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MR and Cognitive Testing of Patients Undergoing Osmotic Blood-
Brain Barrier Disruption with Intraarterial Chemotherapy

Simon Roman-Goldstein, Peter Mitchell, John R. Crossen, Paul C. Williams, Angelique Tindall, and Edward A. Neuwelt

PURPOSE: To determine whether osmotic blood-brain barrier disruption is associated with MR
abnormalities or cognitive deterioration and, if so, whether the MR findings correlate with cognitive
test results. METHODS: Fifteen brain tumor patients who had a complete tumor response (nine
central nervous system lymphoma, three germ cell and two astrocytoma, and one primitive
neuroectodermal tumor) treated with blood-brain barrier disruption procedures (318 total proce-
dures) with intraarterial chemotherapy were included. MR images were evaluated for the develop-
ment of white matter hyperintensity, vascular lesions, or atrophy. Cognitive testing was performed
to assess deterioration caused by this therapy. RESULTS: In two patients white matter hyperin-
tensity developed, in two small vascular lesions developed, and in one mild atrophy developed.
One infarct was asymptomatic and the second one resulted in mild dysesthesia in one upper
extremity. No patient showed diminished cognitive function on the posttherapy evaluation.
CONCLUSION: In patients undergoing blood-brain barrier disruption with intraarterial chemother-
apy, new abnormalities on MR imaging may develop. These patients maintain the same level of
cognitive and neurologic function and MR findings do not correlate with the results of cognitive
testing.

Index terms: Blood-brain barrier; Chemotherapy; Iatrogenic disease or disorder; Brain, magnetic
resonance
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Osmotic blood-brain barrier disruption, when
combined with intraarterial chemotherapy,
which increases drug delivery, has been shown
to be an effective treatment for brain tumors
(1–3). Prior studies with serial cognitive testing
have shown blood-brain barrier disruption with
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intraarterial chemotherapy was associated with
preservation of cognitive function (3, 4). Ther-
apeutic modalities other than osmotic blood-
brain barrier disruption with intraarterial chemo-
therapy, in particular radiation therapy, for the
treatment of malignant brain tumors have
shown toxic effects on the central nervous sys-
tem from both a structural and neurobehavioral
aspect (5, 6). This investigation was undertaken
to detect the possible presence of new structural
abnormalities diagnosed by magnetic reso-
nance (MR) imaging or functional abnormalities
detected by cognitive testing. Neuropsycholog-
ical assessment has been shown to be a useful
addition to clinical impressions and mental sta-
tus exams for detecting cognitive impairments
(7–12). Thus, the approach of the present study
involved a serial assessment design with pa-
tients as their own controls for systematic eval-
uation of the potential neurotoxicity of osmotic
blood-brain barrier disruption with intraarterial
chemotherapy. In addition, the correlation be-
tween structural lesions documented by MR im-
3
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aging and neurobehavioral sequelae diagnosed
by comprehensive neuropsychologic testing
was evaluated.

Patients and Methods

Patient Demographics and Procedures

Fifteen consecutive patients (nine male, six female)
ranging from 6 to 66 years of age with pathologically
confirmed brain neoplasms were included in this study.
Before and after 1 year of treatment with blood-brain bar-
rier disruption with intraarterial chemotherapy, all patients
underwent MR imaging and neuropsychologic testing be-
tween March 1987 and November 1992. The study in-
cluded a total of 318 disruption procedures with an aver-
age of 21 procedures per patient (range, 15 to 26).

Inclusion Criteria

Patients were included in this series if they completed 1
year of disruption therapy and had a complete tumor re-
sponse defined as no residual enhancement (13). No pa-
tient in this series had prior cranial radiation, and only the
three germinoma patients had prior chemotherapy. Each
of these three patients received intravenous cisplatin (total
dose, 300 mg/m2) and intravenous etoposide (total dose,
1500 mg/m2) before undergoing blood-brain barrier dis-
ruption and intraarterial chemotherapy. These criteria
were established so that any MR or neuropsychologic ex-
amination changes would be attributable to disruption
therapy and not to the effects of residual tumor or other
therapies. A minimum 1-year period was chosen to allow
for the possible development of delayed structural or cog-
nitive abnormalities caused by disruption therapy.

