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Central Nervous System 
Leukemia and Lymphoma: 
Computed Tomographic 
Manifestations 
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Computed tomographic (CT) abnormalities in the brain were identified in 31 of 405 
patients with leukemia or lymphoma. Abnormalities included neoplastic masses (15), 
hemorrhage (nine), abscess (two), other brain tumors (four), and methotrexate leu­
koencephalopathy (one). CT was normal in 374 patients including 148 with meningeal 
disease diagnosed by cerebrospinal fluid cytologic examination. Prior to treatment, 
malignant masses were isodense or of greater density with varying amounts of edema. 
Increase in size or number of the masses indicated worsening. Response to radiation 
and chemotherapy was manifested by development of a central low density region with 
an enhancing rim. CT findings correlated with clinical and cerebrospinal fluid findings. 
The differential diagnosis of the various abnormalities is considered. 

Central nervous system involvement in leukemia and lymphoma is common, 
and it is usually manifested as leptomeningeal disease. Less frequently, there is 
extension of meningeal disease into the brain parenchyma [1 -5]. Yet, computed 
tomographic (CT) recognition of leptomeningeal disease has been infrequent and 
the CT description of brain involvement is quite limited [6-9]. Our experience 
with the intracranial manifestations of leukemic and lymphomatous masses in 
405 patients is reviewed. Evidence of response to therapy or progression as well 
as differential diagnostic considerations are presented . 

Materials and Methods 

Over a 4 year period, 405 patients with leukemia (245) and system ic lymphoma (148 
non-Hodgkin ; 12 Hodgkin) underwent cerebral CT. Thirty-one patients had intracerebral 
lesions following contrast administration. The CT abnormalit ies in these patients were 
correlated with the underlying malignancy, cerebrospinal fluid cytology, and treatment. 

All CT studies were performed with an EMil 01 0 scanner using a 60 sec scan time, 160 
x 160 matrix, and 13 mm collimator. All scans were obtained either immed iately after 
administration of 40 g of intravenous iod ine or 1 hr following high dose (80 g iodine) 
contrast infusion [10]. Most patients also had noncontrast scans. 

Results 

Abnormalities in 24 of the 245 patients with leukemia inc luded leukemic 
masses, hemorrhages, abscesses, other tumors, and leukoencephalopathy. 
These are itemized by type of leukemia in table 1. Tumor masses were the sole 
abnormality in the lymphoma group and were identified in seven of the 160 
patients (table 2). 

Leukemia 

Of the 245 leukemic patients, 59 underwent cerebral CT at initial presentation . 
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TABLE 1: Abnormalities in Leukemia Patients 

Type o f Abnormalily (No.) 
Type of 

No. Patients 
Leukemia Leukemic 

Hemorrhage Abscess Olher 
Mass 

ALL 150 6 2 1 3' 
AML 57 2 5 1 0 
CLL 23 0 0 0 2t 
CML 15 0 2 0 0 

Total 245 8 9 2 5 

Note. - ALL = acute lymphocyt ic leukemia. AM L = acute myelogenous leukemia, e LL 
= c hronic lymphocytic leukemia, CM L = chronic myelogenous leukemia . 

• Includes one each acoustic neuroma, astrocytoma, and methotrexate leukoen­
cephalopalhy . 

t Inc ludes two metastases from lung primaries. 

H J 

TABLE 2: Abnormalities in Lymphoma Patients 

No. 
No. 

Type o f Lymphoma 
Patients 

Lymphomatous 
Masses 

Non-Hodgkin: 
Diffuse histiocytic (large cell) 80 6 
Lymphocytic , poorly differentiated 37 1 
Lymphocytic , well differentiated 
Burkitt 

