
Karen A. Büsing, MD
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Cerebral Infarction: Incidence
and Risk Factors after
Diagnostic and Interventional
Cardiac Catheterization—
Prospective Evaluation at
Diffusion-weighted MR
Imaging1

PURPOSE: To prospectively evaluate incidence of clinically silent and clinically
apparent embolic cerebral infarction following diagnostic and interventional coro-
nary angiography and associated risk factors.

MATERIALS AND METHODS: Written informed consent was obtained from all
patients, and the study was approved by the research ethics committee of University
of Heidelberg, Germany. Fifty-two patients, including 37 men (mean age, 66.1
years � 11.9 [standard deviation]) and 15 women (mean age, 65.3 years � 10.3),
undergoing elective cardiac catheterization were examined 3–26 hours (mean, 15.3
hours � 6) before and 12–48 hours (mean, 25.9 hours � 10.4) after cardiac
catheterization. Magnetic resonance imaging protocol included isotropic and aniso-
tropic diffusion-weighted single-shot echo-planar sequences. T2-weighted turbo
spin-echo and T1-weighted spin-echo sequences also were performed. Apparent
diffusion coefficient maps were calculated to exclude false-positive reading results
on diffusion-weighted images because of T2 shine-through effect. Images were
assessed by two experienced radiologists blinded to clinical data. Cardiac catheter-
ization was performed by 11 experienced cardiologists to exclude operator-related
risk. A neurologic examination according to the National Institutes of Health Stroke
Scale and Barthel index was performed by a senior cardiologist before acquisition of
each image. Sixteen clinical and angiographic variables were analyzed with univar-
iate analysis for ability to predict occurrence of cerebral infarction.

RESULTS: No embolic cerebral lesions could be detected at diffusion-weighted
imaging before catheterization. After coronary angiography, seven (15%) of 48
patients demonstrated nine focal cerebral infarcts affecting anterior and posterior
circulation. Patients remained asymptomatic. Of all tested variables, only duration of
the procedure was identified as an independent predictor of occurrence of cerebral
infarction (P � .05).

CONCLUSION: In this prospective study, asymptomatic cerebral infarction follow-
ing cardiac catheterization occurred in 15% of patients in whom duration of the
procedure was significantly longer than in those without infarction (P � .017).
© RSNA, 2005

Cardiac catheterization has been established as the standard for evaluation of coronary
artery disease (1). Furthermore, percutaneous coronary interventions have been developed
as an alternative to medical and surgical treatment (2). Cardiac catheterization is generally
regarded as safe (3–6). It is, however, an invasive diagnostic and therapeutic procedure
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involving mechanical stress to the arte-
rial vascular system caused by catheter
manipulation and to the aortic valve, if
levocardiography (which is evaluation of
left ventricular dynamics by means of
retrograde catheter passage) is per-
formed. Thus, there has always been con-
cern regarding the risk of cerebral embo-
lism. Retrospective analysis of as many as
20 000 patients revealed that clinically
apparent cerebral infarction only occurs
in 0.11%–0.38% of these individuals (7–
9). Nevertheless, the incidence of asymp-
tomatic cerebral infarctions may be more
frequent. For example, after selective ce-
rebral angiography, clinically inapparent
infarction has been described in 18.5%–
23% of patients (10,11).

The origins of cerebral emboli associ-
ated with catheterization seem to be var-
ied. Among those suggested are loosened
atherosclerotic plaque caused by catheter
manipulation, thrombus formation at
the catheter (7,10,11), air embolism
(12,13), and—in rare cases—foreign ma-
terial possibly from the catheter or the
guidewire (14). Omran et al (15) showed
that retrograde passage of the catheter
through the aortic valve for levocardio-
graphy in patients with aortic stenosis
represents a highly marked risk factor for
embolic cerebral lesions. In addition, Se-
gal et al (7) found a slight increase in
stroke in a large retrospective analysis of
patients who underwent therapeutic car-
diac catheterization, such as that for an-
gioplasty and stent implantation.

With respect to coronary angiography,
neither the overall incidence of cerebral
embolic lesions, including those in clin-
ically inapparent cases, nor the risk of
incidence of these lesions after revascu-
larization procedures has been evaluated
in a nonselected cohort of patients.

