomly assigned to either postnatal or fetal surgery. In

addition to shunt insertion rates, other measures, such as the

Bayley Scale of Infant Development and neurologic functional

level, will be used to assess the effect of fetal surgery. Wider

adoption of fetal surgery for myelomeningocele should await

definitive evidence of clinical benefit.
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♦ Postnatal Repair

Ulrich W. Thomale

The arguments for postnatal myelomeningocele or intrauter-

ine myelomeningocele repair are based on different aspects.

In terms of the prenatal diagnosis of a neural tube defect

and the decision to continue the pregnancy to full term, the

treatment should be associated with low risk for the moth-

er and with preparing good conditions of development for

the child. Also, a safe technique of plastic reconstruction of

the neural tube defect should be achieved. The technique

should be well evolved with clear exposure and good

control of anatomical structures. Another aim is to deal

accurately with the expected complications in the neuro-

functional development of the fetus as well as to acquire

sufficient data of experience of the incidence and impact of

these complications for long-term outcome. These factors

will be further elucidated in this discussion.

Pregnancy and Delivery

In many centers, cesarean section has become the recom-

mended method of delivery for infants with prenatally diag-

nosed myelomeningocele defects.28,29 Although none of the

controlled trials have proven the significant benefit of

cesarean section regarding lower morbidity or better neuro-

functional outcome,30,31 postmortem and clinical studies

have postulated mechanical damage to the neural tube

defect caused by repeated uterine contractions as well as by

vaginal breech delivery.32 Another advantage of cesarean

section is the rather controlled situation of delivery, which

can be scheduled precisely in terms of good availability of

experienced staff for immediate postnatal treatment. In

particular, the neurosurgical availability within 24 hours for

postnatal myelomeningocele repair can be scheduled

accordingly. Furthermore, the entire procedure can be dis-

cussed in detail with the parents in an interdisciplinary

appointment weeks before the scheduled date of birth. 

The morbidity and mortality rates for cesarean section in

combination with postnatal myelomeningocele repair are

known to be fairly low, not only because of the rather high

degree of routine experience, but also because of the mini-

mal amount of invasiveness during the term of pregnancy.

In a series of 202 children, no delivery-related morbidity

was reported over a 20-year period.33

In contrast to that, the technique of intrauterine repair

reported both mother- and fetus-associated morbidity as

well as mortality. Despite the fact that all mothers under-

went at least two operative procedures during pregnancy,

Bruner et al had to admit that 2 of 29 mothers in their study

experienced wound dehiscence, and 1 of them had a com-

plicated bowel obstruction.34 There is no evidence so far

that future pregnancies are affected by such intrauterine

procedures. In a study by Sutton et al on fetus mortality, 1

of 10 was delivered prematurely after intrauterine repair

and died thereafter.35 Combining the series by Bruner and

Sutton and colleagues, 8 of 38 fetuses delivered before the

30th week of gestation, 3 had further complications due to

prematurity, and 1 suffered CSF fistula necessitating further

surgery. A more recent study showed an overall fetus

mortality rate of 6%.36 Although a learning curve must be

considered for new interventions techniques, these compli-

cations need to be weighed against the benefits of the

intrauterine procedure.

Surgical Repair

The major goals of postnatal surgical repair are to prevent

central nervous system infection, to reconstruct anatomical

layers within the defect region, and to preserve remaining

neurologic function. Therefore, surgery needs to be well

planned before the date of birth. It is known that the risk of

infection in a nonoperated child with myelomeningocele

increases with the time after delivery, which can provoke

further functional morbidity.33,37 Surgery should be sched-

uled 24 to 48 hours after cesarean section. Cardiopulmonary

conditions can be stabilized during the early hours, and safe
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intact anatomical area cranially or caudally to the lesion. If

necessary, a small laminotomy is performed to identify the

intact dura layer. The dura is opened, and the subdural

space is dissected bilaterally, if possible leaving the arach-

noid layer intact. In a similar fashion, the epidural space is

prepared bilaterally. Next, the layers of the skin and dura are

sharply dissected at the structure’s normal appearance at

the most adjacent level toward the surface by leaving the

medial parts of the neural placode untouched. The layers

are ligated, respectively, along the bilateral incision for bet-

ter identification at later steps. If the entire circumference is

dissected, the preparation of the medial placode is per-

formed. Epithelialized remnants from the placode are

resected. Special care must be taken not to injure the possi-

ble U-shaped course of the nerve roots, which may be orig-

inating radially from the placode.

This standardized technique of microsurgical prepara-

tion warrants a high degree of visual control to enable as

much preservation of neurologic function as possible. The

fact that anatomical conditions are well developed, and thus

have become less fragile, enables a safer separation of the

respective layers in a microsurgical fashion. Untethering of

the terminal filum, if identifiable, is performed to ensure

free intraspinal motion of the neural structures. Following

complete separation and reduction from the epithelial

edges, the placode itself is laterally rolled up, and a tube is
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conditions for surgery can be prepared. We prefer to

perform cranial as well as spinal MRI prior to surgery to

visualize the defect and to define all associated anomalies

(Fig. 16.3).38 This allows the surgeon to prepare for all kinds

of atypical anatomical conditions by visualizing the entire

extent of spinal deformity as well as by locating the neural

structures within the defect (Fig. 16.4). This may facilitate

more accurate planning of the surgical repair. Moreover, a

fatal developmental abnormality involving the brain can be

identified, which can influence decisions regarding thera-

peutical measures in those cases at an early stage. During

the preoperative period, a strict protocol must be estab-

lished to prevent desiccation and mechanical manipulation

of the placode. Sterile saline-soaked gauze for coverage, as

well as adequate handling of the neonate by avoiding supine

positioning and direct pressure or manipulation to the

defect, is essential. We prefer perioperative antibiotic cover-

age starting after delivery. During the surgical procedure

itself, in general no major blood loss is expected. Thus, ane-

mic conditions are rare; however, hypothermia and hypo-

glycemia must be avoided before and during surgery.39 The

surgical technique itself is performed on a routine basis

under strict microscopical conditions.40 In the entire cir-

cumference, the anatomical layers of the arachnoid, dura,

skin, and placode are divided meticulously. We start the

procedure with an intraspinal approach in the adjacent

Fig. 16.3 MRIs depicting various conditions of the dysraphic malforma-

tion involving the lumbosacral region as the most common localization.

(A) Sacral myelomeningocele with low myelon attachment developing

a superficial placode. (B) Lateralized sac of the myelomeningocele.

(C) Lipomeningomyelocele with split cord malformation and a lumbar

diastema. (D) Sacral skin-covered myelomeningocele.

A B C D

E1CH16.qxd  2/9/10  4:03 PM  Page 198



formed and fixated with microsutures at the dorsal mar-

gins. A plastic reconstruction of the dura is performed in a

watertight fashion to prevent any CSF leakage. Additionally,

the overlying soft tissue must be readapted as far as possi-

ble. The skin incision is straightened and mobilized lateral-

ly to allow a linear skin closure. Reconstructive skin flaps are

rarely necessary, even in larger myelomeningocele defects,

if the mobilization of the skin is performed down to the ven-

trolateral regions bilaterally to the surgical site (Fig. 16.5).41

This entire technique of open postnatal myelomeningocele

repair is well established and can be performed in a routine

fashion, with a reasonable rate of complications.33

The intrauterine closure of the fetal myelomeningocele is

still an experimental treatment. Major disadvantages are

the limited exposure of the defect and the fragility of the

anatomical structures, both of which may lead to a higher

risk of further neurologic dysfunction. Reported complica-

tions are postnatal CSF leakage and early tethering of the

spinal cord.36 The potential benefits of early fetal repair

must be weighed against the drawbacks. Spontaneous ele-

vation of the spinal cord and spontaneous replacement of

the cerebellar structures from the spinal canal back into the

posterior fossa, as well as the more normal development of

a regular cisterna magna and the size of the posterior fossa

during the remaining pregnancy, have been reported for

intrauterine repair.35 Moreover, the number of shunt-

dependent infants was reported to be reduced in this

cohort.34,36 All of these factors are giving hope for a promis-

ing technique that may lead to a better quality of life for a

highly disabled population of patients. However, as long as
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Fig. 16.4 Large myelomeningocele with lateralized placode evolving

as an internal cystic membrane and partially attached to the adjacent

skin as visualized in the thin-sliced sagittal reconstructed T2 images

(A-C) as well as in the axial reconstruction (E). Additional kyphotic

spinal malformation at the thoracolumbar region. A three-dimensional

reconstructed dataset with translucent surface rendering may help for

better presurgical planning (D).
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a decrease in the rate of such complications may be proven

in the near future.47–50 Even a reduced rate of shunting to 51%

could be accomplished after open myelomeningocele repair

with stricter shunt indication protocols.51 However, shunt

complications will remain relevant in the treatment of new-

borns with spina bifida as well as in their long-term follow-

up. Hence, any way to prevent hydrocephalus is more than

welcome. Using intrauterine myelomeningocele repair, we

are looking at a shunt rate that seems to be significantly

decreased compared with conditions after conventional

postnatal surgery.34,36 These data were not acquired in a con-

trolled prospective fashion and remain questionable so far.

Better trials are needed to quantify the worth of the new

treatment.42

Displacement of the cerebellar tonsils in patients with

spina bifida described as Chiari II malformation occurs in

almost all patients with myelomeningocele. Hydrocephalus

often contributes to the clinical manifestations of Chiari II

malformation; additionally, ventricular CSF diversion

reduces the extent of tonsillar displacement and may com-

pletely reverse this malformation.52,53 Anatomical relations

of Chiari II malformation not only consist of tonsillar dis-

placement but also involve a medullary kinking at the upper

cervical level and brainstem malformations. Although only

20 to 30% of cases of Chiari II malformation become clinical-

ly relevant, it remains a significant contributing factor for

secondary dependent disability and mortality.52,54 In gener-

al, the severity of Chiari-associated symptoms occurring at

a younger age correlates with a worse outcome, thus requir-

ing more intensive treatment of these patients. Surgical

treatment in symptomatic cases consists of shunt insertion
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the complications are still reported in rather significant

numbers, the overall benefits remain to be proven. The

higher amount of prematurity causes its own mortality and

morbidity additional to that of spina bifida. A potentially

higher rate of early tethered cord syndrome, as well as

potentially higher neurologic morbidity, due to less accurate

closure and reconstructions of the respective layers in more

challenging conditions may decrease the potential benefits

of the procedure. Thus, longer follow-up data of patients

need to be acquired before finalizing these arguments.42

Outcome Measures

Hydrocephalus is a major factor in spina bifida. Clear indica-

tions for shunt placement are still under debate. Nevertheless,

the necessity for treatment depends on the severity and pro-

gression of the hydrocephalus. The literature reports 80 to

85% of patients with hydrocephalus are shunt dependent

after myelomeningocele repair.33,43 In the long run, only �5%

of these patients are able to become shunt independent

later.44 Complicated courses of treatment with several revi-

sions of the CSF shunt have been shown to correlate with a

decrease in intelligence quotient measures in these patients.

Moreover, complications in hydrocephalus treatment affect

the rates of mortality and morbidity.45 Technically, the initial

implantation of CSF shunts in infants has potential complica-

tions, such as overdrainage, underdrainage, and infection. Up

to 64% of patients experience shunt failure within the first

year. In 20% of cases, multiple shunt revisions are neces-

sary.46 Looking at the recent progress in shunt technology

with adjustable valves and antibiotic-impregnated catheters,

A B

Fig. 16.5 Lumbosacral myelomeningocele (A) before and (B) after postnatal plastic reconstruction.
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or revision and craniocervical decompression. In addition,

tethered cord syndrome may be associated with Chiari II

malformation and requires untethering for potential eleva-

tion of cerebellar and medullary structures. Early treatment

in cases with mild to moderate progressing symptoms

ameliorates the outcome.53 Moreover, better knowledge of

effective surgical treatment options, including advanced

techniques of shunting, microsurgical options, and less

invasiveness for craniocervical decompression, was related

to decreased surgery-associated secondary morbidity.33 In

comparing postnatal and intrauterine myelomeningocele

repair with respect to Chiari II malformation, we are looking

at only one fifth to one third of patients becoming neurolog-

ically affected and requiring surgical treatment. One may

argue that only this proportion of patients will benefit

directly from early elevation of intraspinal and posterior

fossa neural structures. Again, this must be weighed against

the potentially increased risks of intrauterine repair.

Syringomyelia is often a secondary result of either Chiari

II malformation or the existence of general CSF dynamic dis-

turbances.55,56 Most often the visualization of syringomyelia

does not directly correlate with clinical symptoms. Treating

the primary cause of syringomyelia by either shunt revision

or osteodural decompression often results in a decrease of

its extent on MRI or in the clinical symptoms themselves.

Malformative cysts, without any signs of progression,

almost never require any treatment. Only very few

intramedullary cysts have an independent dynamic course

of development, and only these need specific treatment

options.33 Although the potential treatment modalities are

often frustrating, we prefer cystoarachnoid shunting using a

Teflon wick.

A further significant complication in the long-term

follow-up of patients with myelomeningocele is secondary

tethered cord syndrome. Scar tissue evolving from the site

of myelomeningocele repair causes connectivity of neural

structures toward the dural surface. The elongation of the

tethered spinal cord during body growth and daily activity

is believed to cause mechanical stress, structural damage,

and disturbances in microcirculation.57 Fixation of the

spinal cord and the low-lying position of the conus are

observed in almost every patient. However, only 20 to

30% of patients become clinically symptomatic.58,59 Surgical

treatment consists of microsurgical detethering. Indication

for surgery is based mainly on clinical progression, but also

on ultrasonographic pulsatility studies of the myelon and

electrophysiologic monitoring of somatosensory evoked

potentials.60 Because almost all patients suffer scar adhe-

sion of the myelon, the potentially better surgical tech-

niques must be weighed against the proportion of patients

who develop clinical symptoms of tethered cord syndrome.

The number of patients and the time when surgical repair is

needed may serve as outcome measures. Comparing post-

natal and intrauterine repair in regards to the occurrence of

tethered cord syndrome will require long follow-up periods

for valid evaluation. In one study, early untethering was

reported to become necessary in patients after intrauterine

myelomeningocele repair.34 This result may become one of

the crucial factors in comparing the techniques. Less expo-

sure and higher fragility of tissue layers during intrauterine

repair may lead to decreased quality in plastic reconstruc-

tion and higher rates of early spinal cord tethering.

However, better technical evolution of fetal myelomeningo-

cele repair may lessen these drawbacks. Regarding postna-

tal repair, recent progress was made to prevent tethered

cord syndrome using the tubing technique to reconstruct

the neural placode. Furthermore, the application of

hyaluronic acid at the end of the initial surgery may result

in less scar tissue development.33 Nevertheless, tethered

cord syndrome remains a significant factor and is not

expected to become positively affected by the intrauterine

technique.

Conclusion

Postnatal myelomeningocele repair remains the gold standard

for the treatment of patients with spinal neural tube defects.

Major advantages are the development of standardized proce-

dures and the well-developed expertise of many surgeons

for adequate microsurgical open repair. This technique is

currently available in most countries. 

However, because complications associated with postna-

tal surgery are still significant, it behooves researchers to

examine intrauterine myelomeningocele repair. Strict evalu-

ation will be necessary to define the additional risks and

potential benefits of this technique. 

16 Myelomeningocele 201

♦ Lessons Learned

There has been considerable controversy about the manage-

ment of myelomeningoceles. Early arguments concerned

the need to treat, but that has been resolved.

The issue of how aggressive pediatric neurosurgeons

should be in the prophylactic treatment of the various

manifestations of spinal dysraphism is an almost eternal

discussion. That an open myelomeningocele must be closed

shortly after birth is undisputed. But whether or not there

is benefit in the enormously complex undertaking of pre-

natal intrauterine repair of myelomeningocele is much less

clear, both from an ethical standpoint and from a presenta-

tion of preliminary outcome data from case series. Gupta’s
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for the affected individuals. But we feel that we do have a

responsibility of having and expressing a professional and

personal opinion as to what can be sensibly recommended

to a pregnant woman in this ominous predicament. Patients

will invariably look to us for guidance, recommendation,

and reassurance.

The issue is in utero closure or postnatal surgery for the

myelomeningocele. Both camps offer reasonable arguments

and methods for the closure. What we know from the ongo-

ing in utero study is that the functional outcome of lower

extremity function is unchanged, but the need for shunt

placement is less when these children are treated early. We

also learn that the surgery, though with risks, can be per-

formed at specialized centers in a safe fashion for both the

infant and the mother. Emerging techniques may include

endoscopic closure. Regarding postnatal closure, the tech-

niques are refined and easily performed regardless of the

size of the placode. The issue concerning shunt placement

will remain surgeon dependent. The modality of the delivery

type is also dependent upon the center. 
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contribution gives us a clear understanding of the issues

involved, issues that carry a lot of ethical baggage, in addi-

tion to the purely medical and technical considerations

involved. The chapter clearly states the medical questions. It

appears that the framework of obtaining a near-normal

anatomy early to prevent subsequent injury to the exposed

placode is not only logical but also based on sound experi-

mental evidence gathered in experiments with sheep.

However, the results of the human trials have been much

less convincing, in that the postnatal neurologic and urolog-

ical findings differ little if at all from the data gathered from

untreated children born with myelomeningoceles.

Nonetheless, there appears to be some benefit, as the rates

of shunt insertion and the severity of hindbrain abnormali-

ties appear to be lowered.

From an ethical perspective, even when leaving the ques-

tion of societal values and religious prerogatives untouched,

the question of maternal morbidity is huge. Are the risks of

blood loss, uterine rupture, and early delivery indeed justi-

fied? One can argue that this is not for doctors to decide but
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Spinal cord tethering and the tethered cord syndrome are

seen with relative frequency in pediatric neurosurgery. Seen

primarily in cases of myelomeningocele, occult spinal

dysraphisms, and thickened or fatty fila terminale, as well

as secondarily following closure of spinal dysraphisms,

traction on the spinal cord results in several neurologic, uro-

logic, and orthopedic sequelae. Limited data exist on the

incidence and natural history of tethered spinal cord; how-

ever, there is evidence to suggest that patients whose spinal

cord is tethered will demonstrate progressive injury in the

form of pain, sensory loss, weakness, bladder dysfunction,

and orthopedic deformity. Furthermore, the clinical picture

may not improve completely following release of the teth-

ered spinal cord. The challenge facing pediatric neurosur-

geons is determining if the progressive neurologic deficit

can be avoided with prophylactic surgical intervention, and

if so, at what cost? Should we wait until the child develops

symptoms, which may be irreversible, or act prophylactical-

ly and accept the risks of potential neurologic injury at the

time of surgery? The balance lies in understanding the true

surgical risks to the patient and the expected efficacy of

surgical intervention. In coming to this understanding, we

must consider each of the clinical conditions causing spinal

cord tethering separately and acknowledge that patient

age and surgeon experience play an important role in the

overall outcome.

Clinical Presentation

The conclusion that tethered spinal cord leads to progres-

sive neurologic injury and subsequent neurologic, urologic,

and orthopedic disability comes from observations of clini-

cal series that older patients generally present with more

serious symptomatology. Neonates and infants often pres-

ent with cutaneous stigmata of occult spinal dysraphism

and tethered spinal cord and normal neurologic function.1–7

Older children and adults are more likely to present with

neurologic or urologic dysfunction, orthopedic deformity,

and pain.7–10 Few studies have followed the natural history

of asymptomatic tethered spinal cord; however, with time,

it is clear that neurologic and urologic deficits develop and

may not be reversible with surgery.7,8,11 Hoffman et al

reported on 97 patients with lipomyelomeningoceles.7 They

found that of those presenting in the first 6 months of life,

35 of 56 (62%) had a completely normal neurologic exam.

In contrast, only 12 of 41 patients (29%) over the age of

6 months were normal. Early treatment was associated with

maintained or, in some cases, improved neurologic function,

whereas delayed surgical untethering resulted in poorer

neurologic outcome.7 Thus, although prophylactic surgery

has the risk of inducing neurologic injury, early surgery

before symptoms develop offers the best opportunity

for normal neurologic function. Similarly, Kanev and

Bierbrauer showed that asymptomatic patients having

lipomyelomeningocele repair and release of spinal cord

tethering retained intact bladder function.8 That said,

detethering operations, particularly of lipomyelomeningo-

celes, can be challenging, and procedures performed by

the technically excellent general neurosurgeon in this diffi-

cult patient population are associated with potentially

undesirable outcomes.

Myelomeningocele

Myelomeningocele represents the most extreme form of

tethered spinal cord. In infancy, the primary goal of closing

this type of lesion is to reduce the risk of infection. Closing the

placode and reconstructing the dural tube in such fashion

as to reduce the risk of retethering is important in the

long-term management of patients with spina bifida. Signs

and symptoms of delayed retethering include progressive

scoliosis, worsening gait in ambulators, back pain, and

progressive hand weakness and clumsiness. Retethering

should be thought of as a matter of when, not if, following

♦ Prophylactic Untethering
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myelomeningocele repair. As such, in following these

patients, our clinical suspicion for tethered spinal cord

should remain high. We recognize that traction on the dis-

tal spinal cord is injurious to neurons and can lead to pro-

gressive neurologic deterioration and that such injury is

often permanent. Experimental research in animals has

demonstrated that traction applied to the spinal cord

reduces local blood flow and that both continuous and

intermittent traction results in spinal cord ischemia.12–15

Thus, when early clinical deterioration is recognized, we

should actively sort out and resolve spinal cord retethering

expeditiously so as to maintain neurologic function in these

delicate patients. Importantly, as the majority of these

patients have associated hydrocephalus, it is imperative to

first ensure adequate shunt function when they present

with any clinical deterioration. The clinical impact of spinal

cord tethering can be so great that in patients who are

nonambulatory and have no voluntary bladder and bowel

control, a spinal cord transection immediately above the

tethering element is warranted.16,17

Occult Spinal Dysraphisms

Lipomas of the conus medullaris and the filum terminale

have traditionally been reported as a group as spinal or

lumbosacral lipomas. Although their clinical presentation

can often overlap, their surgical management and outcome

are disparate. Several articles have demonstrated that lipo-

mas of the filum terminale and caudal spinal cord are

amenable to surgery with little risk of neurologic injury,

whereas dorsal and transitional lipomyelomeningoceles are

more difficult owing to the presence of functioning nerve

roots passing through the lipoma.18–21 Thus, it is important

to discuss each of these lesions in turn to better understand

the risks of surgery.

Lipomyelomeningocele

Lipomas of the conus medullaris with associated spina bifi-

da have been categorized by Chapman into two distinct

variants, dorsal and caudal, and a transitional form that has

components of both (Fig. 17.1).20 The importance of differ-

entiating lipomyelomeningoceles relates to the relationship

of functioning neural tissue within the lipoma. Dorsal

lipomyelomeningoceles often have a substantial subcuta-

neous lipoma continuous with the intradural lipoma

through a wide dural defect tethering the spinal cord dor-

sally. The sensory rootlets emerge from the caudal spinal

cord immediately ventral to the fusion line of the lipoma,

with the spinal cord and the motor rootlets further ventral.

Thus, there are no functional neural elements within the

lipoma, which can be resected free from the spinal cord at

its interface. Care must be taken when incising the dura lat-

eral to the lipoma to ensure that sensory rootlets are not

injured. In contrast, caudal lipomyelomeningoceles may be

entirely intradural or extend subcutaneously through an

occult spinal dysraphism. The terminal spinal cord enlarges

into the lipoma, and the most caudal nerve roots often run

within the more fibrous portion of the lipoma anteriorly

and anterolaterally. In some cases, these nerve roots are

rudimentary, and the nerves serving the bowel, bladder, and

lower extremities are free from the lipoma. Intraoperative

nerve root stimulation can be valuable in differentiating

functional sacral roots from rudimentary roots within the

fibrofatty mass, but it is important to stress that aggressive

surgical resection of this lipoma carries a higher risk of neu-

rologic injury, particularly to bowel and bladder function.

The most difficult lipomyelomeningocele to manage is the

transitional type. The line of fusion between the lipoma and

spinal cord is dorsal to the sensory rootlets superiorly, but

as the mass continues caudally, this line of fusion is dis-

placed ventrally such that nerve roots are found to emerge

from the anterolateral aspect of the lipoma. In most cases,

these are sensory rootlets; however, there is often greater

variability in the relationship between the lipoma and the

spinal cord and neural elements in this type of

lipomyelomeningocele. The primary goal of surgery is to

relieve the spinal cord from mechanical constraint and not

necessarily to remove the lipomatous mass in its entirety

(Fig. 17.2). Aggressive surgical resection carries increased

risk of injury to neural structures, whereas limited resec-

tions have an increased risk of retethering. Byrne et al retro-

spectively reported on the outcomes of children with spinal

lipomas and found that those who had a definitive unteth-

ering procedure had better long-term neurologic outcome

than those who underwent a cosmetic resection of their

lipoma, who in all cases, went on to have a symptomatic

tethered cord and late postoperative deterioration.22

Additionally, they reported that in those patients presenting

with neurologic deficits, 39% improved, and 3% deteriorated

following surgery. No asymptomatic patient deteriorated

postoperatively, and 93% remained symptom free at 4-year

follow-up.22 Surgical experience is of great value in under-

standing the relationship of the lipoma with the spinal cord

to provide the greatest resection safely on the first attempt.

Subsequent operations for retethering are always made

more difficult due to the presence of scar and the disruption

of tissue planes. This is especially true when the neural

elements are rotated in the axial plane.

Lipoma of the Filum Terminale: 
“Fatty Filum”

Spinal cord tethering by a tight or fatty filum is more

straightforward than in the presence of a spinal dys-

raphism. The principle of surgery is the same: release the

mechanical constraint and prevent retethering. Upon open-

ing the dura, nerve roots will often be dorsally displaced
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element, such as thickened arachnoid adhesions. A more

controversial issue is the management of patients pre-

senting with symptoms related to a tight filum terminale

whose imaging demonstrates a normal-lying conus

medullaris. Bao et al demonstrated that these patients

benefit from early release of their filum terminale and

that surgical and pathologic identification of fibrofatty

tissue within the filum may not appear on magnetic reso-

nance imaging (MRI).23 Unfortunately, the criteria for sec-

tioning the filum with normal imaging have not been

clinically established, and the pool of candidate children

with bed wetting issues is large. Great care must be taken

to limit this procedure to those with intractable medical

problems.

