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Incidence of Postangiographic Abnormalities Revealed by
Diffusion-Weighted MR Imaging

Peter M. Britt, Joseph E. Heiserman, Robb M. Snider, Holly A. Shill, C. R. Bird, and Robert C. Wallace

BACKGROUND AND PURPOSE: Occasionally we have observed anecdotal cases of asymp-
tomatic hyperintensities on diffusion-weighted MR (DW-MR) examinations of the brain of
patients who previously underwent routine cerebral angiography. These observations, as well
as MR imaging and transcranial Doppler data in the literature suggesting a high rate of pro-
cedure-associated emboli, raise concern regarding the underdiagnosis of asymptomatic focal
infarction associated with cerebral angiography.

In order to determine whether asymptomatic diffusion abnormalities are frequently associ-
ated with procedures, we prospectively obtained DW-MR images before and after routine ce-
rebral angiography.

METHODS: Twenty consecutive patients, who met protocol criteria and received a routine
three- or four-vessel diagnostic cerebral angiogram at our institution, were evaluated. Using a
Bayesian estimate to establish an upper bound for the incidence of an event with zero occur-
rences in a study sample, the study group size was selected to exclude a 10% incidence of
abnormalities revealed by DW-MR imaging of patients who underwent previous cerebral an-
giography. Two neuroradiologists evaluated imaging studies.

RESULTS: Neither clinical signs nor abnormalities on DW-MR images were found, which
suggested no infarction after angiography in our patient sample. Based on this data, an upper
bound of 9% (95% confidence) is predicted for the appearance of abnormalities revealed by
DW-MR imaging after cerebral angiography.

CONCLUSION: Cerebral angiography is associated with an incidence of asymptomatic ce-
rebral infarction of no more than 9%. It well may be substantially lower than this estimate; a
more accurate evaluation of the true incidence would require a significantly larger study pop-
ulation. This test provides a convenient noninvasive means of assessing procedure-related ce-
rebral infarction, such as that which occurs after carotid endarterectomy or vascular angio-
plasty and stenting.

Cerebral angiography is associated with a small but
definite incidence of cerebral infarction. The rea-
sons for these events are not defined completely,
although several risk factors have been identified.
In many cases, embolization of air, thrombus, or
particulate matter, such as calcified plaque, is be-
lieved to be associated with the clinical event. It is
not clear, however, whether the observed rate of
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infarction reflects the occurrence of rare sympto-
matic lesions or whether asymptomatic infarctions
are a frequent undetected result of cerebral angi-
ography.

We have addressed this question by using dif-
fusion-weighted MR (DW- MR) imaging to eval-
uate the incidence of diffusion abnormalities within
the brain after angiography.

Methods

Design

The study protocol was reviewed and approved by the hos-
pital institutional review board. Patients were recruited for a
6-month period from April to September 1998. Informed con-
sent was obtained from each subject. The patient population
included 20 consecutive neurologically intact adults between
25 and 80 years old, receiving a routine diagnostic cerebral
angiogram, who did not meet the exclusion criteria appearing
in Table 1. Medical risk factors within the study group includ-
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TABLE 1: Exclusion criteria for patient selection

The presence of an acute or subacute stroke.
Symptoms of a transient ischemic attack within 4 weeks of the

scheduled angiogram.
Neurologic deficits resulting from a vascular condition as determined

by a neurologist.
The presence of intracranial hemorrhage.
History of anticoagulant therapy within 4 weeks of the angiogram.
History of a congenital heart defect or cardiac arrhythmia.
History of closed head injury within 4 weeks of the examination.
Abnormality on diffusion MR imaging prior to angiography.
Condition precluding MR examination, such as the presence of a

pacemaker.
History of a neurosurgical or interventional procedure during 4

weeks prior to the study.

TABLE 2: Indications for cerebral angiography

Number (n) Indication

8 Incidental aneurysm on MR angiography
6 Evaluation for carotid senosis
2 Follow-up aneurysm
4 Other

TABLE 3: Pathology detected on cerebral angiogram

Number (n) Findings

8 Normal angiogram
6 . 70% cervical ICA stenosis
5 , 1 cm aneurysm
3 Vessel occlusion (1 ICA, 2 VA)
2 0-70% cervical ICA stenosis
1 AVM

Note.—ICA indicates internal carotid artery; VA, vertebral artery;
AVM, arteriovenous malformation.

ed five patients with a history of systemic hypertension con-
trolled with medication. One patient presented with a history
of diabetes mellitus.

