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Detection of Microemboli Distal to Cerebral
Aneurysms before and after Therapeutic

Embolization

Christof Klötzsch, Hans Christean Nahser, Hans Henkes, Dietmar Kühne, and Peter Berlit
PURPOSE: Recently developed interventional radiologic techniques, such as embolization
with platinum coils, may induce thrombus formation within an aneurysm. The aim of the
present study was to investigate the frequency of microemboli distal to untreated and treated
cerebral aneurysms.

METHODS: Among a total of 110 patients treated with platinum coil embolization, 35
patients (27 women and eight men, aged 50 6 10 years) who were at high risk of ischemic
complications underwent emboli detection with a transcranial Doppler sonographic monitoring
system. All patients were studied before and after coil embolization. The aneurysms were
located at the internal carotid artery (n 5 14), the basilar artery (n 5 10), the middle cerebral
artery (n 5 7), or the vertebral artery (n 5 4). Twenty-nine (85%) of 35 patients were monitored
within 6 hours of the completion of treatment.

RESULTS: Microemboli distal to the aneurysm were not detected in any of the patients before
treatment. Microemboli were detected in 11 patients (31%) after embolization (mean, 16 6 21
per hour; range, 1–74 per hour). Microemboli were detected in five (71%) of seven patients in
whom ischemic complications occurred after treatment, but in only six (21%) of 28 asymptom-
atic patients. This difference was statistically significant. The rate of occurrence of emboli in
patients with ischemic complications (23 6 30 emboli per hour) was higher than in asymp-
tomatic patients (10 6 7 emboli per hour), but this difference was not statistically significant.

CONCLUSION: Microemboli were detected significantly more often in patients who suffered
from cerebral ischemia after coil embolization of an intracranial aneurysm. This observation
supports the definition of a high-risk group of patients with incomplete embolization or with a
large-diameter, broad-neck aneurysm. The early detection of microemboli after treatment may
be an indicator for excessive intraaneurysmal thrombus formation and could influence the
decision for prophylactic treatment with heparin or aspirin.
In recent years, the improvement of interventional
neuroradiologic techniques has made possible the se-
lective treatment of cerebral aneurysms (1–7). At
present, the most frequently used method is emboli-
zation of the aneurysmal lumen with platinum coils
(3). This material induces the formation of thrombus,
which consequently achieves a stable occlusion of the
aneurysm (8). During or immediately after treatment,
a subset of patients suffer from transient ischemic
attacks or cerebral infarctions. The occurrence of
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ischemic attacks during treatment could be caused by
thrombotic material at the tip of the catheter or by air
embolism (9). Cerebral ischemia occurring after
treatment might be a consequence of thrombus for-
mation within the aneurysm, with subsequent aneu-
rysm-to-distal artery embolism (2–4, 6).

The aims of the present study were to observe the
frequency of microemboli distal to treated aneurysms
using transcranial Doppler sonography and to inves-
tigate the correlation of such emboli with cerebral
ischemic events (10). In addition, the effect of hepa-
rin on the number of emboli and the occurrence of
ischemic complications were evaluated.

Methods

Patients
The study involved 35 patients selected nonconsecutively

between April 1995 and March 1996 from a total of 110 pa-
15
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tients treated with platinum coil embolization. Twenty-seven
patients were women and eight were men, with a mean age of
50 6 10 years (6SD). All patients had at least one angiographi-
cally proved intracranial aneurysm, which was not accessible
for surgical clipping. Patients were admitted for platinum coil
embolization after subarachnoid hemorrhage (n 5 23) or be-
cause of a cranial nerve palsy (n 5 12). Electrolytically detach-
able platinum coils (Target Therapeutics, Fremont, CA) were
used exclusively (2, 3). Most aneurysms were located at the
distal segment of the internal carotid artery (n 5 14) or at the
top of the basilar artery (n 5 10). In the remaining cases,
the patients had an aneurysm of the middle cerebral artery
(n 5 7) or the vertebral artery (n 5 4).

Risk factors for the development of ischemic complications
were based on our experience with 139 patients who were
treated with coil embolization during a period of 30 months
(11). Transient ischemic complications related to coil emboli-
zation occurred in 34 patients, whereas two patients experi-
enced permanent deficits. These complications were strongly
related to the presence of a large- or giant-diameter, broad-
necked aneurysm or to incomplete occlusion of the aneurysm
or prolapse of a coil into the parent vessel.

On the basis of these empirical data, all 35 patients in the
current study were at high risk for ischemic complications after
treatment. Twenty-six patients harbored large aneurysms (di-
ameter, 15–25 mm), and nine patients harbored giant aneu-
rysms (diameter, .25 mm). Further risk factors included hav-
ing a broad- necked aneurysm (n 5 8) or suffering incomplete
embolization (n 5 8) or pending coils within the neck of the
aneurysm (n 5 6). Patients with such embolic sources as atrial
fibrillation or stenosis proximal to the aneurysm and patients
with severe vasospasm after subarachnoid hemorrhage were
excluded from the present study.

