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Preface to the Third Edition

2 : a J RN LI I X A
THIS NEW EDITION includes;completely new chapters dealing with selective
arteriography of the spinal cord, pneumomyelography land extradural venog-
raphy.. In.each instance, the chapter has' been written’ by an outstanding
authority. I am gratefulito Dr. Rene Djindjian, a pioneer in vascular radiology
of the spinal cord, for his discussion of this subject,; to Dr. Milan Roth for
the chapter on pneumomyelography, 'especially the provocative preserita-
tion of meurovertebral relationships, and to Dr. Fredie Gargano for his' lucid
exposition of extradural venography:. The  present revision also' contains an
evaluation  of the newer aqueous-positive -contrast media and substantial
additions to the chapters on spondylosis; congenital, inflammatory and 'var-
ious non-neoplastic lesions ot the cord and cauda equina. '+~ vyt il

L As before, a number of colleagues (Robert Mc Liowman, Maer B. Ozonoff,
William Griffin and Richard Cobb) have' contributed interesting ‘cases: In
this; regard, I am happy to acknowledgé the generosity of friends in'Israel;
pdrtlcul‘u ly Drs. Samue] Schorr; Moeshe Lemer \4en(whem Hlmch and Albmt
Bartal. Yautele ! )

This monograph would n()t lmve been p()sslble w1tlmut the expert photog-
raphy of Ovidio Gallo and-Doris Barclay and the untiring efforts'of my devoted
secretary, Angela Brunetti, who tyvped and proofread the manuseript. T am also
grateful to Dr. Kornelia Keszler for translating Dr. Djindjian’s chapter from
French to English.-Finally, I would like to thank my w1te tor her understand-
ing and saintly forbearance.

‘ |
ROBERT SHAPIRO



Preface 1o the First Edition

ALTHOUGH myelography has become an important method of examining the
spinal canal and its contents, no comprehensive treatise dealing with the sub-
jeet is available: This haitus is painfully evident when one is concerned with
training residents. The purpose of this book 'is to help correct the deficiency
bydescribing in some detail the technique of examination, the anatomic basis
of the normal myelogram and the findings in various pathologic states. _

The bulk of the material has been drawn from personal experience at The
Hospital of St. Raphael and The Grace-New Haven Community Hospital,
augmented by original studies in the postmortem and anatomic laboratories:
However; when my personal files were meager, I have not hesitated to borrow
freely from many generous colleagues, to whom I am greatly indebted. In
this regard, I would be remiss if I failed to acknowledge a special indebted-
ness to Drs. William German; Robert M. Lowman, Franklin Robinson ahd
Charles M. D’Alessio. I am also happy to express my appreciation to that
masterful myelographer, Dr. H. O. Peterson, for teaching me his technique,
to Harry Assadurian and Tom McCarthy for the photography, to Drs. Orlando
F. Gabriele and Franklin Robinson for reading portions of the manuscript
and to my secretary, Angela Brunetti, for her invaluable assistance, including
the typing of the manuscript. Last but not least, I wish to express my gratitude
to Mrs. Franklin Robinson for her excellenu illustrations.

ROBERT SHAPIRO

viii



Contents

: Histoi’y
. Contrast Media

Air and Other Gases 1
- Thorotrast .

Lipiodol

Abrodil . et Sy

Conray and Dimer-X .

SH-617L e

Pantopaque

Indications for Myelography .

. Technique - .

Pantopaque Myelography ;

Epidurography (Perldurograp};y, Canalography)

Myeloscintography .
Extradural Venography "

Radiation Dosage in Myelography

- Roentgen Examination of the Spine .

.” Anatomy

The Sub.arachnmd Space
The Extradural Space
The Subdural Space .

. The Normal Myelogram

Cervical

Thoracic

Lumbar . i

Cerebellopontme Clsterns an_d Related
Posterior Fossa Structures

. Artifacts .
10.

The Pathologic Myelogram .
Intramedullary Lesions .
Extramedullary Lesions .

ix

O 00 ~1UT UTUTAS i i

[u—
Q@

EELEE

00 ~1 Ut Wt
013401

O ©
oo

Sw©®
0 O Ut

110

118
124

136

137
143



e

15.

16.

17.

18.

19.

20.

CONTENTS

Congenital Lesions .