Patients were initially assigned an NIH Stroke Scale (NIHSS)
score by a neurology resident (in 14 of 20 cases) or a neuro-
radiology fellow (in six of 20 cases), trained to administer the
NIHSS test (1). Each patient then underwent a DW-MR study
according to the protocol described herein. Within 12 hours, a
routine three- or four-vessel cerebral angiogram was performed.
No sooner than 2 hours and no later than 12 hours after the
angiogram was obtained, the patient underwent a postprocedural
DW-MR study. Prior to discharge, the patient was examined
again by a neurology resident (16 of 20 cases) or a neurora-
diology fellow (four of 20 cases) and an NIHSS score was as-
sessed. The average time between the baseline diffusion MR
study and the angiogram was 2 hours, with a range of 0.5 to
8.5 hours. The average time from the completion of the angio-
gram to the second DW-MR study was 5.7 hours (range, 2.0 to
11.25 hours). All but four studies were performed at greater than
4 hours after angiography was performed.

Angiography

The indications for angiography are detailed in Table 2. The
angiogram was performed using a single-plane digital-subtrac-
tion angiography methodology according to standard protocols
in use at our institution. A neuroradiology fellow under the
direct supervision of the attending neuroradiologist performed
the study. The catheter time, number of catheters used, type of
catheter required, number and type of guidewire used, number
of vessels treated by catheterization, number of projections ob-
tained, and the contrast load were recorded during the
procedure.

The mean time from groin puncture to catheter removal was
1.4 hours (range, 0.58–4.0 hours). A mean of 1.5 catheters
(range, 1–4) was used with the 5.5F H1 catheter (Cook, Bloo-
mington, IN) as the initial choice for all examinations. Other
catheters from various manufacturers, including antegrade and
retrograde (Simmon’s configuration) catheters for selective
catheterization as well as multihole (Pigtail configuration)
catheters, were used in some cases. A mean of 1.6 guidewires
(range, 1–3) was used, with the Bentson guidewire (Cook) rou-

tinely used initially. The Roadrunner (Cook) or an angled
Glidewire (Meditech, Natick, MA) were guidewires of second
choice. A mean of four vessels were selectively treated by
catheterization (range, 3–6). Average total volume of nonionic
contrast material (Omnipaque 300, Nycomed, Princeton, NJ)
injected was 143 mL (range, 87–251 mL).

A saline flush used during the procedure contained 2000
units of heparin in 500 mL of normal saline. Double-flush
technique was used in all procedures, with periodic flushes
performed at approximately 90-second intervals. Because each
flush consisted of a 4-mL injection, approximately 16 units of
heparin were administered per flush. This results in the ad-
ministration of approximately 600 units per hour of heparin.
In cases judged by the attending neuroradiologist to be difficult
or prolonged, low-dose heparin was administered by slow in-
travenous push. A total of five patients, with an average age
of 68 years (range, 58–78 years), received 1500 to 2000 units
of heparin by this route during the procedure. Thus, these pa-
tients received a bolus administration in addition to the dosing
associated with the periodic flush. The average length of these
five examinations was 1.87 hours (range, 0.73–4.0 hours). This
exceeded the average age of 55 years and the average exami-
nation length of 1.25 hours for patients who did not receive
bolus heparin. No patients underwent systemic heparinization
prior to the start of the procedure.

A 5F sheath was placed in nine patients when the catheter-
ization was felt likely to be difficult or in order to compensate
for torque resistance at the puncture site. Many abnormalities
were diagnosed, with a normal examination seen in eight of
the angiograms (Table 3).

Diffusion MR Imaging

All DW-MR studies were performed on a 1.5-T MR imaging
system that included high-performance gradient subsystems
(slew rate, 23 milliT/meter; peak amplitude, 2.7 gauss/cm; rise
time, 192 msec). A single-shot echo-planar spin-echo sequence
(TE, 101 msec; receiver bandwidth,149 kHz) was used. Pixel
dimensions were 2.5 mm2, with a slice thickness of 5 mm and
a 2.5-mm interslice gap. Total scan time was 26 seconds. Dif-
fusion-sensitized gradients (b 5 0,1000 sec/mm2) were applied
in each of three orthogonal directions (right-left, anteroposter-
ior, and craniocaudal), and images from each of the three dif-
fusion-sensitized acquisitions were displayed separately for
analysis. Two neuroradiologists separately and blindly evalu-
ated the pre- and postprocedural studies. Subsequently, the two
readers compared pre- and postangiographic studies and a con-
sensus opinion regarding changes was generated.