Twenty patients (16 women and four men; mean age, 46 6
12 years) with small aneurysms (diameter, ,15 mm) and with-
out additional risk factors as described above served as a
control group. The aneurysms were located in the internal
carotid artery (n 5 7), the basilar artery (n 5 8), the middle
cerebral artery (n 5 2), the anterior cerebral artery (n 5 2),
and the vertebral artery (n 5 1). The mean diameter of the
aneurysms was 9.5 6 3 mm (6SD).

Emboli Detection
Emboli detection was performed distal to the aneurysm

before and after coil embolization using a bilateral transcranial
Doppler sonographic monitoring system (MultidopX, DWL,
Sipplingen, Germany) combined with an automatic emboli rec-
ognition system using a neural network (STAC, Erkrath, Ger-
many) (12). The vessels of interest were insonated through the
temporal bone window with a monitoring device that fixed the
two probes. In patients with aneurysms of the vertebral or
basilar arteries, the sample volumes were located on the pre-
communicating segments of both posterior cerebral arteries. In
patients with cavernosal internal carotid artery aneurysms, the
most distal segment of the internal carotid artery (C1 segment)
was monitored. Aneurysms of the proximal middle cerebral
artery were investigated by focusing the sample volume on a
distal middle cerebral artery at a depth of 35 to 40 mm. After
identifying the vessel distal to the aneurysm and adjusting the
probe, the gain was reduced to produce a homogeneous back-
ground signal. All embolic signals were stored on a digital
audiotape and were additionally analyzed audiovisually by two
independent, experienced interpreters. To rule out possible
biases, both investigators were blinded to ischemic complica-
tions, and the two neurologists who performed the neurologic
examinations were blinded to the results of emboli detection.
Standard criteria were used to differentiate emboli from arti-
factual signals; that is, emboli were distinguished from artifacts
both by their acoustic qualities and the increase in intensity
detected on-line and by their characteristic spectral distribution
in off-line analysis (13, 14). The mean duration of monitoring
was 28 6 8 minutes. The mean interval between treatment and
detection of emboli was 14 6 25 hours, but 29 (83%) of 35
patients were monitored within 6 hours of the completion of
coil embolization. Most patients received 3 to 10,000 U of
heparin intravenously during embolization, the dosage being
dependent on the duration of treatment. At completion of
embolization, the partial thromboplastin time was elevated to
twice the normal value. Five patients received 3 3 5000 U of
heparin subcutaneously, because they had an additional un-
treated cerebral aneurysm. Patients in whom embolic signals
were detected distal to the aneurysms were followed up by daily
monitoring until these signals disappeared.

Statistical analysis of differences between subgroups was
performed using Fisher’s exact test and the Wilcoxon rank
sum test.

Results
No embolic signals were observed during emboli

detection performed before coil embolization. After
treatment, emboli detection was positive in 11 (31%)
of 35 patients, with from one to 74 microemboli de-
tected per hour distally to the aneurysm (see Table).
The mean rate of occurrence of emboli was 16 6 21
emboli per hour. Twenty percent of patients experi-
enced cerebral ischemic events after coil emboliza-
tion; that is, six patients had transient ischemic at-
tacks, and one patient suffered an ischemic infarction.
Microemboli were detected in five (71%) of seven
patients with ischemic complications (see Table), but
in only six (21%) of the remaining 28 asymptomatic
patients. This difference was statistically significant
(Fisher’s exact test, P , .03). The rate of occurrence
of emboli in patients with ischemic complications
(23 6 30 emboli per hour) was higher than in asymp-
tomatic patients (10 6 7 emboli per hour), but this
difference was not statistically significant (Wilcoxon
rank sum test, P 5 .84). In four (57%) of seven
symptomatic patients, the detection of emboli (within
0.5 to 5 hours after treatment) revealed the presence
of microemboli before the ischemic complications
occurred. No significant differences were observed
for microemboli detection or for the onset of cerebral
ischemic events in terms of the different locations of
the investigated aneurysms (see Table). The sample
was too small to perform a detailed evaluation of
single risk factors, such as having a broad-necked
aneurysm or incomplete occlusion of the aneurysm.

The results of emboli detection in 30 patients who
received high-dose heparin after treatment (partial
thromboplastin time, 2 3 normal value) did not differ
from those of the five patients who received heparin
subcutaneously (3 3 5000 U) (see Table). Follow-up
monitoring of patients with embolic signals showed
these signals to disappear in 10 patients within 1 to 7
days (mean, 3 6 2.4 days [SD]). An increasing rate of
occurrence of emboli (up to 122 embolic signals) was
found in one patient during the 18 days after thera-
peutic embolization (patient 4; see Table). In this
patient, the peak value decreased to 14 emboli per hour
after a switch from heparin to aspirin (300 mg/day).