206 II Intraspinal

and need to be protected from injury. Some authors advo-

cate sectioning the filum immediately as it arises from the

conus medullaris, whereas others prefer to open the dural

inferiorly over the cauda equina and identify the nerve

roots as they exit laterally through the intervertebral fora-

men and to follow the filum as it continues inferiorly and

exits the dura dorsally. The decision as to which technique

to employ is surgeon dependent based on personal pref-

erence and experience as long as the filum can be defini-

tively identified and sectioned without injury to neural

elements and in such a fashion as to avoid retethering.

In experienced hands; a reasonable adjunct to filum sec-

tion is to advance a flexible endoscope both dorsally

and ventrally to ensure the absence of a tandem tethering

Fig. 17.1 Schematic drawing of the three primary types of

lipomyelomeningoceles. (A) Dorsal lipomyelomeningo-

cele. Note the subcutaneous mass and fascial penetration

of the fatty tissue that has tethered the cord distally with-

in the spinal canal. Also notice that the lipoma interdigi-

tates into the dorsal spinal cord posterior to the extension

of the dorsal roots. (B) Caudal lipomyelomeningocele.

Note the lipomatous mass extended from the terminal

and tethered distal spinal cord. Nerve roots are seen

extending from the terminal cord and engulfed within the

fatty tissue. (C) Transitional lipomyelomeningocele. This is

a combination of the dorsal and terminal types. The cord

may be rotated, and extreme care must be taken to avoid

injuring functioning nerve roots.

A

B

C
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Conclusion

In assessing the value of any surgical procedure, the risks and

efficacy of the operation must be better than the natural

history. This is particularly true for prophylactic operations

in which the surgical risks are borne by an asymptomatic

patient. Pierre-Kahn and colleagues demonstrated that the

surgical risks associated with spinal cord untethering are

much better than the natural history. More than half of

patients with lumbosacral lipomas (lipomas of the filum ter-

minale or conus medullaris) will show neurologic deteriora-

tion with time, whereas surgical release carries low operative

risks, and very few patients deteriorate postoperatively.24–26

That said, outcomes following surgery are largely dependent

on surgical pathology. Patients with lipomas of the filum ter-

minale have better outcomes than those with lipomas of the

conus medullaris or lipomyelomeningocele. This is true in

cases of both symptomatic and asymptomatic fatty filum.

These patients have lower rates of postoperative deteriora-

tion and improved resolution of symptoms. In contrast,

patients with lipomas of the conus medullaris have

increased risk of delayed deterioration due to retethering, as

well as poorer resolution of symptoms and neurologic recovery

following surgical untethering. Additionally, patients’ great-

est chance for success rests with the first surgeon to release

the spinal cord from mechanical tethering, as outcomes

following principle untethering are much better than fol-

lowing secondary retethering.27,28

The management of patients with spinal cord tethering

remains difficult and somewhat controversial.29 The natural

history seems to be one of slow neurologic deterioration,

progressive urologic dysfunction and orthopedic deformity,

and the development of back pain and radiculopathy. These

clinical features are occasionally found in the setting of

normal imaging, adding to the complexity of management.

In cases of tethered spinal cord secondary to tight or lipo-

matous filum terminale, the surgical risk-to-benefit ratio

is clearly in favor of surgery in both symptomatic and

asymptomatic cases. Spinal cord tethering secondary to

lipomyelomeningocele or retethering following a spina bifida

repair is surgically more complex and is best managed by

those experienced with the disorder. That said, asymptomatic

patients likely will benefit most from surgical untethering

because continuous traction on the spinal cord clearly leads to

neurologic injury, and once neurologic deficits exist, they may

not be reversible with surgery.
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Fig. 17.2 (A) Artist’s rendition of the plane (dotted line) used

for debulking the lipomyelomeningocele. This is an example of a

dorsal lipomyelomeningocele. Note that immediately deep to the

thoracodorsal fascial defect, there is continuity of the more superficial

fat and spinal cord. (B,C) Following debulking, the pial edges of the

cord defect are opposed with sutures.
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♦ Is Surgery Always Necessary?

Dominic N. P. Thompson

For children born with lumbosacral lipoma, progressive neu-

rologic dysfunction due to spinal cord tethering is inevitable.

Timely surgery before the onset of symptoms, however, may

prevent this deterioration. Such is the philosophy that has

prevailed in the pediatric neurosurgical community for more

than a half decade.30 Indeed, numerous case series and tech-

nical notes have been published that show that mechanical

untethering of the spinal cord is technically possible, that

operative morbidity is low, and that good outcomes can be

achieved in most cases. However, the majority of published

series are retrospective, single institution/single surgeon

series and have commonly grouped together rather disparate

populations. For example, in some series, filar lipomas and

complex transitional lipomyelomeningoceles have been con-

sidered together under the all-embracing title of spinal lipo-

mas, and in others, both symptomatic and asymptomatic

patients have been analyzed together. Most surgeons would

agree that the surgery to untether a transitional-type lipoma

is a major undertaking, and out of experienced hands, mor-

bidity (neurologic, urologic, and wound related) can be signif-

icant. By contrast, division of a lipomatous filum terminale is

usually a simple procedure with few complications but

enduring efficacy.31–33 Over the past 10 years the dogma that

all patients with lipomatous dysraphic malformations should

be untethered has been challenged. It has become apparent

that the natural history of these conditions may not be as

pessimistic as traditionally thought.34 There are several ques-

tions that lie at the heart of this neurosurgical controversy: Is

it appropriate to consider all lipomas together and apply the

same treatment criteria to each? What is their true natural

history if left untreated? and How safe and effective is pro-

phylactic spinal cord untethering for this condition?

What follows is an attempt to examine some of these

questions and suggest that a more critical evaluation of the

role of early neurosurgery is now appropriate and that, at

least for some patients, a conservative approach with close

neurologic and urologic surveillance might result in a better

long-term outcome.

Classification and Embryogenesis

The classification of lumbosacral lipomas suggested by

Chapman35 is perhaps the most widely known. It is anatom-

ically based, describing the position of the neural placode

(the point of attachment of the lipoma to the spinal cord) in

relation to the conus and posterior nerve roots. Dorsal lipo-

mas are situated on the dorsal aspect of the lower spinal

cord but above the conus, caudal types are attached to the

termination of the spinal cord, and transitional types are

intermediate between these. Transitional types are complex

malformations characteristically involving the conus. They

have an intimate association with the elements of the cauda

equina; the neural placode is frequently rotated to one side,

where nerve roots are commonly horizontally disposed due

to the low position of the spinal cord and shortened relative

to the opposite side. Additionally, such lipomas are fre-

quently large, obliterating the cerebrospinal fluid (CSF)

spaces and associated with significant deficiencies of the

terminal dural sac. Each of these features contributes to the

complicated surgical anatomy of these lesions.

The embryological basis of lumbosacral lipomas remains

unknown. In contrast to the open dysraphic states, there is no

animal model in which this entity can be studied. Naidich

and associates proposed that these lesions resulted from pre-

mature dysjunction.36 Early separation of the neuroectoderm

(before complete tubularization of the neural plate) from the

surrounding cutaneous ectoderm exposes the incompletely

closed neural plate to the underlying mesoderm, which sub-

sequently differentiates into fat, thus resulting in a lipoma

adherent to the neural placode. Although this hypothesis fits

well with the surgical anatomy of these lesions, there is an

inherent embryological inconsistency. The majority of lum-

bosacral lipomas have some attachment either at or below

the conus. This part of the spinal cord, however, does not

undergo primary neurulation or disjunction; instead, it is

formed as a result of secondary neurulation, an incompletely

understood process (in the human at least) by which mes-

enchymal cells in the tail bud coalesce around a lumen, thus

forming the secondary neural tube, which subsequently

becomes incorporated into the rest of the spinal cord.37–39

This process, which will result in formation of the conus,

cauda equina, and filum terminale, is also referred to as ret-

rogressive differentiation. Thus, although the premature dis-

junction hypothesis remains compatible with the site and

anatomy of dorsal-type lipomyelomeningoceles, it is less easy

to reconcile with the more common and usually more com-

plex transitional- and caudal-type lipomas. The common

occurrence of other tissue types within these latter types of

lipoma and the well-recognized coexistence of hindgut and

urogenital anomaly40–43 further support the notion that these

are complex regional anatomical malformations involving all

germ layers. It is therefore to be expected that, at least in

some cases, there is a primary dysplasia of the underlying

neurologic tissue that might not be anticipated to be reversed

by surgical intervention.

Mechanisms of Deterioration

That lumbosacral lipomas can cause neurologic deficits is

beyond doubt; however, it is perhaps worth examining the
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potential mechanisms by which such deficits may be

produced.

♦ Spinal cord tethering: Mechanical stretching of a low-

lying spinal cord and nerve roots in response to move-

ment or growth is the most commonly cited mecha-

nism to explain the neurologic deterioration observed

in dysraphic patients, a process thought to be mediated

by vascular insufficiency leading to impaired oxygen

delivery to the neural tissue.44 Indeed, it is on the

assumption that this is the principal cause of neurolog-

ic deterioration that surgical release of the terminal

spinal cord, separating it from the fat and surrounding

dura (spinal cord untethering), is predicated.

♦ Mass effect: The intradural component of the lipoma

will not infrequently distort or compress the terminal

spinal cord (Fig. 17.3). That direct pressure from an

intraspinal lipoma could lead to neurologic deteriora-

tion was suggested almost 50 years ago.45 Lipomas

may reach substantial size and indeed can grow,

resulting in mechanical compression of the spinal

cord and nerve roots.46

♦ Dysplasia: The parenchyma of the terminal spinal cord

and nerve roots are likely be to at least some extent

developmentally abnormal. On MRI and at the time of

surgery, short nerve roots, rotation of the placode, and

a widely open placode (Fig. 17.4) suggest a significant

primary developmental anomaly.

In clinical practice, it can be extremely difficult to

establish the extent to which each of these processes may

be contributing to a deficit, or indeed what potential each

has to cause a future problem in an asymptomatic

patient. Although surgery to reduce the mass effect exert-

ed by a lipoma or to release a stretched spinal cord may

lead to demonstrable improvement, the same cannot be

anticipated where there is significant underlying neu-

ronal dysplasia.

Clinical Presentation

A cutaneous marker, most usually a subcutaneous mass, is

present in �90% of cases.33,47–59 From a functional point of

view, however, approximately one third of patients have no

apparent neurologic, urologic, or orthopedic manifestations

of “spinal cord tethering” and so are deemed asympto-

matic.31,32 For the remainder of patients, these have, at the

time of presentation, some indication that distal spinal cord

function is abnormal and are thus considered symptomatic.

Although in most of the larger series the distinction

between asymptomatic and symptomatic is made, this is

not universally so. This is important, as these may not be

comparable groups of patients, and it cannot be assumed

that the natural history and thus indication for treatment

are the same for each.
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Fig. 17.3 A large transitional lipoma exerting mass effect on the low

terminal spinal cord.

Fig. 17.4 Axial T2-weighted magnetic resonance image demonstrating

a complex sacral lipomyelocele. The placode is effaced and rotated by

the adherent lipoma.

E1CH17.qxd  2/9/10  4:07 PM  Page 209



It is, however, the asymptomatic patients with true lum-

bosacral lipomas (in contrast to simple filar lipomas) that

have been at the heart of the current controversy, and it is

the issue of offering prophylactic spinal cord untethering to

this group that needs to be explored further.

Prophylactic Untethering

It is to be reiterated that the overwhelming majority of con-

temporary pediatric neurosurgeons recognize that spinal

cord untethering for patients with new or progressive

symptoms or signs will lead to stabilization or improvement

in most cases. Thus, the role of surgery for this subset of

patients has been established.

For asymptomatic children, the general body of surgical

opinion is to advocate spinal cord untethering to prevent

subsequent deterioration, that is, perform a prophylactic

procedure. The prophylactic treatment of many medical

ailments is well established. Not only does this have clear

benefits for the individual, but there may be obvious socioe-

conomic advantages in that prevention may be more

resource efficient than treatment. However, to justify a pro-

phylactic surgical intervention, certain basic criteria need

to be satisfied. First, the natural history of the condition

must be understood; second, the prophylactic intervention

must be safe; and third, that intervention must be effective

in beneficially altering the course of the disease. These

criteria can be examined for the case of spinal lipoma.

Natural History

“. . . [B]y the time [lipoma patients] reach the age of 4

years, none are neurologically intact, and many have a sig-

nificant deficit.”52 Such has been the pervading view of the

natural history of lumbosacral lipomas since. It remains a

widely held view that for the child presenting with spinal

lipoma, the outlook is one of slow but inevitable deteriora-

tion in neurologic and or urologic function. Surprisingly,

however, the evidence base for this assumption is extremely

limited.

Some authors have observed that the number of asympto-

matic patients diminishes in the older age groups. This has

been interpreted as evidence that, over time, asymptomatic

patients have become symptomatic, indicating a natural

tendency to deterioration.52 This argument is clearly invalid.

An asymptomatic older patient may never seek medical

attention. Thus, without knowing the true prevalence of

spinal lipoma (symptomatic and asymptomatic) at each age

group, such an inference regarding natural history cannot be

drawn. It is because spinal lipoma may be clinically occult

that prevalence rates for this condition do not exist.

Reviewing published series of autopsy studies, Pierre-Khan

et al estimated the incidence of lipomatous malformations of

the spinal cord to be �0.03%.33 It is therefore to be expected
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Distinguishing between the asymptomatic and the symp-

tomatic patient is not as straightforward as might initially

appear to be the case, and such a simple classification likely

disguises important clinical differences. For example, con-

firming asymptomatic status in infancy, particularly in

respect of bladder function, is extremely difficult. If an infant

without “bladder symptoms” at 1 year of age fails to achieve

continence by 4 years of age, was the child truly asympto-

matic and has deteriorated, or is this “deterioration” simply

the reflection of a congenital deficit revealed by the passage

of time? It is often not possible to answer this question with

certainty, particularly if one relies on clinical symptoms

alone. It is hoped that with specialist and ongoing urologic

assessment from the outset, one can increase the sensitivity

of detecting (or refuting the presence of) a deficit and impart

some element of objectivity into the process of surveillance.

For the symptomatic patients, too, this designation may

obscure clinically distinct groups. First, there are those

symptomatic patients who present with symptoms that

have been evident since birth, neither worsening nor

improving; such symptoms might include a foot deformity,

muscle mass/leg length asymmetry, or continuous urinary

dribbling. These patients might be referred to as “sympto-

matic static.” Second, there are those whose symptoms are

new, such as the development of lower limb pain, gait dete-

rioration, or loss of an acquired skill (e.g., episodic inconti-

nence in a previously continent child). This latter group can

be referred to as “symptomatic progressive.”

How might these clinical distinctions be of neurosurgical

relevance? For “symptomatic progressive” patients, there is

good evidence that effective, timely untethering of the

spinal cord can provide not only improvement but also res-

olution of symptoms.31–33,47 It is important that this group of

patients continue to be followed, as late deterioration is well

recognized.50,51 By contrast, asymptomatic patients, partic-

ularly those who have attained bladder and bowel conti-

nence, have demonstrated neurologic functionality, what-

ever the appearance on MRI of the terminal spinal cord.

Whether in such a scenario the low-lying spinal cord and

attached lipoma represent a threat to that neurologic or

urologic function cannot be known unless a sufficient num-

ber of such asymptomatic patients have been followed

without intervention so as to know the natural history.

Symptomatic “static” patients also represent a potential

area of contention. Such patients have never demonstrated

neurologic functionality; indeed, for these children,  symp-

toms are likely a reflection of underlying neurodysplasia. If

such symptoms had developed in utero as a result of

mechanical tethering, then it would be expected that the

symptoms would continue to progress in infancy and would

thus be considered progressive. Again, for this symptomatic

“static” group, there is insufficient evidence to support

intervention for all, as in most series, congenital symptoms

are not improved by surgery.33
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that any hospital-based published data will be disproportion-

ately skewed toward symptomatic patients.

The surgical literature frequently points out that the

outcome for those patients treated before the onset of

symptoms is superior to that when surgery is undertaken in

the presence of a neurologic deficit.32,53 Again, this is cited

as evidence of a poor long-term prognosis and thus justifi-

cation for prophylactic intervention. As pointed out by

Dorward et al, this assumes that the (young) asymptomatic

patients and (older) symptomatic patients are both exam-

ples of the same disease considered at different points in

time.54 Although this may be the case, it certainly cannot be

assumed to be so. It is possible that these represent differ-

ent pathophysiologic entities. Asymptomatic patients, by

definition, have demonstrated neurologic functionality;

symptomatic patients, by contrast, exhibit a deficit that may

or may not be amenable to correction by surgery.

Given these criticisms, it is clearly only possible to com-

ment on the natural history of this condition if sufficient

children are followed neurologically and urologically beyond

a time by which symptoms would have been anticipated to

have been manifest. There is a paucity of data on the natural

history of this condition.55 Some centers have begun to

collect such data, pursuing a policy of close neurologic and

urologic surveillance for those patients deemed to be

asymptomatic at the time of presentation. Kulkarni et al

reported a series of 53 asymptomatic patients with spinal

lipomas followed over a mean period of 4.4 years.34 During

the course of follow-up, only 25% of the cohort exhibited a

neurologic deterioration. The authors calculated that at

9 years the actuarial risk of deterioration for an unoperated

patient was 33%, compared with 46% for an earlier series of

asymptomatic surgically treated patients. That patient

cohort has now been followed for 10 years, and the rate of

deterioration has remained at 33%. In a similar series from

my own institution, 51 children were followed over a mean

period of 5.8 years, during which time 27.5% showed deteri-

oration. The estimated rate of deterioration by 12 years was

calculated to be 42%.56 The similarity between the results of

these two studies, separate populations in two different

countries, supports the notion that these figures are a

reasonable reflection of the natural history of this condition.

Clearly, for those asymptomatic patients who develop

symptoms or demonstrate loss of a previously acquired

function, it would seem reasonable to suppose that

mechanical factors (as opposed to intrinsic myelodysplasia)

have been responsible for this deterioration. These patients

should, in theory at least, have the potential to recover func-

tion with appropriately timed intervention. Can this be

demonstrated? In the London series, stabilization or

improvement in symptoms was seen in all cases following

surgery for a demonstrated deterioration, although none

where there had been a urologic deterioration returned to

normal function as defined by clinical and urologic testing.

By contrast, in the Paris series, 55% of patients who had

deteriorated and then received surgery returned to normal

function. Thus, adopting a policy of early conservative

management and intervening only in the presence of symp-

tomatic deterioration, 88% of the Paris series and 72% of the

London series remained clinically asymptomatic at the end

of follow-up. The survival curves compare favorably with

previously published cohorts of prophylactic surgery. These

findings imply that the poor prognosis traditionally attrib-

uted to children who are symptomatic at the time of pres-

entation may not be as severe as for the child who becomes

symptomatic (and thus receives surgery) during a policy of

close clinical surveillance.

Safe Intervention

Untethering of the spinal cord in cases of filar lipoma is in

most instances a well-tolerated procedure with low morbid-

ity (0.4%). By contrast, untethering surgery for complex lipo-

ma is technically demanding, and even in experienced hands

morbidity can be significant. For large transitional-type lipo-

mas, even after meticulous microsurgical untethering and

lipoma resection, the terminal cord is often bulky and diffi-

cult to replace in the thecal compartment in a way that is

likely to ensure durable mobility of the terminal spinal cord.

Furthermore, the neural placode is frequently rotated

toward the side where the nerve roots are shorter; these

may persist as a tethering element in themselves. These

impressions are reinforced by the results of postoperative

MRI, which are frequently disappointing, and correlate poorly

with clinical outcome.50,57,58 Complications of neurosurgical

interventions, particularly those that result in a new or

worsened deficit, are a feared but ever-present risk for the

pediatric neurosurgeon. Surgical complications, however,

need to be evaluated with particular scrutiny if they occur in

the course of undertaking prophylactic treatment. CSF leak-

age, pseudomeningocele formation, and infection, as well as

neurologic impairment resulting in pain, worsening sphinc-

ter function, or motor deterioration, are well recognized

complications of lipoma surgery. Wound-related complica-

tions, mostly CSF leakage, occurred in 11% of the Chicago

series32 and 20% of the Paris series,33 two of the largest pub-

lished series and thus representative of a large surgical expe-

rience. In other series the incidence of such complications is

even greater.49 Although not usually responsible for any

demonstrable long-term adverse consequence, these com-

plications result in prolonged hospital stay, the need for

additional surgical procedures, and in some instances

meningitis. The risk of neurologic deterioration following

surgery for lipoma of the conus is extremely variable. No

asymptomatic patients experienced a neurologic deterioration

in La Marca et al’s series,32 whereas 4% of the asymptomatic

group sustained a new deficit in the study by Pierre-Khan

et al; in this latter series, this worsened to 6.4% by the end of
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lipoma.50,60,64 In a study performed by this author, all the

initially asymptomatic patients who deteriorated had tran-

sitional-type lipomas; perhaps noteworthy is that 13 out of

14 deteriorating patients were female.56

A Tailored Management Algorithm 
for Spinal Lipoma

The neurosurgical management of these complex dysraphic

anomalies is likely to remain controversial, as there is insuf-

ficient evidence at present regarding asymptomatic lipomas

to judge whether prophylactic spinal cord untethering

should be the treatment of choice. What evidence there is

casts some doubt on the traditionally held belief that all

children with spinal lipoma will eventually deteriorate and

that early surgery confers an advantage over a policy of close

multidisciplinary surveillance. Recent publications indicate

that perhaps pediatric neurosurgeons are beginning to

more critically evaluate the role of prophylactic spinal cord

untethering in favor of close surveillance, particularly for

complex lipomas.63,65 Perhaps the burden of proof now

lies with those advocating the more aggressive surgical

approach. For pediatric neurosurgeons recommending pro-

phylactic untethering, it is for them to appraise their own

results and measure these against the emerging knowledge

of natural history. This is unlikely to result in a global rec-

ommended standard of care, as for those whose results are

as good as or better than natural history, their approach is

vindicated. However, where results are inferior to natural

history, then a more selective approach to management

might be pertinent. An algorithm is suggested that recog-

nizes not only the benefits of untethering surgery in select-

ed cases, but also the potentially benign natural history for

many of these patients (Fig. 17.5). Fundamental to such a

policy of management is the need for close regular surveil-

lance, both neurologic and urologic, particularly until such

time as urinary continence has been established and the

need for patients and their families to be aware of warning

symptoms that might herald the onset of tethering.

Conclusion

To consider all lipomas of the lumbosacral region as a single

disease entity overlooks the embryological, anatomical, and

clinical heterogeneity of this extremely complex group of

malformations. For the previously normal child who devel-

ops a deficit or who exhibits loss of a previously acquired

neurologic function, then, to invoke a mechanical explana-

tion and offer untethering surgery is entirely appropriate

and should be considered an evidence-based treatment. For

the asymptomatic child with such a malformation, the evi-

dence upon which to base prophylactic untethering of the

spinal cord is tenuous. Recent natural history studies sug-

gest that it is no longer appropriate to advise surgery on the
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the first postoperative year.33 The most common aggravation

is related to sphincter function.

Effective Intervention

The final criterion to be fulfilled to justify a prophylactic

intervention is that the results of that intervention should

be better compared with natural history. Although the early

results of spinal cord untethering for asymptomatic lipoma

appear encouraging, in that the majority of patients are not

worsened by surgery and so remain asymptomatic, these

initial good results deteriorate over time. Therefore, the

question arises: Does “technically successful” surgery actu-

ally protect against late deterioration? In the series by

Xenos et al, 26% of asymptomatic patients showed late dete-

rioration despite surgery.31 This concern is reflected in other

large series. For example, in a study by La Marca et al, at a

mean follow-up of 6.2 years, 12.7% of asymptomatic

patients deteriorated and required further surgery.32 In

Pierre-Khan et al’s series, of those who had undergone

prophylactic surgery, 46.9% had symptoms after a mean fol-

low-up of 8.7 years.33 Similarly, Colak et al calculated the

actuarial risk of deterioration to be 40% at 8 years.50 It thus

appears that the rate of symptomatic retethering increases

with time. Some have suggested that the time to deteriora-

tion following untethering surgery is shorter for those with

preoperative symptoms compared with those without,32

thus supporting the argument for prophylactic untethering.

Cochrane and colleagues failed to find any difference in the

time to deterioration according to status at the time of

surgery and concluded that untethering did not prevent

longer-term functional deterioration.60

Not All Lipomas Are Equal

It is now accepted that filar lipomas should be considered

separately from conus lipomas, as these represent a more

simple anatomy that can be safely operated upon, and

results are generally excellent.32,33,61 In several studies

examining the role of untethering surgery in dysraphism,

filar and conus lipomas have been considered together, risk-

ing an overly optimistic interpretation of long-term

outcomes.62 Most surgeons acknowledge the anatomical

complexity and surgical challenge posed by the transitional-

type lipoma.63 Within this group, the presence of congenitally

short nerve roots, a rotated placode, and bulky lipomatous

tissue enveloping the terminal spinal cord represents a

scenario in which true untethering is perhaps impossible.

However, there have been few studies examining the

prognostic significance of the subtype of conus lipomas;

these tend to be considered together in most large series.

Where a distinction has been made, it appears that the

prognosis, particularly in respect to retethering, is worse for

the transitional-type compared with the dorsal-type of
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basis that deterioration is inevitable; furthermore, the

intervention is not without risk, and, in most hands, the

outcome of surgery may be little better than with conserva-

tive treatment. A conservative approach to the asympto-

matic patient is therefore advocated, recognizing the need

for close neurologic and urologic surveillance and the need

for intervention in the event of any evidence of deteriora-

tion. Such a policy will spare some patients unnecessary

interventions and result in outcomes better than those

reported in most series of prophylactic intervention.
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Lumbosacral lipoma

Clinical evaluation
Urologic assessment

MRI

Asymptomatic Symptomatic

Observation Symptoms static Symptoms progressive

Deterioration Observation Spinal cord untethering

Spinal cord untethering Deterioration

Fig. 17.5 Suggested algorithm that recognizes not only the benefits

of untethering surgery in selected cases but also the potentially

benign natural history for many patients. Observation comprises

neurologic and urologic review, at least 6 monthly until 3 years of age

or until the child achieves normal continence and at least annually

thereafter. MRI, magnetic resonance imaging.