Statistical Analysis

The sample size for this trial was selected to allow a 10%
incidence of diffusion abnormalities in asymptomatic patients
to be excluded with 95% confidence. This determination was
made using a Bayesian estimate with noninformative beta to
establish an upper bound for the incidence of an event with
zero occurrences in a study sample (2). A similar result can
be obtained by applying classical methods (3).
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Results
In 19 of 20 patients, the NIHSS score was ini-

tially 0 and remained 0 after the procedure. In the
one remaining patient, the NIHSS score on initial
evaluation was 3 owing to congenital deficits and
remained 3 on the postprocedural evaluation, as de-
termined by the neurology resident. No transient
changes in neurologic status occurred in any patient
during cerebral angiography.

A total of 40 DW-MR studies were evaluated
blindly. In every case, both readers diagnosed no
abnormality. Subsequent comparison of pre- and
postangiographic studies by the two readers result-
ed in a consensus opinion of no evidence of new
abnormalities on DW-MR images after the proce-
dure. With this data, using the statistical methods
described in the Methods section, an upper bound
of 9% for the incidence of abnormalities on DW-
MR images in asymptomatic patients who under-
went cerebral angiography can be assigned with
95% confidence.

Discussion
Cerebral angiography is associated with an ap-

proximate 0.5% incidence of persistent neurologic
deficit, which, in most cases, is owing to cerebral
infarction (4–6). Several risk factors, such as hy-
pertension, atherosclerosis, diabetes, older age,
long procedure times, and use of more than one
catheter, have been associated with an increased in-
cidence of infarction. Although occasionally severe
vascular narrowing or occlusion from dissection or
vasospasm may result in symptomatic flow restric-
tion, most of the infarcts associated with angiog-
raphy are likely from distal embolization of air or
particulate matter (5).

Limited data exist in the literature regarding the
occurrence of MR abnormalities associated with
cerebral angiography. In a short communication,
Mamourian and Drayer (7) described five cases of
abnormalities revealed by T2-weighted MR imag-
ing performed within 24 hours of cerebral angi-
ography. Gerraty et al (8) studied 24 patients with
T2-weighted MR imaging performed both before
and after cerebral angiography. The second imag-
ing study was performed between 21 and 33 hours
after the procedure. One patient became sympto-
matic during angiography, and subsequently a
small lesion was identified within the thalamus. Of
the remaining 23 patients who remained asympto-
matic during and after angiography, none showed
any new abnormalities on T2-weighted images.

Several authors have described the presence of
high-intensity transient spectral signals, sometimes
termed microembolic signals, that are obtained
from the middle cerebral artery by using transcran-
ial Doppler sonography during cerebral or carotid
angiography (8–11). A typical microembolic-signal
count during the course of a cerebral angiogram
ranges from 50–100. Most of these anomalies have
spectral properties consistent with air emboli, al-

though some are ascribed to solid material and like-
ly are owing to thrombi or, in rare cases, solid
plaque material. These emboli occur predominately
during contrast or saline flush injection and are
seen less commonly during catheter and wire ma-
nipulation. These data suggest that most of the de-
tected emboli represent air bubbles introduced dur-
ing contrast injection and saline flush. The clinical
significance of such microembolization during an-
giography is controversial. Nonetheless, neuropsy-
chological changes of patients undergoing cardiac
valve replacement, during which much higher (on
the order of 1000) microembolic signals were re-
corded throughout the procedure, have been docu-
mented (12). Coronary artery bypass graft proce-
dures can be associated with small asymptomatic
ischemic cerebral lesions detectable by MR imag-
ing (13). Pathologic studies (14) have documented
fatty intravascular collections, believed to be em-
bolic in nature, associated with cardiopulmonary
bypass.

DW-MR imaging represents a new and sensitive
probe for acute cerebral infarction (15). Data col-
lected using echo-planar sequences with diffusion
sensitization can be used to form anisotropic (or-
thogonal-axis) DW-MR maps. Isotropic represen-
tations can be derived from these data by generat-
ing trace images. Such DW-MR data incorporate
the effects of the intended diffusion weighting as
well as T2 effects—a phenomenon known as T2
‘‘shine-through.’’ The T2 effects can be eliminated,
with additional postprocessing, to form pure dif-
fusion or apparent diffusion coefficient (ADC) im-
ages. Despite potential confounding influences
from T2 shine-through in subacute infarcts, aniso-
tropic DW-MR imaging reveals high sensitivity and
accuracy for detection of early cerebral infarction
and may exceed the sensitivity of ADC maps in the
early acute phase (16).