Embolic signals were not detected in the 20 pa-
tients in the control group who were monitored
within 7 6 4 hours (6SD) after coil embolization for
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Emboli detection in 35 patients after coil embolization of intracranial aneurysms

Patient* Site of Aneurysm Heparin (IV) Time Interval Emboli/hour Cerebral Ischemia
Risk Factor for

Ischemic Complications

1 ICA 1 5 1 TIA Prolapsing coil
2 BAS 1 1.5 3 TIA Incomplete embolization
3 MCA 1 0.5 15 TIA Giant aneurysm
4 ICA 1 92 74 TIA Incomplete embolization,

giant aneurysm
5 ICA 1 1 24 TIA Large aneurysm
6 BAS 1 3.5 TIA Large aneurysm
7 BAS 1 90 Stroke Giant aneurysm
8 ICA 2 71 3 Incomplete embolization
9 MCA 1 7 5 Broad aneurysmal neck

10 BAS 1 70 8 Giant aneurysm
11 VA 1 0.5 12 Incomplete embolization
12 BAS 1 1.5 12 Antiphospholipid

syndrome
13 ICA 1 5 23 Incomplete embolization,

giant aneurysm

* Patients 14–35: ICA (n 5 9), BAS (n 5 5), MCA (n 5 5), VA (n 5 3); heparin 1 (n 5 18), heparin 2 (n 5 4); time interval: 6 6 5 hours
(6 SD); emboli/hour (n 5 o); 2 cerebral ischemia (n 5 0); risk factors for ischemic complication (n 5 0).

Note.—ICA, internal carotid artery; MCA, middle cerebral artery; BAS, basilar artery; VA, vertebral artery; PTT, partial thromboplastin time;
TIA, transient ischemic attack.
30 6 11 minutes (6SD). No patient in this group
suffered cerebral ischemia during or after coil embo-
lization.

Discussion

Coil Embolization
Significant advances have been made during the

past decade with the use of endovascular techniques
in the treatment of patients with intracranial aneu-
rysms (1–7). In the case of aneurysms of the posterior
circulation and cavernosal internal carotid artery an-
eurysms, the effectiveness of these techniques rivals
those of open surgical treatment (6). Morbidity asso-
ciated with this treatment is caused mostly by distal
aneurysm-to-artery embolism and has been reported
with rates from 2.5% to 14% (2–4, 6, 15, 16). Using
empirical data, we studied 35 patients from a total of
110 patients treated with platinum coil embolization
who belonged to a high-risk group for the develop-
ment of ischemic complications. All patients har-
bored large- or giant-diameter, broad-necked aneu-
rysms or had incomplete embolization or pending
coils within the lumen of the parent vessel.

Emboli Detection
Results of a histologic study have shown undiffer-

entiated thrombus formation within the aneurysm as
a potential embolic source (8). The usefulness of
transcranial emboli detection during surgical proce-
dures, such as heart surgery (17) and carotid endar-
terectomy (18, 19), has been described previously. To
our knowledge, this is the first study of emboli detec-
tion after endovascular treatment of cerebral aneu-
rysms in which the rate of occurrence of emboli has
been compared with possible ischemic complications
in high-risk patients. The findings of the present study
show that the occurrence of embolic signals distal to
the aneurysm is significantly more frequent in pa-
tients with ischemic complications after coil emboli-
zation than in asymptomatic patients. The rate of
occurrence of emboli itself was not a marker for the
development of ischemic complications, because the
difference in the number of emboli found in symp-
tomatic patients as compared with the number found
in asymptomatic patients was not statistically signifi-
cant. Although no significant differences were ob-
served for microemboli detection in terms of the
different locations of the investigated aneurysms, this
could be a result of the small number of patients
investigated. The detection of microemboli may re-
flect excessive thrombus formation within the aneu-
rysm, with subsequent aneurysm-to-distal artery em-
bolism. The presence of emboli immediately after coil
embolization might signal that the patient is at high-
risk for ischemic complications, because embolic sig-
nals were detected in 57% of symptomatic patients
before cerebral ischemia occurred.

Prevention of Complications
High-dose intravenous heparin applied after coil

embolization did not prevent cerebral ischemic com-
plications and did not significantly influence the rate
of occurrence of emboli (6). The slight influence of
anticoagulants on the rate at which emboli were de-
tected by transcranial Doppler sonography has been
described previously for mechanical heart valves (20)
and atrial fibrillation (21). Possibly, early intravenous
treatment with aspirin is more effective in prevent-
ing cerebral ischemic events after platinum coil
embolization.
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Conclusion
The present study supports the hypothesis that de-

tection of emboli may be able to identify patients who
are at high risk of ischemic complications after coil
embolization. A second study has been initiated at
our hospital to evaluate the effect of early intravenous
administration of aspirin in preventing cerebral isch-
emia after coil embolization.