At present, diffusion-weighted (DW)
magnetic resonance (MR) imaging is the
most sensitive tool for early detection of
cerebral infarction (16–19). DW MR im-
aging provides image contrast based on
random translational motion of water
molecules, which is substantially altered
by acute cerebral ischemia (20). The ad-
dition of this method to conventional
MR imaging sequences makes it possible to
detect very small and hyperacute infarc-
tion at almost any anatomic location
within the brain hemispheres, the brain-
stem, and the cerebellum. DW MR imaging
has been used to detect structural damage
to the brain caused by silent embolism dur-
ing cerebral and coronary angiography
(10,11,15), as well as during surgical and
endovascular revascularization procedures
in the carotid artery (21–24).

The aim of this study was to prospec-
tively evaluate the incidence of clinically
silent and clinically apparent cerebral in-
farction after diagnostic and interven-
tional coronary angiography and the risk
factors associated with the procedures.

MATERIALS AND METHODS

Study Population

From December 2001 to June 2002, 52
patients aged 18 years or older were in-
cluded in our study. These patients in-
cluded 37 men (mean age, 66.1 years �
11.9 [standard deviation]) and 15 women
(mean age, 65.3 years � 10.3). All pa-
tients underwent cardiac catheterization
for clinical indications such as evaluation
of coronary artery disease or valvular dys-
function. Exclusion criteria were contra-
indications to MR imaging, a history of
cerebral ischemia (stroke or transient
ischemic attack within the past 3 months),
acute coronary syndromes, unstable vital
parameters, and pregnancy. Because of
limited MR imaging capacity, we were
not able to include more than two pa-
tients per week. Written informed con-
sent was obtained from all patients, and
the study was approved by the research
ethics committee of the University of
Heidelberg, Heidelberg, Germany.

Study Protocol

A medical history was documented in
each patient before further investigations
by senior cardiologists (T.S., K.K.H.).
These cardiologists assessed cardiovascu-
lar risk factors, such as smoking, diabetes,
hypertension, hyperlipidemia, and obe-
sity, and preexisting cardiovascular ab-
normalities, such as arrhythmia, an ejec-
tion fraction of less than 35%, aortic
valve stenosis, left ventricular aneurysm,
and peripheral vascular disease of the sec-
ond degree or greater. They were also
trained to perform the neurologic assess-
ment according to the National Institutes
of Health Stroke Scale and the Barthel
index before MR imaging. A neurologic
complication of catheterization was de-
fined as any increase in the National In-
stitutes of Health Stroke Scale score.

All patients underwent cranial MR im-
aging with a 1.5-T MR unit (Magnetom
Vision; Siemens, Erlangen, Germany)
and a circular polarized head coil 3–26
hours (mean, 15.3 hours � 6) before and
12–48 hours (mean, 25.9 hours � 10.4)
after cardiac catheterization. The imag-
ing protocol included isotropic DW (dif-
fusion weighting in three orthogonal di-
rections and subsequent averaging) and

direction-dependent DW (section-selec-
tion direction) single-shot echo-planar
sequences (repetition time msec/echo
time msec, 6000/100; matrix, 128 � 128,
interpolated to 256 � 256; section thick-
ness, 5 mm; and b values, 0, 500, and
1000 sec/mm2). Isotropic diffusion weight-
ing overcomes signal changes in diffu-
sion weighting caused by anisotropic dif-
fusion characteristics in white matter
fibrous structures. Moreover, apparent
diffusion coefficient maps were calcu-
lated to exclude false-positive reading re-
sults in the DW sequences caused by a T2
shine-through effect. In addition, T2-
weighted turbo spin-echo MR imaging
(2500/85; matrix, 260 � 512; flip angle,
180°; and section thickness, 5 mm) and
T1-weighted spin-echo MR imaging
(440/12; matrix, 169 � 256; flip angle,
70°; and section thickness, 5 mm) were
performed. There were no adverse events
during MR imaging.