Rachischisis . .
Occult Spinal Dysraphlsm ;
Diastematomyelia .
Congenital Dermal Sinus

. Congenital Fistula. . .
Arnold-Chiari Malformatlon
Hydromyelia . .
Congenital Spinal Ex{radnral Cyst

» Congenital Spinal Intradural Cyst .
Perineurial Sacral Cysts . . .
Absent Cervical Pedicle Syndrome :
Duplication of Posterior Vertebral Arch .

. Trauma
13.
14.

Inflammatory Lesions

Vascular Malformations
Anatomy
Technique :
Selected Pathologlc States .

Tumors 3
Less Common Tumors

The Herniated Intervertebral Disk
Lumbar . L B o
Thoracic .

Spondylosis and the Narrow Spmal Canal .
Cervical Spondylosis.. vl o
Lumbar Spondylosis .

Miscellaneous Non-Neoplastic Lesions of the
Extradural Tissues, Menmges, Spmal Cord
and Cauda Equma . e

Lxmxtatlons and Comphcatlons of Myelography ;
Limitations . o .
Complications

Pneumomyelography

Technique

The Normal Pneumomyelogram

Normal Vertebro-Neural Relations -

The Herniated Intervertebral Disk,
Spondylosis and the Narrow Spinal Canal

Intraspinal Expanding Lesions. ant

Trauma .

Inflammatory Leslons

Congenital Lesions

subiqd 390

Celvlaar = .. . o, . 5 b

. 455

152
154
160
164
166
167
167
171
171
177
179
183

189

195
225

1 249

249
261
263

. 279
1335

348
348

392
414

o il
. 499

. 439

455
458
463
464

467
472

484

. .500

518
519
519



CONTENTS
Atrophy of the Spinal Cord

Pitfalls of Pneumomyelography

21. Diskography
Lumbar .
Cervical

22. Extradural Venography
Technique
Anatomy
Interpretation
Indications .
Contraindications .
Discussion

Index .

530

533

538
538
557

566
566
567
569
580
581
581

584

X1



Histdry

THE BIRTH OF MYELOGRAPHY was presaged by Dandy’s classi¢ description
of pneumoencephalography in 1919." In ' this paper, he prophetically re-
marked “It seems probable that we shall be able to localize spinal cord
tumors by means of intraspinous injections .of air. In one of our cases, the
spinal cord and the surrounding air-filled space are sharply outlined.” How-
ever, Dandy did not actually publish his experience with myelography until
1925, when he reported a series of 10 spinal cord tumors that he localized
with this technique. Meanwhile, in 1921, Jacobeus in'Sweden described the
successful use of pneumomyelography to localize intraspinal tumors in 3
patients. The same author noted that Josephson had presented a patient with
a spinal cord tumor diagnosed by this technique earlier that year to the Med-
ical Congress 'in Helsinki. Also in 1921, Widerde in Norway unsuccessfully
attempted pneumomyelography on a patient with a spinal cord tumor.

s Further impetus was given to myelography in 1922 through a striking exam-
ple of serendipity, While. treating a patient with sciatica by the extradural
injection of iodized poppy seed oil (Lipiodol), Sicard and Forestier acciden-
tally introduced some of the: oil into the subarachnoid space. Noting that the
subarachnoid oil moved freely, they decided to use it for the localization of
spinal cord tumers. Before long, Lipiodol supplanted air as the myelographic
medium of choice. Eventually, myelography achieved widespread populari-
ty, largely due to Mixter and Barr’s publication in 1934 on the syndrome of
the herniated intervertebral disk. :

The universal acceptance of Lipiodol myelography brought to light a num-
ber of its disadvantages. The relatively high viscosity of the oil and its non-
miscibility with spinal fluid frequently produced large, irregularly distribut-
ed globules, which made interpretation and removal difficult. Moreover,
Lipiodol proved to be irritating to the pia-arachnoid. These drawbacks soon
spurred efforts to find a more satisfactory contrast medium, a search that pro-
ceeded in the following directions. _

Thorotrast myelography. —In 1932, Radovici and Meller in France inject-
ed colloidal thorium dioxide (Thorotrast) into the cisterna magna, but the
alarming severity of the reaction soon prompted them to abandon this me-
dium. Capua and Lucherini in Italy and Lohr and Jacobi, as well as
Wiistman, in Germany had ‘similar experiences. In an effort to reduce this