Using these techniques, cerebral ischemia or in-
farction has been identified in animal models as
early as 15 minutes after middle cerebral artery oc-
clusion (17, 18). Numerous authors have reported
detection of focal areas of infarction at 1.5-T field
strength as early as 1.5–2 hours after the onset of
clinical symptoms by using both DW-MR and ADC
imaging of human subjects (19–21). A 94% to
100% sensitivity for detection of acute infarction
within 6 hours of symptom onset has been reported
(22, 23). The changes of diffusion restriction ob-
served on DW-MR and ADC studies after acute
infarction persist for 1 to 2 weeks (19, 24, 25). The
DW-MR technique has been found also to be useful
for detection of small subcortical infarctions during
the acute phase (26, 27). Recently, abnormalities
revealed by DW-MR imaging also have been de-
scribed in patients presenting clinically with tran-
sient ischemic attacks (28). In some cases, these
imaging abnormalities resolved along with the clin-
ical deficits.

On rare occasions, we have observed focal dif-
fusion abnormalities of patients without neurologic
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FIG 1. DW-MR imaging in neurologically intact 70-year-old pa-
tient 6 hours after uneventful routine cerebral angiography shows
numerous small acute asymptomatic diffusion abnormalities. The
angiogram was obtained to evaluate for carotid stenosis, and MR
imaging was performed owing to transient mental status change.
Imaging parameters used were identical to those used in the
present trial protocol. These four scans were obtained with dif-
fusion-sensitizing gradient-oriented imaging in transverse direc-
tion. Small right frontal lesion (arrow), which is seen easily, oc-
cupies about four pixels in the image.

deficits after cerebral angiography. An example is
given in Figure 1 of a patient who was not a mem-
ber of the group that is described in this trial. These
anecdotal observations, as well as the observations
of Mamourian and the Doppler data described pre-
viously, resulted in a concern regarding the under-
diagnosis of asymptomatic focal infarction associ-
ated with cerebral angiography.

This study represents the first attempt to use
DW-MR imaging to quantify the incidence of
asymptomatic infarction associated with angiog-
raphy. A previously published case report of a pa-
tient who developed transient global amnesia tem-
porally associated with cerebral angiography did
show changes on DW-MR images within the pos-
terior circulation 6 hours after the procedure, sup-
porting the use of this technique for evaluating
postprocedural changes (29). The use of DW-MR
imaging for the detection of infarction results in a
substantial increase in sensitivity compared with
that of T2-weighted MR imaging (23, 30). The
high lesion C/N seen by DW-MR imaging also op-
timizes the visualization of small lesions compared
with other MR imaging methods. Using this ap-
proach, lesions that occupy only a few pixels in the
image are easily detected (Fig 1).

The results of the present study are consistent
with an upper bound of 9% on the rate of occur-
rence of abnormalities associated with angiography
revealed by DW-MR imaging of asymptomatic pa-

tients. The exclusion criteria selected for the cur-
rent investigation were designed to create a patient
population with a low-to-moderate risk of sporadic
embolization in order to minimize events that are
temporally but not causally related to cerebral an-
giography (31). In a similar patient population, a
prospective trial enrolling approximately 100
asymptomatic patients would be required to ex-
clude abnormalities revealed by DW-MR imaging
at 2% incidence (2). In patient subgroups with mul-
tiple risk factors, particularly severe atherosclerotic
disease affecting the cervical vessels or the aortic
arch, a higher rate of procedure-related sympto-
matic infarction is observed (5), and an elevated
rate of asymptomatic embolic infarction might be
expected also.

In this trial, most patients received a small dose
of intra-arterial heparin, equivalent to an infusion
of approximately 600 units per hour, associated
with periodic catheter flushes. This falls substan-
tially below the 60-U/kg dose that was suggested
in one publication for systemic heparinization in
association with neuroangiography (32) and is not
felt to have had a significant effect on the results
of this trial. Five patients, however, received a bo-
lus dose of 1500–2000 units of heparin intrave-
nously during the procedure, in accord with our
standard angiographic practice, when the catheter-
ization was felt to be difficult or prolonged. The
heparin dosing received by this subset of patients
likely did result in systemic anticoagulation and
could have reduced the risk of embolization in this
subgroup (33).