Disruption Procedure

Osmotic blood-brain barrier disruption with intraarterial
chemotherapy administration was performed under gen-
eral anesthesia via a transfemoral catheter placed into
either the distal cervical internal carotid artery or in a
vertebral artery at the level of the sixth cervical vertebral
body. The blood-brain barrier was then disrupted by the
intraarterial injection of 25% mannitol. The flow rate of
mannitol varied from 5 to 12 mL per second, and the
duration of the injection was 30 seconds. The flow rate in
any procedure was selected to deliver enough mannitol to
disrupt the blood-brain barrier in a specific vascular terri-
tory (14). Two different chemotherapy regimens were
used. In one regimen, intravenous cyclophosphamide
(15 mg/kg) was administered immediately before the
blood-brain barrier disruption injection and intraarterial
methotrexate (2.5 g) immediately after the blood-brain
barrier disruption (followed by oral procarbazine [100
mg/d] for 14 days). The second regimen consists of in-
travenous etoposide (200 mg/m2) administered before
blood-brain barrier disruption with intraarterial carbopla-
tin (200 mg/m2) administered immediately after blood-
brain barrier disruption. Patients were usually treated for
1 year in this protocol. The usual treatment course con-
sisted of two disruption procedures in different vascular
territories on successive days each month for a total of
24 procedures in 1 year of therapy. In diffuse tumors,
such as primary central nervous system lymphoma or
disseminated germinoma, the bilateral internal carotid
artery and vertebral artery territories were treated,
whereas in malignant astrocytomas only those circula-
tions most likely to supply the tumor were treated (1, 2).
Patient characteristics and procedure histories are sum-
marized in Table 1.

Imaging Protocols

MR images were usually made on a 1.5-T Signa scan-
ner (General Electric, Milwaukee, Wis), and were obtained
before the first blood-brain barrier disruption procedure.
Additional films were obtained after completion of 1 year
of disruption therapy and then at yearly intervals. The MR
protocol included sagittal and transaxial T1-weighted im-
ages at 600/20/4 (repetition time/echo time/excitations)
with 5-mm section thickness, transaxial proton-density
images with 5-mm section thicknesses (2800/30/1), and
T2-weighted images (2800/80/1). Gadopentetate dime-
glumine (Magnevist, Berlex Imaging, Wayne, NJ) was
then injected intravenously and additional transaxial and
coronal T1-weighted images obtained with the same
pulse sequences and section thickness as the unen-
hanced MR images. Patients underwent monthly con-
trast-enhanced computed tomography (CT) scans with
scans of 10-mm section thickness performed 30 minutes
after an intravenous injection of 150 mL of iopamidol in-
jection 61% (Isovue 300, Squibb Diagnostics, Princeton,
NJ) during the year of disruption therapy to assess tu-
mor response.

Image Analysis

The images were analyzed for the development of white
matter disease, atrophy, and vascular lesions. White mat-
ter disease was defined as new areas of hyperintensity in
the periventricular white matter. Atrophy was defined as
enlargement of the ventricles or sulci when compared with
pretherapy scan and was subjectively graded as none,
mild, moderate, or marked. Vascular lesions were defined
as peripheral wedge-shaped areas of cortical and subcor-
tical signal abnormality or new areas of hyperintensity in
the brain stem or basal ganglia.

Neuropsychological Test Protocol

All patients underwent serial neuropsychologic assess-
ment consisting of a broad battery of tests including the
Wechsler Adult Intelligence Scale–Revised; Wechsler
Memory Scale–Revised; Trail Making Test: Parts A and B;
California Verbal Learning Test; Rey-Osterreith Complex
Figure Test; Finger Tapping Speed; and Grip Strength. For



TABLE 1: Diagnostic, demographic, and procedural data on patients undergoing osmotic blood-brain barrier disruption with intraarterial
chemotherapy