1
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 toxicity, Nosik and Mortensen introduced forced spinal drainage to remove
the Thorotrast after completion of the study. Even with this technique, 10—
15% of the Thorotrast remained in the subarachnoid space to produce vary-
ing degrees of meningeal irritation. This undesirable consequence eventu-
ally led to the abandonment of Thorotrast for myelography. '

Abrodil (Skiodan) myelography.—1In 1931, Arnel and Lidstrom first em-
ployed Abrodil, a water-soluble, organic iodine compound for myelography.
Amell’s experimental studies, carried out in collaboration with a German
chemist, were interrupted by World War II: Nevertheless, he continued to
use Abrodil in a small group of patients during this period, summarizing his
experience before the Swedish Society for Radiology in 1944. In the mean-
time, Felstrom published a brief communication on Abrodil myelography in
Norway in 1942. Since that time, numerous reports dealing with Abrodil
myelography have appeared in the continental literature, climaxed by Ar-
nell’s classic monograph in 1948, At present, Abrodil is used for lumbar
myelography in the Scandinavian countries because of its ready miscibility
with spinal fluid and its rapid, complete absorption fromthe subarachnoid
space. Abrodil has failed, however, to achieve popularity in the United States
because of its. irritating effect on the meninges and spinal cord. ’

Pantopaque myelography.—The next major development in contrast
media occurred in 1944 with the introduction of Pantopaque by the Univer-
sity, of Rochester group. Although: also an oil, Pantopaque is considerably
less irritating to the meninges than either Lipiodol or Abrodil. For these rea-

“sons, even though it must be removed from the subarachnoid space, Panto-
paque has become the myelographic medium of choice in the United States.

Nonetheless, pneumomyelography properly continues to play an important
role in the examination of the spinal canal. This is largely due to the efforts
of Young and Scott in the United States, Lindgren in Sweden and Jirout and
Roth in Czechoslovakia. In 1938, Young introduced the technique of com:
plete filling of the lumbar subarachnoid space and replacement of the entire
fluid reservoir by air instilled via cisternal puncture. Prior to this, only small
quantities of air had been used to localize the site of ari obstruction. We ‘are
indebted to Lindgren, Jirout and Roth for numerous- refinements in ‘tech-
nique, especially the principle of distending the subarachnoid space and the
use of body section radiography. v -

Conray and Dimer-X myelography.—Recently, the use of watér-soluble
contrast media has achieved new popularity on the Continent. Two com-
pounds, Conray 60 and Dimer-X; are employed solely for lumbosacral mye-
lography. Their advantages-and disadvantages are discussed in detail in the
following chapter.
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Contrast Media

THE IDEAL' MYELOGRAPHIC MEDIUM is as yet undiscovered. Such a medium
should have the following characteristics: (1) thorough miscibility with cere-
brospinal fluid; (2) complete resorbability; (3) absence of local and systemic
toxicity; (4) pharmacologic inertness, and (5) satisfactory radiopacity. The
lack of an ideal compound has necessitated the use of less desirable substi-
tutes. This chapter will review the various substances that have been uti-
lized for myelography. : ’

Air and Other Gases ‘ .

Air, the original myelographic agent, still is the medium of choice in many
centers. Occasionally, other gases (particularly oxygen) are used because of
their greater diffusibility and more rapid elimination. From the diagnostic
point of view, however, air is equally satisfactory. In general, gases are the
least irritating of all the known contrast media. Save for a transient slight
pleocytosis and increase in spinal fluid protein, they are essentially nontox-
ic. Furthermore, they are completely resorbed in a relatively short period of
time. Consequently, there are no absolute contraindications to gas myelogra-
phy except increased intracranial pressure.

There are, however, a number of disadvantages associated with pneumo-
myelography. Because gases do not mix with cerebrospinal fluid, the fluid .
must be drained off and replaced by the gas. This makes the examination
uncomfortable and trying for the patient, particularly when it is necessary to
study the entire spinal subarachnoid space. In such cases, postmyelographic
headache may be quite severe and last for several days.