Hodgkin 

Total 

15 0 
16 0 
12 0 

160 7 

Fig . 1.-Leukemic masses in 
acute lymphocytic leukemia. High 
dose, 1 hr delayed scans. At initial 
diagnosis, a high right parietal leu­
kemic mass (arrow) is isodense to 
brain on unenhanced scan (A) and 
homogeneously enhances with con­
trast (B). It is con tiguous with cortical 
surface. After 2,500 rad (25 Gy) total 
brain irrad iation and 10 courses of 
intrathecal chemotherapy, lesion be­
came low density compared with 
normal brain with thin enhanc ing rim 
(C and 0). Cerebrospinal fluid cytol­
ogies improved but remained abnor­
mal. Three new periventricular en­
hanc ing lesions developed 7 months 
later adjacen t to the atrium, frontal 
horn, and body of right lateral ven­
tricle (E-G). High density reg ions in 
left cerebral hemisphere are due to 
intraventricular shunt tube. Initial pa­
ri etal lesion, whose inferior edge is 
imaged in G, had increased in size. 
After another 2 months (H- J) there 
was an increase in size of leukemic 
masses and associated edema. One 
lesion infil trated across the corpu s 
callosum. 
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Fig . 2.-Leukemic masses in acute 
myelogenous leukemia. High dose, 1 hr 
delayed scans. Initial scans (A and 0) 
after 1 month of intrathecal chemother­
apy. Leukemic masses in low left frontal 
lobe (A) and left cerebellar hemispheres 
(0) have thick enhancing rims, low den­
sity central regions , and associated 
edema and mass effect. Both are contig­
uous with meningeal surface. Scans 2 
weeks (B and E ) and 2 months (C and 
F) after total brain irradiation show thin­
ning of enhancing rim with ultimate dis­
appearance leaving on ly residual low 
density reg ion. Cerebrospinal fluid cy­
tology was normal at last scans. 

Fig . 3. -Periventricular leukemic in­
filtration adjacent to ventricular shunt 
tube in chronic myelogenous leukemia 
patient in blast crisis and meningeal leu­
kemic involvement known for 7 months. 
Tip of shunt tube (arrow) lies medially 
within lateral ventricle. Periventricular 
leukemic mass enhances intensely and 
there is ipsilateral hemispheric white 
matter edema. Unenhanced scans dem­
onstrated on ly edema and focal 
compression of frontal horn in region of 
mass. 

Fig . 4 .-Larg e temporal lobe leu­
kemic mass in acute lymphocytic leuke­
mia and known meningeal disease. A, 
Unenhanced scan. Swelling of temporal 
lobe. B , 1 hr after high dose contrast 
administration. Enhancement medially 
on meningeal surface, which extends 
deep into temporal lobe. This case 
shows pattern of parenchymal involve­
ment with presumed extension from in­
filtrated meninges along blood vesse ls 
through pia-glial membrane into brain. 

They all had normal scans and cerebrospinal fluid cytolo­
gies. In 186 leukemic patients, who had achieved prior 
complete remissions , CT was performed during the course 
of their disease. Of these 186, 156 had active central 
nervous system leukemia on the basis of abnormal cerebro­
spinal fluid cytologies (130-2,500 white blood cells / mm3 

with 70%-100% leukemic cells) at the time of CT. Eight of 
these 156 patients had leukemic brain masses. They all had 
acute leukemia (lymphocytic, six; myelogenous, two) and 

had achieved prior systemic and central nervous system 
remission. All eight patients were treated with single or 
multiple intrathecal chemotherapeutic agents (methotrex­
ate, cytosar, prednisone) and whole brain irradiation from 
2 ,000-2,500 rad (20-25 Gy) as treatment for their central 
nervous system relapse . One of these eight patients had CT 
before and after the institution of therapy for the central 
nervous system relapse , while seven only had CT following 
institution of therapy for the relapse. 
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In the one patient who underwent CT prior to therapy for 
the central nervous system relapse, a high parietal mass 
contiguous with the cortical surface, isodense to brain, and 
with surround ing white matter edema was present on the 
unenhanced scans. Homogenous enhancement occurred 
with contrast administration (fig. 1). 

CT scans were obtained after the institution of therapy in 
the eight patients with leukemic masses. Five patients had 
single or multiple regions of decreased attenuation with 
associated white matter edema and varying degrees of mass 
effect (figs. 1 and 2). One of these patients had both 
supratentorial and infratentorial lesions while in others they 
were solely supratentorial. The lesions enhanced at their 
periphery in a rim pattern following contrast administration . 
They were contiguous with either a meningeal or ependymal 
surface . At the time of scanning, all five of these patients 
were c linically responding to central nervous system radia­
tion and chemotherapy and demonstrated improvements in 
cerebrospinal fluid cytologic abnormalities. 