Patient Sex/Age, y Diagnosis Chemotherapy

Number of Disruption
Procedures Total

Procedures

Years
since

Diagnosis
Current Status

RICA LICA LVA RVA

1 M/28 Germ Carbo 6 6 6 0 18 2 Recurrent tumor
Enhancing lesion

2 M/68 PCNSL Metho 8 6 8 0 22 2 NED
3 M/47 PCNSL Metho 6 8 7 0 21 2 NED
4 M/50 PCNSL Metho 10 7 7 0 24 4 Recurrent tumor

Enhancing lesion
5 F/64 PCNSL Metho 7 8 9 0 24 6 NED
6 F/56 PCNSL Metho 5 7 5 0 17 4 NED
7 M/66 PCNSL Metho 9 10 6 1 26 1 Died, recurrent

tumor
Enhancing lesion

8 M/13 Germ Carbo 5 6 8 0 19 2 Recurrent tumor
Cerebrospinal
fluid cytology

9 M/22 Astro Metho 0 12 12 0 24 2 Recurrent tumor
Hyperintensity
on T2-
weighted
image

10 F/62 Astro Both 11 9 0 0 20 2 NED
11 M /6 PCNSL Metho 8 7 8 0 23 2 NED
12 F/15 Germ Carbo 6 6 7 0 19 2 Recurrent tumor

Cerebrospinal
fluid cytology

13 M/43 PCNSL Metho 7 8 8 0 23 2 NED
14 F/45 PCNSL Metho 7 8 8 0 23 2 NED
15 F/24 PCNSL Carbo 4 5 2 4 15 2 NED

Note.—Astro indicates astrocytoma; both, both carbo and metho regimens; carbo, carboplatin and etoposide regimen; germ, germinoma;
LICA, left internal carotid artery; LVA, left vertebral artery; metho, methotrexate, cyclophosphamide, and procarbazine regimen; NED, no
evidence of disease; PCNSL, primary central nervous system lymphoma; PNET, primitive neuroectodermal tumor; RICA, right internal carotid
artery; and RVA, right vertebral artery.
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children less than 8 years of age, the Stanford Binet Intel-
ligence Scales (4th ed) was the only test administered. For
children between 9 and 16 years of age, the Wechsler
Intelligence Scale for Children–Revised, was substituted
for the Wechsler Adult Intelligence Scale of Learning and
Memory–Revised, the Wide Range Assessment of Learning
and Memory was substituted for the Wechsler Memory
Scale–Revised, the California Verbal Learning Test was
omitted, and the age-appropriate version of the Trail Mak-
ing Test was administered. The tests evaluated intellectual
ability, verbal and spatial memory, visual perception and
tracking, attention span and concentration, fine motor
dexterity, and grip strength. Baseline assessments were
completed 24 to 48 hours before the initial blood-brain
barrier disruption procedure. Later testing occurred after
completion of 1 year of therapy and subsequently at yearly
intervals. Cognitive test results were included in this study
only in patients with no evidence of recurrent or residual
tumor. Treatment-related impairment or improvement
was defined statistically as one standard deviation change
from the patient’s baseline performance.
Neuropsychologic Test Analyses Method

Consistent with previous research, each patient’s level
of function on an individual test was reported as a z score
that was based on the mean and standard deviation of the
reference population used in that test (3, 4). The z score
was defined as the difference between an individual’s test
score and the mean of the reference population for that test
divided by the standard deviation for that test. For exam-
ple, a z score of 21 signifies the patient scores one stan-
dard deviation below the mean for that test. This statistical
conversion facilitates evaluation of test scores for patients
with different characteristics that could invalidate direct
comparison of raw scores, ie, across young adult and
geriatric age groups. Conversion of raw data to z scores
also enabled more meaningful comparison of results
across different tests and made possible the computation
of a global index of functioning. The patient’s global level
of functioning was the mean of the patient’s z scores on
the individual tests, which was reported as the global z
score. In computing z scores for each test, the reference
norms adopted were the appropriate age and gender
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groups in the test manuals for the Wechsler Adult Intelli-
gence Scale–Revised (15), the Wechsler Intelligence Scale
for Children–Revised (16), the Stanford Binet Intelligence
Scales SBIS (17), the Wechsler Memory Scale–Revised
(18), the Wide Range Assessment of Learning and Mem-
ory (19), and the California Verbal Learning Test (20). The
means and standard deviations for other tests were derived
from published normative studies for the Rey-Osterreith
Complex Figure Test and for the Trail Making Test, Finger
Tapping Speed, and Grip Strength (21–23).