Most of the other problems associated with pneumomyelography are func-
tions of the modest contrast produced by gases in the spinal canal, which can
be overcome by meticulous radiographic technique and body section radiog-
raphy. In this regard, Heinz has suggested the use of 125130 KVP and a 2-
mm Cu filter. However, since gases do not freely permeate the subarachnoid
space along the nerve roots, the latter are not visualized. Thus, sacral root
cysts, nerve root avulsions and small lateral-lying disk protrusions may be
completely missed. Furthermore, various nonobstructive lesions such as
arachnoiditis and vascular malformations may not be recognized as such. On
the other hand, pneumomyelography is superior to positive contrast tech-

4



CONTRAST MEDIA : 5

- niques in demonstrating intramedullary lesions and atrophy of the spinal
cord and in delineating the detailed anatomy of the conus medullaris.

~ Thorotrast

Thorotrast is a stable, aqueous colloidal sol containing 25% thorium diox-
ide by volume suspended in a tapioca-dextrin mediuin. A preservative of
0.15% methyl p- hydroxybenzoate is added to thg sol. Thorium is a potent
alpha emitter with a half-life of 1.4 X 10" years. Because of its prolonged
retention within the body, the surroundmg ‘tigsues are continuously bom-
barded by alpha particles w1th a penetration range of 30—50 microns. Of all
the media employed for myelography, _Thm'otrast is the most irritating to the
pia-arachnoid. It not only produces an alarmmg systemic reaction accompa-
nied by high fever but also local inflammatory changes resulting in intense
arachnoiditis, which may culminate in a disabling cauda equina syndrome.
In this regard, 'Maltby described 3 patients with a slowly progressive cauda
equina syndrome that manifested itself approxxmately 8 years following
Thorotrast myelography. In addition, various benign and malignant tumors
have been reported as late sequelae. For these reasons, there is no present
justification for using Thorotrast for myelography.

' Lipiodol

Lipiodol is a viscid, halogenated, poppy seed oil containing 40% iodine
(w/v) in organic¢ combination. Normally, it has a light yellow color that turns
dark brown on long standing or exposure to light due to the liberation of free
iodine. In the latter circumstance, the material should be discarded.

Because of its oily nature, it is not miscible with cerebrospinal fluid. It is
also irritating to the leptomeninges, as evidenced by a prompt, significant
increase in cell count and spinal fluid protem after injection. Furthermore, it
is absorbed extremely slowly (if at all), has a distinct tendency to become
encysted and produce varying degrees of late arachnoiditis. The relatively
high viscosity not only makes complete removal difficult but also favors frag-
mentation and the formation of large irregular globules. Because of these
dlsadvantages Lipiodol should no longer be used as a myelographm me-
dium.

7 7

Abrodll

Abl‘Odll a Swedish trade name for sodium 1odomethanesulfonate is an
aqueous, organic salt containing 52% iodine firmly bound. This material,
originally introduced for myelography by Arnell and Lidstrom, should not
be confused with Per-Abrodil (Diodrast, 3,5-diiodo-4-pyridone-N-acetic acid
diethanolamine), which is extremely toxic when injected into the subarach-
noid space. Because Abrodil has a number of desirable properties, it is
widely employed in 20% concentration in the -Scandinavian countries.
These advantages include satisfactory radiopacity, miscibility with cerebro-
spinal‘fluid and rapid, complete absorption into the bloodstream: The latter
characteristic obviates the necessity for removal of the contrast material from
the subarachnoid space. Its ready solubility permits clear visualization of the
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Fig. 1.—The patient, a 65-year-old female, had a myelogram because of left-sided
sciatica. Unfortunately, the study was! confined to-the area below the level of L1-12,
which isthe usual procedure in myelography with water-soluble media; Note the
slight spondylolisthesis at L4— L5 (A) and the defect in the Pantopaque column at that
interspace (arrow) (B). Laminectomy and removal of a bulging disk at L4-L5 failed
to relieve the patient’s pain. A second myelogram demonstrated an intradural lesion
with a block at the level of TI12-11 (C and D). At operation, a cystic neurolemmoma
was removed; postoperatively, the patient’s sciatica disappeared.
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roots. ‘of the cauda equina, thus facilitating the diagnosis of small, laterally
placed herniated disks. In this respect, it is definitely superior to Panto-
paque. e