References
1. Casasco AE, Aymard A, Gobin YP, et al. Selective endovascular

treatment of 71 intracranial aneurysms with platinum coils. J Neu-
rosurg 1993;79:3–10

2. Guglielmi G, Vinuela F, Dion J, Duckwiler G. Electrothrombosis
of saccular aneurysms via endovascular approach. J Neurosurg
1991;75:8–14

3. Guglielmi G, Vinuela F, Duckwiler G, et al. Endovascular treat-
ment of posterior circulation aneurysms by electrothrombosis us-
ing electrically detachable coils. J Neurosurg 1992;77:515–524

4. McDougall CG, Halbach VV, Dowd CF, Higashida RT, Larsen
DW, Hieshima GB. Endovascular treatment of basilar tip aneu-
rysms using electrolytically detachable coils. J Neurosurg 1996;84:
393–399

5. Nahser HC, Kühne D. Strategies of endovascular treatment of
large and giant intracranial aneurysms. Adv Neurosurg 1992;20:
45–51

6. Polin RS, Shaffrey ME, Jensen ME, et al. Medical management in
the endovascular treatment of carotid-cavernous aneurysms.
J Neurosurg 1996;84:755–761

7. Taki W, Nishi S, Yamashita K, et al. Selection and combination of
various endovascular techniques in the treatment of giant aneu-
rysms. J Neurosurg 1992;77:37–42

8. Molyneux AJ, Ellison DW, Morris J, Byrne JV. Histological find-
ings in giant aneurysms treated with Guglielmi detachable coils.
J Neurosurg 1995;83:129–132

9. Markus HS, Loh A, Israel D, Buckenham T, Clifton A, Brown MM.
Microscopic air embolism during cerebral angiography and strat-
egies for its avoidance. Lancet 1993;341:784–787
10. Russell D, Madden KP, Clark WM, Sandset PM, Zivin JA. Detec-

tion of arterial emboli using Doppler ultrasound in rabbits. Stroke
1991;22:253–258

11. Nahser HC, Kühne D, Henkes H, Mosler F. Treatment of intra-
cranial aneurysms after subarachnoidal hemorrhage with
Guglielmi detachable coils. Neurology 1996;46:A370

12. Siebler M, Sitzer M, Rose G, Bendfeldt D, Steinmetz H. Silent
cerebral embolism caused by neurologically symptomatic high-
grade carotid stenosis. Brain 1993;116:1005–1015

13. Georgiadis D, Mackay TG, Kelman AW, Grosset DG, Wheatley
DJ, Lees KR. Differentiation between gaseous and formed embolic
materials in vivo. Stroke 1994;25:1559–1563

14. Georgiadis D, Grosset DG, Kelman A, Faichney A, Lees KR.
Prevalence and characteristics of intracranial microemboli signals
in patients with different types of prosthetic cardiac valves. Stroke
1994;25:587–592

15. Vargas ME, Kupersmith MJ, Setton A, Nelson K, Berenstein A.
Endovascular treatment of giant aneurysms which cause visual
loss. Ophthalmology 1994;101:1091–1098

16. Guterman LR, Hopkins LN. Endovascular treatment of cerebral
aneurysms: diagnosis and treatment. Clin Neurosurg 1993;40:
56–83

17. Padayachee TS, Parsons S, Theobald R, Lindley J, Gosling RG,
Deverall PB. The detection of microemboli in the middle cerebral
artery during cardiopulmonary bypass: a transcranial Doppler
ultrasound investigation using membrane and bubble oxygenators.
Ann Thorac Surg 1987;44:298–302

18. Spencer MP, Thomas GI, Nicholls SC, Sauvage LR. Detection of
middle cerebral artery emboli during carotid endarterectomy using
transcranial Doppler ultrasonography. Stroke 1990;21:415–423

19. van Zuilen EV, Moll FL, Vermeulen FEE, Mauser HW, van Gijn
J, Ackerstaff RGA. Detection of cerebral microemboli by means of
transcranial Doppler monitoring before and after carotid endar-
terectomy. Stroke 1995;26:210–213

20. Georgiadis D, Mallinson A, Grosset DG, Lees KR. Coagulation
activity and emboli counts in patients with prosthetic cardiac
valves. Stroke 1994;25:1211–1214

21. Infeld B, Bowser DN, Gerraty RP, et al. Cerebral microemboli in
atrial fibrillation detected by transcranial Doppler ultrasonogra-
phy. Cerebrovasc Dis 1996;6:339–345