Results

Imaging Results

Ten patients showed no new abnormalities on
repeat MR imaging as shown in Figure 1A

through E. Two of 15 patients, patient 6 and
patient 9, developed new areas of hyperinten-
sity on T2-weighted images involving a large
portion of the white matter in the left cerebral
hemisphere, a per-patient incidence of 15% as
shown in Figure 2A through D. This was an
incidence of 18% per patient in those receiving a
regimen including intraarterial methotrexate,
but none of the patients receiving intraarterial
carboplatin developed these abnormalities. Al-
though patients included in this study had no
enhancement after blood-brain barrier disrup-
tion with intraarterial chemotherapy, the white-
matter hyperintensity on T2-weighted images
noted on the pretherapy scans persisted on the

Fig 1. Forty-five-year-old woman
with primary central nervous system
lymphoma (patient 14). A and B were
obtained before chemotherapy, and C
through E were obtained 12 months after
A and B.

A, An enhanced transaxial T1-
weighted image (600/16/2) obtained
before chemotherapy shows multifocal
periventricular enhancing lesions (black
arrows).

B, A transaxial T2-weighted image
(2800/80/1) obtained the same date as
part A shows periventricular areas of hy-
perintensity (black arrow) as well as
hemorrhage in the left caudate nucleus
(curved white arrow).

C, An unenhanced T1-weighted im-
age (600/16/2) obtained after therapy
shows subacute hemorrhage in the left
caudate nucleus (black arrow).

D, An enhanced T1-weighted image
(600/16/2) shows no residual enhancement and subacute hemorrhage in the left caudate nucleus (black arrow).

E, A T2-weighted image (2800/80/1) shows less periventricular hyperintensity than in part B (black arrow) and hemorrhage in the
left caudate nucleus (curved white arrow).



Fig 2. Twenty-two-year-old man with a
malignant astrocytoma (patient nine). A and
B were obtained before disruption therapy; C
and D were obtained 21 months after A and
B.

A, Coronal enhanced T1-weighted image
(600/20/2) shows enhancement in the left
temporal region (black arrow).

B, Transaxial T2-weighted image (2800/
80/1) at the level of the bodies of the lateral
ventricles.

C, Posttreatment coronal enhanced T1-
weighted image (700/15) shows resolution
of enhancement (black arrow).

D, A transaxial T2-weighted image
(3000/90) shows new areas of hyperinten-
sity in the white matter of the left hemi-
sphere (black arrows).
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posttherapy scans in 12 of 15 patients. In pa-
tient 4, atrophy manifested as mild ventricular
enlargement developed. In patient 13, a stroke
developed with onset of left-hand dysesthesia,
which appeared within 24 hours of disruption in
the left internal carotid artery territory proce-
dure; MR scanning showed a right thalamic in-
farct as shown in Figure 3A through D. Patient 5
was noted to have what appeared to be a right
parietal infarct on routine follow-up imaging,
but no evidence of neurologic deficit. The inci-
dence of a new vascular lesion was two of 318
procedures, or 1%. These data are summarized
in Table 2. In four patients (numbers 1, 8, 12,
and 15) who received intraarterial carboplatin
in conjunction with osmotic blood-brain bar-
rier disruption in the vertebral artery, high-
frequency hearing loss developed. In six pa-
tients recurrent tumor developed. In patients 8
and 12, both with germinoma, the MR scans
showed no evidence of disease at the time of
recurrence, but cerebrospinal fluid cytology was
positive. In patient 9, the residual hyperintensity
of the white matter, which did not enhance, was
proved at repeat biopsy to represent recurrent
astrocytoma. The other 3 patients (patients 1,
4, and 7) all presented with enhancing lesions at
the time of recurrence. The tumors recurred
from 4 to 12 months after the last correlation of
imaging and cognitive data.



Fig 3. Forty-three-year-old man with primary central nervous system lymphoma
(patient 13). A and B were obtained before disruption therapy; C and D were obtained 12
months after A and B.

A, Pretreatment transaxial enhanced T1-weighted image (600/16/2) shows multifo-
cal periventricular enhancing lesions (black arrows).

B, Transaxial T2-weighted image (2500/85/0.5) shows white matter hyperintensity
(black arrow).

C, Posttreatment transaxial enhanced T1-weighted image (600/16/2) shows resolu-
tion of enhancement.