Cardiac catheterization was performed
by 11 cardiologists (including M.B.,
K.K.H., and T.S.), each with at least 5
years of experience in cardiac catheteriza-
tion, with a femoral approach in all pa-
tients. The number of cardiologists in-
volved was not restricted. In this way,
operator-related risk could be minimized.
Standard coronary angiography was per-
formed in all patients with a 5-F catheter
(Cordis; Johnson & Johnson, Miami, Fla)
by using a guidewire (Scimed; Boston Sci-
entific, New York, NY). A total of 2500 IU
of heparin (Heparin-Natrium; Ratiop-
harm, Ulm, Germany) was given imme-
diately after sheath insertion. As stan-
dard procedure, levocardiography was
performed in all 52 patients after retro-
grade passage of a 5-F pigtail catheter.
After levocardiography, the catheter was
rapidly withdrawn from the left ventri-
cle, with monitoring of the pressure gra-
dient. After diagnostic catheterization, a
6- or 7-F catheter (Cordis; Johnson &
Johnson) was used for percutaneous cor-
onary interventions into the aortic root.

In all, 13 of 48 patients underwent fur-
ther therapeutic interventions, such as
stent implantation and/or balloon dila-
tion, in addition to standard coronary
angiography and levocardiography. We
administered 5000 IU of heparin as a bo-
lus before the procedure and then an-
other bolus of 2500 IU of heparin during
the procedure to maintain an activated
clotting time of more than 250 seconds.
A standard contrast medium (Ultravist;
Schering, Berlin, Germany), 300 mg of
iodine per milliliter, was used. For diag-
nostic angiography, sheaths were re-
moved immediately after the procedure.
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In patients who underwent percutaneous
coronary intervention, the sheaths were
removed within 4–6 hours after the pro-
cedure. After stent implantation, patients
received 100 mg of aspirin daily and 300
mg of clopidogrel bisulfate (Iscover; Bris-
tol-Myers Squibb Pharma EEIG, Icken-
ham, England) as an initial dose, with a
daily dose of 75 mg of clopidogrel there-
after for 4 weeks. Both fluoroscopy time
and the total duration of the procedure
were recorded. No complications were
observed during the first 24 hours after
cardiac catheterization.

Imaging Assessment

The presence of new focal diffusion ab-
normalities (areas of hyperintensity) on
the postprocedural MR images was re-
garded as a positive indication of acute
cytotoxic edema, most likely caused by a
recent embolic infarction. All DW abnor-
malities were correlated with the findings
on the T2- and T1-weighted MR images,
as well as on the ADC map. T2-weighted
images sometimes showed a correspond-
ing area of hyperintensity, which re-
flected a beginning vasogenic edema
(25). A signal intensity decrease, how-
ever, on ADC maps was required to ex-
clude false-positive results caused by a T2
shine-through effect (25). T1-weighted
MR images were acquired to reveal other
intracranial abnormalities, such as necro-
sis caused by an old ischemic infarction.
For all diffusion abnormalities, the size,
vascular distribution, lobe, and area of
the brain were determined. All MR im-
ages were assessed by two experienced
radiologists (W.N., K.A.B., with 10 and 4

years of experience, respectively, in eval-
uation of cerebral MR images). They were
blinded to the neurologic status and were
unaware of the cardiac procedure per-
formed. In case of dissent (one lesion in a
patient with multiple infarctions), the
examination findings were reviewed, and
a decision was made with mutual agree-
ment.

Statistical Analysis

For statistical analysis, the patients
were classified into two groups, those
with negative (normal) and those with
positive (new lesion at DW imaging)
postprocedural MR imaging results. For
categorical variables (cardiovascular risk
factors and disease, amount of contrast
medium, fluoroscopy time, and duration
of cardiac catheterization procedure), the
Fisher exact test and the Mann-Whitney
U test were used to evaluate the differ-
ences between the two groups of pa-
tients, those with and those without
newly developed focal cerebral infarc-
tions. Data analyses were performed by
using statistical software (SAS for Win-
dows, release 8.02; SAS Institute, Cary,
NC). A difference with P � .05 was con-
sidered significant.

RESULTS

Final Study Population

In all, 52 patients were included in the
study. Cardiac catheterization was per-
formed in 51 patients. One patient was
excluded from catheterization because of
acute sinusitis revealed at MR imaging.