♦ Lessons Learned

Whether or not asymptomatic patients with tethered cord

syndrome should be offered a prophylactic untethering

operation has emerged as a controversial issue only over the

last 10 years or so. Prior to that, the intervention-based

retrospective case series were the only source of evidence

beyond the individual surgeon’s experience, and these

favored the prophylactic intervention.

However, in recent years, careful analysis of a growing

body of data and the study of unoperated patients have cre-

ated a rift between the “traditional” interventionists, more

often represented in North America, and the “conservative”

noninterventionists, also sometimes referred to as the

“Paris school.” The latter group has compiled evidence that

there is reason to doubt the concept of prophylactic surgery

for asymptomatic children with spinal dysraphism and teth-

ered cord syndrome.

As is beautifully exemplified in the present contributions

by Thompson and Pugh and colleagues, the devil lies in the

details. Indeed, the question of who is to be considered

“asymptomatic” is one that is more difficult to answer than

one would expect. We learn that the different forms of spinal

dysraphism have been described and understood in terms of

morphologic appearance, in terms of conceptual understand-

ing of the form of developmental damage, and in terms of the

pathophysiologic understanding of what contributes to

symptoms. The latter point is particularly important because

symptoms may be caused by a fixed, noncorrectable dysplasia

and a secondary, potentially progressive damage caused
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Neither contribution spends much time on the ques-

tion of preventing second surgeries, which may well be

necessary in a third of operated children. There is proba-

bly a unique variety of surgical techniques, all based more

or less on individual experience and “school,” on the use of

certain types of implants as dural grafts, with the object

to reduce postoperative scarring and thus reduce the risk

of retethering.

In the editors’ view, no optimal surgical technique

addressing this problem exists. We use an “inlay” technique

to cover the conus and cauda with a synthetic dural graft,

over which the dura is closed with or without a fascial patch

and tangential sutures, preventing the suture line from

making contact with the pia. This works well, but whether

or not it prevents retethering more than other techniques

remains to be proven.

Prophylactic untethering will occupy room in discussion

boards in pediatric neurosurgery for some time.
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either by compression from a large lipoma or by the well-

known oxidative damage due to chronic stretching of the

cord. These three mechanisms may well overlap in degrees

that cannot be determined. Consequently, a deficit due to

dysplasia cannot be improved by any surgery, but the other

two mechanisms may well be influenced positively, either by

improving symptoms or by preventing deterioration.

Both contributions to this chapter note the technical dif-

ficulty of approaching certain types of conus lipomas where

the nerve roots are located within the lipoma. This situation

increases the surgical risk, and the inherently short nerve

roots naturally limit the extent of untethering that can be

accomplished. It should be understood that secondary sur-

gery is clearly more difficult than first operations; thus, all

efforts should be made to succeed in the first surgery. This,

of course, will be more likely when an experienced pediatric

neurosurgeon performs this type of delicate operation rather

than a general neurosurgeon or a pediatric surgeon.
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Intramedullary Spinal Cord Tumors18

The optimal treatment of intramedullary spinal cord

tumors (IMSCTs) has long been controversial; however, the

evolving opinion of contemporary surgeons has been in

favor of an aggressive surgical resection with or without

postoperative adjuvant therapy.1–3

Technological advances in neuroimaging, microsurgical

technique, neurophysiologic monitoring, and operative

equipment have permitted neurosurgeons to undertake a

more aggressive surgical approach, often achieving gross

total resection (GTR) or subtotal resection (STR) based on

intraoperative inspection of the tumor surgical site and post-

operative magnetic resonance imaging (MRI).4–27 Despite

these advances, the risk of morbidity associated with aggres-

sive surgical resection remains substantial, and the true

benefit of aggressive surgical therapy has not been validated

in terms of survival curves and functional outcomes scales

when compared with less aggressive measures, such as biop-

sy for tissue diagnosis, along with adjuvant radiotherapy

and/or chemotherapy.8,28

Furthermore, the current body of literature supporting

aggressive resection is based on retrospective series, case

reports, and expert opinions. Class I data comparing aggres-

sive surgical resection with tissue biopsy and adjuvant ther-

apy are unavailable.

In this chapter we have been asked to support the use of

a minimally aggressive surgical approach in the manage-

ment of IMSCT. Data will be presented to support the point of

view that biopsy followed as necessary by adjuvant therapy

is a safe and effective way to manage these lesions and may

be preferable to aggressive surgical excision.

Epidemiology

Intramedullary spinal cord tumors are rarely encountered

neoplasms, particularly in the pediatric population, where

the incidence is 4 to 10 per 10 million.29,30 Among neo-

plasms of the central nervous system (CNS), IMSCTs account

for 6 to 8% of all tumors.6,29,31 In the pediatric population,

astrocytomas are more prevalent, being 3 times more com-

mon than ependymomas, whereas the opposite holds true

in the adult population.9,32,33 Among pediatric astrocytomas,

25% are of malignant histology, being either anaplastic

astrocytomas or glioblastoma multiforme.1,34

Clinical Presentation

At the time of presentation, the most common findings are

motor regression, pain, and gait abnormality. A smaller per-

centage may present with scoliosis or orthopedic abnormal-

ities. In general, patients with more malignant lesions have

a shorter prodrome of complaints before the correct diagnosis

of spinal cord tumor is established.

Outcomes Analysis

To date, the body of literature supporting the aggressive sur-

gical management of IMSCT is based on class IV evidence,

comprised of uncontrolled studies, case series, case reports,

and expert opinions.1,2,6–8,10,11,13,14,35–39

The largest pediatric series to date on IMSCT is that by

Constantini et al, which comprises the surgical series of

Dr. Fred Epstein.1 In this series, the authors retrospectively

reviewed 164 children and young adults who underwent

surgery for IMSCT. GTR was achieved in 76.8% and STR in

20.1%, with 79% of the lesions being histologically low

grade. Over time there was an increasing bias toward use of

neurophysiologic monitoring and laminoplasty. Pre- and

postoperative functional evaluations were assessed with

the Modified McCormick Scale (Table 18.1).1 Twenty-three

percent of patients worsened at least one functional grade

after surgery, 60% were unchanged, and 17% improved.

Patients with poor preoperative functioning had a greater

risk of surgical morbidity, and in general, high-grade lesions

were more disabled at presentation. Histologic analysis

♦ Biopsy and Adjuvant Therapy

Donald J. Blaskiewicz and Mark R. Proctor
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revealed low-grade tumors in 124, intermediate-grade in

19, and high-grade in 12 patients. Twenty-six percent of the

group went on to have adjuvant therapy, including radiation

and chemotherapy. Progression-free survival was estimated

using the Kaplan-Meier technique. This revealed that GTR

and STR were equally efficacious for low-grade tumors, and

there was no survival benefit to GTR. Patients who under-

went biopsy alone did fare worse, but these appear to have

been almost exclusively high-grade lesions that behaved

poorly regardless of attempted surgical approach. In fact,

tumor histology was the only reliable predictor of patient

survival. In summary, this study showed us that radical

surgery can be performed in the majority of patients, but it

did not prove that survival was superior to biopsy alone for

low-grade lesions; furthermore, the patients were more

likely to worsen than to improve their functional status with

aggressive surgery.1

Dr. Epstein had a unique practice with an unusually high

volume of patients with IMSCTs, and the data derived from

his study are important to our understanding of these chil-

dren. His work accurately describes the clinical course of

pediatric patients undergoing aggressive resection of

IMSCTs; however, a prospective, randomized control study

or prospective matched group cohort study comparing

aggressive surgical therapy with biopsy and adjuvant therapy

has not been performed.

Radiotherapy

Many institutions reserve external beam radiotherapy for

patients in whom GTR was not possible, in patients who

have disease recurrence, or for high-grade lesions. Many

authors have advocated aggressive surgery alone over subto-

tal resection or biopsy followed by radiation so as to avoid

late complications of radiation. The current body of litera-

ture, however, does not necessarily support this rationale. In

addition, in looking at the late effects of radiation, one must

then equally consider the late effects of surgery on the pedi-

atric spine to have an accurate comparison.

The largest, most comprehensive review of IMSCT in

children treated at a single institution with surgery

followed by external beam radiation was performed by

O’Sullivan et al reviewing the data from the Hospital for Sick

Children in Toronto.34 Included in this study were 11 ependy-

momas and 15 astrocytomas, of which 12 were low grade,

3 high grade, and 5 other tumor types. Biopsy alone was

performed in 35%, STR in 45%, and GTR in 19%. All patients

received local high-dose radiation. The relapse rate based on

the extent of resection was 37%, 14%, and 33%, for biopsy,

STR, and GTR, respectively; thus, the extent of resection

seemed to have no effect on the likelihood of recurrence.

Local control of the tumor was achieved in 26 cases (84%),

despite either grossly incomplete resection or biopsy alone

in 25 of these cases (81%). Two patients did suffer from sec-

ond malignancies that were felt to be radiation induced.

Based on their results, the authors concluded that radiation

treatment without resection may achieve long-term control

in children with astrocytoma or ependymoma of the spinal

cord, and in fact the results of progression-free survival

were similar to the large surgical series of Constantini et al.1

It was more difficult to determine any differences in func-

tional outcome between the two studies.1,34 Of note, 68% of

the patients did go on to suffer from progressive spinal

deformity, therefore indicating that biopsy and adjuvant

therapy may not be protective against deformity.34 Other

authors have shown that in low- and intermediate-grade

astrocytomas, postoperative radiation therapy has improved

overall survival or progression-free survival.40–46

Chemotherapy

The role of chemotherapy in the management of IMSCTs has

not been clearly defined. Its use has been reserved primarily

as an adjuvant modality in cases of unresectable or recur-

rent lesions. There has been documentation in the literature

of successful and inspiring treatment of intramedullary

astrocytomas with chemotherapeutic agents; however,

these have been isolated to case reports.47–53

Postsurgical Spinal Deformity

The incidence of progressive spinal deformity following

either laminectomy or laminoplasty for any indication has

been previously reviewed.54 Risk factors associated with

increased incidence of deformity include the extent of facet

resection, the number of lamina removed, the spinal seg-

ment involved, the presence of preoperative deformity, the

growth potential of the spine (more common in pediatric

patients), and IMSCTs.55–67

The developing spine is especially susceptible to post-

laminectomy deformity for several reasons. There is

increased ligamentous laxity when compared with that of

more mature skeletal systems. Furthermore, in the pediatric

18 Intramedullary Spinal Cord Tumors 217

Table 18.1 Modified McCormick Scale for Functional Evaluation 

of Patients with Intramedullary Spinal Cord Tumors

Grade Explanation

I Neurologically intact; ambulates normally; may 
have minimal dyesthesia

II Mild motor or sensory deficit; patient maintains 
functional independence

III Moderate deficit; limitation of function; 
independent with external aid

IV Severe motor or sensory deficit; limitation of 
function with a dependent patient

V Paraplegia or quadriplegia, even if there is 
flickering movement
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Efforts to reduce postoperative deformity by perform-

ing laminoplasty have shown marginal clinical reduction

in the progression of sagittal imbalance.54 Some authors

advocate preemptive fusion at the time of the initial resec-

tion in patients who present with a preoperative kyphotic

deformity.68

Conclusion

Aggressive resection of IMSCTs carries a substantial risk of

surgical morbidity, including neurologic decline and subse-

quent spinal column deformity requiring further surgical

intervention for stabilization. In cases of ependymomas or

low-grade astrocytomas, aggressive surgery may confer

long-term survival benefits that outweigh the surgical risks,

although this has not been established in any prospective

study, and current data would indicate that the survival is

similar to children undergoing biopsy and adjuvant radio-

therapy. For patients with intermediate or high-grade

lesions, surgical intervention does not appear to improve

the overall survival, while subjecting these patients to high

rates of surgical morbidity.

We respect the authors who have meticulously compiled

and analyzed their experiences with IMSCTs. In light of the

rarity of IMSCTs, however, it will require a multicenter, ran-

domized, prospective study to formally address this contro-

versial topic, especially for patients with low-grade lesions.

Future studies should have specific emphasis on comparing

survival, functional outcomes, and progression of spinal

deformity. Currently, the literature does not define the opti-

mal treatment algorithm for managing these complex

patients, and the data supporting a conservative approach

of initial biopsy followed by adjuvant therapy compare

favorably to aggressive surgical approaches.

218 II Intraspinal

cervical spine, the orientation of the facet complex is more

in the horizontal plane as compared with the vertical plane

arrangement in the adult spine and therefore protects less

against anterior subluxation.65,68 Finally, surgical disruption

of the growth dynamics of the pediatric spine tends to prop-

agate further deformities.55,56,64–66

IMSCTs, in and of themselves, are known to be associated

with sagittal plane deformity.60,64,65 It has been postulated

that involvement of the ventral horns may cause neuromus-

cular insufficiency, thus weakening the muscular support of

the spine and leading to progressive spinal column deformi-

ty.69,70 At the time of initial presentation, 15 to 40% of patients

presenting with IMSCTs have an existing deformity, which is

a known risk factor for progressive deformity following sur-

gical resection of IMSCT.61,64 Furthermore, when compared

with those undergoing cervical decompression for degener-

ative conditions of the spine, patients with IMSCTs are twice

as likely to develop deformity, with postoperative deformity

being reported in 16 to 100% of patients in various stud-

ies.56,57,71,72

Yao et al described the risk factors for progressive spinal

deformity in children undergoing surgical resection of

IMSCT: age younger than 13 years, the presence of preoper-

ative deformity, and involvement of the thoracic or thora-

columbar segments increased the odds ratio of a subsequent

spinal deformity requiring surgery for stabilization by 4.4,

3.2, and 2.6, respectively.65 Although the extent of resection

as an independent risk factor did not have a statistically

significant predictive value on progression of deformity,

children undergoing GTR (resection � 95%) or STR (80–95%

resection) had an odds ratio of 2.31 and 0.565, respectively,

of developing postoperative deformity that required further

surgery for stabilization, whereas those under going biopsy

alone had an odds ratio of 0.001.65

♦ The Case for Surgery

Karl F. Kothbauer

Tumors arising from within the spinal cord are a small sub-

group of CNS tumors occurring in childhood. Nonetheless,

they are regarded as particularly problematic because of the

densely packed fiber tracts and neural networks within the

cord substance and the subsequent threat of severe spinal

cord dysfunction. There is an ongoing debate on how these

tumors should be treated.

Due to the small numbers of patients treated by each

individual pediatric neurosurgeon or even at leading pedi-

atric institutions, no evidence robust enough to withstand a

Cochrane review exists to support any management strategy

for patients suffering from these tumors. Thus, we have to

make do with the existing series-based evidence, with the

evidence about surgical technology and that derived from

treatment modalities applied in other areas of the nervous

system reapplied to the spinal cord. Consequently, the treat-

ment choices will be made mostly based on experience.

Surgery for spinal cord tumors has a surprisingly long his-

tory, given the presumed difficulty of safely operating on the

spinal cord. The first successful resection of an intramedullary

spinal cord tumor was accomplished by Anton von Eiselsberg

in Vienna in the fall of 1907.73 A two-stage surgical resection

strategy (based on two cases) was developed shortly after that

by Charles Elsberg in New York and published in 1911.74

These bold pioneers had nothing of what is commonplace

today: no useful imaging, no surgical technology, no micro-

surgery, no monitoring, no neuroanesthesia. In subsequent

decades, humanity was preoccupied with wars and economic

disaster. There were no resources to further develop such

seemingly “outlandish” surgeries. The neurologic risk of
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resecting intramedullary neoplasms was considered unac-

ceptably high, and a conservative treatment concept was fol-

lowed with a small role for surgery: an often timid biopsy, at

best, combined with dural decompression to relieve the

compartment-like compression of the swollen cord within

the dural sac. Radiation therapy regardless of the histologic

diagnosis was the factual treatment.75

Only in better times, and just prior to the advent of

microsurgery, were new attempts made to remove tumors

from the spinal cord.76,77 Microneurosurgery reopened the

door to a serious effort to establish surgical resection of

intramedullary tumors as a management strategy superior

to the biopsy–radiation concept. In the 1980s, after the

microscope had established itself as an indispensable tool in

neurosurgery, MRI dramatically improved the preoperative

anatomical assessment of the spinal cord. Preoperative plan-

ning and postoperative follow-up became a reality. Thus, the

conservative treatment strategy for intramedullary tumors

gradually developed, and still continues to evolve, to a more

active treatment concept with a larger role for aggressive sur-

gical resection. This is aided by increased knowledge about

the natural history of the disease and the response to surgery.

Because most intramedullary tumors are low-grade neo-

plasms, complete and even near-complete resection appears

to result in long-term progression-free survival with accept-

able neurologic morbidity.78–85 After the imaging revolution

of the 1980s, the 1990s brought the development and appli-

cation of intraoperative neurophysiologic monitoring.

Understanding the functional integrity of the cord, particu-

larly of the motor system, during surgery and in the process

of neurologic recovery thereafter improved the surgeons’

ability to resect tumors with low neurologic morbidity.86–89

Nevertheless, differences of opinion still exist about the

proper referral of the relatively few children suffering from

intramedullary tumors and their optimal individualized

treatment. Despite the advances in surgical treatment, the

old concept of “biopsy and radiation” is not extinct.90,91 Lack

of controlled evidence for a benefit of surgery has been sug-

gested as an argument for a conservative treatment.

New drugs used for chemotherapeutic management of CNS

tumors have not been widely used to treat intramedullary

tumors. Only higher-grade glial tumors have been treated

with a combination approach that includes chemotherapy.92

For low-grade tumors, little, if any, experience exists as to the

impact of medical treatment of these neoplasms.93 Given

recent advances in the chemotherapeutic treatment of malig-

nant gliomas of the brain,94 it is reasonable to use the same

regimen for glioblastomas of the spinal cord, and there may be

further chemotherapy for spinal cord neoplasms in the future.

Epidemiology and Pathology

Intrinsic tumors of the spinal cord are rare. They comprise

�20 to 35% of all intradural neoplasms, with a higher percent-

age (55% of all intradural neoplasms) in children.95 The most

common intramedullary tumors in children are astrocytomas.

Intramedullary ependymomas are the most frequent type in

the adult age group but are rare exceptions in children.85 Other

tumors, such as hemangioblastomas96 and cavernomas,97

occur.

The great majority of spinal cord tumors in children are

benign, being either pilocytic or, less frequently, fibrillary

astrocytomas. Like astrocytomas in the brain, the latter are

poorly demarcated from normal tissue. Pilocytic tumors fre-

quently have large areas of good demarcation, as well as

cystic components, and smaller areas of diffuse growth next

to the normal cord tissue.

Gangliogliomas are also low grade and occur primarily in

children and young adults. Most frequently, intramedullary

gangliogliomas grow slowly and thus have an indolent course

and may present only when exceedingly large.98

Ependymomas are the most common intramedullary

neoplasm in adults,99,100 whereas in children they account

for only 12% of all intramedullary tumors.101 Typically, they

have a central location in the spinal cord. Most often they

are well circumscribed and clearly delineated from the sur-

rounding spinal cord tissue. Practically all ependymomas

are histologically benign.

Myxopapillary ependymomas are a subgroup of ependy-

momas with characteristic microcystic histologic fea-

tures.102 They are usually located in the conus–cauda

region.103 They may grossly enlarge the filum and displace

the nerve roots laterally and anteriorly. Despite their benign

histology, a small percentage of them tend to subarachnoid

dissemination.104

Hemangioblastomas account for only 3 to 7% of intrame-

dullary spinal cord tumors.96,105 They occur mostly sporadical-

ly, but up to 25% of patients have von Hippel-Lindau disease.106

Surgery

Arguments for an attempt at surgical resection for any

newly diagnosed intramedullary tumor in a child or an

adult are threefold: first, to ascertain the histologic diagno-

sis; second, as the by far most effective oncologic treatment;

and third, to prevent long-term motor dysfunction.

Standard microsurgical techniques with suction and

bipolar coagulation should be used together with a limited

set of specialized instruments that aid in minimizing

surgical trauma to normal spinal cord tissue. Depending

on the specific nature of the tumor, the surgical technique

must be adjusted. For instance, the removal of a heman-

gioblastoma significantly differs from the resection of an

astrocytoma.

Ultrasonic Aspirator

The introduction of the now ubiquitously used Cavitron

ultrasonic aspirator (CUSA)107 system (Integra Life Sciences,

Plainsboro, New Jersey) was a significant advancement in
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forceps114 or the microsurgical laser.109 It is useful to start at

one pole of the tumor and identify the cleavage plane, then

separate the tumor from there in the craniocaudal direc-

tion. It is absolutely essential not to injure the anterior

spinal artery. Astrocytomas or gangliogliomas typically

have a heterogeneous composition and texture. They are

usually removed in an inside-out fashion until the

cord–tumor interface is recognized. There is almost never a

true plane between the tumor and the normal spinal cord, at

least not throughout the tumor length, as in ependymomas.

Injury to the cord at this area may cause neurologic dysfunc-

tion.115 The CUSA, microsurgical laser, and suction–bipolar

dissection are used where appropriate and with the caveats

described earlier.

Following tumor removal, hemostasis is obtained with

saline irrigation and, if necessary, by local application of

microfibrillar collagen (Avitene, C. R. Bard, Inc., Murray

Hill, New Jersey). Bipolar coagulation may be necessary for

bleeding vessels that cannot be otherwise controlled.

However, retrograde thrombosis into the anterior spinal

artery or local thermal injury has resulted in significant

injury, and using intraoperative monitoring at the time of

injury has unequivocally been linked to the time of coagu-

lation of bleeding vessels, particularly those close to the

anterior midline of the cord. The dura is closed primarily

in a watertight fashion usually with a running locked non-

absorbable suture. If an osteoplastic laminotomy was per-

formed, all segments of bone are replaced and secured

with a size 1 or 0 nonabsorbable suture on each lamina

bilaterally112 or with miniplates, such as those used for

cranioplasty. The spinal muscle fascia must be closed in a

watertight fashion without lateral tension to prevent cere-

brospinal fluid leakage. The skin is closed with running

locked sutures.

Intraoperative Neurophysiologic Monitoring

Spinal orthopedic surgeons first used evoked potentials for

intraoperative assessment of spinal cord functional integri-

ty.116,117 The use of somatosensory evoked potentials with

primitive and unreliable118,119 technology has evolved into

the combined use of D-wave monitoring86,120–124 and moni-

toring of muscle motor evoked potentials,125–129 which pro-

vide practically real-time feedback about the current state

of the functional integrity of the motor pathways with high

reliability88 and proven impact on neurologic outcome.130

Surgical Complications

The feared complication of intramedullary tumor surgery is

paralysis. Its true incidence, however, is surprisingly

small.85,99,130,131 In general, the occurrence of postoperative

motor deficits of any magnitude is related to the state of

preoperative neurologic function. Patients who have no or

minimal preoperative motor deficits have a small risk for
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the resection of spinal cord tumors.108 Experience with

intraoperative monitoring has shown that, not infrequent-

ly, partial injury to the motor pathways occurred exactly at

the time that the CUSA was used. Therefore, its utilization

has been modified: it is considered safe to remove an

already partially detached tumor mass but less safe to

internally decompress tumor bulk still in situ.

Laser

The microsurgical laser is an excellent surgical tool for

spinal cord surgery.109 The Nd:YAG (neodymium:yttrium-

aluminum-garnet) Contact Laser System (PhotoMedex, Inc.,

Montgomeryville, Pennsylvania) is used by this author. It is

particularly useful in myelotomies and for demarcating the

glia–tumor interface. Using laser and suction allows the

tumor to be removed in a piecemeal fashion. Also, laser does

not cause an electric artifact, unlike bipolar cautery. Thus,

intraoperative monitoring is not hampered by amplifier

blockade. If the texture of the tumor is particularly firm, as

in rare types of intramedullary tumors, it can only be

removed with reasonable safety with laser because such a

lesion cannot be manipulated with bipolar cautery and scis-

sors, and it is too firm for the CUSA.

Surgical Technique

Surgery is always performed with the patient in the prone

position.77,110,111 A rigid head holder, either Sugita or

Mayfield, is used for cervical and cervicothoracic tumors to

secure the head and the spinous processes in the neutral

position.

An osteoplastic laminotomy112 is performed with a high-

power drill using the craniotome attachment. The bone

removal must expose the solid tumor but not necessarily

the rostral or caudal cysts unless their wall enhances and

they are considered intratumoral cysts. Paratumoral cysts

usually disappear after the neoplasm is resected, as the

walls of these “capping” cysts are usually composed of non-

neoplastic glial tissue.

Intraoperative ultrasound usually shows the full extent

of the tumor and thus confirms that the bone opening is

sufficient.113

The dura is usually opened in the midline. The spinal

cord is often expanded, rotated, and distorted. The asym-

metric expansion and rotation of the spinal cord may make

identification of the midline raphe difficult. However, it is

important to localize this landmark because it is the stan-

dard approach into the cord. An alternative for asymmetri-

cal tumors is to enter the cord through the dorsal root entry

zone. This may be useful if an asymmetric deficit is present,

and it is essential to preserve the “good” arm.

This author uses the microsurgical laser to perform the

myelotomy. A cord–tumor interface can be separated

with dissectors and a specially designed plated bayoneted
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motor deterioration. Patients who already have a significant

motor deficit before surgery are more likely to deteriorate

postoperatively.86

The resection radicality in intramedullary glioma sur-

gery is almost always � 100%. Only ependymomas,77,99,100

hemangioblastomas,96 and cavernomas97 can be resected in

an anatomically complete fashion. Complete removal, par-

ticularly of the last bits and pieces of tumor tissue in astro-

cytoma resection, carries a high risk of major neurologic

dysfunction. GTR is feasible in �70 to 80% of cases and a

subtotal (80–97%) in the remainder.

Short-term motor dysfunction is significant: one third

of patients experience a transient motor deficit, which

resolves within hours to days88 or months.131 The long-

term motor outcome is much better and directly related to

the preoperative neurologic function.86 Therefore, it is

advisable that patients with intramedullary tumors

undergo surgery before the development of significant

neurologic deficits.