D, Transaxial T2-weighted image (3600/85/1) shows a new area of hyperintensity in
the right thalamus representing an infarct (black arrow).
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Cognitive Results

The baseline summary z score for each pa-
tient showed a wide range of functioning that
ranged from significant impairment to normal
levels as summarized in Table 2. No patient
showed evidence of a global decline in cognitive
function as defined by a decline of one standard
deviation on global z score. Five patients
showed improved global functioning evidenced
by an improvement of at least one standard
deviation in global z score. In patients with
significant changes in individual cognitive test
results from the pretherapy to the follow-up
testing, the direction of change showed im-
provement in most cases. There were a few
patients who showed decreases on certain indi-
vidual tests, but these were rare and did not
suggest a pattern of selective impairment on
any individual neuropsychologic function. The
data for individual tests are summarized in Ta-
ble 3. Figure 4 illustrates the results of cognitive
testing in the 10 patients without new abnormal-
ities on MR scanning. No patients showed evi-
dence of decline in cognitive function, and 3
patients improved. In Figure 5, the cognitive
results of patients with new abnormalities on MR
scans are shown. Patients 6 and 13 improved;
the other patients showed no change.

Discussion

A 15% incidence of new white matter hyper-
intensity on T2-weighted images occurred in
patients undergoing intraarterial chemotherapy



AJNR: 16, March 1995 BARRIER DISRUPTION 549
with osmotic opening of the blood-brain barrier,
which was at the low end of the range of 9% to
100% incidence of new white matter hyperin-
tensity, which occurred in patients treated with
radiation therapy and conventional chemo-
therapy (24–29). Prior studies have included
patients with both radiation therapy and intra-
venous chemotherapy, so the rates of white
matter abnormalities may be a result of a
combination of chemotherapy and radiation
therapy.
Intravenous methotrexate at a dose of 8

g/m2 administered over 4 hours in patients with
osteosarcoma has resulted in white matter hy-
perintensity in 64% of patients (30). The dose
used in this study was 2.5 g given intravenously
after blood-brain barrier disruption in about 10
minutes and a second dose of 2.5 g given 24
hours later. On a body surface area basis, this
5-g dose would be about 2.89 g/m2, a lower
systemic dose than that given in the prior re-
port. However, prior laboratory studies have

TABLE 2: Global z scores and imaging changes before and after
treatment of patients with blood-brain barrier disruption chemo-
therapy

Patient

Pre-
therapy
Global
Z Score

Post-
therapy
Global Z
Score

New MR
Abnormalities

Residual
Hyperintensity

1 22.59 22.47 None Present
2 0.62 1.06 None Present
3 0.41 20.06 None Present
4 22.00 21.46 Atrophy Present
5 20.79 20.57 Asymptomatic right

parietal infarct
Present

6 22.10 20.41 Diffuse white matter
hyperintensity in the
left cerebral
hemisphere

Present

7 21.48 20.87 None Present
8 20.42 0.61 None Absent
9 20.39 0.02 Diffuse white matter

hyperintensity in the
left cerebral
hemisphere

Present

10 0.16 20.17 None Present
11 21.53 21.42 None Present
12 20.24 0.71 None Absent
13 20.08 1.21 Symptomatic right

thalamic infarct
Present

14 22.15 20.32 None Present
15 20.93 0.07 None Absent

Note.—Z score indicates the patient’s raw score minus the sample
mean for that test divided by the standard deviation for that test; the
global z score is the mean of the patient’s z score on the individual
tests. Residual hyperintensity is areas of hyperintensity on T2-weighted
images remaining in the white matter after completion of therapy.
shown when osmotic blood-brain barrier modi-
fication with intraarterial chemotherapy is used,
the procedure has resulted in 50- to 100-fold
increased delivery of chemotherapeutic agent
as compared with intravenous chemotherapy
without barrier modification (31, 32). Therefore,
the dose delivered to the brain was significantly
higher than in this prior study. In the prior
study, patients who received intravenous meth-
otrexate developed white matter abnormalities,
whereas those who received cisplatin did not
show any imaging changes, similar to the re-
sults of this study. The reason for this increased
incidence of white matter changes in the prior
report, despite a lower delivered dose to the
brain, is unclear. Increasing the antitumor agent
delivery posed the potential for increased toxic-
ity to normal brain, and extensive preclinical
studies were performed for all agents in labora-
tory models before using them in patients (33,
34). Because no toxicity was demonstrated, the
increased drug delivery associated with blood-
brain barrier disruption was most likely not the
cause of the MR abnormalities.
Recurrent tumor has developed in six of the