Follow-up MR imaging was performed in
48 patients. The remaining three patients
refused to undergo MR imaging after car-
diac catheterization, mainly because of
aggravated claustrophobia. Therefore, the
data in 48 patients (mean age, 65.9
years � 11; 34 men [mean age, 65.7
years � 10.5] and 14 women [mean age,
66 years � 12.3]) could be further ana-
lyzed statistically. The difference in mean
age with respect to the patient’s sex was
of no statistical significance (P � .99).

Risk Factors

Inherent patient risk factors, such as
age, sex, and history of cerebral or myo-
cardial ischemia, and cardiovascular risk
factors, such as smoking, diabetes, hyper-
tension, hyperlipidemia, and obesity, did
not differ in a statistically significant
manner between patients with normal
follow-up MR imaging findings and pa-
tients with new focal infarctions (Table
1). Furthermore, there was no relevant
difference with regard to preexisting car-
diovascular abnormalities (ie, arrhyth-
mias, impaired ejection fraction � 35%,
aortic valve stenosis, left ventricular an-
eurysm, or clinical signs of peripheral
vascular disease of second degree or
greater) (Table 2), nor did the amount of
contrast medium administered differ sig-
nificantly (162.9 mL � 75.6 vs 220 mL �
157.2; P � .895).

In our study population, there were
only seven (16.7%) of 48 cases of aortic
stenosis, including one in a patient with
multifocal cerebral infarctions after car-
diac catheterization. Excluding the pa-
tients with aortic valve stenosis from our
group, however, did not change the re-
sults to any relevant extent, since, again,
15% (six of 41) of the patients had posi-
tive results.

MR Imaging

DW MR images did not show any ab-
normalities prior to cardiac catheteriza-
tion in any of the 48 patients. On the
postprocedural MR images, a total of
nine new lesions on DW MR images were
diagnosed in seven (15%) patients. Of
the seven patients, four underwent car-
diac catheterization for only diagnostic
purposes. Two of the remaining three pa-
tients (including the patient with multi-
ple cerebral lesions) underwent angio-
plasty and stent implantation, and one
patient underwent additional angio-
plasty without stent implantation.

The location of abnormalities was con-
sistent with an embolic pattern of lesions

TABLE 1
Patient Characteristics with Imaging Results

Characteristic

Postprocedural MR Imaging Result

P ValueNormal (n � 41) New Lesion (n � 7)

Patient risk factor
Age (y)* 65 � 11.2 70.9 � 8.4 .327
Sex

M 27 (66) 7 (100) .089
F 14 (34) 0 (0) . . .†

Previous myocardial infarction 18 (44) 2 (29) .683
Previous stroke 5 (12) 2 (29) .267

Cardiovascular risk factor
Smoking 26 (63) 4 (57) �.99
Diabetes 5 (12) 1 (14) �.99
Hypertension 23 (56) 3 (43) .687
Hyperlipidemia 27 (66) 2 (29) .097
Obesity (body mass index �25) 28 (68) 3 (43) .226

Note.—Values are numbers of patients, and numbers in parentheses are percentages unless
otherwise indicated.

* Values are the mean � standard deviation.
† The P value was not different from that for male patients (Fisher exact test).
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in the distal vascular territory of small
cortical, subcortical, or perforating ves-
sels (Figs 1, 2). All diffusion abnormalities
showed a corresponding signal intensity
decrease on the ADC maps so that there
were no false-positive measurements. In
three of seven patients, we observed a
corresponding area of hyperintensity on
T2-weighted MR images, but no correlat-
ing signal change was seen on T1-
weighted MR images. Six patients had a
single lesion; in five of these patients, the
lesion was situated in the territory of the
middle cerebral artery, and in one pa-
tient, the lesion was in the territory of the
posterior inferior cerebellar artery. One
patient had multiple lesions; two were
found in the territory of the right middle
cerebral artery, and one, in the right pos-
terior inferior cerebellar artery territory.
There was no significant difference in re-
gard to the location within the two hemi-
spheres (five lesions were in the right
hemisphere, compared with four in the
left hemisphere; P � .05). Each lesion was
less than 5 mm in diameter. We did not
observe any diffuse alterations of signal
intensity at DW MR imaging or in the
pattern of watershed ischemia.

