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PREFACE

One of the major thrusts in neuroradiology today is toward increased sophisti-
cation in diagnostic imaging procedures. The manufacturing companies,
recognizing this trend, have responded with improved X-ray technology that
permits ever smaller lesions to be detected with greater safety and decreased
morbidity. The advancing technology has lead to improvements in the stan-
dard imaging procedures, such as angiography, pneumoencephalography,
ventriculography, myelography, complex-motion tomography, radionuclide
scans, cisternography, and, more recently, computed tomography. This
avalanche of increasing sophistication, while mechanically and aesthetically
pleasing to those carrying out the studies, has lead to problems in the ef-
ficacious utilization of these procedures.

While computed tomography has recently jumped to the forefront of the
technologic avalanche, the other techniques have not been eliminated, though
they are used less frequently. The different techniques can be complementary
or supplementary to each other, depending on the specific clinical situation.
The physician faced with the primary care of the patient is justified in being
confused as to the relative values of the many available procedures. If com-
puted tomography can provide such excellent diagnostic images, when should
angiography be advised for the investigation of a patient with a brain tumor?
How should one investigate the patient with a suspected herniated lumbar
disc—Pantopaque myelography, metrizamide myelography, or iliolumbar
venography? What about the management of a patient with a suspected cere-
bellopontine angle tumor or a pituitary adenoma? Should patients with
suspected acoustic neurinomas be investigated by plain films, complex-motion
tomography, computed tomography, cisternography, or pneumoencephalog-
raphy?

Questions such as these confront many of us today in our practice of
neuroradiology. Many of the answers are unavailable, since controlled studies
of one radiologic examination as compared with another for all neurologic
disease have not been carried out yet. The state of the art is evolving and the
‘‘best’’ test today may not be the ‘“best’’ test tomorrow. In investigating many
if not all neurologic problems where radiology is helpful, the neuroradiologist
must use, if only by trial and error, mental road maps. Systematic plans of
investigation, together with the clinical knowledge of the probable location
and nature of a disease process, are analyzed and weighed by the
neuroradiologist so that the correct ‘‘answer’’ is derived as quickly and safely
as possible.
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ix Preface

The authors in this book have been requested to describe their ‘‘road
maps’’ and their neuroradiologic approaches to particular clinical problems.
In no way is this text meant to supplant, even partially, any of the excellent
didactic textbooks on neuroradiology now available, nor is this text meant as a
comprehensive evaluation of all potential neurologic diseases that can be
investigated by X rays. The topics have been selected to act as a guide to an
“‘orientation approach’’ to certain neurologic diseases. In addition to best
medical care, considerations such as the wishes of the referring physician, the
availability of the appropriate equipment, the availability of a rapid emer-
gency service, the cost of that service, etc., often dictate the methods of inves-
tigation. This book, however, stresses a utopian approach. The thrust is
toward a neuroradiologic approach under optimal conditions, and the answers
offered in this text are presented in this light. It is hoped that this will guide the
referring physician and advising radiologist to the goal of expedient and ac-
curate diagnosis at costs acceptable to our medical system.

Samuel M. Wolpert, M.B., B.Ch., D.M.R.D.
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Subarachnoid Hemorrhage

CEREBRAL SUBARACHNOID HEMORRHAGE

The most common cause of a subarachnoid hemorrhage in adults is
rupture of a saccular aneurysm of the circle of Willis. The typical clinical
presentation is a sudden intense headache associated with neck stiffness and
photophobia. In approximately half of the patients, the headache will be
associated with a sudden transient loss of consciousness.

In about 25 percent of cases, a history of one or more sudden “*minor™’
headaches in the weeks preceding the major attack can be elicited. Transient
or permanent neurologic deficits immediately following the initial ictus can
also occur and are probably due to focal areas of cerebral ischemia second-
ary to spasm, intracerebral hematomas, or compression of the arteries in
the vicinity of the rupture by high subarachnoid pressure secondary to the
hemorrhage. Rupture of a cerebral arteriovenous malformation is a less
frequent cause of subarachnoid hemorrhage than rupture of an aneurysm.
However, if a history of seizures is present in a patient with a subarachnoid
hemorrhage, an underlying arteriovenous malformation is the likely cause.
In children, arteriovenous malformations are the most common cause of
subarachnoid hemorrhages.