Impaired joint position sense may be a component of

serious postsurgical functional disability and is more com-

monly seen after ependymoma than astrocytoma removal.

Patients with impaired proprioception require physical

therapy to train to compensate for this deficit. In addition,

patients may experience a variety of pain syndromes, auto-

nomic symptoms, and decreased endurance. It is a common

complaint that all symptoms tend to get worse during the

cold season and better during the summer.

Scoliosis and kyphosis can occur after surgery.132–135 This

is of particular importance for children, where about one

third of patients with a significant deformity eventually

require a stabilizing spinal operation. Osteoplastic lamino-

tomy is believed to reduce the incidence of spinal deformity

in children.112

Neurologic Outcome

There is no doubt that resection of an intramedullary

tumor is a very serious undertaking in terms of neurologic

morbidity. Both in children and adults a significant degree

of long-term sensory dysfunction and dysesthetic pain

may be present.131 However, the rate of significant motor

disturbance up to paraplegia is low,85,88,130,131 and, most

importantly, both clinical86,136 and experimental evi-

dence137 favors early rather than late surgery because

motor outcome tends to be superior as long as motor func-

tion is good. There is unequivocal surgical experience that

once a patient is nonambulatory, no surgery can reverse

this disability.

Oncologic Outcome

Obviously, in tumors such as hemangioblastomas and cav-

ernomas, the surgical resection provides cure of the disease,

and neurologic morbidity is a function of presurgical damage

to the cord by the tumor and of surgical damage to the

cord.

In glial tumors, as stated earlier, even with GTRs, some

residual microscopic fragments always remain in the resec-

tion bed no matter how “good” a surgery may have been. This

residual tissue may remain dormant or involute over time.

The available evidence strongly suggests that a resection that

exceeds 80 to 90% removal is as good as 98 to 100% removal

in terms of long-term progression-free survival.85 This

allows the conclusion that it may not be necessary to

attempt a “total” removal to achieve the optimally possible

outcome. This helps in determining to stop the resection

before it gets very close to the normal spinal cord tissue,

which would carry a high risk of surgical injury and subse-

quent neurologic dysfunction.

Not surprisingly, long-term survival is better for low-

grade neoplasms when compared with the high-grade

group1. Five- and 10-year survival rates were 88 and 82%,

respectively, for low-grade neoplasms. The cause of death in

these patients was progression of disease. Patients with

high-grade neoplasms have an 18% 5-year survival rate

despite surgery and adjuvant therapy.

Adjuvant Therapy

Some experts still recommend radiotherapy even for benign

intramedullary spinal cord tumors.90,138,139

Radiation therapy has an undisputed role for patients

with malignant tumors, those who have tumor recurrence,

and those with substantial residual tumor for whom further

surgery is considered too risky.

Intramedullary ependymomas should be resected, and

radiotherapy is an option only in exceptional circumstances.

The future role of chemotherapy is uncertain at this time

for intramedullary tumors. There are few reports and expe-

riences with chemotherapy in low-grade tumors.93 There is

certainly a role for chemotherapy in high-grade tumor man-

agement,92 but it does not appear to provide a big survival

benefit. The new treatment protocol with temozolomide

established for cerebral glioblastomas94 is a reasonable choice

for spinal cord glioblastomas as well. So far, no experience

with this approach has been reported.

The deleterious effect of radiation with myelopathy

induced by doses � 30 Gy140 is known, and no study has

demonstrated a beneficial effect of radiation therapy on sur-

vival or neurologic function for low-grade spinal cord

tumors. A spinal deformity may also be a result of radiation

therapy used to treat epidural tumors.141,142 Mayfield et al

reported that 32 of 57 children with neuroblastomas treat-

ed with radiation therapy and chemotherapy developed

significant spinal deformities. A higher rate of deformity

was associated with younger age at time of radiation, doses

� 20 Gy, and asymmetrical radiation fields.143 This serves

also as evidence that radiation treatment is not a “noninva-

sive” therapeutic alternative to surgery.
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minimizes neurologic morbidity. The optimal treatment for

malignant tumors remains resection followed by radiation

therapy, with a likely benefit from combination with temo-

zolomide chemotherapy.

No study exists to compare the oncologic and neuro-

logic outcomes of management with aggressive surgery

and management with primary radiation treatment. The

experience and evidence appear to favor the surgical

approach.
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Conclusion

Intramedullary spinal cord tumors are a serious illness. The

great majority are benign, completely resectable lesions

or low-grade glial tumors. Both types can be surgically

removed with relatively low morbidity and good oncologic

outcome. Significant resection of glial tumors achieves

long-term progression-free survival in the majority of

patients, and advanced microsurgical technique, coupled

with the use of intraoperative neurophysiologic monitoring,

♦ Lessons Learned

Intramedullary spinal cord tumors represent a small pro-

portion of all CNS tumors in children. These two surgeons

highlight the different surgical management for these

tumors. Tumors that are symptomatic and have demon-

strated growth warrant a surgical procedure in an attempt

to remove the tumor with the aid of neurophysiologic mon-

itoring or biopsy followed by adjuvant radiotherapy. There

have been no prospective randomized clinical studies that

have determined the best treatment course for these

tumors. The data available are thus the aggressive surgery

modality as advocated by Fred Epstein and the earlier liter-

ature advocating biopsy and radiation therapy. Each of these

approaches has disadvantages, such as scoliosis, risk of per-

manent paralysis, radiation necrosis, and radiation injury to

the surrounding structures. The best approach depends on

the surgeon’s skill and experience with neurophysiological-

ly guided surgery. The surgeon must weigh the risks and

benefits of each treatment.
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The pairing of lumbodorsal rhizotomy (LDR) and intrathecal

baclofen (ITB) in this book might suggest that the two treat-

ment modalities were competing for the same group of chil-

dren. In reality, they are complementary; there are almost

no children for whom LDR and ITB are equally appropriate.

LDR is an excellent treatment for children with spastic

diplegia or with spastic quadriparesis but little spasticity in

the arms. It can be used effectively into the midteens and

occasionally thereafter if patients have adequate underlying

strength, and their associated contractures are mild.

ITB is indicated in very different circumstances. Although

there are few controversies about patient selection for ITB,

controversies exist about surgical techniques and about ITB

outcomes—such as the relationship between ITB and seizures

or the relationship between ITB and the development of

scoliosis—and will be discussed here.

Indications for Intrathecal Baclofen 
in Spasticity

Spastic Diplegia

ITB is infrequently indicated for children with spastic diplegia,

but it is indicated for them in three circumstances. 

1. It is appropriate for ambulatory children with relative-

ly weak lower extremity muscles but moderate or

severe spasticity (3 to 4 on the 5-point Ashworth

scale) that is impeding gait and causing progressive

contractures, since LDR in these children may result in

such hypotonia that they are unable to walk because

of their underlying weakness.

2. ITB is appropriate for older individuals (older than 16

years, particularly those in their 20s and 30s) with

spastic diplegia whose gait is deteriorating as a result

of stiffness or pain because they have a harder time

learning better gait patterns after LDR than do young

children. ITB is helpful in these patients because their

spasticity can be gradually decreased, with baclofen

doses increasing as muscles stretch and strengthen

with physical therapy. 

3. Spastic diplegia in children with hereditary spastic

paraparesis (HSP) can be effectively treated with ITB.1

In children with HSP, spasticity is typically reduced,

although gait is not always better because of their

associated proximal leg weakness. In my experience,

an LDR in one child with HSP improved spasticity for

6 weeks, at which point it returned to the prerhizotomy

level.

Spastic Quadriparesis

Spastic quadriparesis is the classic indication for ITB. It is

related to cerebral palsy in the majority of cases but may be

secondary to severe head injuries. Regardless of etiology,

ITB appears to improve spastic quadriparesis.2,3 Although

LDR has been shown to decrease spasticity in the upper

extremities, that decrease is mild and considerably less than

can be obtained with ITB.4 Most children who receive ITB for

spastic quadriparesis have mean scores of 3 on the 5-point

Ashworth scale in both the upper and lower extremities

and have been ineffectively treated by oral medications and

botulinum toxin injections.

Spastic Hemiparesis

Some clinicians predicted that the use of ITB in spastic hemi-

paresis would be contraindicated because of concern that the

normal side would become hypotonic. In my experience,

including with one of the first children to receive a pump in

1988, that is not so: spasticity in the affected side is reduced,

and tone in the normal side seems to be unaffected. In

patients with spastic hemiparesis, spasticity is usually

decreased in the upper extremity, often resulting in improved

positioning and functioning of the affected arm and hand.

♦ Intrathecal Baclofen

A. Leland Albright
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that have minimal experience with the changes caused by

ITB, (2) individual cases where parents insist on demonstrat-

ing that a bolus dose decreases tone before submitting their

child to a pump, and (3) cases in which a screening dose is

mandated by insurance companies. I used screening doses

in the first 200 or so spasticity cases but have not used them

in patients with spasticity in probably 10 years.

If a screening bolus—usually 50 �g—is given, the sole pur-

pose of doing the trial is to confirm that spasticity in the

lower extremities is decreased. The purpose is not to deter-

mine if function, particularly ambulation, is improved. Some

investigators have inserted a lumbar catheter and used a

continuous baclofen infusion in an attempt to determine if

ambulation is improved. That technique provides more

information about how ambulation might be affected, but it

cannot determine the effects that will be observed during

chronic infusion and dose titration over several months.

Timing of Pump Insertion

Given the size of the pumps that are presently available, there

are no longer any size or age limitations on pump insertion.

The Medtronic SynchroMed 20 mL pump (Medtronic Inc.,

Minneapolis, Minnesota) is small enough to insert into an

infant, although the umbilicus may need to be mobilized to

obtain adequate space medially. Realistically, however,

pumps are often not needed to treat spasticity in children

younger than 4 years.

ITB is indicated whenever it is clear that nonsurgical

management is inadequate, ideally before the development

of significant contractures. There is some controversy about

the timing of pump insertion in children with posttraumat-

ic spasticity because of a previous recommendation that ITB

be delayed for 1 year after the head injury. That recommen-

dation is inappropriate, however. For children with severe

posttraumatic spasticity, by 1 year (in fact, often by 6 weeks

after injury) spasticity usually has resulted in contractures

at several sites, and the children require multilevel orthope-

dic surgery. In my opinion and the opinion of others, spas-

ticity that develops rapidly after traumatic brain injury

should be treated with dantrolene, botulinum toxin injec-

tions, and ankle casting, but if definite improvement is not

seen within 1 month, ITB should be used.6 A child may

improve over the first year after TBI and not require ITB

indefinitely. If that is the case, the child at 1 year will have

fewer contractures than would have developed otherwise,

and the pump can be turned down or removed.

Surgical Techniques

Techniques for pump and catheter insertion were reviewed

by Albright et al.7 Pumps can be inserted either above or

below the abdominal fascia. In young and thin patients, the

subfascial position is preferable because it is associated

228 II Intraspinal

Mixed Spasticity and Dystonia

Children with mixed spasticity and dystonia in the lower

extremities should not be treated with LDR if there is a sig-

nificant component of dystonia, as it is unaffected by dorsal

rhizotomies (although it may be improved by ventral rhizo-

tomies). Conversely, ITB has been shown to improve both

spasticity and dystonia, whether in the lower extremities or

in both the upper and lower extremities.5

Patient Selection

ITB is usually offered to children who have failed oral med-

ications (e.g., baclofen, tizanidine, and dantrolene),

although sometimes children present with such severe gen-

eralized spasticity that trials of oral medications seem

futile, and a decision is made to proceed directly to ITB.

There is no controversy about the fact that the response to

oral baclofen correlates poorly with the response to ITB, as

so little oral baclofen enters the cerebrospinal fluid (CSF).

Before recommending ITB, it is essential to define the

treatment goals and to have the parents concur with

those goals. Common goals include (1) increasing comfort,

(2) increasing ease of care, (3) improving function, and

(4) decreasing the development of musculoskeletal contrac-

tures. It has been said that “illusion is the parent of disillusion,”

and if treatment expectations are inappropriate, disap-

pointment is almost invariable.

The reliability of the caregiver to return at appropriate

intervals for pump refills should be considered before rec-

ommending a pump. We occasionally decide not to put a

pump into a child who would probably benefit from it

because the parents or caregivers seem to be unreliable. In

such cases, we sometimes order a physical therapy regimen

twice a week for 6 to 8 weeks, partly to improve the child’s

condition prior to surgery, but more so to evaluate the con-

sistency with which the child is brought to therapy.

Screening Trials

There is considerable controversy about the necessity of

screening trials before a pump is inserted. When the use of

ITB began some 20 years ago, bolus injections were always

given, primarily to determine if intrathecal baclofen signifi-

cantly decreased lower extremity spasticity. Since then,

thousands of screening injections have been given, and we

have learned that spasticity virtually always responds,

whether of spinal or cerebral origin. Children who are

thought not to respond usually have dystonia or athetosis

rather than spasticity, although occasionally a dose higher

than the usual 50 �g is needed to cause a 1-point decrease

in mean Ashworth score in the lower extremity.

Bolus screening trials are currently advocated in several

circumstances: (1) centers that are just starting ITB therapy
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with a considerably better cosmetic appearance and with

less tension on the healing skin edges than if the pump is

inserted above the fascia. Pumps with a 40 mL reservoir can

usually be implanted in children weighing 40 lb or more;

smaller children usually receive pumps with a 20 mL reser-

voir. Pumps with suture eyelets allow the pump to be

secured to muscle or fascia more easily than the Dacron

pouches that were previously used. Removal of Dacron

pouches is difficult and results in the development of a sub-

stantial seroma at that site for days afterward.

There is controversy over the site where the intrathecal

catheter tip should be positioned. For patients with spastic

diplegia, there is uniform agreement that the tip should be

positioned as it was in the earliest reports of ITB for spastic

paraplegia of spinal cord origin: at the T10–T12 region, near

the lumbar enlargement of the spinal cord, the site where

baclofen will work in these patients. For patients with spas-

tic quadriparesis, catheter tips are currently positioned in

either the midthoracic region or the cervicothoracic junc-

tion. Grabb et al reported better reduction of spasticity in

the upper extremities if the catheter was positioned in the

midthoracic region rather than in the lower thoracic region,

thinking that the higher catheter tip would result in a higher

baclofen concentration in the cervicothoracic CSF.8 I position

the tip at C5–T2 for patients with spastic quadriparesis and

have observed better upper extremity effects (e.g., decreased

tone and increased range of motion) with no increase in side

effects. Occasionally, a patient with a cervical catheter will

demonstrate less effect in the lower extremities than desired.

If the child is fused or is expected to need a spine fusion,

it is easier to tunnel the catheter to the cervical region and

insert it into the thecal sac via a small laminectomy than

to try to insert it by drilling through the lumbar fusion

(Fig. 19.1).

When replacing an intrathecal catheter, there is debate

about the management of the initial catheter. Surgical

options include removing the catheter or tying it off and

leaving it in place. In my experience, removal is often fol-

lowed by CSF tracking along the catheter and accumulating

around the new pump, sometimes with leakage through the

incision. Because of that, it is probably safer to tie off the

catheter and leave it in place.

Patient Management

After pump insertion, patients are typically kept at flat bed

rest for 48 hours in an attempt to prevent CSF leaks around

the intrathecal catheter. I know of no data showing that bed

rest decreases that risk, but it seems intuitively to make

sense. Some neurosurgeons, however, are implanting

pumps in adults on an outpatient surgery basis, a policy

that seems less appropriate for pediatric patients. Pumps

are turned on on the day of surgery and programmed to

infuse a priming bolus to fill the catheter, then to infuse

baclofen, usually at a constant rate of 100 �g/day when

treating spasticity. Doses are increased daily as needed.

Because the half-life of intrathecal baclofen is �4 to 5 hours,

and 5 half-lives are needed to reach steady state, doses are

increased only once a day. Increases of 10 to 20% per day are

recommended, but larger doses may be indicated, depend-

ing on patient size, severity of spasticity, and response to

the initial infusion. Baclofen is infused in a continuous

mode in nearly all patients with spasticity, although addi-

tional boluses can be programmed to treat spasticity that is

more severe at certain times of the day. Complex dosing can

be used if there is inadequate response to higher doses (e.g.,

600 �g/day), but there are no data to document better

results than seen with continuous infusions.

There is controversy about the use of compounded

baclofen solutions for ITB. Baclofen is supplied commercial-

ly in either 500 �g/mL or 2000 �g/mL solutions. Some phar-

macists have compounded baclofen in higher concentrations

(e.g., 4000 �g/mL) in an attempt to decrease the frequency of

pump refills or to improve patient response. The solubility of

baclofen at those concentrations is unreliable; precipitation

may occur (within the pump), and high concentrations

invalidate the pump warranty. Most patients who require

high doses for spasticity (e.g., � 800 �g/day) either have a

suboptimally functioning system or have associated dystonia

that requires higher ITB doses.
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Fig. 19.1 Anteroposterior radiograph demonstrating a catheter tun-

neled subcutaneously cephalad and inserted into the cervical thecal

sac via a small laminectomy.
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largest series addressing that issue, Buonaguro et al evaluat-

ed the effects of ITB on seizures in 150 children.15 Before

ITB, 40% of the children had seizures; after ITB, their

seizures decreased in 13% and increased in 2%. Of the 60% of

children with no seizures before ITB, only one child devel-

oped seizures after ITB.

The effects of ITB on musculoskeletal deformities are

less clear. In 1996, we reported that ITB appeared to reduce

the need for subsequent orthopedic surgery in 40 subjects

who were evaluated by an orthopedist before and after

pump insertion, with a mean follow-up period of 53

months.16 The effects of ITB on hip migration were evaluat-

ed by Krach et al in 33 patients whose ages ranged from 4

to 31 years. Postoperatively, the hip migration index was

unchanged in 90% in the year after ITB.17 The question

about the relationship between ITB and scoliosis is contro-

versial. Sansone et al observed rapid progression of scolio-

sis in four children after ITB, but in a substantially larger

series of 80 patients with gross motor function classifica-

tion system (GMFCS) level IV or V whose mean age was

11 years, no patient had rapid progression of scoliosis in

the year after ITB therapy.18,19

Conclusion

LDR and ITB are excellent treatments for distinctly different

clinical indications—in general, LDR for spastic diplegia and

ITB for spastic quadriparesis. Relatively good data indicate

that ITB decreases spasticity significantly in the upper and

lower extremities. Moderately reliable data indicate that ITB

improves function, quality of life, and caregiver burden.

Controversy about the effect of ITB on scoliosis is related to

the paucity of good data about the issue.

230 II Intraspinal

Outcomes

Two studies have provided class I evidence of the effect of

ITB on spasticity in bolus screening trials.9,10 Numerous

other studies, mostly providing Class II to IV evidence, have

documented improved spasticity in the lower and upper

extremities after chronic ITB administration.3

In 2003, we published the results of a prospective, open-

label follow-up study of long-term ITB infusion in 68 patients,

54 with cerebral palsy.11 Their mean age at pump implanta-

tion was 12.6 years, and the mean follow-up was 70 months

(range 14.6–133.4 months). Spasticity was significantly

decreased in both the upper and lower extremities (p � .005)

and remained decreased for up to 10 years.

ITB has been associated with improved function. Krach

et al evaluated Gross Motor Function Measure scores in

31 patients, ages 4 to 29 years, at baseline and 12 months

after ITB therapy and found improved scores in all patients

in all dimensions except running and walking.12 Awaad et al

performed the Pediatric Evaluation of Disability Index

(PEDI) in 39 patients receiving ITB therapy, in a prospective,

open-label 18-month study.13 They observed improved self-

case, improved social function, and less reliance on caregivers

in 29 of the 39 subjects.

The effects of ITB on gait were reported by Gerszten et al,

who graded ambulation in four functional levels (community,

household, nonfunctional, and nonambulatory) in 24 patients

who were partially ambulatory pre-ITB.14 Ambulation

improved by one level in 9, was unchanged in 12, and wors-

ened in 3.

The relationship between ITB and seizures is controver-

sial. Although increased seizure frequency has been report-

ed after the administration of oral baclofen, there are few

reports that ITB increases seizure frequency. In perhaps the

♦ Selective Dorsal Rhizotomy

Richard C. E. Anderson, Christopher E. Mandigo, and David W. Pincus

The treatment of childhood spasticity remains a difficult

problem for both health care providers and patients.20

Cerebral palsy is the most common cause of spasticity and

physical disability in children. It defines a range of nonpro-

gressive syndromes of posture and motor impairment that

results from an insult to the developing central nervous sys-

tem (CNS) either in utero or within the first 2 years of life.21

The prevalence of cerebral palsy is not known, but it is esti-

mated at �2 per 1000 children, and its incidence may be

increasing due to advances in neonatal intensive care units

and improved survival of low birth weight infants.22 Common

features of cerebral palsy include movement disorders, muscle

weakness, ataxia, rigidity, and spasticity.

Spasticity is defined as a velocity-dependent increased

resistance to passive muscle stretch, or alternatively, as inap-

propriate involuntary muscle activity associated with upper

motor neuron paralysis.23,24 It is a hallmark of cerebral palsy,

but it can occur with other genetic and metabolic diseases

that cause dysfunction or damage to the developing CNS.

Spasticity is demonstrated in children as increased muscle

tone, hyperactive deep tendon reflexes, persistent primitive

reflexes, and difficulty with normal motor skills. Spasticity

inhibits effective use of motor control and strength and can

lead to progressive musculoskeletal complications, such as

joint and muscular contractures, bony deformation, and joint

subluxation or dislocation.25 Proper treatment for spasticity
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can halt progression of contractures or deformity and often

can return some function to affected limbs. Both prospective

and retrospective studies of children treated for spasticity

have demonstrated improved ease of caregiving, decreased

pain, and increased quality of life.26

Spasticity in children can result from any disease process

that affects the upper motor neuron within the CNS. Injury

to the upper motor neuron will decrease cortical input to

the descending reticulospinal and corticospinal tracts,

which causes weakness, loss of motor control, and reduc-

tion in the number of voluntarily active motor units. The

reduction of these descending tracts removes the normal

inhibition of the reflex arcs within the gray matter of the

spinal cord, leading to a hyperactive reflex arc and spastici-

ty. In addition to cerebral palsy, spasticity may result from

any injury to the brain or spinal cord, including trauma,

infection, immunological disorders, and neurodegenerative

disease.

The diagnosis of spasticity requires a complete history

and physical examination, with ancillary testing as needed.

The history should inquire about possible gestational and

perinatal events, as well as motor and cognitive develop-

ment. The physical exam should focus on motor power,

muscle tone, active and passive range of motion of joints,

sensation, deep tendon reflexes, station (pelvis and leg

alignment while standing), presence of limb deformity,

spinal alignment, and extent of movement disorders.

Ancillary testing usually includes imaging studies, particu-

larly magnetic resonance imaging to evaluate for evidence

of hemorrhage, hydrocephalus, or structural abnormalities

of the CNS. Spasticity is most commonly quantified by the

Ashworth spasticity scale (Table 19.1)27,28

Management of Spasticity

Spasticity treatment involves multiple modalities, including

observation, physical and occupational therapy, orthotics,

oral medicines, intramuscular injections, and both neuro-

surgical and orthopedic surgery. A combination of methods

is typically employed to synergistically increase the benefi-

cial effects of each strategy. A multidisciplinary team,

including pediatricians, physical and occupational thera-

pists, neurologists, orthotists, orthopedic surgeons, neuro-

logic surgeons, and other health care professionals, is best

suited to treat children with spasticity, and a specialized

spasticity clinic is ideal. Therapy should be guided by the

clinical scenario and specifically targeted at treating pain,

increased tone, muscle contractures, joint deformities, and

abnormal motor control.

Spasticity should be addressed at an early age to prevent

permanent contractures, joint subluxation, dislocation, and

bony deformity. In general, young children generally respond

well to physiotherapy, orthotics, intramuscular injections,

and neurosurgical procedures. Older children will benefit

from these therapies as well, but they may also need ortho-

pedic surgery to address musculoskeletal deformity. An

approach directed by the location and severity of the spastic-

ity is used to identify the appropriate therapeutic interven-

tion. Treatment should be directed toward achieving realistic

goals determined in concert with caregivers and ideally

should be monitored by the use of clearly defined outcome

measures.26

Nonpharmacological Therapy

Physical and occupational therapy, orthotics, and casting are

just a few of the nonpharmacological therapies employed to

improve joint range of motion, strengthen muscles, inhibit

spastic agonist muscles, and assist with motor development.

There is a paucity of evidence-based information addressing

these therapies for the treatment of spasticity, largely because

outcome measures are commonly used that have not been

validated or may not be functionally relevant.29 However,

decades of clinical experience support their use for maximiz-

ing the benefit of medical and surgical intervention.

Oral Medications

Oral medications are often used to reduce spasticity. The

most common are baclofen, diazepam, dantrolene, and

tizanidine (Table 19.2). These have different mechanisms of

action, with the common goal of reducing spasticity.

Additional agents under investigation include cannabinoids,

gabapentin, and 4-aminopyridine. Although improvements

in clinical measures of spasticity have been noted with sev-

eral of these medications, few have demonstrated signifi-

cant functional benefit. Frequently, negative side effects are

reached before a clinically significant effect of the medica-

tion can be obtained. Antispasmodic medications are useful

adjuncts to more invasive therapies and physiotherapy.30

Intramuscular Injections

Although not currently approved by the U.S. Food and Drug

Administration for spasticity, botulinum toxin has been

used clinically since 1988 to treat spasticity associated with

cerebral palsy. When botulinum toxin is injected into spas-

tic muscle tissue, it acts at the neuromuscular junction to

inhibit the release of acetylcholine and balance muscle
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Table 19.1 Ashworth Scale of Muscle Tone

1 No increase in tone

2 Slight increase in tone; “catch” when limb is moved

3 Marked increase in tone; passive movements difficult

4 Considerable increase in tone; passive movements difficult

5 Affected part rigid in flexion or extension
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Intrathecal Baclofen

Baclofen was first used for spasticity in the late 1960s.

Baclofen is an agonist of �-aminobutyric acid (GABA) at

GABA-� receptors within the dorsal horn of the spinal cord.