On the other hand, there are serious disadvantages associated with Abro-
dil ‘myelography. Because of its marked hypertonicity (sp. gr. of Abrodil
1130 versus sp. gr. of ‘spinal fluid 1.006— 1.008), Abrodil is quite irritating to
the pia-arachnoid and the enclosed neural elements. This is readily demon-
strable by an initial fairly severe pleocytosis and increase in spinal fluid pro-
tein the day following Abrodil' myelography. These changes usually subside
in 5=7 days, so that luibar puncture performed a week after the subarach-
noid injection of Abrodil generally reveals a normal spinal fluid. The prompt
leptomeningeal irritation is evidenced clinically by pain sufficiently severe
to require the preliminary use of spinal anesthesia. Indeed, if the spinal an-
esthesia is inadequate orthe Abrodil'is permitted to drift above the anesthet-
ic level, shock may occur in addition to excruciating pain. Occasionally, this
technique may also bé associated with severe spasm and leg cramps, and
rarely with parapkvla, sphmcterlc disturbances, transverse myelltls and
death. \

Since sciatic pain may be produced by lesions as high as the tenth thoracic
vertebral level, the lower thoracic as well as the lumbar subarachnoid space
should be routinely studied in patients with sciatica. Because the toxicity of
Abrodil limits the examination to the lumbar and lumbosacral regions, Abro-
dil myelography is not ‘adequate for thorough investigation of these patients.
I have seen several neoplasms of the lower thoracic cord mimicking a rup-
tured intervertebral disk that were missed by mvelographv terminated at the
level of the first lumbar vertebra (Fig. 1).

In my opinion, the advantages of Abrodil are outweighed by its disadvan:
tages. It is difficult to submit the average patient with benign disease (e.g.,
suspected ruptured disk) to a procedure that is incomplete and carries the
risk (albeit small) of shock, permanent neurologic damage and even death.

Conray and Dimer-X

In 1936, Kodama and his co-workers reported that methylglucamine io-
thalamate had a relatively low toxicity when mjected intrathecally into labo-
ratory animals. The following year, Campbell et al. independently pub-
lished their studies on the same compound in a series of 12 patients, as well
as in rabbits and dogs. In the latter report, there was one fatality, a. second
patient with tonic spasm of the iegs that lasted for several days and a third
patient with weakness of thigh flexion of several days’ duration. In October
of 1968, a group of physicians met in Paris to pool their experience with
Conray in myelography. In this collective series of 847 Conray myelograms,
there was 1 death, 1 cauda equina syndrome (24 hours’ duration), 6 serious
meningeal reactions (4 lasting 4 days) and 29 patients who experienced
chronic contractions of the legs. In 1971, Gonsette reported 3 additional fa-
talities and 4 patients with medullary or cortical irritation. Gonsette recom-
mended the following precautions: (1) no spinal anesthesia, (2) a’ maximal
dose of 5 ml of Conray diluted with cerebrospinal fluid, the total maximal
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volume not to exceed 10 ml, (3) low injection of the contrast medium, (4)
maintenance of the patient in the sitting position for 6-8 hours and aveid-
ance of sudden movement after the examination, (5) careful monitoring of
the patient for at least 24 hours postmyelography, (6) the use of diazepam
(Valium) at the onset of signs of spinal irritability, i.e., hyper-reflexia, my-
oclonia. (7) avoidance of contact of the conus medullaris with the contrast
medium, i.e., it is important to keep the upper level of the Conray column
below L2-L3.

Because of the neurotoxicity of Conray, Gonsette was led to evaluate
Dimer-X, i.e,, methylglucamine iocarmate, The latter compound is formed by
linking two molecules of methylglucamine iothalamate with adipic acid. The.
principal physicochemical difference between Conray and Dimer-X in simi-
lar iodine concentrations (28%) is the lower osmolarity of the latter com-
pound (Dimer-X 1040 mOsm/L, vs. Conray 1570 mOsm/L),

The physicians who participated in the cooperative study of Conray met
again in Paris in 1970 to share their experience with Dimer-X. In a collective
protocol of 630 Dimer-X myelograms, there was a substantial decrease in
- radicular irritation and no fatalities. However, meningeal irritation was more
frequent (22% Dimer-X vs. 12% Conray). Hammer and Scherrer suggest that
the dichotomy between meningeal and radicular irritation may be due to the
slower absorption of Dimer-X, which necessitates a longer period of immo-
bilization of the patient in the sitting position. Under these circumstances,
cerebrospinal fluid and contrast medium drain off through the puncture site,
perhaps thereby increasing local meningeal irritation. In 1971, Gonsette es-
timated that 3,000 Dimer-X myelograms had been performed uneventfully
except for a “few rare cases” of myoclonia, which responded to diazepam
(Valium). It is noteworthy that electromyographic studies demonstrate simi-
lar subclinical irritation of the spinal ¢ord with both compounds.