Several factors must be considered that could
limit the sensitivity of this method for detecting
asymptomatic ischemia or infarction. First, sensi-
tivity for detecting very small lesions is limited by
pixel size and interslice gap. Thus, it cannot be ex-
pected that abnormalities smaller than the pixel
volume (approximately 30 mm3) were detected re-
liably in the current study. Second, lesions associ-
ated with angiography, but not occurring simulta-
neous to or shortly after angiography, may not be
identified. Finally, transient branch occlusions,
which may produce focal ischemia but do not per-
sist or that resolve before postangiographic imag-
ing, may not be detected.

Conclusion

In conclusion, cerebral angiography is not asso-
ciated with a high incidence of asymptomatic ce-
rebral infarction, as determined by DW-MR imag-
ing. The use of DW-MR imaging allows convenient
noninvasive assessment of procedure-related cere-
bral infarction, and may be useful in the evaluation
of other invasive procedures, such as carotid end-
arterectomy, intravascular balloon angioplasty, and
carotid stenting.
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Addendum

The following article may be of interest to the reader: Bendszus
M, Koltzenburg M, Burger R, Warmuth-Metz M, Hofmann E, Soly-
mosi L. Silent embolism in diagnostic cerebral angiography and
neurointerventional procedures: a prospective study. Lancet 1999;
354:1594–1597.

References
1. Goldstein LB, Samsa GP. Reliability of the National Institutes

of Health Stroke Scale. Extension to non-neurologists in the
context of a clinical trial. Stroke 1997;28:307–310

2. Basu AP, Gaylor DW, Chen JJ. Estimating the probability of
occurrence of tumor for a rare cancer with zero occurrence
in a sample. Regul Toxicol Pharmacol 1996;23:139–144

3. Louis TA. Confidence intervals for a binomial parameter after
observing no successes. The American Statistician 1981;35:–154

4. Dion JE, Gates PC, Fox AJ, Barnett HJ, Blom RJ. Clinical events
following neuroangiography: a prospective study. Stroke 1987;
8:997–1004

5. Hankey GJ, Warlow CP, Sellar RJ. Cerebral angiographic risk
in mild cerebrovascular disease. Stroke 1990;21:209–222

6. Heiserman JE, Dean BL, Hodak JA, et al. Neurologic compli-
cations of cerebral angiography. AJNR Am J Neuroradiol 1994;
15:1401–1407

7. Mamourian A, Drayer BP. Clinically silent infarcts shown by
MR after cerebral angiography. AJNR Am J Neuroradiol 1990;
11:1084

8. Gerraty RP, Bowser DN, Infeld B, Mitchell PJ, Davis SM. Mi-
croemboli during carotid angiography. Association with stroke
risk factors or subsequent magnetic resonance imaging
changes? Stroke 1996;27:1543–1547

9. Staudacher T, Prey N, Sonntag W, Stoeter P. [The basis for ul-
trasonic phenomena during the injection of x-ray contrast me-
dia] Zur Grundlage der Ultraschallphanomene wahrend der
Injektion von Rontgenkontrastmitteln. Radiologe 1990;30:
124–129

10. Markus H, Loh A, Israel D, Buckenham T, Clifton A, Brown MM.
Microscopic air embolism during cerebral angiography and
strategies for its avoidance. Lancet 1993;341:784–787

11. Dagirmanjian A, Davis DA, Rothfus WE, Deeb ZL, Goldberg AL.
Silent cerebral microemboli occurring during carotid angiog-
raphy: frequency as determined with Doppler sonography.
AJR Am J Roentgenol 1993;161:1037–1040

12. Braekken SK, Reinvang I, Russell D, Brucher R, Svennevig JL.
Association between intraoperative cerebral microembolic sig-
nals and postoperative neuropsychological deficit: comparison
between patients with cardiac valve replacement and patients
with coronary artery bypass grafting. J Neurol Neurosurg Psy-
chiatry 1998;65:573–576

13. Vanninen R, Aikia M, Kononen M, et al. Subclinical cerebral
complications after coronary artery bypass grafting: prospec-
tive analysis with magnetic resonance imaging, quantitative
electroencephalography, and neuropsychological assessment.
Arch Neurol 1998;55:618–627