In two other patients, regions of leukemic infiltration were 
adjacent to ventricular shunt tubes and formed either an 
intraparenchymal rounded mass or periventricular deposit 
(fig . 3). These were initially isodense to brain with slight 
mass effect and edema and showed intense homogenous 
enhancement with iodinated contrast. At the time of CT 
scanning, these two patients had worsening cerebrospinal 
fluid cytologic abnormalities and clinical symptomatology. 
The final patient demonstrated a temporal lobe lesion with 
mass effect and white matter edema involving most of the 
ipsilateral cerebral hemisphere. Irregular enhancement oc­
curred in the temporal tip adjacent to the meningeal surface 
(fig . 4) . 

Sequential CT was performed during and after therapy on 
four of the five patients with the rim-enhancing low density 
lesions. They showed a progressive decrease in thickness 
and ultimate disappearance of the enhancing rim, leaving 
on ly a sharply marginated region of decreased attenuation 
in the site of the previous lesion (figs. 1 and 2). This was 
coincident with clearing of the cerebrospinal fluid of malig­
nant cells in all four cases. One of these patients (fig . 1) had 
a subsequent central nervous system relapse diagnosed by 
abnormal cerebrospinal fluid cytologies and demonstrated 
a new reg ion of rim enhancement around an area of residual 
low density from a previously treated brain leukemia mass. 
This rim increased in thickness with progression of the 
central nervous system disease. Concomitantly , new peri­
ventricular, homogeneously enhancing leukemic masses 
developed, one of which grew along fiber tracts crossing 
the corpus callosum. 

Of the 1 56 leukemic patients without leukemic masses, 
148 (acute lymphocytic leukemia, 124; acute myelogenous 
leukemia, 24) had documented active leptomeningeal dis­
ease on the basis of abnormal cerebrospinal fluid cytologies 
within 1 month of CT scanning , but had no abnormalities 
referrable to diffuse meningeal infiltration by the malignancy. 
Thirty-four of these patients demonstrated communicating 
hydrocephalus. 

Of the 186 leukemic patients who underwent CT during 
the course of their disease, 16 had scan abnormalities 
including hemorrhages, abscesses, methotrexate leukoen-

Fig. 5.-Parietallobe Aspergillus abscess, autopsy-proven, in acu te lym­
phocytic leukemia. Unenhanced (A) and enhanced (8) scans. Focal edema, 
mass effect, and periventricular enhancement adjacent to atrium of left lateral 
ventric le. This CT pattern cannot be differentiated from neoplastic periven­
tricular infiltrati on (fig . 3). 

Fig . 6. -Methotrexate leukoencephalopathy, autopsy-proven, in acute 
lymphocytic leukemia. A, Unenhanced scan. White matter edema most prom­
inent in frontal lobes. 8-0, High dose, delayed scans. Bihemispheric, intense 
periventricular staining . 

cephalopathy, and other neoplasms. Nine had intracranial 
hemorrhages, five of which were pathologically proven. Five 
had acute myelogenous leukemia, two had acute lympho­
cytic leukemia, and two had chronic myelogenous leukemia. 
Seven of the nine patients had platelet counts less than 



AJNR:2, September/ October 1981 ABNORMALITIES WITH LEUKEMIA AND LYMPHOMA 401 

Fig . 7.-Histiocytic lymphoma, stage 
IV , at presentalion. A, Unenhanced 
scan. Extensive ipsilateral hemispheric 
edema associated with parietal lym­
phomatous mass (arrows) which is iso­
dense to normal brain . B , Mass contin­
uous with cortica l surface and homoge­
nously enhances with delayed high dose 
cont rast administration. C, 6 months 
later after who le brain irradiation and 
syslemic chemotherapy . Region of low 
density in site of initial lesion. Focal re­
gion of enhancement persists. 

40,000 / mm3 at the time of hemorrhage. Two of the hem­
orrhages were posttraumatic while seven were sponta­
neous. They were all associated with the acute onset of 
neurologic symptoms. Five of the bleeding complications 
were intracranial hematomas, two were subdural hemato­
mas, and two were a combination of intracerebral, sub­
arachnoid, intraventricular, and subdural hemorrhages. In 
none of the five cases with pathologic examination was 
there demonstration of an underlying neoplastic lesion that 
predisposed to the bleeding . The CT features were char­
acteristic and demonstrated nonenhancing regions of in­
creased attenuation often with surrounding edema and mass 
effect. 