15 patients in this series. Three of the 6 recur-
rences occurred in the 12 patients with residual
hyperintensity on T2-weighted image in post-
therapy scans. The other 3 patients with re-
current tumor had no evidence of residual
hyperintensity. New areas of white matter
hyperintensity, which developed in patient 9,
were shown to be a malignant astrocytoma on a
later craniotomy. Patient 6 has shown no evi-
dence of recurrence on clinical examination.
Thus the pathologic correlate of the new white
matter hyperintensity was unknown in this pa-
tient. These findings, though a small patient
series that included different types of tumors,
suggested that residual areas of hyperintensity
were not a predictor for the risk of recurrent
tumor. These data were consistent with the con-
clusion of a prior study in which it appears non-
enhancing white matter lesions in cancer pa-
tients have questionable clinical significance
(35, 36).
Enlargement of the ventricles developed in

only 1 patient; most likely this mild enlargement
was caused by regression of the primary central
nervous system lymphoma, a tumor that is of-
ten periventricular, rather than by brain tissue
loss (37). The incidence of atrophy in this series
is (7%) less than the 46% to 100% incidence
reported when conventional intravenous che-



TABLE 3: Change in z scores on individual cognitive tests before and after treatment with osmotic blood-brain barrier disruption and
intraarterial chemotherapy

Patient
WAIS-R
FSIQ

WMS-R
GMI

WMS-R
DRI

CFT
Recall

VLT
Index

WMS-R
ACI

CFT
Copy

TMT B Tap Grip Summary

1 0.14 20.13 0.00 1.11 0.25 20.53 0.00 0.00 . . . . . . 0.12
2 1.07 20.53 20.07 20.44 0.19 20.06 0.00 1.46 20.33 1.27 0.44
3 20.47 0.67 20.47 0.88 20.93 21.20 0.33 20.31 0.98 24.63 20.47
4 1.00 0.87 0.71 1.01 0.00 1.13 0.00 0.00 0.65 1.33 0.54
5 . . . . . . . . . 0.98 20.90 . . . 0.78 . . . 1.12 20.22 0.35
6 1.33 3.73 2.60 0.00 . . . 2.93 . . . 2.74 0.71 1.18 1.59
7 0.46 0.80 2.06 1.37 . . . 0.00 0.00 0.62 20.76 20.12 0.52
8 0.73 0.93* . . . 1.39 1.50 . . . 0.97 1.06† 2.27 1.24 1.03
9 0.66 0.53 0.60 20.22 1.42 0.88 2.00 20.43 20.31 0.17 0.41
10 0.54 0.28 1.60 . . . 0.62 23.06 . . . 21.38 21.58 20.05 20.33
11 0.06‡ 20.69‡ . . . . . . . . . 0.00‡ 1.07‡ . . . . . . . . . 0.11‡
12 1.07 0.74 3.26 0.95 0.17 0.60 0.31 0.28 1.51 0.65 0.95
13 0.87 0.74 2.06 2.16 3.47 1.47 2.64 0.33 0.51 20.44 1.29
14 2.16 1.00 1.80 3.15 1.65 2.67 3.46 3.84 . . . . . . 1.83
15 0.53 1.00 0.54 0.79 0.58 2.27 2.01 0.71 0.03 1.23 1.00
Summary
Improved 5/14 3/14 6/12 6/13 4/12 5/13 5/13 4/13 3/12 5/12 5/15
Stable 9/14 11/14 6/12 7/13 8/12 6/13 9/13 8/13 8/12 6/12 10/15
Decreased 0/14 0/14 0/12 0/13 0/12 2/13 0/13 1/13 1/12 1/12 0/15

Note.—WAIS-R FSIQ indicates Wechsler Adult Intelligence Scale–Revised Full Scale IQ; WMS-R GMI, Wechsler Memory Scale–Revised
General Memory Index; WMS-R DRI, Wechsler Memory Scale–Revised Delayed Recall Index; CFT recall, Rey-Osterreith Complex Figure Test
Delayed Recall Trial; VLT index, Verbal Learning Test Index; WMS-R ACI, Wechsler Memory Scale Attention/Concentration Index; CTF copy,
Rey-Osterreith Complex Figure Test Copy Trail; TMT B, Trail Making Test Part B; tap, finger tapping speed; and grip, grip strength. Z score is the
patient’s raw score minus the sample mean for that test divided by the standard deviation for that test; global z score is the mean of the patient’s
z score on the individual test.