14. Moody DM, Brown WR, Challa VR, Stump DA, Reboussin DM,
Legault C. Brain microemboli associated with cardiopulmo-
nary bypass: a histologic and magnetic resonance imaging
study. Ann Thorac Surg 1995;59:1304–1307

15. Beauchamp NJJ, Ulug AM, Passe TJ, van Zijl PC. MR diffusion
imaging in stroke: review and controversies. Radiographics.
1998;18:1269–1283

16. Chong J, Lu D, Aragao F, et al. Diffusion-weighted MR of acute
cerebral infarction: comparison of data processing methods.
AJNR Am J Neuroradiol 1998;19:1733–1739

17. Mintorovitch J, Mosley ME, Chileuitt L, Shimizu H, Cohen Y,
Weinstein PR. Comparison of diffusion and T2 weighted MRI
for the early detection of cerebral ischemia and reperfusion in
rats. Magn Reson Med 1990;18:39–50

18. Kuroiwa T, Nagaoka T, Ueki M, Yamada I, Miyasaka N, Akimoto
H. Different apparent diffusion coefficient: water content cor-
relations of gray and white matter during early ischemia.
Stroke 1998;29:859–865

19. Schwamm LH, Koroshetz WJ, Sorensen AG, et al. Time course
of lesion development in patients with acute stroke: serial dif-
fusion- and hemodynamic-weighted magnetic resonance im-
aging. Stroke 1998;29:2268–2276

20. Rordorf G, Koroshetz WJ, Copen WA, et al. Regional ischemia
and ischemic injury in patients with acute middle cerebral ar-
tery stroke as defined by early diffusion-weighted and perfu-
sion-weighted MRI. Stroke 1998;29:939–943

21. Sorensen AG, Buonanno FS, Gonzalez RG, et al. Hyperacute
stroke: evaluation with combined multisection diffusion-
weighted and hemodynamically weighted echo-planar MR im-
aging. Radiology 1996;199:391–401

22. Lovblad KO, Laubach HJ, Baird AE, et al. Clinical experience
with diffusion- weighted MR in patients with acute stroke.
AJNR Am J Neuroradiol 1998;19:1061–1066

23. Gonzalez RG, Schaefer PW, Buonanno FS, et al. Diffusion-
weighted MR imaging: diagnostic accuracy in patients imaged
within 6 hours of stroke symptom onset. Radiology 1999;210:
155–162

24. Schlaug G, Siewert B, Benfield A, Edelman RR, Warach S. Time
course of the apparent diffusion coefficient (ADC) abnormality
in human stroke. Neurology 1997;49:113–119

25. Burdette JH, Ricci PE, Petitti N, Elster AD. Cerebral infarction:
time course of signal intensity changes on diffusion-weighted
MR images. AJR Am J Roentgenol 1998;171:791–795

26. Singer MB, Chong J, Lu D, Schonewille WJ, Tuhrim S, Atlas SW.
Diffusion- weighted MRI in acute subcortical infarction. Stroke
1998;29:133–136

27. Warach S, Gaa J, Siewert B, Wielopolski P, Edelman RR. Acute
human stroke studied by whole brain echo planar diffusion-
weighted magnetic resonance imaging. Ann Neurol 1995;37:
231–241

28. Kidwell CS, Alger JR, Di Salle F, et al. Diffusion MRI in patients
with transient ischemic attacks. Stroke 1999;30:1174–1180

29. Woolfenden AR, O’Brien MW, Schwartzberg RE, Norbash AM,
Tong DC. Diffusion-weighted MRI in transient global amnesia
precipitated by cerebral angiography. Stroke 1997;28:2311–
2314

30. van Everdingen KJ, van der Grond J, Kappelle LJ, Ramos LM,
Mali WP. Diffusion- weighted magnetic resonance imaging in
acute stroke. Stroke 1998;29:1783–1790

31. Baum S, Stein GN, Kuroda KK. Complications of ‘‘no arteri-
ography’’. Radiology 1966;86:835–838

32. Fujii Y, Takeuchi S, Koike T, et al. Heparin administration and
monitoring for neuroangiography. AJNR Am J Neuroradiol
1994;15:51–54

33. Debrun GM, Vinuela FV, Fox AJ. Aspirin and systemic hepar-
inization in diagnostic and interventional neuroradiology. AJR
Am J Roentgenol 1982;139:139–142