These inhibitory GABAergic cells reduce the excitatory input

to the � motor neuron. The effectiveness of oral baclofen is

often limited by dose-related side effects such as sedation,

respiratory depression, confusion, and hallucinations. A pro-

found response to the  intrathecal administration of baclofen

was first demonstrated in adult patients with spasticity from

spinal cord injury or multiple sclerosis. A dramatic reduction

of tone was achieved with dosages that were many orders of

magnitude less than oral doses. Albright et al in 1991 report-

ed the first experience with ITB therapy in children with

cerebral palsy, demonstrating a significant reduction of spas-

ticity and an acceptable complication rate.38 Since then, many

clinical studies have demonstrated the efficacy of intrathecal

baclofen in reducing both upper and lower extremity tone,

as well as improving function and ease of care in patients

(Fig. 19.2).39–42

It is difficult in some circumstances to determine which

patients are better suited for selective dorsal rhizotomy

(SDR) and which are better for ITB therapy. Two main

groups of children generally have a better outcome if treat-

ed with ITB therapy. First are those who have severe spas-

tic quadriparesis, are functionally debilitated, and are

completely dependent for care. These children often

respond well to ITB because a global reduction in tone can

lead to improvements in comfort, positioning, and daily

care.43 The second group of patients are those children

with a spastic diparesis who use their increased tone for

ambulation and functional mobility. If an SDR is per-

formed in these children, it is possible that reduction in

tone might unmask underlying weakness and impair func-

tion. ITB therapy can be effective because the intrathecal

dosing can be titrated to balance tone reduction with func-

tional improvement.

232 II Intraspinal

forces across the joint.31 It also acts locally, so it is not effec-

tive in reducing global spasticity. The general indications for

botulinum toxin are temporary management of focal spas-

ticity and evaluation of the effects of denervating a spastic

muscle. Although specific timing varies, the effects of botu-

linum toxin generally begin after 1 to 3 days, peak around

21 days, and usually have little effect after 3 to 6 months.

The dose varies according to the muscle size and formula-

tion of the toxin, but in general, a dose of 2 to 6 U per

kilogram of body weight is used.32 Botulinum toxin can be

injected into spastic muscles with or without the use of

electromyogram (EMG) guidance. There are several ran-

domized clinical trials that have demonstrated the efficacy

and safety of botulinum toxin injections.33–36 These trials

have shown a significant reduction in spasticity and

improved function in both lower and upper extremities. The

drug has a very good safety profile and has infrequent side

effects, mostly related to an allergic reaction to the medi-

cine.37 The efficacy of botulinum toxin injections often fades

with successive injections, as antibodies can develop that

limit the clinical impact.

Orthopedic Surgery

A wide variety of surgical options are available for the

orthopedic surgeon to treat spasticity and its long-term

consequences on the musculoskeletal system.21 In general,

orthopedic procedures have been used to improve the bio-

mechanics of patients with spasticity. The goals of surgery

include lengthening of contracted muscles and tendons, bal-

ancing of joint forces, reduction of joint subluxation, fusion

of unstable joints, and diminishment of painful spasticity.

The surgical techniques include tenotomy, arthrodesis,

osteotomy, and tendon transfer or lengthening. The proce-

dures used are tailored to the clinical situation and the age of

the patient, as the natural course of specific musculoskeletal

abnormalities is factored into the decision-making process.

Table 19.2 Oral Medications Used in the Treatment of Spasticity

Mechanism of Half-Life 

Medication Action (Hrs) Initial Dosage Maintenance Side Effects

Baclofen (Lioresal) GABA-� agonist 3–4 2.5–10 mg/day 20–90 mg/day t.i.d. Drowsiness, ataxia, 

confusion

Diazepam (Valium) Benzodiazepine 36 0.1–0.2 mg/kg/day 0.1–0.8 mg/kg/day t.i.d. Lethargy, tolerance

receptor agonist

Dantrolene (Dantrium) Impedes Ca2� influx 3–9 0.5–1.0 mg/kg/day 12 mg/kg/day q.i.d. Weakness, diarrhea, 

into muscle SR rash, liver problems

Tizanidine (Zanaflex) Alpha-2 adrenergic 2–3 4–8 mg/day 8–24 mg/day q.i.d. Sedation, dizziness, 

agent; inhibits hypotension

aspartate output

Abbreviations: GABA, �-aminobutyric acid; q.i.d., four times a day; SR, sarcoplasmic reticulum; t.i.d., three times a day.
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The main benefit of ITB therapy is the adjustable and

nondestructive nature of the treatment. The amount of drug

delivery can be adjusted to meet the needs of each specific

child. Because no nervous tissue is destroyed, the effect of

the therapy is also reversible. One disadvantage, however, is

that complications are frequent. Baclofen overdose and

withdrawal are potentially life-threatening complications of

pump and catheter malfunction. Patients can be overdosed

with baclofen with subsequent hypotonia and lethargy,

which are usually managed with supportive care and

adjustments of the pump rate. Catheter migration, discon-

nection, or fractures can occur, as well as other surgical

problems, such as seromas, CSF leaks, and infections.44

Gooch et al provided a retrospective analysis of complica-

tions seen with ITB therapy in the pediatric population.45 At

1 year, 24 patients (24%) within a group of 100 experienced

48 total complications. The most common complications

were catheter disconnection (9%), catheter dislodgement

(8%), pump site infection (4%), and CSF infection (1%).45

Lastly, baclofen withdrawal can occur, leading to rebound

spasticity, high fevers, and mental status changes. After this

study was conducted, smaller pumps that are more appro-

priate for pediatric patients became available. Although no

new studies have been done, the combination of smaller

pumps and subfascial placement of the pump is likely to

reduce the incidence of wound complications, especially in

small children.

In addition to these common complications, other down-

sides to ITB are the cost and ongoing care and maintenance

that are required. Device costs are high, and often compen-

sation to the hospital may not cover the expense. Regular

office visits are necessary for pump refills. In addition, aver-

age battery life is 6 to 7 years, thus necessitating additional

surgery and hardware costs.

Surgical Rhizotomy

Surgical and chemical lesioning of peripheral nerves has

been proven to be effective in treating spasticity. This can be

accomplished through surgical exposure and transection of

all or a portion of the nerve or through injection of ethanol

or phenol around the nerve. Recently, ethanol and phenol

injections have largely been abandoned due to the greater

precision of surgical rhizotomy.

The objective of rhizotomy is to expose and isolate the

nerve branches that supply the spastic muscle. A com-

plete or partial division is then performed depending on

both the particular muscle involved and a preoperative

plan designed to balance spasticity with motor weakness.

The technique involves intraoperative neurophysiologic
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Fig. 19.2 (A) Graph demonstrating the mean

Ashworth scores in the lower extremities at 

6-month intervals after pump implantation.

The scores were significantly decreased at 1

and 2 years following implantation (p � .005).

(B) Graph demonstrating the mean Ashworth

scores in the upper extremities at 6-month

intervals after pump implantation. The scores

were significantly decreased at 1 and 2 years

following implantation (p � .005). S.E., stan-

dard error. (From Albright AL, Gilmartin R,

Swift D, Krach LE, Ivanhoe CB, McLaughlin JF.

Long-term intrathecal baclofen therapy for

severe spasticity of cerebral origin. J

Neurosurg 2003;98(2):291–295. Reprinted by

permission.)

A

B
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age ranges from 3 to 8 years, but teenagers may benefit as

well.

General anesthesia is administered, but long-acting mus-

cle relaxants and propofol are avoided to prevent any effects

on neurophysiologic monitoring. Patients are positioned

prone on a suitable frame or bolsters. EMG needles are then

placed in the major lower extremity muscle groups (hip

adductors, quadriceps, tibialis anterior, hamstring, and gas-

trocnemius) and sphincter muscles. The procedure as

described by Peacock et al49 involves a 5- to 6-inch skin
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monitoring and active stimulation of the nerves to better

target lesioning.

History and Pathophysiology

SDR was derived from late-19th-century procedures for

spasticity during which a complete nerve root transection

was performed. These initial attempts effectively eliminated

pathologic tone and spasticity but resulted in complete loss

of motor, sensory, and proprioceptive function. After being

abandoned until the 1960s, a modification of this approach

has now been accepted as an effective treatment for spastic-

ity. SDR was made possible after the exact anatomical local-

ization of the Ia sensory input to the spinal cord at the dorsal

root entry zone by Sindou et al in 1974.46 It is believed that

these sensory fibers help mediate the abnormal reflex arc in

spasticity. Selective lesioning of these fibers should result in

reduction of tone without loss of other sensory input or

motor control at that spinal cord level. This finding was fur-

ther supported by the development of techniques that help

differentiate nerve rootlets responsible for spasticity from

normal rootlets less involved in the pathologic process. This

method, originally described by Fasano et al, uses electric

stimulation of dorsal sensory rootlets with 30 to 50 Hz sus-

tained impulses to activate the hyperactive reflex arc.47,48

These stimulated motor responses are thought to occur in the

abnormal nerve rootlets because of the loss of descending

cortical inhibitory pathways.

The ability of SDR to reduce spasticity can be explained

by the pathophysiology of spasticity. Motor control and tone

of the muscle are ultimately controlled by the � motor neu-

ron in the spinal cord. Interneurons within the spinal cord

gray matter have a regulatory influence on the activity of

the � motor neuron. These interneurons generally have an

inhibitory effect on the � motor neuron and are activated by

descending input from cortical upper motor neurons.

However, interneurons are inhibited by the local spinal

reflex arc, which is mediated by Ia sensory fibers. With

damage to the brain or spinal cord, the balance of input is

disrupted, and the reflex arc becomes hyperactive, leading

to increased limb tone and spasticity. By selectively lesion-

ing sensory nerve rootlets, SDR reduces the amount of Ia

sensory input and helps restore a more normal balance to

the � motor neuron (Fig. 19.3).

Surgical Technique

SDR is best suited for the treatment of children with prima-

rily lower extremity spasticity, or spastic diplegia. Patients

who benefit the most from SDR are those with pure spastic-

ity involving the lower extremities, normal intelligence,

good strength, minimal contractures, and postural stability.

The ideal patient age is not known and is probably best

determined by the individual clinical scenario. The typical

Fig. 19.3 Schematic drawings representing the excitatory and

inhibitory influences on the spinal cord � motor neuron, which inner-

vates the muscle fibers. (A) Normal physiology with a balance of

inhibitory influence from descending neurons and excitatory influ-

ence from the sensory spinal reflex arc. (B) In children with spasticity,

injury to the upper motor neuron results in a decrease in the descend-

ing inhibitory influence, leaving a hyperactive spinal cord reflex arc. By

cutting some of the dorsal rootlets, selective dorsal rhizotomy can

help restore balance to the � motor neuron by reducing the amount

of excitatory influence on the neuron. (Courtesy of Jack Walker, pro-

fessor of neurosurgery at the University of Utah, Primary Children’s

Medical Center, Salt Lake City, Utah.)

A

B
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incision. A five-level laminoplasty is elevated with the high-

speed drill. L2 through S2 nerve roots are identified

anatomically and electrophysiologically. The dorsal roots

are carefully separated from the ventral roots and divided

into multiple fascicles. Dorsal rootlets are then stimulated

with two hook electrodes. The reflex threshold is deter-

mined by increasing the stimulus intensity of 0.1 msec

square wave pulses at 0.5 Hz until muscle contraction is

achieved. A 1-second 50 Hz train of tetanic stimulation is

then applied to each fascicle. Sensory rootlets that result in

spastic responses when stimulated are divided until a rhizo-

tomy of between 40 and 60% of the nerve is achieved. The

process is repeated bilaterally from L2 to S2. A simple grad-

ing system of abnormal responses has been described by

Phillips and Park.50 Grade 0 is a normal unsustained

response. Grade 1 is a prolonged response within the root’s

normal distribution. Grade 2 involves response not only

with the nerve’s normal distribution but in the adjacent

root’s territories as well. The most abnormal grades, 3 and 4,

demonstrate spread to distant ipsilateral muscles and to

contralateral muscles, respectively.

Peacock et al’s technique is easy to perform and provides

clear identification of root levels, as each nerve can be

traced until it exits its foramen. However, it requires a

long incision and extensive bone removal. Even with

replacement of the lamina, there is increased potential for

postlaminotomy deformity51,52 and spinal stenosis.53 In

response to concerns of deformity, pain, blood loss, and

lengthy postoperative recovery, Park and colleagues devel-

oped a limited access approach for SDR.54 This method

employs a single-level laminectomy directly over the distal

conus. Fluoroscopy or a plain radiograph is initially used to

identify the L1 spinous process, and an �1.5-inch incision

is made exposing the T12–L1 interspace. After ligament

removal, the intraoperative ultrasound is used to localize

the conus, and a single-level laminectomy is performed.55

Intraoperative ultrasound is again used to confirm that

adequate exposure just caudal to the conus is available, and

the dura is opened to expose the conus and nerve roots

(Fig. 19.4). Under the operating microscope, the natural

planes are then developed that separate both the dorsal

from ventral roots just below the conus and the left- and

right-sided nerve roots. The L3–S1 sensory roots on one

side are wrapped with a Silastic sheet to separate them

from the other roots. The L2 root is identified as it exits its

corresponding neural foramen. The root is separated into

its ventral and dorsal components, then stimulated individ-

ually to establish both motor and sensory thresholds. The

sensory root is divided into four to eight smaller rootlets

and selectively lesioned. The remaining sensory roots from

L3 to S1 can then be tentatively identified moving from a

lateral to medial fashion, with S1 typically being the largest

root. Confirmatory additional information is obtained with

stimulation of the roots and recording EMGs from the

innervated muscles, as well as manual palpation of the

lower extremity muscles by a physical therapist, physiatrist,
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Fig. 19.4 (A) After the conus is clearly identified, a single laminecto-

my is done entirely with a Midas Rex craniotome. At least 5 mm of the

caudal conus should be exposed. The laminectomy extends laterally

close to the facet joint. (B) After the dural incision, an operating

microscope is brought into the field. The L1 and L2 spinal roots are

identified at the corresponding intervertebral foramina, and the filum

terminale in the midline is found. (Continued on page 236)

A B
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Fig. 19.4 (Continued) (C) The L2 dorsal root and the dorsal roots

medial to the L2 root are retracted medially to separate the L2–S2

dorsal roots from the ventral roots. The thin S3–5 spinal roots exiting

from the conus are identified. A cotton patty is placed over the ven-

tral roots and lower sacral roots. (D) A 5 mm Silastic sheet is placed

under the L2–S2 dorsal roots, after which the sugeon again inspects

the L2 dorsal root at the foraminal exit, the lateral surface of the

conus between the dorsal and ventral roots, and the lower sacral

roots near the filum terminale. The inspection ensures placement

of only the L2–S2 dorsal roots on top of the Silastic sheet. (E) The L2

dorsal root is easily identified. In an attempt to identify the L3–S2

dorsal roots, all the dorsal roots are spread over the Silastic sheet and

grouped into presumed individual dorsal roots. Then the innervation

pattern of each dorsal root is examined with electromyographic

(EMG) responses to electrical stimulation with a threshold voltage. (F)

With a Scheer needle, each dorsal root is subdivided into three to five

rootlet fascicles, which are subjected to EMG testing. (G) Stimulation

of an L2 rootlet fascicle elicits an unsustained discharge to a train of

titanic stimuli. (H) The rootlet is thus spared from sectioning and

placed behind the Silastic sheet. 

C–E

F–H
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or neurologist. Selective lesioning is performed in a similar

fashion on the contralateral side.

Recovery from surgery typically takes 2 to 3 days, fol-

lowed by discharge to home with intensive outpatient reha-

bilitation or to acute inpatient rehabilitation. Long-term

physical and occupational therapy is employed to ensure

optimal outcomes.

Outcomes

There have been several excellent long-term outcome studies

for SDR. The outcome measures examined include muscle

tone, flexibility, gait pattern, functional positioning, and the

ability of the child to deal with his or her environment.

Nearly all studies investigating SDR have demonstrated a sig-

nificant and persistent decrease in spasticity without a

return of hypertonicity over time. Improved function and

ambulation are commonly seen regardless of the preopera-

tive abilities.56–61 Despite the impressive decrease in spastici-

ty after the procedure, some patients will still suffer from loss

of joint mobility and require subsequent orthopedic surgery

for tendon lengthening or transfer. Long-term outcome

data for children with spastic diplegia who underwent SDR

in Capetown, South Africa, demonstrated that significant

improvements in both range of motion and quality of gait

(cadence and step length) persisted over a 20-year period.57

Importantly, in this prospective cohort study, SDR did not

abolish the need for subsequent orthopedic surgery, as

approximately half of these children still required lengthen-

ing of the rectus femoris, hamstrings, and/or Achilles tendon.

McLaughlin et al reported a comparative analysis and

meta-analysis of three randomized clinical trials.62 Eighty-

two children with spastic diplegia received either SDR and

physiotherapy or physiotherapy alone. Outcome measures

were used for spasticity (Ashworth scale) and function (Gross

Motor Function Measure) and applied at a 12-month follow-

up visit. As shown in Fig. 19.5, selective dorsal rhizotomy with

physical therapy was more effective than physical therapy

alone in reducing spasticity and improving overall function in

children with spastic diplegia. Interestingly, multivariate

analysis in the SDR group also revealed a direct relationship

between the percentage of dorsal root tissue transected and

functional improvement.

Although many studies have documented the efficacy

of SDR and ITB therapy on the treatment of spasticity,

only recently has information comparing these treat-

ments directly become available. Kan and colleagues

reported a consecutive series of 71 children who under-

went SDR for spasticity and compared them with an-

other group of 71 children who underwent ITB therapy
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Fig. 19.4 (Continued) (I) Stimulation of a rootlet is thus sectioned.

(J) The rootlets spared from sectioning are under the Silastic sheet,

and the roots to be tested are on top of the Silastic sheet. Note the

EMG testing and sectioning of the dorsal roots are performed caudal

to the conus. (From Goodrich, J. Neurosurgical Operative Atlas:

Pediatric Neurosurgery, Second Edition. New York: Thieme Publishers:

2008.) (From Park TS, Gaffney PE, Kaufman BA, Molleston MC.

Selective lumbosacral dorsal rhizotomy immediately caudal to the

conus medullaris for cerebral palsy spasticity. Neurosurgery

1993;33(5):929–933, discussion 933–934. Reprinted by permission.)
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Complications

Complications can occasionally be seen following SDR, the

most common being pain or transient neurologic dysfunc-

tion, including weakness, sensory loss, and bladder

dysfunction. The majority of these are temporary, with

permanent dysfunction occurring in � 5% of patients.64

Retrospective studies have drawn attention to the possi-

bility of an increased incidence of scoliosis and hip sub-

luxation after SDR.51,52 Because these conditions are a

common finding in children with spasticity who do not

have SDR, it is unclear what role SDR plays in the develop-

ment of scoliosis or hip subluxation.65–67 It remains to be

seen if minimally invasive SDR through a single-level

rather than a multilevel laminectomy reduces the incidence

of these conditions.

Conclusion

The management of childhood spasticity requires a multi-

disciplinary effort. With input from pediatricians, pediatric

physiatrists, physical and occupational therapists, neurolo-

gists, orthotists, orthopedic surgeons, neurologic surgeons,

and other health care personnel, effective treatment for

spasticity can be initiated and maintained that can lead to

meaningful improvement in the quality of life for a vast

number of children. Neurosurgical treatment of spasticity

will continue to evolve and be refined as procedures and

techniques are appropriately evaluated with reliable and

validated outcome measures. SDR remains an important

treatment, particularly for spastic diplegia in children. For

children with moderate to severe spasticity, SDR may be

more effective than ITB therapy in reducing the degree of

spasticity and improving function.
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Fig. 19.5 Summary of meta-analysis data after selective dorsal rhizo-

tomy. (A) Ashworth change score and (B) Gross Motor Function

Measure (GMFM) change score; physical therapy (PT) only and selec-

tive dorsal rhizotomy (SDR) � PT group data for individual studies and

pooled meta-analysis. Interval is from baseline to 12 months after

beginning treatment (9 months for Vancouver). Boxes represent the

25th, 50th, and 75th percentiles. Whiskers represent minimum and

maximum values excluding outliers beyond 1.5 times the interquartile

range. Probability values are based on Wilcoxon’s tests, with blocking

on site for combined test. (From McLaughlin J, Bjornson K, Temkin N,

et al. Selective dorsal rhizotomy: meta-analysis of three randomized

controlled trials. Dev Med Child Neurol 2002;44(1):17–25. Reprinted

by permission.)

A

B

Table 19.3 Summary of Some of the Reported Outcomes after

Selective Dorsal Rhizotomy

Class I • Decrease in lower limb spasticity (Ashworth): 

up to 12 years

• Increase in lower extremity range of motion: up

to 5 years

• Improvement in motor function (GMFM)

Class II • Improvement in disability (PEDI) and ADL 

performance

• Improvement in gait, including increased stride

length and velocity

• Improvement in suprasegmental effects, 

including upper limb function and cognition

Class III • Reduction in the need for future orthopedic 

procedures

Abbreviations: ADL, activities of daily living; GMFM, Gross Motor Function

Measure; PEDI, Pediatric Evaluation of Disability Index.

matched by age and preoperative score on the GMFCS.63

At 1 year postoperatively, both SDR and ITB therapy

decreased tone, increased passive range of motion (PROM),

and improved function. Compared with ITB therapy, how-

ever, SDR provided a significantly larger magnitude of

improvement in tone, PROM, and gross motor function. In

addition, fewer patients in the SDR group required subse-

quent orthopedic procedures (19.1% vs 40.8%). Overall

review of the literature supports the findings summarized

in Table 19.3.
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♦ Lessons Learned

with primarily lower extremity spasticity, as the children

who benefit the most are those with pure spasticity, normal

intelligence, good strength, and minimal contractures. The

ideal patient age is still not known, but the typical age in

the literature ranges from 3 to 8 years. This technique is more

invasive than intrathecal baclofen but has very good long-

term favorable outcomes relative to the cost of the procedure.

This must be considered for certain children as the procedure

of choice as compared with the baclofen pump. There also

have been significant advances in the surgical technique by

performing the procedure in a one- or two-level laminotomy

rather than an extensive operative exposure.

19 Spasticity 239

There is nothing much to be added to the exceptional clarity

of the contribution by Leland Albright. We learn the indica-

tions for ITB and some clear insights into a long and experi-

enced practice. For instance, the discontinuation of test

infusions is something that many will find a new thing. But

it certainly makes a lot of sense.

Many of us will find new impetus in using ITB for tetra-

paretic patients quite early, as early as 1 month after injury,

when the source of spasticity is severe traumatic brain injury.

Anderson and colleagues’ contribution on selective dorsal

rhizotomy describes the indications and surgical technique.

This procedure is best suited for the treatment of children

References

1. Dan B, Bouillot E, Bengoetxea A, Cheron G. Effect of intrathecal

baclofen on gait control in human hereditary spastic paraparesis.