Postprocedural Neurologic
Assessment

Findings in all postprocedural neuro-
logic assessments were negative; that is,
no clinical signs of neurologic diseases or
disorders were apparent.

Catheterization Procedures

The statistical analysis of therapeutic
cardiac catheterization (13 of 48 patients)
versus purely diagnostic angiography (35
of 48 patients) revealed a slight but not
statistically significant increased risk for
the development of focal cerebral lesions:
three (23%) of 13 patients for therapeutic
catheterization and four (11%) of 34 pa-
tients for diagnostic catheterization (P �
.37).

Fluoroscopy Time and Duration of
Procedure

In regard to fluoroscopy time, there
was no significant difference between pa-
tients with normal postprocedural MR
imaging findings and those with a newly
developed lesion (P � .148). Taking into
account that fluoroscopy time for inter-
ventional coronary angiography was
generally longer than was time for diag-
nostic angiography (12.4 minutes � 8.3
vs 5.8 minutes � 4.5), we further ana-
lyzed these two subgroups but were un-

able to determine any relevant difference
(P � .554 [interventional] and P � .534
[diagnostic]; Table 3).

Considering the fact that a cogent cor-
relation between fluoroscopy time and
the overall duration of cardiac catheter-

ization cannot be assumed, we also inves-
tigated a possible association between
the total length of catheterization and
the risk of development of cerebral le-
sions. This analysis revealed a highly sig-
nificant correlation between the overall

TABLE 2
Preexisting Cardiovascular Abnormalities

Abnormality

Postprocedural MR Imaging Result

P ValueNormal (n � 41) New Lesion (n � 7)

Arrhythmia 6 (15) 1 (14) �.99
Ejection fraction � 35% 3 (7) 1 (14) .605
Aortic valve stenosis 7 (17) 1 (14) �.99
Left ventricular aneurysm 2 (5) 1 (14) .343
Peripheral vascular disease of second

degree or greater 3 (7) 2 (29) .148

Note.—Values are numbers of patients, and numbers in parentheses are percentages.

Figure 1. Images obtained in a 63-year-old man after diagnostic catheterization show a focal
ischemic lesion (arrow) in the right parietal lobe. Left: Transverse DW MR images (6000/100;
matrix, 128 � 128; section thickness, 5 mm; and b value, 1000 sec/mm2). Right: Transverse
apparent diffusion coefficient maps.
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duration of the catheterization and the
development of new ischemic cerebral
lesions. For the entire study popula-
tion, there was a statistically significant
difference (P � .017). Again, we took
into account that the overall duration
of catheterization was longer in pa-
tients undergoing interventional proce-
dures than in those undergoing diag-
nostic procedures (51.6 minutes � 14.4

vs 27.7 minutes � 16.2), but a separate
analysis of these subgroups yielded
comparable results (P � .045 [interven-
tional] and P � .063 [diagnostic]).

Operators

A separate analysis in regard to the 11
cardiologists involved did not reveal any
significant operator-related risk for devel-

opment of cerebral lesions at postproce-
dural DW imaging (P � .05).

DISCUSSION

With DW MR imaging, we analyzed the
incidence of cerebral infarction after cor-
onary angiography. In a nonselected
group of 48 patients who were undergo-
ing diagnostic and interventional cardiac
catheterization, seven (15%) patients de-
veloped nine focal ischemic lesions,
none of which were clinically apparent.
Therefore, the rate of asymptomatic cere-
bral infarction after cardiac catheteriza-
tion seems to be about 10-fold higher
than it is for clinically apparent cerebral
lesions (0.11%–0.38%) (7–9). In fact, in
our study population, the rate of cerebral
infarction is almost as high as it is in
patients who undergo angiography of
the brain-supplying arteries (15% vs
18.5%–23%) (10,11). With respect to the
fact that there is no catheter manipula-
tion in the carotid arteries during cardiac
catheterization, the data strongly indi-
cate that there are important sources of
emboli other than loosening of athero-
sclerotic material from the carotid artery
caused by catheter manipulations, as sug-
gested in cases of cerebral angiography
(10,11).