One patient with acute lymphocytic leukemia and one with 
acute myelogenous leukemia with bone marrow transplan­
tation had autopsy-proven single or multiple intracerebral 
Aspergillus abscesses in the parietal and occipital lobes and 
basal ganglia. Neither had previously known central nervous 
system involvement. Both were severely ill with clinically 
suspected sepsis. One patient was receiving antifungal 
chemotherapy on an empirical basis. This patient had 
normal cerebrospinal fluid chem istries, cell counts, cytolo­
gies, and sterile cerebrospinal fluid cultures throughout the 
c linical course. The other patient had frankly purulent ce­
rebrospinal fluid. Both patients demonstrated one or more 
regions of decreased attenuation with surrounding edema 
and mass effect on unenhanced scans. In one patient there 
was rim enhancement after contrast administration while in 
the other there was localized periventricular enhancement 
(fig . 5) . 

A sing le patient with acute lymphocytic leukemia, who 
was previously reported [11], developed periventricular 
white matter enhancement with contrast administration due 
to autopsy-proven methotrexate leukoencephalopathy. The 
patient initially received prophylactic whole brain irradiation 
(2,400 rad [24 Gy] in 10 fraction over 2 weeks) and sub­
sequent intrathecal methotrexate (340 mg over 29 months) 
for central nervous system relapse. CT demonstrated bi­
hemispheric decreased attenuation, which enhanced after 
contrast administration, within the centrum semiovale, peri­
ventricular white matter, and the right occipital lobe (fig. 6). 
The abnormalities were progressive on sequential scanning 
over a 1 month period. Cerebrospinal fluid examination 
showed an elevated protein level and 4 white blood cells / 
mma 

Four patients demonstrated intracranial primary or sec­
ondary neoplastic lesions unrelated to their hematologic 
malignancy. All were proven surg ically. Two patients with 
chronic lymphocytic leukemia had brain metastases from 
previously unknown lung primaries. Each had either sing le 
or multiple homogeneously enhancing lesions. They were 
all located at the gray-white matter junction and had asso­
ciated white matter edema. A cerebellopontine angle mass 
from an acoustic neuroma and a single glioma with an 
irregularly enhancing margin and associated edema oc­
curred in two patients with acute lymphocytic leukemia. 

Lymphoma 

Of the 160 lymphoma patients, 138 had normal CT scans 
and cerebrospinal fluid cytologies either at the time of initial 
presentation or during the course of their disease. Twenty­
two of the 160 patients had cerebrospinal fluid cytologic 
abnormalit ies at the time of scanning. Of these, 15 had 
normal scans, while lymphomatous brain masses were pres­
ent in seven (d iffuse histiocytic or large cell lymphoma, six ; 
poorly differentiated lymphocytic lymphoma, one). These 
seven patients had abnormal cerebrospinal fluid cytologies 
(84-1,350 white blood cells / mm3 with 80%-100% malig­
nant cells) at the time of their in itial scan. Two of the patients 
had CT abnormalities at the time of presentation whil e five 
developed the abnormalities co incidentally with relapses . 
One of these five patients relapsed only in the central 
nervous system. 

CT before therapy in all seven cases demonstrated re­
gions that were isodense to brain or of slightly greater 
attenuation on the precontrast scans. These typically had 
surround ing white matter edema and mass effect with ho­
mogenous enhancement after contrast administration. They 
all were adjacent to either a meningeal or ependymal surface 
of the brain. Six of the lesions were supratentorial while one 
was infratentorial. Three of the seven patients had sequen­
t ial CT scans after therapy. One patient demonstrated com­
plete CT resolution of a thalamic and midbrain mass coin­
cident with c learing of malignant cerebrospinal fluid cells. 
Another patient after therapy showed a large region of 
decreased attenuation with an enhancing mural nodule in 
the previous site of the lymphomatous mass (fig . 7). This 
patient had improved but had persistently abnormal cere­
brospinal fluid cytology. The third patient had only a post-
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operative subdural hygroma after resection of the lymphom­
atous mass. 