‘Even though Conray and Dimer-X do not require spinal anesthesia as
Abrodil does, I have similar objections to their use. Admittedly, the water-
soluble compounds visualize the lumbar roots better than any other myelo-
graphic medium. However, I find it difficult to expose a patient with the
presumptive diagnosis of a herniated lumbar disk to the risk of neurologic
damage and the'sequelae of myoclonia, i.e., primum non nocere. Moreover,
the need to keep the contrast agent below the level of the conus medullaris
makes the examination incomplete. If Dimer-X is to be used, it probably
should be re;irieted to young, healthy, cooperative patients who can be care-
fully monitored.tMy own preferenceé is to begin with Pantopaque myelogra-
phy and to restui/; younger patients with indeterminate myelograms by disk
puncture. ‘

! SH-617L
In 1963, Zeitler reported on the use of SH-6171, as a myelographic contrast
medium. This substance is a 20% crystalline suspension of B-(3-dimeth-
ylaminomethylenamino-2,4,6-tri-iodophenyl) propionic acid ethyl ester in
5.5% glucose. The same year, Vogler and Walcher published their investiga-
tions in rabbits and d&)gs as well as in a clinical series of 160 myelograms. The
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compound contains 60.45% iodine, all organically bound. The material is
hyperbaric, requires no preliminary anesthesia, is absorbed almost com-
pletely in 6=8 weeks (50% absorbed in 3-4 weeks) and may be instilled by -
either cisternal or lambar puncture. Its lower viscosity results in coating of
the nerve roots and cord, permitting visualization of the latter in both the
frontal and lateral projections. The original enthusiasm expressed by Vogler
and ‘Walcher was followed by a number of ‘critical reports culminating in
Lindgren and Tomell’s paper, which clearly demonstrated that SH-617L
produces parenchymatous degeneration of the spinal cord as well as severe
leptomeningeal irritation. This substance, therefore, has been abandoned
for myelography.

Pantopaque

Originally introduced by Strain and his co-workers at the University of
Rochester in 1940, Pantopaque is a mixture of ethyl esters of isomeric iodo-
phenylundecylic acids containing 30.5% of firmly bound organic iodine.
Normally clear or pale yellow in color, it tends to become discolored when
exposed to sunlight and should not be used in the latter state. Pantopaque
has a specific gravity of 1.260 at 20°C and is, therefore, much less viscous than
Lipiodol (22 as viscous at 20°C and 17 as viscous at body temperature).
Consequently, it flows more freely, has, a lesser tendency to form large, ir-
regular globules and can be more readily removed from the spinal canal than
Lipiodol, When injected into the subarachnoid space, Pantopaque produces
a modest lymphocytosw and a pro]onged elevation of total CSF protein and
gamma globulin (Ferry et al.). The latter authors point out that the findings
of elevated CSF gamma globulm and total protein and a normal or slightly
elevated beta globulin fraction differentiate the postmyelographic inflamma-
tory response from multiple sclerosis, which usually is associated with nor-
mal total protein values, low or normal beta globulin valueb and a decreased
beta-gamma globulin ratio. Uncommonly, the spinal fluid changes may be .
associated with mild fever, headache and malaise (Schnitker and Booth,
Ford and Key, Tarlov).

Rarely, more severe reactions have been described in the literature. El‘le-
son and Van Baaren reported a patient who exhibited acute meningeal irrita-
tion after a Pantopaque myelogram for a dorsal angioma (6 ml). Four months
thereafter, persistent headache developed, followed a year later by disorien-
tation, meningismus, headache and vomiting. Ventriculography revealed a
cerebrospinal fluid protein of 650 mg, intracerebral Pantopaque and hydro-
cephalus associated with obstruction of the fourth ventricle. A suboccipital
cramotomy with lysis of adhesions of the fourth ventrlcle led to death on the
second postoperative day.

Taren also described a patient who had a lumbar myelogram (9 ml of Pan-
topaque were used but only 4 ml were removed) Nineteen hours after mye- -
lography, the patient complained of severe headache with a temperature of
103°F. Thirty hours postmyelographv the patient became irritable and irra-
tional, with marked rigidity and a white blood cell count of 22,000/cu mm. At
this point, he was given penicillin and intravenous sulfadiazine. Because of