When the subarachnoid hemorrhage is accompanied by thcracic or
lumbar backache, rupture of a spinal arteriovenous malformation should be
considered. A malformation in this location, however, is far less frequent
than in the brain, but should be considered, particularly if a cranial origin for
the subarachnoid hemorrhage has been ruled out.



2 Samuel M. Wolpert
Radiologic Management

SKULL SERIES

Patients with subarachnoid hemorrhage (SAH) and no associated focal
neurologic signs should have skull X rays obtained early in their hospitaliza-
tion. Calcification within the walls of either an aneurysm or an arteriovenous
malformation (AVM) or increased vascular grooves in the calvarium secondary
to the AVM can suggest the cause for the SAH. Since the incidence of these
radiologic changes is low, it certainly is acceptable to forego a complete skull
series and obtain only lateral and Towne X rays as scout films prior to
angiography.

COMPUTED TOMOGRAPHY

In order to plan surgical treatment, it is important to locate the bleeding
site and to define the anatomy of the aneurysm or the AVM and of the
adjacent vessels. Angiography remains the definitive procedure for estab-
lishing and documenting the site of the hemorrhage and, until recently, was
the preferred initial procedure. The advent of computed tomography (CT)
and its proven usefulness have changed the management of patients with
SAH, and now CT should precede the angiogram whenever possible. Typi-
cally, an AVM appears as serpiginous high-density lesions after the ad-
ministration of contrast material on CT (Fig. 1-1).

In a series of 41 angiographically proven intracranial angiomas (all
except one were AVMs), CT was diagnostic of the lesion in 27 patients. A
focal abnormality was seen in a further 11 which, in the clinical context,
suggested the correct diagnosis.! Not only may CT immediately alert the
physician to the presence of an AVM or an aneurysm (if the aneurysm is
sufficiently large) (Fig. 1-2) but clinically silent intracerebral hematomas or
edema secondary to vascular spasm may also be found even though unsus-
pected. Furthermore, the CT scan, if carried out in the first week following a
SAH due to rupture of an aneurysm (Fig. 1-3), can alert the angiographer to
the site of bleeding in 85 percent of patients by the presence of a hematoma,
infarction, or edema adjacent to the ruptured lesion.? In another series of
100 patients with nontraumatic intracerebral hemorrhages, observation of
the anatomic localization of the hemorrhage differentiated a subarachnoid
hemorrhage from an intracerebral hemorrhage in 90 percent of the patients.
Anterior communicating aneurysms were diagnosed with 100 percent accu-
racy.?

In a further series, extravasated blood was recognized in 42 of 46 patients
(90 percent) presenting clinically with SAH.* Thrombosed aneurysms may
be diagnosed by the demonstration of calcifications in their walls. Once the
CT suggests the site of the aneurysm, definitive angiography can then be



(‘6L61 “sS21d UGARY “NIOX MIN “DSSO LOLRISOF Yl Jo £128.4ng Ul “BSSO]
10119150 Y3 Jo AZ0[OIpRIOMAN NS MSd[OA WOIL]) *AILre Je[[aqaIad JOLIJul JOLd)sod ay1 Aq
P3J UOIRWLIOJ[BWI SNOUSAOLISLIE 5IE[ B $9)RIISUOWDP WeISoISue [e1qaliaA 139 (*q) ar1ayds
-IWaY Je[[2qa19 1J3] Y} UL A[UIeW S[9SSIA SNOUSA pue [eLId)Ie pagre[us Junjuasardal sjou
-ueyd A)susp-y3y snourSidias sajensuoOWIap UBdS [ PAOUBRYUD ISBIUOY) (B)