Discussion 

The incidence of central nervous system involvement in 
patients with leukemia and systemic lymphoma varies de­
pending on the pathologic type of these hematologic malig­
nancies. Acute leukemia and histiocytic lymphomas 
more commonly involve the brain and meninges [1-5]. With 
contemporary treatment methods, up to 10% of patients 
with acute lymphocytic or myelogenous leukemia and a 
smaller percentage with diffuse histiocytic lymphoma may 
develop central nervous system disease, usually as menin­
geal infiltration [1, 2, 7, 8]. Intraparenchymal brain involve­
ment is uncommon. Parenchymal involvement in leukemia 
is due to perivascular extension along the Virchow-Robin 
spaces, through the pia-glial membrane, and into the brain 
parenchyma [2-9]. In systemic lymphomas, the exact etiol­
ogy of brain parenchymal involvement is not as well under­
stood but may be related either to spread of the lympho­
matous cells from the meninges along the Virchow-Robin 
spaces, or to hematogenous dissemination to the brain 
[4,5]. Our CT findings in lymphoma tend to corroborate the 
former method as all the neoplastic masses were contiguous 
with meningeal surfaces. It has been suggested that cere­
brospinal fluid seeding of malignant cells into the ventri cu lar 
system may produce ependymal deposits that subsequently 
invade the brain producing periventricular masses [9]. 

In leukemia and lymphoma, CT detection of diffuse men­
ingeal disease has been disappointing. This has been doc­
umented [8] and is corroborated by our data. Using both 
conventional and delayed high dose scans, the meninges 
and cisternal spaces were normal in all patients in the 
present series with known diffuse meningeal disease. The 
intense meningeal staining seen with carcinomatous or in­
fectious meningitis occurs only rarely [7]. The reason for 
this is unc lear. Meningeal staining , when present in these 
other disorders, may be due to either an increased vascu­
larity or alteration in vascular permeability in the inflamed or 
infiltrated meninges [8, 9 , 12]. In addition, extension of an 
inflammatory or neoplastic process across the pia-glial 
membrane will produce disruption of the blood-brain barrier 
and adjacent brain enhancement will occur. Leukemic or 
lymphomatous involvement either does not produce these 
meningeal alterations or the changes are too minimal to 
allow detection by CT. 

Our observations of the CT characteristics of untreated 
intraparenchymal brain leukemic and lymphomatous 
masses agree with previous reports [6, 7]. The masses are 
isodense to slightly greater density than normal brain . They 
have varying degrees of associated edema and mass 
effect depending on their size and enhance homogeneously 
after contrast admin istration . They may involve either supra­
tentorial or infratentorial regions of the brain. In reviewing 
the previously reported cases [6, 7], and as observed in the 
present series, these masses tend to be contiguous with 
either cortical or ependymal surfaces. This would be ex­
pected assuming spread from the meninges into the brain 

parenchyma or from cerebrospinal fluid seeding of the epen­
dyma with subsequent parenchymal invasion. 

With response to therapy , there is usually a central region 
of decreased attenuation with relatively sharp margins at 
the site of the original neoplastic lesion. This is associated 
with relief of associated mass effect and white matter 
edema. Peripherally , an enhancing rim slowly decreases in 
thickness and ultimately disappears with curative therapy. 
These changes will be coincident with improvement or clear­
ing of cerebrospinal fluid cyto logic abnormalities. The only 
exception to this pattern was the lymphoma patient with the 
midbrain and thalamic mass which resolved completely on 
sequential scanning . The reason for this differing pattern of 
resolut ion is unknown . 

CT demonstration of a progressively en larging lesion with 
mass effect and edema obviously indicates failure of 
response to therapy. Growth along fiber tracts and across 
the corpus callosum may occur. Either a persistent rim of 
enhancement or a mural nodule following therapy may in­
dicate persistent intraparenchymal neoplastic disease and , 
therefore, ineffective treatment. In those patients initially 
adequately treated, reappearance of the enhancing rim , its 
subsequent increase in thickness and diameter, and the 
development of new intraparenchymal lesions may indicate 
recrudescence of the disease. Cerebrospinal fluid cytolo­
gies either become abnormal or worsen coincident with 
reappearance or worsening, respectively, of CT abnormali­
ties. 