Neurosci Lett 2000;280(3):175–178

2. Albright AL, Barron WB, Fasick MP, Polinko P, Janosky J. Continuous

intrathecal baclofen infusion for spasticity of cerebral origin. JAMA

1993;270(20):2475–2477

3. Butler C, Campbell S; AACPDM Treatment Outcomes Committee

Review Panel. Evidence of the effects of intrathecal baclofen for spas-

tic and dystonic cerebral palsy. Dev Med Child Neurol 2000;42(9):

634–645

4. Albright AL, Barry MJ, Fasick MP, Janosky J. Effects of continuous

intrathecal baclofen infusion and selective posterior rhizotomy on

upper extremity spasticity. Pediatr Neurosurg 1995;23(2):82–85

5. Albright AL, Barry MJ, Shafton DH, Ferson SS. Intrathecal baclofen for

generalized dystonia. Dev Med Child Neurol 2001;43(10):652–657

6. François B, Vacher P, Roustan J, et al. Intrathecal baclofen after trau-

matic brain injury: early treatment using a new technique to pre-

vent spasticity. J Trauma 2001;50(1):158–161

7. Albright AL, Turner M, Pattisapu JV. Best-practice surgical techniques

for intrathecal baclofen therapy. J Neurosurg 2006;104(4, Suppl):

233–239

8. Grabb PA, Guin-Renfroe S, Meythaler JM. Midthoracic catheter tip

placement for intrathecal baclofen administration in children with

quadriparetic spasticity. Neurosurgery 1999;45(4):833–836, dis-

cussion 836–837

9. Albright AL, Cervi A, Singletary J. Intrathecal baclofen for spasticity

in cerebral palsy. JAMA 1991;265(11):1418–1422

10. Van Schaeybroeck P, Nuttin B, Lagae L, Schrijvers E, Borghgraef C,

Feys P. Intrathecal baclofen for intractable cerebral spasticity: a

prospective placebo-controlled, double-blind study. Neurosurgery

2000;46(3):603–609, discussion 609–612

11. Albright AL, Gilmartin R, Swift D, Krach LE, Ivanhoe CB, McLaughlin

JF. Long-term intrathecal baclofen therapy for severe spasticity of

cerebral origin. J Neurosurg 2003;98(2):291–295

12. Krach LE, Kriel RL, Gilmartin RC, et al. GMFM 1 year after continuous

intrathecal baclofen infusion. Pediatr Rehabil 2005;8(3): 207–213

13. Awaad Y, Tayem H, Munoz S, Ham S, Michon AM, Awaad R. Functional

assessment following intrathecal baclofen therapy in children with

spastic cerebral palsy. J Child Neurol 2003;18(1):26–34

14. Gerszten PC, Albright AL, Johnstone GF. Intrathecal baclofen infu-

sion and subsequent orthopedic surgery in patients with spastic

cerebral palsy. J Neurosurg 1998;88(6):1009–1013

15. Buonaguro V, Scelsa B, Curci D, Monforte S, Iuorno T, Motta F.

Epilepsy and intrathecal baclofen therapy in children with cerebral

palsy. Pediatr Neurol 2005;33(2):110–113

16. Gerszten PC, Albright AL, Johnstone GF. Intrathecal baclofen infu-

sion and subsequent orthopedic surgery in patients with spastic

cerebral palsy. J Neurosurg 1998;88(6):1009–1013

17. Krach LE, Kriel RL, Gilmartin RC, et al. Hip status in cerebral palsy

after one year of continuous intrathecal baclofen infusion. Pediatr

Neurol 2004;30(3):163–168

18. Sansone JM, Mann D, Noonan K, Mcleish D, Ward M, Iskandar BJ.

Rapid progression of scoliosis following insertion of intrathecal

baclofen pump. J Pediatr Orthop 2006;26(1):125–128

19. Gooch JL, Oberg WA, Grams B, Ward LA, Walker ML. Care provider

assessment of intrathecal baclofen in children. Dev Med Child

Neurol 2004;46(8):548–552

20. Mandigo CE, Anderson RC. Management of childhood spasticity: a

neurosurgical perspective. Pediatr Ann 2006;35(5):354–362

21. Koman LA, Smith BP, Shilt JS. Cerebral palsy. Lancet 2004;363(9421):

1619–1631

22. O’Shea TM, Preisser JS, Klinepeter KL, Dillard RG. Trends in mortali-

ty and cerebral palsy in a geographically based cohort of very low

birth weight neonates born between 1982 to 1994. Pediatrics

1998;101(4 Pt 1):642–647

23. Goldstein EM. Spasticity management: an overview. J Child Neurol

2001;16(1):16–23

24. Sanger TD, Delgado MR, Gaebler-Spira D, Hallett M, Mink JW; Task

Force on Childhood Motor Disorders. Classification and definition

of disorders causing hypertonia in childhood. Pediatrics 2003;

111(1):e89–e97

25. Flett PJ. Rehabilitation of spasticity and related problems in child-

hood cerebral palsy. J Paediatr Child Health 2003;39(1):6–14

26. Gooch JL, Oberg WA, Grams B, Ward LA, Walker ML. Care provider

assessment of intrathecal baclofen in children. Dev Med Child Neurol

2004;46(8):548–552

27. Ashworth B. Preliminary trial of carisoprodol in multiple sclerosis.

Practitioner 1964;192:540–542

E1CH19.qxd  2/9/10  4:14 PM  Page 239



47. Newberg NL, Gooch JL, Walker ML. Intraoperative monitoring in

selective dorsal rhizotomy. Pediatr Neurosurg 1991–1992;17(3):

124–127

48. Fasano VA, Broggi G, Zeme S, Lo Russo G, Sguazzi A. Long-term

results of posterior functional rhizotomy. Acta Neurochir Suppl

(Wien) 1980;30:435–439

49. Peacock WJ, Arens LJ. Selective posterior rhizotomy for the relief of

spasticity in cerebral palsy. S Afr Med J 1982;62(4):119–124

50. Phillips LH, Park TS. Electrophysiologic mapping of the segmental

anatomy of the muscles of the lower extremity. Musle Nerve 1991;

14:1213–1218

51. Peter JC, Hoffman EB, Arens LJ, Peacock WJ. Incidence of spinal

deformity in children after multiple level laminectomy for selective

posterior rhizotomy. Childs Nerv Syst 1990;6(1):30–32

52. Turi M, Kalen V. The risk of spinal deformity after selective dorsal

rhizotomy. J Pediatr Orthop 2000;20(1):104–107

53. Gooch JL, Walker ML. Spinal stenosis after total lumbar laminectomy

for selective dorsal rhizotomy. Pediatr Neurosurg 1996;25(1):28–30

54. Park TS, Gaffney PE, Kaufman BA, Molleston MC. Selective lumbosacral

dorsal rhizotomy immediately caudal to the conus medullaris

for cerebral palsy spasticity. Neurosurgery 1993;33(5):929–933,

discussion 933–934

55. Park TS, Owen JH. Surgical management of spastic diplegia in cere-

bral palsy. N Engl J Med 1992;326(11):745–749

56. Engsberg JR, Olree KS, Ross SA, Park TS. Spasticity and strength

changes as a function of selective dorsal rhizotomy. J Neurosurg

1998;88(6):1020–1026

57. Langerak NG, Lamberts RP, Fieggen AG, et al. A prospective gait

analysis study in patients with diplegic cerebral palsy 20 years after

selective dorsal rhizotomy. J Neurosurg Pediatr 2008;1(3):180–186

58. McLaughlin J, Bjornson K, Temkin N, et al. Selective dorsal rhizoto-

my: meta-analysis of three randomized controlled trials. Dev Med

Child Neurol 2002;44(1):17–25

59. Mittal S, Farmer JP, Al-Atassi B, et al. Long-term functional outcome

after selective posterior rhizotomy. J Neurosurg 2002;97(2):315–325

60. Mittal S, Farmer JP, Al-Atassi B, et al. Functional performance follow-

ing selective posterior rhizotomy: long-term results determined using

a validated evaluative measure. J Neurosurg 2002;97(3): 510–518

61. Subramanian N, Vaughan CL, Peter JC, Arens LJ. Gait before and

10 years after rhizotomy in children with cerebral palsy spasticity.

J Neurosurg 1998;88(6):1014–1019

62. McLaughlin JF, Bjornson KF, Astley SJ, et al. Selective dorsal rhizotomy:

efficacy and safety in an investigator-masked randomized clinical trial.

Dev Med Child Neurol 1998;40(4):220–232

63. Kan P, Gooch J, Amini A, et al. Surgical treatment of spasticity in chil-

dren: comparison of selective dorsal rhizotomy and intrathecal

baclofen pump implantation. Childs Nerv Syst 2008;24(2):239–243

64. Steinbok P, Schrag C. Complications after selective posterior rhizoto-

my for spasticity in children with cerebral palsy. Pediatr Neurosurg

1998;28(6):300–313

65. Chicoine MR, Park TS, Kaufman BA. Selective dorsal rhizotomy and

rates of orthopedic surgery in children with spastic cerebral palsy.

J Neurosurg 1997;86(1):34–39

66. Greene WB, Dietz FR, Goldberg MJ, Gross RH, Miller F, Sussman MD.

Rapid progression of hip subluxation in cerebral palsy after selective

posterior rhizotomy. J Pediatr Orthop 1991;11(4):494–497

67. Mooney JF  III, Millis MB. Spinal deformity after selective dorsal

rhizotomy in patients with cerebral palsy. Clin Orthop Relat Res

1999; (364):48–52

240 II Intraspinal

28. Bohannon RW, Smith MB. Interrater reliability of a modified

Ashworth scale of muscle spasticity. Phys Ther 1987;67(2):206–207

29. Watanabe T. The role of therapy in spasticity management. Am J

Phys Med Rehabil 2004;83(10, Suppl):S45–S49

30. Zafonte R, Lombard L, Elovic E. Antispasticity medications: uses and

limitations of enteral therapy. Am J Phys Med Rehabil 2004;83(10,

Suppl):S50–S58

31. Koman LA, Mooney JF  III, Smith B, Goodman A, Mulvaney T.

Management of cerebral palsy with botulinum-A toxin: preliminary

investigation. J Pediatr Orthop 1993;13(4):489–495

32. Gormley ME, Gaebler-Spira D, Delgado MR. Use of botulinum toxin

type A in pediatric patients with cerebral palsy: a three-center ret-

rospective chart review. J Child Neurol 2001;16(2):113–118

33. Baker R, Jasinski M, Maciag-Tymecka I, et al. Botulinum toxin treat-

ment of spasticity in diplegic cerebral palsy: a randomized, double-

blind, placebo-controlled, dose-ranging study. Dev Med Child

Neurol 2002;44(10):666–675

34. Corry IS, Cosgrove AP, Walsh EG, McClean D, Graham HK. Botulinum

toxin A in the hemiplegic upper limb: a double-blind trial. Dev Med

Child Neurol 1997;39(3):185–193

35. Koman LA, Mooney JF  III, Smith BP, Walker F, Leon JM; BOTOX Study

Group. Botulinum toxin type A neuromuscular blockade in the

treatment of lower extremity spasticity in cerebral palsy: a ran-

domized, double-blind, placebo-controlled trial. J Pediatr Orthop

2000;20(1):108–115

36. Sutherland DH, Kaufman KR, Wyatt MP, Chambers HG, Mubarak SJ.

Double-blind study of botulinum A toxin injections into the gas-

trocnemius muscle in patients with cerebral palsy. Gait Posture

1999;10(1):1–9

37. Francisco GE. Botulinum toxin: dosing and dilution. Am J Phys Med

Rehabil 2004;83(10, Suppl):S30–S37

38. Albright AL, Cervi A, Singletary J. Intrathecal baclofen for spasticity

in cerebral palsy. JAMA 1991;265(11):1418–1422

39. Albright AL, Gilmartin R, Swift D, Krach LE, Ivanhoe CB, McLaughlin

JF. Long-term intrathecal baclofen therapy for severe spasticity of

cerebral origin. J Neurosurg 2003;98(2):291–295

40. Armstrong RW, Steinbok P, Cochrane DD, Kube SD, Fife SE, Farrell K.

Intrathecally administered baclofen for treatment of children with

spasticity of cerebral origin. J Neurosurg 1997;87(3):409–414

41. Plassat R, Perrouin Verbe B, Menei P, Menegalli D, Mathé JF, Richard I.

Treatment of spasticity with intrathecal baclofen administration:

long-term follow-up, review of 40 patients. Spinal Cord 2004;42(12):

686–693

42. Rawicki B. Treatment of cerebral origin spasticity with continuous

intrathecal baclofen delivered via an implantable pump: long-term

follow-up review of 18 patients. J Neurosurg 1999;91(5): 733–736

43. Middel B, Kuipers-Upmeijer H, Bouma J, et al. Effect of intrathecal

baclofen delivered by an implanted programmable pump on health

related quality of life in patients with severe spasticity. J Neurol

Neurosurg Psychiatry 1997;63(2):204–209

44. Albright AL, Awaad Y, Muhonen M, et al. Performance and complica-

tions associated with the synchromed 10-ml infusion pump for

intrathecal baclofen administration in children. J Neurosurg 2004;

101(1, Suppl):64–68

45. Gooch JL, Oberg WA, Grams B, Ward LA, Walker ML. Complications

of intrathecal baclofen pumps in children. Pediatr Neurosurg 2003;

39(1):1–6

46. Sindou M, Quoex C, Baleydier C. Fiber organization at the posterior

spinal cord-rootlet junction in man. J Comp Neurol 1974;153(1):15–26

E1CH19.qxd  2/9/10  4:14 PM  Page 240



241

Syringomyelia20

Syringomyelia is a disorder of the spinal cord characterized

by a fluid-filled cavity within the cord substance. When the

cavity is a dilated central canal of the spinal cord, the term

hydromyelia has been applied, reserving the term

syringomyelia for cavities in the cord extending lateral to or

independent of the central canal.1 The term communicating

syringomyelia also refers to an enlargement of the central

canal, whereas noncommunicating syringomyelia refers to a

cyst not in communication with the central canal, but rather

arising from the cord substance. The term syringohy-

dromyelia reflects the difficulties in classification and termi-

nology.2 Others have used the terms syringomyelia and

syrinx in a general manner to represent any spinal cord cyst,

and we shall also use these terms in the same general sense

in this discussion.3

Epidemiology

There is a prevalence of 8.4 cases per 100,000 population of

syringomyelia related to nontrauma, according to Heiss and

Oldfield.4 In patients with Chiari I malformation, the inci-

dence and prevalence of syringomyelia vary depending on

the series quoted. For example, between 3 and 75% will have

a syrinx seen on magnetic resonance imaging (MRI).5–9 In a

study by the senior author (RE), 80.5% of pediatric patients

with Chiari I malformation had associated syringomyelia.10

Twenty to 95% of those with Chiari II malformations will

have a syrinx on neuroimaging.11 In a study by Rossier et al,

3.2% of 951 patients with spinal cord injuries followed for 11

years developed syringomyelia.12 Heiss and Oldfield found

that 4% of intramedullary spinal cord tumors have associated

syringomyelia.4

Pathophysiology

Syringomyelia develops due to an alteration of cerebrospinal

fluid (CSF) circulation at the foramen magnum or around the

spinal cord.13 Important theories of syringomyelia formation

include the water-hammer theory of Gardner,14–17 the cran-

iospinal dissociation theory of Williams,18,19 Ball and Dayan’s

theory involving Virchow-Robin spaces,20 and Oldfield et al’s

theory of the cerebellar tonsils moving down with systolic

pulses, producing a systolic pressure wave in the spinal CSF

that acts on the spinal cord surface.21 Ellenbogen et al found

that in patients having Chiari I malformation with and with-

out syringomyelia, aberrant CSF flow profiles were observed

at the craniocervical junction.10 A syringosubarachnoid

shunt provides an outflow route for CSF during external cord

compression, which occurs during cardiac systole.22

Communicating syringomyelia is usually observed with

pathology involving the foramen magnum. Examples of this

are Chiari I malformation and basilar arachnoiditis. Occult

spinal dysraphism can also cause communicating syringo-

myelia. Noncommunicating syringomyelia can be caused by

trauma, neoplasm, intradural arachnoid cysts, arteriove-

nous malformations, and arachnoiditis. The causes for

syringomyelia are very diverse. Yet all of the conditions

share a common feature: an alteration in the normal CSF

dynamics in the spinal subarachnoid space.23

Clinical Presentation

The classic description of the “syringomyelia syndrome”

consists of a dissociative sensory loss (loss of pain and tem-

perature sensation with relative sparing of light touch and

perception) in a cape-like distribution with upper extremi-

ty weakness of a lower motoneuron type and lower extrem-

ity weakness of an upper motoneuron type.24 The clinical

presentation can vary greatly and may include weakness,

sensory loss, pain, gait abnormality, scoliosis, and changes in

bladder or bowel function.25 Physical findings can include an

ascending sensory level, increased motor deficits, depressed

tendon reflexes, atrophy, increased spasticity, hyperhidrosis,

autonomic dysreflexia, and myelopathy.

♦ Syringosubarachnoid Shunts

Sudesh J. Ebenezer and Richard G. Ellenbogen
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Indications

First, one must determine if the syrinx is causing significant

or progressive neurologic symptoms or deficits. If it is felt

that the syrinx is responsible for the progressive symptoms

or signs, one must always first attempt to discover and treat

the underlying etiology of syringomyelia in the individual

patient. There is no medical or pharmacological treatment

for syringomyelia. Primary treatment of syringomyelia can

include posterior fossa decompression in the setting of

Chiari I malformation. Many surgeons argue that decom-

pression of the posterior fossa to enlarge the volume of the

posterior fossa at the craniovertebral junction and establish

normal CSF flow patterns should be the primary goal of sur-

gical intervention in patients with Chiari I malformation and

syringomyelia. In patients who have undergone posterior

fossa decompression and a symptomatic syrinx persists,

reexploration can be considered after appropriate radiologic

evaluation to look for an etiology such as a pseudomeningo-

cele or obstruction to normal CSF flow. Shunting of the

syrinx should be used only if the patient fails treatment of

the underlying cause of the syringomyelia. A shunt cannot

correct the initial pathophysiology of syringomyelia forma-

tion, and for this reason it is always best to aim treatment

initially at the causative mechanism. It is also possible that a

patient has a syrinx without an obvious cause. If no cause of

a significant syrinx is found, consideration for exploration of

the craniocervical junction may be considered in selected

patients.26,27 Primary syringosubarachnoid shunting can also

be useful for this population.

Contraindications

Shunting procedures of the syrinx as the initial mode of

treatment for Chiari I malformation have a relative con-

traindication because of concern that further herniation by

spinal cord collapse and compromise of the brainstem will

be precipitated by such a procedure.28–30 Van den Bergh

found that in patients with Chiari I malformation, if only a

syringosubarachnoid shunt is inserted, the headache

attacks may become more severe, because the shunt makes

the craniospinal pressure difference even greater.31 There

also can be a danger of cerebellar coning with apnea. These

observations do not uniformly hold for children with Chiari

II malformations.

A syringosubarachnoid shunt should not be chosen as a

first-line treatment for syringomyelia. Its use should be con-

sidered only after failed attempts to treat the underlying

pathophysiology of the syrinx. Use of the syringosubarach-

noid shunt also is dependent on a normal flow of CSF in the

subarachnoid space. Hence, patients with a history of arach-

noiditis may not be candidates. A person with a history of

chemical or tuberculous meningitis can have diffuse arach-

noiditis and is thus not an ideal patient for syringosubarachnoid

shunting. Arachnoid flow can be significantly altered in post-

trauma patients; thus, this population may be less responsive

to syringosubarachnoid shunting. In patients with prior

arachnoiditis and trauma, it is possible that the distal shunt

should be positioned in the peritoneum or pleural space,

rather than in the subarachnoid space.

Recognition of septa within the syrinx on MRI may hin-

der drainage through a shunt.28 This therefore can also be

considered a contraindication to shunting procedures.

However, free communication within the syrinx can exist

despite septation seen on MRI.32

Operative Procedure

Intraoperative neurophysiologic monitoring is set up after

the patient is anesthetized. This includes motor evoked

potentials and somatosensory evoked potentials (SSEPs).

The patient is positioned prone on bolsters on the operat-

ing room table. Towel, foam, or gel rolls are used to serve as

bolsters in the adolescent patient. The arms are positioned

up at 90-degree angles if operating on the thoracic or lum-

bar region. The arms are placed at the patient’s side if the

syrinx is located at the cervical region. All pressure points

are adequately padded. A single prophylactic dose of antibi-

otics is administered by the anesthesiologist 30 to 45 min-

utes before skin incision. A laminotomy is planned at the

levels with the largest cord expansion caused by the syrinx.

Intraoperative fluoroscopy is first used to mark the relevant

levels of the spinous processes, to plan the extent of the ini-

tial skin incision. Subperiosteal dissection is then contin-

ued to complete the exposure of spinous processes and

lamina. A Leksell rongeur, Kerrison punch, and/or high-

speed drill is used to perform the laminotomy. Conservative

bone removal is employed to avoid iatrogenically induced

instability. Intraoperative ultrasound may be used to con-

firm the underlying syrinx and define its borders. The

microscope is brought into the field at this point to open

the dura. Special care is taken not to violate the arachnoid

layer. The dura is tacked laterally using 4–0 Nurolon

sutures. A beaver or arachnoid microblade is used to verti-

cally cut the arachnoid and pia in the midline or at the dor-

sal root entry zone (DREZ). Often, the surgeon chooses the

region with the thinnest and most transparent trajectory to

the syrinx-filled cord. Care should be taken to maintain the

subarachnoid space. Hemostasis is important so blood does

not track in the subarachnoid space. The blade is then care-

fully used to perform a 2 mm midline or DREZ myelotomy

and then enter the syrinx. Once the syrinx is entered, fluid

rushes out, decompressing the syrinx. We use a K-shaped

syringosubarachnoid shunt made of nonreactive Silastic of

the Pudenz type (Medtronic PS Medical, Goleta, California).

This has multiple fenestrations at the ends. One end of the

K is tunneled into the syrinx rostrally. Another end is placed

caudally in the syrinx. The distal end of the K tube is placed
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Results

We present, in chronological order, the highlights of several

studies that discuss the use of syringosubarachnoid shunts

in pediatric patients.

1. Vaquero et al described a 14-year-old male patient

with syringomyelia who had a 1-year history of dis-

sociated sensory loss and light spasticity in the legs.

A syringosubarachnoid shunt was placed, and at the

2-year follow-up he had subjectively improved.34

2. Dauser et al reported on five pediatric patients who

underwent syringosubarachnoid shunt placement.35

One patient had a syringosubarachnoid shunt placed

at age 3 that improved his symptoms (a myelogram

had showed low cerebellar tonsils and a wide cord

from C2 to T2). Five years later, he had rapid acceler-

ation in scoliosis, and 3 years subsequently, he devel-

oped upper extremity weakness. The child, then

11 years old, had posterior fossa decompression. This

stopped the neurologic progression, and the child

remained stable 2 years later. In the four other pedi-

atric patients, ages 4 to 11 years, posterior fossa

decompression and syringosubarachnoid shunting

were performed. The authors reported good out-

comes in these four cases. Pain resolved, and there

was no scoliosis progression. Follow-up on these

patients ranged from 16 months to 2.5 years.

in the subarachnoid space and anchored to the pia at the

myelotomy site with a 6–0 Prolene suture. It is important

that the distal end of the K tube be placed in the subarach-

noid space in order for effective absorption to occur. The

dura is closed using fine running suture. A standard multi-

layered closure of the operative site is then performed. The

patient is kept on flat bed rest for 48 hours to minimize the

chances of a postoperative CSF leak. Postoperative MRI is

conducted within 48 hours to check for a collapsed syrinx.

Figure 20.1 is a preoperative sagittal T1-weighted MRI of

one of our patients showing a large syrinx. This 8-year-old

boy already had two posterior fossa decompressions. He

presented again with progressive weakness in his hands

and more difficulty with ambulation. We placed a syringo-

subarachnoid shunt, which has arrested progression of his

neurologic deficits as of 1-year follow-up. Figure 20.2
shows the collapsed syrinx on the second postoperative

day.

Rhoton advocated that the myelotomy and placement

of a cavity to subarachnoid shunt should be made in the

DREZ because this is the thinnest portion of the spinal

cord when cavitation takes place.33 Theoretically, this pre-

vents loss of bladder control and prevents neurologic

deficit.6 We agree with Menezes, who noted a paucity of

neurologic deficits with midline myelotomy when this has

been the thinnest portion of the spinal cord in a distended

hydromyelic sac.6

Fig. 20.1 Preoperative sagittal T1-weighted magnetic resonance

imaging (MRI). Fig. 20.2 Postoperative sagittal T1-weighted MRI.
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3. Phillips et al reviewed four children ages 3, 5, 15, and

15 with scoliosis and syringomyelia, three of whom

were followed to skeletal maturity.36 Each patient

had the syrinx drained by a syringosubarachnoid

shunt. The average follow-up was 8 years. Three of

the four patients’ neurology improved after drainage.

The other patient was stabilized. The older two

patients had spinal fusions after the drainage opera-

tions. Fusions were felt to be less risky after syringo-

subarachnoid shunt placement. One child had

kyphosis at the laminectomy site in follow-up.

Progression of scoliosis was arrested only temporari-

ly by syrinx drainage in the 3- and 5-year-olds. The

authors concluded that long-term follow-up shows

progression of scoliosis even with drainage of the

syrinx plus management with orthotics.

4. Nagib described one pediatric patient with a Chiari I

malformation and syrinx that were treated by a sub-

occipital craniectomy but later required syringosub-

arachnoid shunting, due to the generous nature of

the syringomyelic cavity.37 Resolution of the cavity

was noted. Details of the case were not described.

5. Sgouros and Williams found an approximately 50%

rate of longevity for 73 patients who had a syrinx

shunt procedure.38 A 15.7% complication rate was

noted, as well. In the study, 56 had syringopleural

shunts and 14 had syringosubarachnoid shunts. The

mean age was 37.5, with a range of 11–77 years of

age. Seven of the 14 syringosubarachnoid shunt

patients had a good long term result. The experience

and outcomes of the syringopleural and syringosub-

arachnoid shunt was similar in this study.

6. In a study of children with syringomyelia and scolio-

sis, Farley et al included 17 patients ages 1 to 14 years

in whom syringosubarachnoid shunts were placed.39

With respect to neurologic function postoperatively,

four improved, eight showed no change, four wors-

ened, and one was not followed. The authors felt that

the drainage of the syrinx was not predictive of curve

progression.

7. Chapman and Frim performed syringosubarachnoid

shunting in three children with symptomatic

syringomyelia that arose following retethering of

lipomeningomyelocele.40 Syringosubarachnoid shunt-

ing arrested the progression of deficits but only par-

tially reversed them.

8. Vernet et al included 13 pediatric cases of syringo-

subarachnoid shunting.41 They included four cases of

Chiari I and two of Chiari II malformations, four cases

of shunted hydrocephalus, two cases of spina bifida

aperta, and five cases of spina bifida occulta. Six

patients had prior posterior fossa decompression.

Eight had new onset weakness or a progressive dete-

rioration of a preexisting motor handicap. A urologic

difficulty was the presenting feature in five patients.

Scoliosis was seen in five of the cases. Holocord

syrinx was found in three, a cervicothoracic syrinx

was seen in two, a thoracic syrinx was present in five,

and a lumbar syrinx was seen in three patients. After

syringosubarachnoid shunt placement, one patient

improved, eight stabilized, three worsened neurolog-

ically, and one was lost to follow-up. The three

patients with poor postoperative outcome exhibited

a rapid clinical and radiologic deterioration, occur-

ring a few weeks after syringosubarachnoid shunt

placement. One of these patients had the syringosub-

arachnoid shunt removed and a syringopleural shunt

placed 5 months later due to clinical and radiologic

deterioration. A second had repeat syringosubarach-

noid shunting done and remained stable for 3 years.

The last patient who deteriorated refused further

surgery. Radiologically, one cavity was collapsed, six

were significantly reduced, two were unchanged,

and three had enlarged. The follow-up period ranged

from 1 to 10 years.

9. Koyanagi et al described four pediatric patients in

which syringosubarachnoid shunts were placed (two

patients having syringomyelia with occult spinal dys-

raphism and two with a history of myelomeningo-

cele).13 Details of the cases were not provided. Collapse

of the syrinx was achieved in all. Neurologically, one

patient showed improved muscle power of the upper

limbs after surgery. The authors concluded that a large

syrinx in the case of spinal dysraphism should be sur-

gically treated.

10. Caldarelli et al reported two syringosubarachnoid

cases in pediatric patients. The patients presented

with progressive neurologic deterioration.42 MRI

showed mainly unilocular, severely dilated, and

extended hydromyelic cavities. The patients showed

reduction of the cavity on MRI. One patient remained

clinically stable, and the other had partial clinical

improvement.

11. Weinberg et al described one 2-year-old patient who

presented with vertex headaches and syncope.43

Tonsillar descent was noted to C1 along with a large

C4–T6 syrinx. The patient underwent posterior fossa

decompression with obex plugging, as well as place-

ment of a syringosubarachnoid shunt. The patient

was neurologically intact postoperatively. The short-

and long-term outcomes were described as excellent.

The authors reported the patient to be asymptomatic

along with no progression of symptoms and no new

complaints. Complete collapse of the syrinx was

noted on postoperative MRI.

12. Hida et al reviewed 16 patients ages 3 to 15 years

with syringomyelia and Chiari I malformation.44

Syringosubarachnoid shunting was performed initially
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periods relating to her primary untethering operation

and was operated on to preserve the neurologic sta-

tus when the syrinx progression was detected.