T-T 314




(‘6L61 ‘ssaig
USABY ‘IO X MIN "BSSO, I0LI21SO 941 JO A1951ng ul ‘BSSO I0LI21S0d 2] JO ASO[OIpRIOINAN
‘NS Madjops woig) ‘syuoned Jo juedrad ¢ Ul SWISAINOUR [BIQOID UM PIIBIDOSSE
318 SUOIBULIOJ[EUl SNOUSAOLIANTY "UONBULIOJBU SNOUSAOLISLE 3qO] [BIdIO00 Ue Ul 9jBUIULIY)
AI911e 2192122 J0LI2180d 9} JO SOUOURIQ [RUIULID) 3 [, *AId)Ie Jefiseq 2y) Jo xade 2y} woiy
SupeulSLio WSAINAUR UR sajRNSUOWSP weiforfue [BIGaLIOA 139 (*q) "I[OLIUAA PIIY) Y]
01 Juddelpe uoisa] A1ISUSP-YSIy B $9JRIISUOWSP UBIS JJ) PROUBRYUD JSBIU0)) ('B) *Z—-1 *Sif




Subarachnoid Hemorrhage 5

carried out with the high likelihood that the initial injection will demonstrate
the bleeding site.

The ability of the CT scan to demonstrate the ventricles is also of
considerable benefit. With repetitive SAH or prolonged cerebral vasospasm,
hydrocephalus frequently occurs and can be recognized on the CT scan. On
occasion, hydrocephalus can develop relatively acutely within the first few
days after the SAH, due to an acute rise in the cerebrospinal fluid pressure.

A CT scan should be carried out as an emergency procedure in patients
admitted to the hospital with focal neurologic deficits following a SAH, as
well as in lethargic or moribund patients. The removal of a superficial
intracerebral hematoma in these patients may be a lifesaving procedure.
Underlying aneurysms can be surgically treated at the same time, but the
presence of an unexpected large AVM may prove troublesome to the sur-
geon. For these reasons, angiography should follow the CT scan if time
permits.

CEREBRAL ANGIOGRAPHY

Modern surgical management of a patient with an uncomplicated ruptured
cerebral aneurysm is to delay operation once the diagnosis has been estab-
lished and to attempt to maintain the patient until approximately the 10th day
after the hemorrhage, at which time elective surgery may be carried out.?
Some neurosurgeons advocate earlier surgery if the patient’s condition is
good with no neurologic deficit.® Similarly, the surgical management of the
patient with a ruptured AVM, if unaccompanied by a hematoma, is elective.
Depending on the morphology, size, and site of the malformation, manage-
ment may be conservative medical, embolization with Silastic® beads, or
surgical removal. For these reasons, cerebral angiography need not be
carried out as an emergency procedure for SAH, but can be performed
within 24 hours of the patient’s admission to the hospital.

Aneurysms are most frequently found at the base of the brain in the
circle of Willis, but are also found—not infrequently—along the middle
cerebral artery, usually at its proximal bifurcation. More peripherally lo-
cated aneurysms are usually mycotic in nature. Approximately 15 percent of
aneurysms occur in the posterior fossa circulation, particularly at the apex of
the basilar artery or at the origin of either posterior inferior cerebellar artery
from the vertebral artery. Accordingly, vertebral angiography must include
visualization of the upper few centimeters of both vertebral arteries. This is
accomplished (1) by reflux of contrast material down the opposite vertebral
artery after an ipsilateral injection with a moderately high injection pressure
or (2) by separate injections into each vertebral artery. Even if one aneurysm
is found, it is necessary to investigate all possible sites for the origin of other
aneurysms since in approximately 20 percent of patients aneurysms are
multiple.



Fig. 1-3 (a.) Nonenhanced scan demonstrates high-density areas representing
blood surrounding the midbrain (arrowheads). Blood is also in the sylvian fissures.
(b.) Scan obtained 13 mm craniad to 1-3a again demonstrates blood in the sylvian and
interhemispheric fissures (arrowheads). Figure 1-3 continues on following page.
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