The detection of leukemic infiltrates adjacent to ventricu­
lar shunt tubes may be related to disruption of the barrier 
normally imposed by the pia-glial membrane and ependyma 
thus al lowing malignant cells access to the brain paren­
chyma. Local meningeal fibrosis and cerebral gliosis around 
the shunt tubes may locally disrupt cerebrospinal fluid flow 
patterns thus interrupting delivery of intrathecal chemother­
apeutic agents to these regions . This would allow malignant 
cells to proliferate and form the two lesions in the present 
series adjacent to shunt tubes. 

CT differentiation of intraparenchymal leukemic and lym­
phomatous masses from lesions produced by other malig­
nancies, hemorrhage, infection, or chemoradiotherapeutic 
toxicity is important. Intracerebral hematomas are charac­
teristically of increased attenuation and may enhance. As­
sociated subarachnoid, subdural, or intraventricular blood 
are confirmatory CT findings. In the present series, intracra­
nial hemorrhages occurred in extremely thrombocytopenic 
patients with acute leukemia. Both spontaneous and post­
traumatic bleeding occurred. These hemorrhages were not 
associated with underlying neoplastic lesions in at least five 
patients who had pathologic examination. 

Brain abscesses may be impossible to distinguish from 
lymphomatous or leukemic masses as both entities may 
occasionally have similar CT features [13]. The clinical 
condition of the patient and the cerebrospinal fluid exami­
nation for inflammatory or malignant cells may be helpful 
differentiating points. Progressive multifocal leukoence­
phalopathy, thought to be an atypical viral central nervous 
system infection of immunologically compromised hosts, 
primarily occurs in patients with chronic lymphocytic leu-
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kemia and Hodgkin disease [14]. CT abnormalities usually 
consist of either focal or diffuse white matter decreased 
attenuation with scalloped margins corresponding to the 
gray-white junction [15-20]. This pattern is typical and 
should give few problems in differential diagnosis. Unusually 
there is mass effect and abnormal contrast enhancement 
and, in these instances, brain biopsy may be needed to 
exclude a neoplastic lesion [11]. 

Methotrexate leukoencephalopathy must also be differ­
entiated from neoplastic masses. The former is a complica­
tion of combined radiation effect and central nervous system 
methotrexate toxicity [21,22]. As little as 2,000 rad (20 Gy) 
of cranial radiation is thought to alter blood-brain barrier 
dynamics allowing increased brain penetration of metho­
trexate, which reaches neurotoxic levels [11]. A spectrum 
of CT abnormalities is described and usually includes bih­
emispheric decreased attenuation within the centrum se­
miovale and periventricular white matter. There can be 
ventricular compression, presumably related to cerebral 
swelling, as an early finding. Atrophic changes and periven­
tricular calcifications are late abnormalities [11, 22-24]. 
This pattern should not be difficult to differentiate from 
enhancing malignant masses. However, focal mass lesions 
can occur and, as seen in one of our patients, white matter 
en hancement may develop [11]. The resultant CT pattern 
can them simulate periventricular and intraparenchymal tu­
mor masses. Differentiation of the two processes by CT 
criteria alone would be difficult, probably requiring biopsy 
for definitive diagnosis. The c linical syndromes and cerebro­
spinal fluid cytological characteristics of both methotrexate 
leukoencephalopathy and central nervous system leukemia 
and lymphoma are not distinctive enough to always allow 
differentiation. 

Primary brain tumors and a variety of metastases can 
mimic intracerebral leukemic or lymphomatous masses. As 
noted with the other confounding entities, differentiation is 
important as therapy differs. Certainly some primary brain 
tumors, such as meningiomas, have characteristic CT fea­
tures by virtue of their usual site of occurrence, precontrast 
attenuation values, and enhancing characteristics which 
would suggest their diagnosis. Cerebrospinal fluid cytologic 
analysis or cerebral angiography may suggest a particular 
type of primary or metastatic lesion. Ultimately, biopsy may 
be necessary for definitive diagnosis as it was in the four 
patients in the present series with primary and secondary 
nonleukemic or lymphomatous brain malignancies . 