16. Emmez et al described a 5-day-old girl with a spinal

dermal sinus, type II split cord malformation, tethered

cord, and a small terminal syrinx.47 At 5 months of

age, the cord was untethered. Her neurologic deficits

resolved completely. Four years later, she was admit-

ted with weakness of the foot. A syringosubarachnoid

shunt was placed after MRI showed a holocord syrinx

from C1 to L5 and no Chiari malformation. Adhesive

arachnoiditis was not observed during the operation.

Significant relief of neurologic deficits was detected

postoperatively.

Complications

Complications of syringosubarachnoid shunting can include

obstruction (proximal and distal), dislocation, tethering of

the spinal cord by the shunt, and shunt-related infection.38

Complications can also involve development of a new

syrinx10 and myelotomy-associated neurologic deficits.48

Fortunately, deficits associated with myelotomy are usually

minor and transient.

Based on the pediatric studies highlighted here and other

studies involving children and adults, up to 100% of patients

seem to have eventual clinical deterioration and shunt fail-

ure when followed over time.38,49,50

Discussion

A meaningful scientific discussion of the use of syringosub-

arachnoid shunts in the pediatric population is complicated

due to the heterogeneity of etiologies. Patient numbers are

small, and studies are usually retrospective.

Surgical techniques are not standardized and also are not

fully described in all studies. This involves but is not limited

to length of the catheter; type of tubing; amount of bone

removed versus laminoplasty; level of drainage; entering

the syrinx via the midline versus DREZ; distal insertion of the

tube into the dorsal, dorsolateral, or anterior subarachnoid

space; type of suture used; and suturing the tube to the pia

versus the arachnoid versus no suturing of the tube. Moreover,

different surgical techniques and even different shunts

(syringosubarachnoid, syringopleural, and syringoperitoneal)

are sometimes discussed together in the same study.

Patients have had varied indications for insertion of a

syringosubarachnoid shunt, as well as varied pathogenesis

causing their syringomyelia. Age ranges in studies are wide.

The patients who undergo syringosubarachnoid shunting

also often have had a varied surgical history prior to inser-

tion: some patients undergo syringosubarachnoid shunting

as a primary operation, other patients have had syringosub-

arachnoid shunting at the same time of posterior fossa

in nine patients due to large syrinxes. The authors

reported the result of surgery as “successful” with no

major operative complications. Follow-up ranged from

6 to 128 months. One patient required repeat surgery.

In this patient, the shunt tube was loosened and pulled

out. It was felt that scoliosis in affected patients was

improved or stabilized.

13. Iwasaki et al reported on 24 patients in whom partial

hemilaminectomy and syringosubarachnoid shunting

had been performed.45 Twenty of these patients were

ages 9 to 16 years. They were patients who had

syringomyelia with Chiari malformation, spinal cord

trauma, and spinal arachnoiditis. Syringosubarachnoid

shunting was chosen due to the large size of the syrinx

on MRI and the main symptoms associated with

the syrinx, such as dissociated sensory disturbance,

motor weakness of extremities, and local pain.

Syringosubarachnoid shunting was chosen also for

new neurologic deficits thought to be related to the

syrinx. There were no operative complications.

Postoperative follow-up was from 6 months to 5 years.

Collapse of the cavity was shown in all cases by MRI an

average of 11.8 days after surgery. No patient devel-

oped spinal deformity or relapse of the syrinx. In the

Chiari malformation group, neurologic improvement

was seen in 84%. In the posttrauma and postmeningi-

tis groups, improvement of new or delayed symptoms

was seen in 90% and 75%, respectively.

14. In Ellenbogen et al’s study, two pediatric patients had

undergone syringosubarachnoid shunting previous-

ly.10 This ultimately resulted in a new syrinx formation

and a recurrence of symptoms. One of these children

presented with quadriparesis and apnea caused by

the development of a new cervicomedullary syrinx

that developed after prior placement of a syringosub-

arachnoid shunt caused a cervicothoracic syrinx to

collapse. On a cine MRI, significant dorsal obstruction

to CSF flow was seen, along with borderline tonsillar

ectopia. This finding directed a posterior fossa decom-

pression rather than another syringosubarachnoid

shunt. Collapse of the syrinx and resolution of apnea

and weakness occurred within 6 weeks of surgery.

15. Sade et al placed syringosubarachnoid shunts in two

pediatric patients.46 These children had occult spina

bifida associated with a terminal syrinx at the time of

initial presentation. After the primary releasing pro-

cedure, they developed enlargement of the syrinx. A

9-year-old patient had a syringosubarachnoid shunt

placed due to new orthopedic symptomatology with

the progression of syrinx. Despite the collapse of the

syrinx, the clinical status did not improve with

syringosubarachnoid shunting, and a new untether-

ing procedure was done. The other 2-year-old patient

had no neurologic deficit in the pre- and postoperative
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decompression, whereas other patients have undergone

syringosubarachnoid shunting only if posterior fossa

decompression fails.

Even the technique of diagnosis of syringomyelia is not

always uniform within the same study, diagnosis being made

by plain myelography, computed tomography–myelography,

or MRI. The size and location of the syrinx have not always

been reported. We are not always told if the syrinx is loculat-

ed or not. The criteria for evaluation of results have differed

greatly, especially with respect to objective versus subjective

neurologic improvement. Follow-up times quoted in the

literature are also highly variable.

An advantage of shunt placement includes immediate cyst

drainage with reduction in cyst size.48 In addition, the proce-

dure is technically easy. However, drainage of septated cysts

can be difficult. Drainage of a syrinx below adherent arach-

noid scar may place traction on the spinal cord.

Syringosubarachnoid shunting may be less likely to cause

tethering compared with shunts draining to peritoneal or

pleural cavities. However, it assumes the distal subarachnoid

space is open and able to absorb CSF, which may not be pos-

sible in those with diffuse scarring. Drainage into the sub-

arachnoid space following syringostomy is not always free.

Absorption of fluid from the cavity may be imperfect, and

reflux from the subarachnoid space to the syrinx can occur.51

Vernet et al felt that their failures may include the absence of

a significant pressure gradient between the syringomyelic

cavity and the subarachnoid space, the fact that arachnoiditis

affects perimedullary CSF circulation, and with arachnoiditis

it may be hard to establish whether the distal tube is in the

subarachnoid space.41 Iwasaki et al asserted that by placing

the syringosubarachnoid shunt via the DREZ into the anteri-

or subarachnoid space in front of the dentate ligaments, they

decreased the incidence of neuronal and spinal complications

and avoided subarachnoid adhesions around the shunt

tube.45 The spinal subarachnoid space shows different

anatomical features in the anterior and posterior aspects.52,53

It is known that the arachnoid septum exists in the posterior

subarachnoid space but not anteriorly. Hida et al felt the

syringosubarachnoid shunt would be patent for a longer term

by inserting the catheter tip into the anterior subarachnoid

space because of less chance of adhesions.54 They also felt

that the minimal exposure of the spinal subarachnoid space

via a hemilaminectomy may also decrease the chance of

postoperative subarachnoid adhesions.54 In their study, adhe-

sions in the anterior subarachnoid space were not encoun-

tered, and there was no shunt malfunction during the time of

follow-up.54 Hida et al also recommended that when treating

posttraumatic syringomyelia with a syringosubarachnoid

shunt, it was best to choose a site as far from the initial injury

as possible.54 This may avoid arachnoiditis at the injury site.55

Intraoperative monitoring and pre- and postoperative

assessment with SSEP have shown measurable improvement

in the neurophysiologic properties of the spinal cord around

a syrinx after placement of a shunt.56 This may be due to the

relieved mechanical stretching of the axons.57

There are no accepted imaging parameters on which to

base the decision of whether to place a shunt.58 The issue of

whether a syringosubarachnoid shunt is necessary regard-

less of the syrinx size is also not resolved. In a patient with

Chiari I malformation, Alzate et al asserted that an associat-

ed syringomyelia can be treated with a syringosubarachnoid

shunt if the syrinx is of significant size and causes symp-

toms.58 Vaquero et al recommended syringosubarachnoid

shunting for patients with syringomyelia without signifi-

cant descent of the tonsils or in those cases where posterior

fossa operations have failed to obtain good results and the

patients show a progressive neurologic picture.34 Hida et al

and Iwasaki et al favored the shunt in cases of rapid neuro-

logic deterioration because they claim it facilitates and

accelerates neurologic recovery.50,59 Koyanagi et al stated

that if a patient has a large syrinx and shows signs and

symptoms mainly caused by the syrinx, such as progressive

motor weakness or pain in the upper limbs, syringosub-

arachnoid shunting would be their primary method of sur-

gical treatment.13 Syringosubarachnoid shunt placement

also seems to be an effective treatment in symptomatic

cases of terminal syringomyelia.13,40,42,46

Conclusion

Placement of a syringosubarachnoid shunt should not be

considered a first-line treatment for syringomyelia. Based

on history and cine MRI, an attempt should be made to

determine the cause of the syringomyelia. If the patient is

symptomatic from the syringomyelia, surgical treatment

should be directed at the underlying presumed etiology. In

cases where a patient presents with rapid progressive neu-

rologic deterioration, and prior surgery aimed at the

causative mechanism of syringomyelia formation has failed,

syringosubarachnoid shunting can be useful at stabilizing

the progressive neurologic deterioration. However, over

long-term follow-up of 10 years, it can be expected that

�50% of syringosubarachnoid shunts will eventually fail.38

The failure of shunting with long-term follow-up is particu-

larly important when a pediatric age group is considered,

given the expected long-term survival of these patients.60

This is especially important when we know that a syringo-

subarachnoid shunt does not address the pathophysiologic

mechanism of syrinx formation or if the subarachnoid space

is not patent and cannot absorb the syrinx fluid.

Shunting of a syrinx will never reinstitute normal physio-

logic conditions or provide causative treatment. Because the

mechanism of syrinx development is left undisturbed, shunt-

ing will be susceptible to failure. The realistic goal of surgical

treatment is stabilization of the patient’s neurologic status.61

We believe, along with Klekamp et al, that optimal

results are obtained if the cause of the syrinx is treated
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There is no prospective study discussing syringosub-

arachnoid shunts in the pediatric population with follow-up

information over 5 to 10 years. Such a study would be near-

ly impossible at a single center, given the low patient num-

bers involved. Despite controversy, syringosubarachnoid

shunting certainly has its role in the stabilization and possi-

ble neurologic improvement of a patient with syringomyelia,

where previous surgery at the underlying cause has failed,

and the patient presents with rapid progressive neurologic

deterioration.
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rather than the syrinx shunted.61 Klekamp and colleagues go

as far as saying that idiopathic syringomyelia does not exist,

insisting there is always a cause for a syrinx.61 Every effort

should be made to identify areas of CSF flow obstruction. In

cases of failed foramen magnum procedures in patients

with Chiari I malformation, the senior author (RE) agrees

with Klekamp et al that it may be necessary to reinvestigate

the foramen magnum area for evidence of CSF flow obstruc-

tion due to arachnoid scarring. As the senior author has

shown, cine MRI can be used to direct a reoperation of the

posterior fossa.10 A second operation at the foramen mag-

num to establish a free CSF pathway can give far better

results than syrinx shunts.62

♦ Lessons Learned

Ebenezer and Ellenbogen illustrate the prevalence of

syringomyelia that is idiopathic or associated with other con-

ditions, such as Chiari malformations and spinal cord tumors.

The authors highlight the treatment options for these syrinxes.

The most important questions to be answered before any sur-

gical procedure are to determine the etiology of the syrinx and

determine if the syrinx is symptomatic. The surgeon should

not rush to treat a syrinx until he or she ensures that the cer-

vicomedullary decompression is adequately performed, the

spinal cord tumor removed, or spinal dysraphism corrected.

The authors stress that shunting or stenting of the syrinx

should be performed only after treatment of the underlying

condition. The other key pearl is that there is communication

of the syringes even when septations or haustra are seen on

MRI scans. The authors review the literature concerning the

surgical technique for syringosubarachnoid stents and the

overall results, which are very promising. This is an excellent

source for all who care for children with syringomyelia.
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A

Abdominal pain, shunt infection and, 22

Abscess, cerebral/intracranial

antibiotic therapy for, 130t, 131, 132

capsule, 128–129, 128t

clinical presentation, 135

diagnosis, 134, 135

epidural

clinical presentation of, 136

diagnosis, 134

microbiology, 136

neurosurgical intervention for, 137, 137f

pathogenesis, 136

risk factors for, 136

evacuation of pus from, 131

excision, 133

extradural temporal, 126, 126f

formation, 128, 128f, 135

fungal

imaging findings with, 129

responsible organisms, 131

in HIV-infected (AIDS) patients, 131

imaging findings with, 128, 128f, 135

intraventricular rupture, 133

microbiology, 130–131, 130t

needle aspiration, 136

neurosurgical intervention for, 132–133, 

135–136, 136f

nonpyogenic, imaging findings with, 129

parasitic, imaging findings with, 129

response to therapy, assessment, 129

risk factors for, 135

stages, 128, 128f, 135

subtemporal, 126, 126f

targeted access and drainage for, 132–133

ventricular drainage and shunting for, 133

Acetazolamide, for hydrocephalus, 20–21

Achondroplasia, lumboperitoneal shunt contraindicated 

in, 59

ADC. See Apparent diffusion coefficient

AIS. See Antibiotic-impregnated shunt systems

Aneurysm(s)

adult intracranial

anatomic distribution, 177

epidemiology, 176

intracranial, classification, 180

pediatric intracranial, 176–187

anatomic distribution, 177

associated disorders, 176

classification, 180

clinical presentation, 177

endovascular treatment, 178–179, 179t,

180–187, 180t

case presentation, 184–185, 184f–186f

selection of approach, 184

technical considerations, 180–184, 181f, 182f

epidemiology, 176

historical perspective on, 176

imaging, 177, 178, 178f, 179f

incidence, 176, 180

outcomes with, 179, 180, 180t

pathophysiology, 176–177

size, 177

surgical management, 177–180, 178f, 187

Angiography

of intracranial aneurysm, 177, 178, 178f, 179f

in moyamoya disease, 164, 169

Antibiotic-impregnated shunt systems, 23

clinical studies, 23–24

costs, 23–24

effect on shunt infection rate, 23–24

safety, in very young patients, 23

Antibiotics

for intracranial infections, 130t, 131, 132

for shunt infection, 22

prophylactic, 23

Antisiphon devices, 13, 16–17

shunt valves and, 12, 16–17

Note: Page numbers followed by f and t indicate figures and tables, respectively.
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Ashworth Scale of Muscle Tone, 231, 231t

Astrocytoma

anaplastic, of spinal cord, 216

pilocytic. See Pilocytic astrocytoma

pilomyxoid. See Pilomyxoid astrocytoma

of spinal cord, 216, 219

B

“Back to Sleep” campaign, and posterior positional

plagiocephaly, 121, 123, 124

Baclofen

intrathecal. See Intrathecal baclofen

oral, for spasticity, 231, 232t

Basilar artery, perforation, endoscopic third ventriculostomy

and, 30

Birth trauma, and compartmentalized (multiloculated, 

multicystic) hydrocephalus, 46

Botulinum toxin, intramuscular injections, for spasticity, 

231–232

Brain abscess. See Abscess

Brain tumor(s). See also specific tumor

and compartmentalized (multiloculated, multicystic) 

hydrocephalus, 46

pediatric

histology, 96

pathology, 96

treatment, advances in (future directions for), 96

suprasellar, in children, differential diagnosis, 81

C

Calvarial expansion, 52–53

Cavernoma, of spinal cord, 219

Cavitron Ultrasonic Surgical aspirator

in resection of craniopharyngioma, 64

in resection of intramedullary spinal cord tumors, 

219–220

Cellular phones, and adjustable shunt valves, 19

Cerebral angiography

of intracranial aneurysm, 177, 178, 178f, 179f

in moyamoya disease, 164, 169

Cerebral ischemia, moyamoya angiopathy and, 

163, 168

Cerebral palsy

clinical features, 230

prevalence, 230

and spasticity, 230

Cerebral perfusion studies, in moyamoya disease, 164, 169, 

170f, 171

Cerebritis, septic, 128, 128f, 135

Cerebrospinal fluid (CSF)

dynamics, 16

in hydrocephalus, 56

eosinophilia, and shunt malfunction/infection, 22

neutrophil count, with shunt infection, 22

Antisiphon devices (Continued)

combined in single case, 13

long-term outcomes with, 14

Apparent diffusion coefficient, of intracranial suppuration,

129

Aqueductal stenosis, endoscopic third ventriculostomy for,

29–30, 30f, 31f, 33

Arachnoid cyst(s)

asymptomatic, 3, 6

cerebellopontine angle, management, 8

classification, 6–7

clinical presentation, 3, 6

congenital, 6

cystoperitoneal shunting for, 3–6, 7

cystoventriculoperitoneal shunt for, 5

fenestration for, 6–9

endoscopic, 7–8

indications for, 3, 7, 9

minimally invasive approach for, 7–8

open, 3, 6–9

results, 7, 9

shunt dependence after, 3–4, 7

frequency, 6

and hydrocephalus, management, 4–5, 5f, 7, 8, 9

and intracranial pressure, 6–7

intraventricular, management, 7

location

and management, 7, 8

and neurosurgical challenges, 6–7, 8

and macrocephaly, management, 4, 7, 9

management, 3

marsupialization, 7, 8

middle fossa

classification, 6

management, 4f, 7, 8

natural history, 6

pathology, 3

pathophysiology, 6, 8

pineal region, management, 8

posterior fossa, management, 5f, 7, 8

prepontine, 8

quadrigeminal cistern, management, 8

quadrigeminal plate, management, 7, 8

recurrence, 7, 8

retrocerebellar, management, 8

secondary, 6

shunt procedures for

advantages, 3

indications for, 8

types, 3

suprasellar, management, 7, 8

Arteriosynangiosis. See also Pial synangiosis

for moyamoya angiopathy, 169–170

combined with extracranial-intracranial bypass, 173
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pathogens in, detection, 22

shunting. See also Cystoperitoneal shunting

complications, 6, 7

risks, 6, 7

Chiari malformation(s), 141–147

associated pathologies, 144

clinical presentation, 141, 144

conservative treatment, 141

decompression with duraplasty for, 142–144, 145t–146t,

146–147

complications, 143, 145t–146t, 146

and revision surgery, 143, 146

surgical approach, 142–143, 142f, 143f, 146

decompression without duraplasty for, 145–147

complications, 145, 145t

outcomes with, 145, 145t, 146–147

diagnosis, 141

endoscopic third ventriculostomy for, 30, 32–34

imaging, 141, 144

lumboperitoneal shunt contraindicated in, 59

with myelomeningocele, 200–201

pathophysiology, 141

and slit ventricle syndrome, management, 59

surgical management

approaches, 144

goals, 141–142

indications for, 141

syringomyelia with, 201, 241

and surgical management, 144–147, 

145t–146t, 242

tonsillar herniation with, 141, 144, 147

CI. See Cranial index

Cisterna magna-ventricle-peritoneum shunt, 59–60, 60f

CLD. See Continuous lumbar drain

Codman Hakim programmable valve, 12–13, 16–17

susceptibility to magnetic fields, 19

Computed tomography (CT)

of Chiari malformation, 141

of intracranial aneurysm, 177

of intracranial suppuration, 128, 128t, 129, 134

in moyamoya disease, 164, 169

Continuous lumbar drain, after endoscopic third 

ventriculostomy, 31

Conus medullaris, lipoma, 205, 212–214

Corpus callosotomy

anatomical considerations, 156

historical perspective on, 155–156

for intractable epilepsy, 155–160

complications, 158

indications for, 156

outcomes with, 158–159

presurgical assessment for, 156

side effects, 158

technique for, 156–158

physiologic effects, 156

Cranial expansion procedures, 52–53

Cranial index

with craniosynostosis, 104

normal, 104

with scaphocephaly, 104

Cranial remodeling. See also Early strip craniectomy; Late

cranial reconstruction

helmets for, 102, 104–105, 112–113, 118–119, 123, 

123f, 124f

spring-assisted, for scaphocephaly/sagittal synostosis, 102

Cranial vault remodeling, 100

Craniectomy. See Early strip craniectomy; Endoscopic wide 

vertex craniectomy

Craniopharyngioma

clinical features, 63

cystic extensions, 64

histology, 63

and hypothalamus, 63, 64

imaging

postoperative, 67

preoperative, 63–64

incidence, 63

locations, 64

management

controversies in, 70, 74–76

historical perspective on, 70

pediatric

clinical course, 63

prevalence, 63

treatment philosophy for, 63, 75–76

radiation therapy for, adverse effects, 69–70, 

72–74, 73t

radical resection, 63–70

case presentation, 74

complications, 68–69, 68t

follow-up after, 67

operative technique for, 64–66, 65f–67f

outcomes with, 68–69, 72, 73t, 74–75

postoperative care with, 66–67

preoperative evaluation for, 63–64

surgical approaches for, 64

recurrence, 68–69, 68t

subtotal resection with adjuvant (radiation) therapy,

70–76

case presentations, 71–74, 71f

outcomes with, 63, 72–74, 73t

rationale for, 70

in very young children, 69–70

Craniosynostosis. See also Scaphocephaly/sagittal 

synostosis

cranial index with, 104

diagnosis, 121–122

outcomes with, 102
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EMAS. See Encephalomyoarteriosynangiosis

Empyema. See Subdural empyema

EMS. See Encephalomyosynangiosis

Encephaloduroarteriosynangiosis, for moyamoya 

disease, 165

Encephalomyoarteriosynangiosis, for moyamoya 

disease, 165

Encephalomyosynangiosis, for moyamoya disease, 165

Endoscopic third ventriculostomy, 29–35

advantages, 29

age limit for, 36

for aqueductal stenosis, 29–30, 30f, 31f, 33

for Chiari malformation, 30, 32–34

complications, 30–32, 37

for Dandy-Walker syndrome, 30, 34–35

failure, 29, 38

for fourth ventricular outlet obstruction, 30, 32f, 34

historical perspective on, 36

for hydrocephalus with meningomyelocele, 32–34

for hydrocephalus with open neural tube defects, 

32–34

indications for, 29–30, 30f–32f, 36

infection after, 29, 31

limitations, 56

mortality rate for, 37

patient selection criteria, 36–37

physiologic effects, 29

for posthemorrhagic hydrocephalus, 35

for postinfectious hydrocephalus, 35

results, 32

for slit ventricle syndrome, 53

technique for, 30, 33f, 53, 54f

technology for, 32, 37

and ventriculoperitoneal shunt, comparison, 

29, 36–37

Endoscopic wide vertex craniectomy, for

scaphocephaly/sagittal synostosis, 109–118

Endovascular therapy

constructive techniques, 180–183, 181f, 185–187

deconstructive techniques, 180–183, 182f, 185–187

for intracranial aneurysms, 178–179, 179t,

180–187, 180t

case presentation, 184–185, 184f–186f

selection of approach, 184

technical considerations, 180–184, 181f, 182f

Ependymoma(s), 88–96

age distribution, 88, 92

anatomical distribution, 88, 92

chemotherapy for, 90–96

adjuvant, 92–96

disseminated, 88, 88f

epidemiology, 88, 92

pathology, 92, 92f, 93f

of posterior fossa, 88
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Craniotomy. See also Early strip craniectomy

biparietal, to provide increased intracranial volume, 53

open

for arachnoid cyst fenestration, 3

complications, 6

and drainage, for suppurative intracranial infection,

134–137

for multiloculated ventricle fenestration, 47–48, 48f

Crouzon syndrome, 55

CT angiography, of intracranial aneurysm, 177

CUSA. See Cavitron Ultrasonic Surgical aspirator

CVR. See Cranial vault remodeling

Cystoperitoneal shunting, for arachnoid cyst, 3–6, 7

benefits, 3–5, 4f, 5f

long-term effects, 6

malfunction, 6

revisions, 6

risks, 6

valves for, 5

Cystoventriculoperitoneal shunt, for arachnoid cyst, 5

D

Dandy, Walter, 36

Dandy-Walker syndrome

endoscopic third ventriculostomy for, 30, 34–35

management, 34–35

Dantrolene, oral, for spasticity, 231, 232t

Deformational plagiocephaly, 121–124

Delta chamber, 12, 13

Delta valve, 12

adjustable, 13

Diazepam, oral, for spasticity, 231, 232t

Diencephalic syndrome of Russell, 81, 82f–84f

Diffusion weighted imaging, of intracranial suppuration,

129

Diuretics, for hydrocephalus, 20–21

Dural carpeting, combined with extracranial-intracranial

bypass, for moyamoya angiopathy, 173

DWI. See Diffusion weighted imaging

Dystonia, mixed spasticity and, intrathecal baclofen for, 

228

E

Early strip craniectomy, for scaphocephaly/sagittal 

synostosis, 100–103, 118

adjuvant treatment with, 102

operative technique for, 100–102, 101f

outcomes with, 102

patient positioning for, 101, 101f, 102

patient selection for, 100–101

postoperative care for, 102

EC-IC. See Extracranial-intracranial bypass

EDAS. See Encephaloduroarteriosynangiosis
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prevalence, 88, 92