Among all clinical and angiographic
variables tested within the present study
population, however, no potential source
of or risk factors for these cerebral emboli
could be identified, since endovascular
interventions, cardiovascular risk factors,
and underlying cardiovascular abnormal-
ities had no significant effect.

Looking at coronary interventions, Se-
gal et al (7) found a slight increase in
clinically apparent cerebral ischemia in a
retrospective analysis of patients who
were undergoing stent implantation
and/or angioplasty. With respect to clin-
ically inapparent lesions, we could con-
firm these findings (11% in diagnostic
and 23% in therapeutic cardiac catheter-
ization [P � .37]). Still, it must be as-
sumed that different or more important
sources of emboli other than coronary
interventions are involved. These results,
however, would have to be interpreted in
consideration of a weaker statistical
power that was due to the small sample
size, particularly in the interventional
subgroup.

Jackson et al (26) found that hyperten-
sion, age older than 60 years, peripheral
vascular disease, and either nonelective
procedures or those involving angio-
plasty all independently increased the

TABLE 3
Comparison of Total Duration and Fluoroscopy Times in Patients with Normal
Results versus Patients with New Lesions at Postprocedural MR Imaging

Duration or Time and Procedures*

Postprocedural MR Imaging Result

P ValueNormal New Lesion

All procedures
Total duration 33.5 � 18.7 (41) 55.9 � 22.4 (7) .017
Fluoroscopy time 7.4 � 6.2 (41) 10.1 � 5.9 (7) .148

Diagnostic procedures
Total duration 27.7 � 16.2 (31) 41.5 � 14.5 (4) .063
Fluoroscopy time 5.8 � 4.5 (31) 6.6 � 4.0 (4) .534

Interventional procedures
Total duration 51.6 � 14.4 (10) 75 � 15.0 (3) .045
Fluoroscopy time 12.4 � 8.3 (10) 14.9 � 4.6 (3) .554

Note.—Values are the mean � standard deviation. Numbers in parentheses are numbers of
patients.

* In all entries, procedures are cardiac catheterization procedures.

Figure 2. Images obtained in a 69-year-old woman after diagnostic catheterization and stent
implantation show a focal ischemic lesion (arrow) in the left cerebellum. Left: Transverse DW MR
images (6000/100; matrix, 128 � 128; section thickness, 5 mm; and b value, 1000 sec/mm2).
Right: Transverse apparent diffusion coefficient maps.
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overall risk of complications from cardiac
catheterization. In addition, there was a
dose-response relationship between risk
and number of risk factors: The risk of a
complication was greater than 10% in
patients with more than three risk fac-
tors. Corresponding to the data from
Omran et al (15), our data did not indi-
cate that these risk factors played a
marked role with respect to the patient’s
isolated risk to develop focal ischemic le-
sions. This finding leads us to the conclu-
sion that the risk factors identified by
Jackson et al only seem to affect the over-
all risk for complications during cardiac
catheterization (eg, pericardial effusion
and pulmonary embolism) but are not
specifically relevant with regard to cere-
bral embolism.

In this prospective study, only proce-
dural time could be identified as an inde-
pendent predictor of the occurrence of
cerebral infarction (P � .05). We took
into consideration that interventional
coronary catheterization usually takes
longer than a diagnostic procedure and
that the duration of a procedure may be
operator dependent. A separate analysis
of these criteria did not reveal any statis-
tically significant difference; thus, the
duration itself counts as an independent
risk factor. We could not confirm the re-
sults from Omran et al (15) and Bendszus
et al (11), who independently found a
highly significant correlation between
fluoroscopy time and cerebral lesions
(P � .01). The total duration of catheter-
ization, however, represents a suitable
parameter with which to measure the
overall influence of catheter manipula-
tion. It includes additional periods of
time while the catheter, which acts as a
potential embolic source because it may
lead to thrombus formation or which af-
fects the vessel wall during manipula-
tions, is being placed in the patient’s vas-
cular system.

In addition, as assumed by other au-
thors, plaque broken off from the ascend-
ing aorta or the aortic arch, blood clots
from the tip of the catheter (11,27), and
an air embolism must be taken into con-
sideration (12,13). It appears likely that
the risk of thrombus formation or of vas-
cular plaque mobilization increases with
the duration of the procedure.