* WRAML: General memory.
† Intermediate form.
‡ Stanford Binet 4th edition (see “Patients and Methods”).
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motherapy and radiation therapy were com-
bined (28, 38–40).
Two patients sustained vascular lesions diag-

nosed by imaging. In one of these patients a
mild but permanent deficit developed indicating
a rate of stroke of 0.3%, similar to the rate of
angiographic complications reported in other
studies (41–44). The other patient had a new
right parietal infarct that showed enhancement
and signal intensity characteristics of an infarct.
This lesion was clinically silent and, because
prior studies of neurologic complications from
cerebral angiography have included only new
neurologic symptoms as a stroke, this lesion
would not be included as a stroke in those stud-
ies. A previously reported series of patients who
did not have MR imaging before angiography
suggested that a study might be performed to
determine the incidence of silent infarction after
cerebral angiography (45). This study of 318
procedures done before and after multiple an-
giographic procedures shows that cerebral an-
giography is not associated with a high inci-
dence of silent infarcts, although infarction did
occur in 2 of the 15 patients in this study.
The neuropsychological test results in this

study compared favorably with other published
findings of brain tumor treatment outcomes as-
sessed in a similar manner. In one series, pa-
tients surviving longer than 2 years with malig-
nant astrocytomas treated with radiation (60
Gy) followed by variable intravenous chemo-
therapy regimens, showed declines in psycho-
metric performance (10). These declines on
cognitive testing preceded either clinical deteri-
oration on neurologic examination or CT evi-
dence of tumor recurrence. Another study of 13
patients who received 45 Gy to the whole brain
and a 15-Gy tumor boost with intravenous lo-
mustine therapy showed deterioration on cog-
nitive testing in all patients (7). Metaanalysis of
many studies showed radiotherapy to be asso-
ciated with a 27% incidence of cognitive deteri-
oration (46). Other therapies seem to be asso-
ciated with a higher incidence of cognitive
deterioration than the regimen reported here.
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This study showed new MR abnormalities in
some brain tumor patients treated with osmotic
blood-brain barrier disruption and intraarterial
chemotherapy. No patient showed cognitive de-
terioration, although one patient had right hand
dysesthesias and left thalamic infarct. And
therefore, MR abnormalities did not correlate
with the results of cognitive testing. This dis-
crepancy may exist because MR may show
structural abnormalities before they become
clinically manifested or because MR changes do
not have functional significance. New white
matter abnormalities did not correlate with ei-
ther diminished global cognitive function or se-
lective deficits in this series, a result consistent
with prior studies (24, 29, 47–49).
Imaging abnormalities but no cognitive se-

quelae were associated with blood-brain barrier
disruption and intraarterial chemotherapy ther-
apy. Future plans are to include patients who
undergo cranial radiation therapy, before or af-
ter disruption therapy, in the analysis of imaging
and cognitive sequelae of disruption therapy.
Prior studies evaluating cognitive or imaging

Fig 4. Note comparison of cognitive test results versus time in
10 patients not showing new changes on MR after blood-brain
barrier disruption and intraarterial chemotherapy.
sequelae of brain tumor therapies have included
patients treated with both chemotherapy and
radiation therapy in different dose regimens and
variable sequences. Therefore the contributions
of radiation therapy and chemotherapy to either
structural or functional abnormalities were diffi-
cult to assess (7, 10, 28, 29, 38–40). Expand-
ing this protocol may answer questions con-
cerning the relative contribution of radiation
therapy and chemotherapy to neurologic toxic-
ity and may help clarify the role of different
sequences of radiotherapy and chemotherapy
in the development of imaging or neuropsycho-
logic abnormalities (49–52).

Conclusion

Five of 15 patients undergoing osmotic
blood-brain barrier disruption with intraarterial
chemotherapy administration developed new
abnormalities on MR imaging, but no cognitive
deterioration occurred, although in one patient
a neurologic deficit corresponding to a left tha-
lamic infarct developed.

Fig 5. Note comparison of cognitive test results in five pa-
tients showing new changes on MR after blood-brain barrier dis-
ruption (BBBD) and intraarterial chemotherapy.
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Because brain tumor therapies may be asso-
ciated with cognitive deterioration or new MR
imaging changes, patients should undergo sys-
tematic evaluations with MR imaging and cog-
nitive testing.
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