prognosis for, 88, 93–94

radiotherapy for, 89–96

recurrent, 91

of spinal cord, 216, 219

surgical resection, 88–89, 89f, 90f, 93–94, 94f

with adjuvant therapy, 89–92, 92–96

survival rate for, 88, 92, 93

treatment, advances in (future directions for), 96

Epidural abscess. See Abscess

Epilepsy, intractable, 150–160

corpus callosotomy for, 155–160

anatomical considerations, 156

complications, 158

historical perspective on, 155–156

indications for, 156

outcomes with, 158–159

physiologic effects, 156

presurgical assessment for, 156

side effects, 158

technique for, 156–158

vagus nerve stimulation for, 150–155, 159–160

in children younger than 12 years, 150, 155

complications, 154

contraindications to, 150

indications for, 150

mechanism of anticonvulsant action, 150

operative procedure for, 151, 151f, 152f

patient follow-up, 151

physiologic effects, 150–151

precautions with, 150

pulse generator and lead for, 151, 152f

replacement, 154

results, 151–154

studies, 153–155

ETV. See Endoscopic third ventriculostomy

Extracranial-intracranial bypass, for moyamoya 

angiopathy, 164–165, 167–174

F

Fatty filum, 205–206

Fenestration

for arachnoid cyst, 6–9

endoscopic, 7–8

indications for, 3, 7, 9

minimally invasive approach for, 7–8

open, 3, 6–9

results, 7, 9

shunt dependence after, 3–4, 7

for multiloculated ventricles, 47

craniotomy for, 47–48, 48f

technique for, 45

for multiple intraventricular cysts, 42

Fetal surgery

ethical considerations, 193, 202

for myelomeningocele, 193–197, 201–202

Fever, shunt infection and, 22

Fibrillary astrocytoma, with optic nerve/hypothalamic 

involvement, 80, 81

Filum terminale, lipoma, 205–206, 208, 212–214

Fluid collection, subdural

arachnoid cyst management and, 4f, 7

management by valve adjustment, 19

Fourth ventricular outlet obstruction

associated pathology, 34

endoscopic third ventriculostomy for, 30, 32f, 34

etiology, 34

management, 34

Furosemide, for hydrocephalus, 20–21

FVOO. See Fourth ventricular outlet obstruction

G

Ganglioglioma

with optic nerve/hypothalamic involvement, 81

of spinal cord, 219

Glioblastoma multiforme, spinal cord involvement, 

216

Glioma(s), malignant, with optic nerve/hypothalamic 

involvement, 81

H

Hakim valve, 16

Headache

with Chiari malformation, 141

with intracranial aneurysm, 177

moyamoya angiopathy and, 163, 168

postural, with lumboperitoneal shunt, 58–59

with slit ventricle syndrome, 51, 55

Helmet(s)

for posterior positional plagiocephaly, 123, 

123f, 124f

for scaphocephaly/sagittal synostosis, 102, 104–105,

112–113, 118–119

Hemangioblastoma, of spinal cord, 219

Hematoma

extra-axial, arachnoid cyst management and, 5

subdural

after endoscopic third ventriculostomy, 30–31

arachnoid cyst management and, 7

shunt-related, 14, 15, 17, 18f

Holter valve, 16

Hydrocephalus

and arachnoid cyst, management, 4–5, 

5f, 7, 8, 9

causes, 20

communicating (absorptive), 12–24, 16, 36

management, 17, 18f
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after endoscopic third ventriculostomy, 29, 31

and compartmentalized (multiloculated, multicystic) 

hydrocephalus, 46

externalized drains and, 37

intracranial, 126–137. See also Abscess; Subdural

empyema

antibiotic therapy for, 130t, 131

bacteriologic diagnosis, 129–131, 130t

case presentations, 126–127, 126f, 127f

conservative management, 126–133

diagnosis, 134

evacuation of pus from, 131

microbiology, 130–131, 130t

neurosurgical intervention for, 132–133

open craniotomy and drainage for, 

134–137

ventricular drainage and shunting for, 133

shunt. See Shunt infection(s)

with vagus nerve stimulation, 154

Intracranial pressure

arachnoid cysts and, 6–7

measurement, lumboperitoneal shunt and, 59

normal, 12

in slit ventricle syndrome, 51–52

Intramedullary spinal cord tumors, 216–222

adjuvant therapy, 216, 221

biopsy, 216, 219

chemotherapy for, 217, 219, 221

clinical presentation, 216

epidemiology, 216, 219

pathology, 216, 219

radiotherapy for, 217, 219, 221

surgical management, 216

complications, 220–221

controversies about, 218–219

historical perspective on, 218–219

and intraoperative neurophysiologic monitoring, 

220

laser in, 219–220

neurologic outcomes with, 221

oncologic outcomes with, 221

outcomes analysis, 216–217, 217f

patient positioning for, 220

spinal deformity after, 217–218, 221

technical considerations in, 220

techniques for, 219–220

ultrasonic aspirator in, 219–220

Intrathecal baclofen

indications for, 227

overdose, 233

and seizures, 230

for spasticity, 232–233, 233f, 239

complications, 233

indications for, 227–228, 232
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Hydrocephalus (Continued)

compartmentalized (multiloculated, multicystic), 

42–49

craniotomy and fenestration for, 47–48, 48f

etiology, 46

neuroendoscopy for, 42–45, 47–48, 48f

pathophysiology, 42

shunting for, 46–47

treatment, 42–45, 46–48. See also Neuroendoscopy, 

for multiloculated ventricles

congenital, incidence, 20

CSF dynamics in, 16, 20

with Dandy-Walker syndrome, 34

endoscopic third ventriculostomy for, 29–35

historical perspective on, 20

incidence, 36

management, 20, 29, 36

medical, 20–21

shunt placement for, 20–21

with meningomyelocele

endoscopic third ventriculostomy for, 32–34

pathophysiology, 32–33

noncommunicating (obstructive), 29–38

causes, 29–30, 30f, 31f, 36

normal pressure, management, 14, 15

normal volume, 55–57. See also Slit ventricle 

syndrome

persistent, after endoscopic third ventriculostomy, 31

posthemorrhagic

endoscopic third ventriculostomy for, 35

management, 20–21

pathophysiology, 35

postinfectious

endoscopic third ventriculostomy for, 35

pathophysiology, 35

with spina bifida, 32–34, 200

triventricular, 56–57

Hydromyelia, definition, 241

Hygroma, subdural, arachnoid cyst management 

and, 4f, 7

Hypothalamus. See also Optic pathway/hypothalamic

gliomas

dysfunction, after arachnoid cyst treatment, 8

I

Imaging. See also specific imaging modality

of Chiari malformation, 141

fetal, preoperative, for myelomeningocele repair, 194

of intracranial aneurysm, 177

of intracranial suppuration, 128, 128t,

129, 134

in moyamoya disease, 164, 169

IMSCTs. See Intramedullary spinal cord tumors

Infection(s)

E1BINDEX01.qxd  2/11/10  2:17 PM  Page 256



outcomes with, 230, 232–233, 233f

patient management, 229, 233

patient selection, 228, 232

pump insertion for, timing, 228

screening trials, 228

surgical techniques for, 228–229, 229f

withdrawal, 233

Intraventricular hemorrhage

and compartmentalized (multiloculated, multicystic) 

hydrocephalus, 46

hydrocephalus secondary to, management, 20–21

ITB. See Intrathecal baclofen

J

Juvenile pilocytic astrocytoma, with optic nerve/-

hypothalamic involvement, 80

L

Lambdoid suture. See also Posterior positional

plagiocephaly

premature fusion, 121

synostosis, 121, 122

Laser, in resection of intramedullary spinal cord 

tumors, 220

Late cranial reconstruction, for scaphocephaly/sagittal

synostosis, 103–109, 118

planning, 104

postoperative outcomes with, 106–108

preferred technique for, 105–106, 105f–108f

preoperative management, 104

techniques for, 104–105

Lazy lambdoid, 122

LDR. See Lumbodorsal rhizotomy

Lennox-Gastaut syndrome

corpus callosotomy for, 156

vagus nerve stimulation for, 152

LGS. See Lennox-Gastaut syndrome

Lipoma(s)

of conus medullaris, 205, 212–214

of filum terminale, 205–206, 208, 212–214

lumbosacral. See also Lipomyelomeningocele; 

Tethered cord

asymptomatic, 209–210

classification, 205, 206f, 208

and dysplasia, 209, 209f

embryogenesis, 208

mass effect, 209, 209f

natural history, 210–211

neurologic deficits associated with, pathophysiology, 

208–209, 209f

subtype, prognostic significance, 212

tailored management algorithm for, 212, 213f

and tethered spinal cord, 204, 205, 206f, 209

Lipomeningomyelocele, 198f

Lipomyelomeningocele. See also Lipoma(s), lumbosacral

embryogenesis, 208

natural history, 210–211

subtype, prognostic significance, 212

surgical management, 205, 207f, 208–213, 213f

and tethered spinal cord, 204, 205, 206f

types, 205, 206f, 208

Long-standing overt ventriculomegaly of the adult, 

56–57

LOVA. See Long-standing overt ventriculomegaly of the

adult

Lumbar puncture

after endoscopic third ventriculostomy, 31

with intracranial aneurysm, 177

with lumboperitoneal shunt, 59

Lumbodorsal rhizotomy. See also Selective dorsal rhizotomy

indications for, 227

Lumboperitoneal shunt

complications, 58–59

contraindications to, 59

operative procedure, 57–58, 58f

postoperative care with, 57–58

programmable valve for, 57, 58f

for slit ventricle syndrome, 53, 55–60

clinical experience, 57

M

Macrocephaly, and arachnoid cyst, management, 

4, 7, 9

Magnetic fields, and adjustable shunt valves, 19

Magnetic resonance angiography (MRA)

of intracranial aneurysm, 177

in moyamoya disease, 164, 169

Magnetic resonance imaging (MRI)

of Chiari malformation, 141, 144

effect on adjustable shunt valve, 19

of intracranial suppuration, 128, 128t, 129, 134

in moyamoya disease, 164, 169

of myelomeningocele, 198, 198f

precautions with, vagus nerve stimulation 

and, 150

Meningomyelocele

associated anomalies, 33–34

hydrocephalus with, endoscopic third ventriculostomy

for, 32–34

Miethkepro-GAV, 13

Migraine, shunt-related, 55

Mishler valve, 16

Moyamoya angiopathy, 163–174

adult, 163, 168

associated conditions, 164, 169

cerebral perfusion studies in, 164, 169, 170f, 171
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N

Neural tube defects. See also Myelomeningocele

hydrocephalus with, endoscopic third ventriculostomy

for, 32–34

and shunt infection, 22

Neuroendoscopy. See also Endoscopic third ventricu-

lostomy; 

Endoscopic wide vertex craniectomy

for compartmentalized (multiloculated, multicystic) 

hydrocephalus, 42–45, 47–48, 48f

equipment for, 43, 44f

for multiloculated ventricles, 42–43, 47–48, 48f

complications, 45

guidance system for, 44, 45

instruments for, 43, 44f

outcomes with, 45

planning for, 43–44

postoperative imaging for, 44, 45f

technique for, 45

in resection of craniopharyngioma, 64

Neurofibromatosis (NF), type 1, and optic pathway tumor,

80, 81

Noncompliant ventricle syndrome. See Slit ventricle 

syndrome

O

Occipital artery–posterior cerebral artery bypass, 

for moyamoya angiopathy, 172

technique for, 173

Occipital plagiocephaly, 121

OPHGs. See Optic pathway/hypothalamic gliomas

Optic pathway/hypothalamic gliomas, 80–86

biological activity, assessment, 80, 81

classification, 80

clinical course, 80

clinical presentation, 80, 81

prognostic significance, 80

differential diagnosis, 81

imaging, 81

natural history, 80–81

pathology, 81

pilomyxoid variant, 81, 82f–84f

prognosis for, 80

prevalence, 80

prognosis for, 80–81, 85–86

by age of patient, 80

by histology, 80

by location, 80

by presentation, 80

treatment

chemotherapy for, 84

by observation, 81
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Moyamoya angiopathy (Continued)

childhood/juvenile, 163, 168

clinical presentation, 163, 168, 169

diagnostic investigations, 164, 169

epidemiology, 168–169

idiopathic (moyamoya disease), definition, 163

imaging in, 164, 169, 170f

natural history, 163, 168–169

pathophysiology, 163, 167

prognosis for, 163

secondary (moyamoya syndrome), definition, 163,

167–168

surgical revascularization for, 164

algorithm for, 169f

combined direct and indirect procedures, 173

complications, 167

direct procedures, 164–165, 167–174

extracranial-intracranial bypass for, 164–165, 

167–174

combined with arteriosynangiosis, 173

combined with dural carpeting, 173

combined with indirect procedures, 173

complications, 171–172

multiple direct, 172–173

outcomes with, 171, 171f, 173

selection of procedure, 169–171

timing, 173

indirect procedures, 164–165, 169–170, 171, 174. 

See also Encephaloduroarteriosynangiosis; 

Encephalomyoarteriosynangiosis; 

Encephalomyosynangiosis

combined with direct procedures, 173

pial synangiosis for, 165–166, 166f

postoperative management, 167

results, 167, 168f, 174

Myelomeningocele, 193–202

and Chiari malformation, 200–201

fetal repair, 193–197, 201–202

complications, 196–197

preoperative imaging for, 194

rationale for, 193–194

results, 196–197

technique for, 194–196, 195f

timing, 194

neurologic deficits associated with, 193

obstetric management with, 197

postnatal repair, 197–202

outcomes with, 200–201

preoperative imaging for, 198, 198f

surgical technique for, 197–200, 

198f–200f

repaired, MRI appearance, 193

and tethered spinal cord, 204–205
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outcomes with, 85, 85f

radiotherapy for, 84

surgical, 81–84, 84f, 85f

Orbis-Sigma valve, 16

OSV II, 12, 16

Overdrainage. See also Slit ventricle syndrome

shunt-related, 5, 6, 7, 12. See also Slit ventricle 

syndrome

age of patient and, 14

valve susceptibility to, 13

P

PA. See Pilocytic astrocytoma

Paedi-GAV, 16

Periventricular encephalomalacia, 6

Pfeiffer syndrome, 55

Phoenix valves, 16

Pial synangiosis, for moyamoya angiopathy, 165

complications, 167

postoperative management, 167

results, 167, 168f

surgical technique for, 165–166, 166f

Pilocytic astrocytoma, with optic nerve/hypothalamic 

involvement, 81

prognosis for, 85–86

Pilomyxoid astrocytoma, with optic nerve/hypothalamic 

involvement, 81, 82f–84f

prognosis for, 85–86

Plagiocephaly

definition, 121

deformational, 121–124

occipital, 121

posterior positional, 121–124

PMA. See Pilomyxoid astrocytoma

Polaris valve, 17

Positron emission tomography (PET), in moyamoya disease,

164, 169, 170f

Posterior fossa tumor, 30

Posterior positional plagiocephaly, 121–124

associated conditions, 121

cranial dysmorphology in, 122

diagnosis, 121–122

dynamic cranial orthosis (helmet) for, 123, 

123f, 124f

incidence, 121

natural history, 122

pathophysiology, 121

prevention, 122

repositioning adjustments and exercises for, 

122–123

and torticollis, 121, 122

treatment, 122

Pott’s puffy tumor, 136, 137, 137f

PPP. See Posterior positional plagiocephaly

Pro-GAV adjustable valve, 17

Pseudotumor cerebri, 56–57

shunt-related. See Slit ventricle syndrome

PS Medical valve(s), 16

Strata, 17

Strata II, 17

R

Radiation therapy

for craniopharyngioma

adjuvant, 70–76

case presentations, 71–74, 71f

outcomes with, 63, 72–74, 73t

rationale for, 70

adverse effects, 69–70, 72–74, 73t

for ependymoma, 89–96

adverse effects, 89–96

dosage, 94–95

irradiated volume, 95–96

outcomes with, 94–95, 95f

for intramedullary spinal cord tumors, 217, 219

adverse effects, 221

for optic pathway/hypothalamic gliomas, radiotherapy 

for, 84

S

Sagittal synostosis. See Scaphocephaly/sagittal 

synostosis

Scaphocephaly/sagittal synostosis, 100–119

bone growth inhibitors for, 102

clinical features, 100

cranial dysmorphology in, 105, 105f–108f

patterns, 103, 103f

cranial index with, 104

diagnosis, 100, 103, 104

early strip craniectomy for, 100–103, 118

adjuvant treatment with, 102

operative technique for, 100–102, 101f

outcomes with, 102

patient positioning for, 101, 101f, 102

patient selection for, 100–101

postoperative care for, 102

endoscopic wide vertex craniectomy for, 109–118

advantages, 111–112

anesthesia for, 109–110

patient demographics, 109

patient positioning for, 110

postoperative care with, 111

principles and rationale for, 111–112

results, 113-114,112f-118f, 111

technique for, 110–111, 110f, 111f
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adjustable, 12–13

advantages, 15

clinical applications, 17–18

clinical studies, 18–19

complication rates, 15

complications, 19

costs, 15, 19

designs, 16–17

efficacy, 18–19

and fixed differential pressure valves, comparison 

of, 19

historical perspective on, 16

indications for, 15, 15f

malfunction, 19

in neonates, 19

opening pressure for, 17–18, 19

performance, 17, 17f

pressure settings for, 15

pressure versus flow curve for, 17, 17f

adjustable pressure, versus fixed pressure, 14–15

and antisiphon devices, 12, 16–17

combined in single case, 13

long-term outcomes with, 14

antisiphon effects, 13

clinical applications, 17–18

controversies about, 13–14

cost comparisons, 13–14

and cystoperitoneal shunt for arachnoid cyst, 5

designs, 16–17

evolution, 12

types, 12

differential pressure, 12, 13, 16

complications, 13

fixed, 16, 19

fixed pressure

versus adjustable pressure, 14–15

complication rates, 14

long-term outcomes with, 14

survival rates, 14

flow control, 12, 13, 16

complications, 13

flow-regulated, long-term outcomes with, 13

historical perspective on, 16, 20

hydrodynamic properties, 13

indications for, by type, 14

miter, 16

nonadjustable (fixed pressure), 12–16

opening pressure, 16

preset pressure level, 12

pressure-regulated, 12

long-term outcomes with, 13

programmable, 12–13, 16–19

costs, 19

for lumboperitoneal shunt, 57, 58f
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Scaphocephaly/sagittal synostosis (Continued)

etiopathogenesis, 103

helmets for, 102, 104–105, 112–113, 118–119

imaging, 100, 104

late cranial reconstruction for, 103–109, 118

planning, 104

postoperative outcomes with, 106–108

preferred technique for, 105–106, 105f–108f

preoperative management, 104

techniques for, 104–105

outcomes with, 102

prevalence, 100, 103

springs for, 102

treatment

controversies about, 118

endoscopic, 105, 108–109. See also Endoscopic wide

vertex craniectomy

plan for, 104

surgical, 104–109

timing, 118

SDR. See Selective dorsal rhizotomy

Seizure(s). See also Epilepsy

with intracranial aneurysm, 177

intrathecal baclofen and, 230

moyamoya angiopathy and, 163, 168

shunt infection and, 22

Selective dorsal rhizotomy

historical perspective on, 234

for spasticity, 233–239

complications, 238

outcomes with, 237–238, 238f, 238t

physiologic effects, 234, 234f

surgical technique for, 234–237, 235f–237f

ShuntAssistant, 12

Shunt infection(s), 29, 37

and intra-abdominal infection, 22

postoperative, 21–22

comorbidities and, 21–22

diagnosis, 22

laboratory diagnosis, 22

microbiology, 21

mortality rate for, 21

prevalence, 21

risk factors for, 21

signs and symptoms, 22

sources, 21–22

timing, 21

prophylaxis, 23

rates, antibiotic-impregnated shunt systems and, 

23–24

recurrence, 23

treatment, 22–23

Shunt replacement rate(s), 29

Shunt valve(s)
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silicone tubing for, 20

and siphon control, 12, 13

slit, 16

types, 12

Silicone shunt tubing, 20

Single-photon emission computed tomography (SPECT), in 

moyamoya disease, 164, 169

SiphonGuard, 12, 13

Siphoning, 12, 13

Slit ventricle syndrome, 13, 14, 14f, 15, 51–60

and Chiari I malformation, management, 59

clinical presentation, 17–18, 51, 51f, 55

definition, 51, 55

etiology, 51–52

lumboperitoneal shunt for, 53, 55–60

postoperative management, 58

management, 17–18, 19

conservative, 52

cranial expansion procedures for, 52–53

plan for, 53–54

shunt revision/removal for, 52, 55–56, 56f

surgical, 51–55

when lumboperitoneal shunt is contraindicated, 

59–60

pathophysiology, 52, 55

prevalence, 51

Small ventricle–induced cerebrospinal fluid shunt 

dysfunction. See Slit ventricle syndrome

Sophy valve, 17, 19

susceptibility to magnetic fields, 19

Spastic diplegia, intrathecal baclofen for, 227

Spastic hemiparesis, intrathecal baclofen for, 227

Spasticity, 227–239

Ashworth Scale of Muscle Tone and, 231, 

231t

clinical features, 230

definition, 230

diagnosis, 231

etiology, 231

intrathecal baclofen for, 232–233, 233f, 239

complications, 233

indications for, 227–228, 232

outcomes with, 230, 232–233, 233f

patient management, 229, 233

patient selection, 228, 232

pump insertion for, timing, 228

screening trials, 228

surgical techniques for, 228–229, 229f

management, 231, 238–239

intramuscular injections for, 231–232

nonpharmacological, 231

oral medications for, 231, 232t

orthopedic surgery for, 232

pathophysiology, 231, 234, 234f

selective dorsal rhizotomy for, 233–239

complications, 238

outcomes with, 237–238, 238f, 238t

physiologic effects, 234, 234f

surgical technique for, 234–237, 235f–237f

Spastic quadriparesis, intrathecal baclofen for, 227

Spina bifida

hydrocephalus with, 32–34, 200

lumboperitoneal shunt contraindicated in, 59

open, hydrocephalus with, endoscopic third 

ventriculostomy for, 32–34

Spinal cord tethering. See Tethered cord syndrome

Spinal deformity, after resection of intramedullary spinal

cord tumors, 217–218, 221

Spinal dysraphism

lumbosacral, 198, 198f

occult, and tethered spinal cord, 204, 205

Split cord malformation, 198f

STA-ACA bypass. See Superficial temporal artery–anterior

cerebral artery bypass

STA-MCA bypass. See Superficial temporal artery–middle

cerebral artery bypass

Stereotaxy, frameless

in abscess aspiration, 136

in resection of craniopharyngioma, 64

Strata valve, 13

efficacy, 18–19

Stroke

after surgical revascularization for moyamoya disease, 

167

moyamoya angiopathy and, 163, 168

Subarachnoid hemorrhage

aneurysmal, pediatric, 176, 177

clinical presentation, 177

Subdural empyema

antibiotic therapy for, 130t, 131, 132

diagnosis, 134

evacuation of pus from, 131

imaging findings with, 129, 134–135, 135f

laboratory work-up for, 134

meningitis-associated, 135

imaging, 129

microbiology, 130–131, 130t, 134

neurosurgical intervention for, 132–133, 135

o, 135

otorhinologic-associated, 134

pathogenesis, 134

signs and symptoms, 134

targeted access and drainage for, 132–133

ventricular drainage and shunting for, 133

Subtemporal decompression, 52

Sudden infant death syndrome (SIDS), “Back to Sleep” 

campaign against, and posterior positional 

plagiocephaly, 121, 123, 124
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operative procedure for, 242–243, 243f, 246

results, 243–247

Syrinx. See also Syringomyelia

with Chiari malformation, and surgical management,

144–147, 145t–146t

definition, 241

T

Tethered cord syndrome

asymptomatic, 204, 207, 209–213

causes, 204

clinical manifestations, 204, 209–210

effective intervention for, 212

management, 207

natural history, 204, 207, 210–211

prophylactic untethering and, 204–207, 

210–212

safe intervention for, 211–212

secondary to myelomeningocele, 193, 201

surgical management, 205, 207f, 208–214, 213f

Third ventriculostomy, 29. See also Endoscopic third 

ventriculostomy

historical perspective on, 36

Tizanidine, oral, for spasticity, 231, 232t

Torticollis

physiotherapy for, 122

posterior positional plagiocephaly and, 121, 122

Transient ischemic attacks, moyamoya angiopathy and,

163, 168

Tumor(s). See Brain tumor(s); Intramedullary spinal cord

tumors; specific tumor

U

Ultrasound

of Chiari malformation, 147

of intracranial suppuration, 129

Underdrainage, with shunt, 18

V

Vagus nerve stimulation, for intractable epilepsy, 150–155,

159–160

in children younger than 12 years, 150, 155

complications, 154

contraindications to, 150

indications for, 150

mechanism of anticonvulsant action, 150

operative procedure for, 151, 151f, 152f

patient follow-up, 151

physiologic effects, 150–151

precautions with, 150

pulse generator and lead for, 151, 152f

replacement, 154

results, 151–154
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Superficial temporal artery–anterior cerebral artery bypass,

for moyamoya angiopathy, 169–171

technique for, 171f, 172f, 173

Superficial temporal artery–middle cerebral artery bypass,

for moyamoya angiopathy, 164–165, 167–174

technique for, 171f, 172, 172f

Suppuration, intracranial, 126–137. See also Abscess; 

Subdural empyema

antibiotic therapy for, 127–128, 130t, 131

bacteriologic diagnosis, 129–131, 130t

diagnosis, 128–129, 134

evacuation of pus from, 131

imaging, 127–129, 134

microbiology, 130–131, 130t

neurosurgical intervention for, 127, 132–133

open craniotomy and drainage for, 134–137

otorhinologic-associated

case presentation, 127–128, 128f

imaging, 129

microbiology, 130–131, 130t

response to therapy, assessment, 128–129

targeted access and drainage for, 132–133

ventricular drainage and shunting for, 133

SVS. See Slit ventricle syndrome

Synostosis, sagittal. See Scaphocephaly/sagittal 

synostosis

Syringohydromyelia, 241

Syringomyelia, 241–247

with Chiari malformation, 201, 241

and surgical management, 144–147, 

145t–146t, 242

clinical presentation, 241

communicating

definition, 241

pathophysiology, 241

definition, 241

epidemiology, 241

management, 201, 245–247

noncommunicating

definition, 241

pathophysiology, 241

pathophysiology, 241

syringosubarachnoid shunt for

advantages, 246

complications, 243–245

contraindications to, 242

indications for, 242, 245–246

operative procedure for, 242–243, 243f, 246

results, 243–247

Syringosubarachnoid shunt, for syringomyelia

advantages, 246

complications, 243–245

contraindications to, 242

indications for, 242, 245–246
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Valve(s). See Shunt valve(s)

Ventriculitis, pathophysiology, 42, 46

Ventriculoperitoneal shunt, 36–38

complications, 37–38

and endoscopic third ventriculostomy, comparison, 29,

36–37

failure, 37

function, testing, 38

indications for, 36–37

infection, 37

malfunction, management, 38

patient care with, 37

patient selection criteria, 36–37

surgical technique for, 37

Ventriculosubgaleal shunt(s), 21

VNS. See Vagus nerve stimulation

von Hippel-Lindau disease, 219

VPS. See Ventriculoperitoneal shunt
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