Moreover, if levocardiography is per-
formed, the retrograde passage of the
catheter through the aortic valve could
serve as a source of an embolism (28). In
patients with aortic stenosis, Omran et al
(15) revealed cerebral ischemic lesions in
22% of 101 patients, including 3% of
clinically apparent cases. These data con-

firm the results of a retrospective study
by Bartsch et al (29), who found symp-
tomatic cerebral infarcts after coronary
angiography in 0.9% of 457 patients with
aortic stenosis. In our study, there were
only seven patients with aortic stenosis
(seven [15%] of 48), and in one of these
seven patients, multifocal cerebral infarc-
tions occurred after cardiac catheteriza-
tion. Although this sample of patients is
too small for a valid statistical analysis, to
a certain extent, the results of this anal-
ysis support the results of Omran et al
(15).

Excluding the patients with aortic
valve stenosis from our group did not
change the results to any relevant extent
(again, results in 15% of the patients
were positive); thus, these data support
the relevance of additional potential em-
bolic sources mentioned previously.

Omran et al (15) also analyzed a con-
trol group (n � 32) of patients without
aortic valve stenosis who were undergo-
ing coronary angiography and levocar-
diography. In many ways, this cohort ap-
pears comparable to the group of patients
in this study. In contrast to our results,
however, their analysis revealed that
none of the controls demonstrated new
lesions at DW MR imaging after cardiac
catheterization. A closer analysis did not
reveal any decisive differences between
the two groups in terms of demographic
data, patient treatment (especially during
catheterization), or data analysis. All our
catheterization procedures were carried
out at a high-volume center, where more
than 2500 diagnostic and 750 interven-
tional procedures are performed per year,
so a lack of qualification can be largely
excluded. Differences in the interpreta-
tion of the MR images seem to be very
unlikely, too, since DW MR imaging has
been an established routine sequence for
diagnosis of infarcted brain tissue for
some years now, and all images were
evaluated by experienced radiologists.

Therefore, these data confirm that car-
diac catheterization can be considered a
safe procedure with respect to severe or
life-threatening complications but that it
bears a surprisingly high risk for silent
focal cerebral infarction, even in patients
without degenerative aortic valve steno-
sis. Thus, other embolic sources appear to
have an important influence, too.

In our sample, all lesions were either
located in noneloquent brain areas or
were too small to be clinically apparent.
When lesions affect more areas of the
brain, such as the motor cortex, that are
susceptible to structural damage, how-
ever, they could produce severe clinical

sequelae. Clinically manifest neurologic
deficits after angiography represent,
therefore, only a part of the total risk of
structural brain damage, and the overall
risk of structural brain damage has been
grossly underestimated. So far, the long-
term effect of such lesions has not been
investigated, but there are indications
that they may lead to impaired cognitive
function (27,30–32).

Our findings in a nonselected cohort of
patients imply that the safety of coronary
catheterization still needs to be improved
and that patients may benefit from a re-
duction of the overall duration of the
procedure. DW MR imaging can be used
to monitor the effects of this and other
procedural changes.

With respect to the evaluation of cere-
bral embolic infarction after cardiac cath-
eterization, the number of patients is suf-
ficient to give a first impression of a
potentially underestimated problem. In
particular, the evaluation of potential
risk factors requires a much larger cohort
of patients in order to reach a decisive
difference in statistical power. Therefore,
the statistical basis of the present results
is weak. To carry out such a large study is
hardly feasible and practical in a single
department; however, the present under-
lying data could now potentially serve as
a baseline for a multicenter study.

Previous investigators demonstrated
that the diagnostic value of levocardio-
graphy is in general no greater than that
of transthoracic and transesophageal
echocardiography (33–36). Furthermore,
particularly in patients with aortic valve
stenosis, the time for retrograde passage
of the valve can be as long as 30 minutes
or longer and may well present a highly
significant risk for further ischemic cere-
bral lesions (15). Therefore, a possible
method for reducing the length of the
procedure would be to exclude levocar-
diography from routine cardiac catheter-
ization. DW MR imaging can be used to
monitor the effects of this and other pro-
cedural changes.
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