REFERENCES 

1. Weinstein HJ, Mayer RJ, Rosenthal OS, et al. Treatment of 
acute myelogenous leukemia in children and adults. N Engl J 
Med 1980;303 :473-478 

2 . Price RA, Johnson WW. The central nervous system in child­
hood leukemia: I. The arachnoid. Cancer 1973;31 :520-533 

3. Pierce MI , Borges WH , Heyn R, Wolff JA, Gilbert ES. Epide­

miological factors and survival experiences in 1770 children 
with acute leukemia. Cancer 1969; 23: 1 296-1 304 

4. Janisch W, Gerlach H, Remus I. Neoplastic involvement of the 

CNS in generalized lymphomas. Acta Neuropathol [Suppl] 
(Berl) 1975;6:81-84 

5. Zimmerman HM. Malignant lymphomas of the nervous system. 
Acta Neuropathol [Suppl] (Berl) 1975; 6: 69-74 

6. Wendling LR, Cromwell LD, Latchaw RE. Computed tomogra­
phy of intracerebral leukemic masses. AJR 1979; 132: 217-
220 

7. Zawadzki MB, Enzmann DR. Computed tomographic brain 
scanning in patients with lymphoma. Radiology 1978; 129 : 67-
71 

8 . Enzmann DR, Krikorian J, Yorke C, Hayward R. Computed 
tomography in leptomeningeal spread of tumor. J Comput 
Assist Tomogr 1978; 2 : 448-455 

9. Dubois PJ , Martinez AJ, Myerowitz RL, Rosenbaum AE . Sub­
ependymal and leptomen ingeal spread of system ic malignant 
lymphoma demonstrated by cranial computed tomography. J 
Comput Assist Tomogr 1978;2: 218-221 

10. Hayman LA, Evans RA, Hinck VC. Delayed high iodine dose 
con trast computed tomography . Radiology 1980; 136: 677-
684 

11. Shalen P, Ostrow P, Glass P. White matter enhancement after 
central nervous system prophylaxis for leukemia: radiation 
necrosis and methotrexate encephalopathy. J Comput Assist 
Tomogr 1981 (In Press) 

12. Leeds NE, Rosenblatt R, Zimmerman HM . Focal angiography 
changes of cerebral lymphoma with pathologic corre lation. 
Radiology 1971 ; 99: 595-599 

13. Paxton R, Ambrose J. The EMI scanner. A brief review of the 
first 650 patients. Br J Radio/1974;47: 530-565 

14. Lyon LW, McCormick WF, Schochet SS. Progressive multifocal 
leukoencephalopathy. Arch Intern Med 1971 ; 128 : 420-426 

15. Kirsh J, Rosenthall L, Finlayson MH, Wee R. Prog ressive 
multifocal leukoencephalopathy . Radiology 1976; 119 : 399-
400 

16. Conomy JP, Weinstein MA, Agamanolis 0, Holt WS. Computed 
tomography in progressive multifocal leukoencephalopathy . 
AJR 1976; 127 : 663-665 

17. Bosch EP, Canci lla PA, Cornell SH. Computerized tomography 

in progressive multifocal leukoencephalopathy. Arch Neurol 
1976;33 :216-221 

18. Weiner LP , Johnson RT, Herndon RM. Viral infections and 
demyelinating diseases. N Engl J Med 1973; 288: 11 03-111 0 

19. Heinz ER, Drayer BP, Haenggeli CA, Painter MJ , Crumrine P. 
Computed tomography in white-matter disease. Radiology 
1979;130:371-378 

20. Carroll BA, Lane B, Norman 0, Enzmann D. Diagnosis of 
progressive multifocal leukoencephalopathy by computed to­
mography. Radiology 1977; 122: 137 -141 

21 . Rubinstein LJ , Herman MM, Long TF, Wilbur JR . Disseminated 

necrotizing leukoencephalopathy : a complication of treated 
central nervous system leukemia and lymphoma. Cancer 
1975;35 : 291-305 

22 . Ch ' ien LT, Aur RJA , Stagner S. Long-term neurological impli­
cations of somnolence syndrome in children with acute lym­
phocytic leukemia. Ann Neuro/1980;8: 273-277 

23. Wend ling LR, Bleyer WA, Di Chiro G, Mcllvanie SK. Transient, 
severe periventricular hypodensity after leukemic prophylaxis 
with c ranial irradiation and intrathecal methotrexate. J Comput 
Assist Tomogr 1978; 2: 502-505 

24 . Peylan-Ramu N, Poplack DG, Blei CL, Herdt JR, Vermess M, 
Di Chiro G. Computer assisted tomography in methotrexate 
encephalopathy. J Comput Assist Tomogr 1977; 1 : 216-221 


