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Silent Cerebral Ischemia Detected by Diffusion-Weighted
MRI After Carotid Endarterectomy

Alain Barth, MD; Luca Remonda, MD; Karl-Olof Tvlad, MD;
Gerhard Schroth, MD; Rolf W. Seiler, MD

Background and Purpose-Small emboli arising from a friable plaque during carotid endarterectomy (CEA) constitute an
important risk of perioperative ischemic complications. To evaluate the incidence and significance of silent cerebral
ischemic lesions of embolic origin after CEA, we prospectively examined a series of surgical patients with high-grade
carotid stenosis by using diffusion-weighted MRI (DWI). We also tried to correlate postoperative ischemic lesions with
the occurrence of sonographic cerebral embolic signals, the presence of plaque ulcerations, and the use of
intraoperative shunting.

Methods—Of a consecutive series of 53 patients undergoing elective CEA for high-grade carotid stenosis, 48 patients with
unchanged postoperative neurological status were prospectively studied with DWI of the brain the day before and the
day after the operation. The magnetic resonance images were analyzed by 2 neuroradiologists blinded to the clinical
result of the operation. Any new hyperintense signal was interpreted as a postoperative ischemic lesion.

Results—Forty-six (95.8%) of 48 patients had unchanged postoperative brain DWI. In 2 patients (4.2%), a new single
asymptomatic hyperintense signal was observed on the side of the operation. Both lesions were small and presumably
of embolic origin. They were not related to sonographic embolic signals, plaque ulcerations, or intraoperative shunting.

Conclusions—These results suggest that the incidence of silent ischemic brain lesions of embolic origin after CEA is low
and does not correlate with the occurrence of intraoperative sonographic microemboli. They confirm that CEA is a safe
procedure that carries a low risk of postoperative cerebral eviStrake 2000;31:1824-1828.)
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arotid endarterectomy (CEA) is currently considered the erative ischemic complications. Several studies using trans-

best treatment for stroke prevention in patients with cranial Doppler (TCD) monitoring have measured a preva-
high-grade carotid stenosisThe usefulness of CEA is lence of embolic signals as high as 95% during CGEA3 It
dependent on a low incidence of perioperative neurological has been suggested that increased cerebral microembolization
complications and death. Current standards postulate a surmay positively correlate with postoperative deterioration of
gical morbidity/mortality rate<6% for symptomatic stenoses  cognitive function or the appearance of lacunar infarcts on
and <3% for asymptomatic stenoses.Strict patient selec-  MRI.78 However, the clinical relevance of sonographic em-
tion criteria and a very high quality of surgical care are polic signals remains unclear because most of them are not
mandatory if such low complication rates are to be achieved. associated with focal neurological deficitsts Whether em-
Institutions performing CEA are requested to keep an exact pojic signals represent an increased risk of postoperative
documentation of their results to maintain high performance gjient prain ischemia also remains to be determined.
standards and correct possible deviations from the accepted Recent developments in MRI technology have greatly
norms? improved the quality and rapidity of the diagnosis of cerebral

Mgst neurological compli<_:ations occurring during or im- o paia Diffusion-weighted MRI (DWI) is a quick, nonin-
medlately after CEA are said to re§ult from cerebral embo- vasive, and reliable tool for the detection of acute ischemic
lism.#-¢ Intraoperative hypoperfusion should rarely be a lesions of the braif®-12Small ischemic areas not exceeding
problem because brain perfusion can be maintained by3 mm in diameter can be demonstrated only on DWI
collateral channels or selective shunting. In contrast, small sequences. DWI can be performed early after an operation

emboli arising from a friable plaque during arterial dissection . "~ . : . . .
. . . . .~ with little inconvenience to the patients. It is a suitable new
and cross-clamping constitute an unavoidable risk of periop-
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method for improving quality control in cerebrovascular after the operation. Full inhibition of thrombocytic aggregation was
interventions. restarted on the first postoperative day.

: _ The excised plaques were examined macroscopically after the
In the present prospective study, we performed preopera operation. They were classified as smooth or ulcerated depending on

tive and postoperative DWI of the brain in a consecutive the absence or presence of ulcerations and intramural thrombi.
series of 48 CEA patients who did not show any new

neurological deficit after the operation. The principal objec- Intraoperative TCD Monitoring

tive was to evaluate the incidence and significance of silent Continuous intraoperative TCD monitoring was performed with a
ischemic brain lesions of embolic origin after CEA. We also 2-MHz pulsed-Doppler transducer fixed with a head strap over the

; ; ; : ; ; temporal bone ipsilateral to the operation (Multi Dop X4, DWL
tried to correlate ischemic events with possible risk factors, Elektronische Systeme GmbH). The mean maximal blood flow

including intraoperative sonographic cerebral emboli, ulcer- ye|qcity in the MCA was measured at an insonation depth of 45 to
ations in the removed atheromatous plague, and use of anss mm. Microemboli in the MCA were identified by use of the

intraoperative shunt device. emboli detection program provided by Multi Dop X4 DWL-appara-
tus (DWL Elektronische Systeme GmbH) with a decibel threshold of
Subjects and Methods 9 dB. Microemboli were defined as transienk300 ms), high-
intensity, unidirectional signals within the Doppler velocity spectrum
Patient Selection accompanied by an audible snap on the auditory o#§RitBy the

Forty-eight patients with unchanged neurological status after CEA method of Spencér,brief high-intensity signals occurring exclu-
were included in the study. They were part of a consecutive series of Sively at clamp release were considered to represent air bubbles and
53 patients who underwent elective CEA for high-grade carotid were not counted as cerebral emboli. Only sustained auditory and
stenosis between November 1998 and December 1999. Five patientsspectral signals representing true particulate matter emboli were
were excluded from the study: 1 with a symptomatic postoperative considered to be significant. TCD microemboli detection was per-
brain infarct after acute thrombosis of the operated carotid bifurca- formed during the different phases of the operation, defined as
tion, 2 with pacemakers, and 2 with claustrophobia. No deaths follows: preoperative (from intubation to skin incision), intraopera-
occurred during the study. The diagnosis of high-grade carotid tive (from skin incision to skin closure), early postoperative (from
stenosis was made by ultrasonography and confirmed by magneticskin closure to recovery from anesthesia), and late postoperative (3
resonance angiograpRy.The degree of stenosis was determined hours after awakening). The preoperative, early, and late postoper-
with the North American Symptomatic Carotid Endarterectomy Trial ative insonation phases lasted 20 to 45 minutes. The intraoperative
(NASCET) criterigd®: percentage of stenosid00x[1—(minimal insonation phase was uninterrupted and lasted 80 to 120 minutes.
residual lumen/distal lumen)]. Age, sex, vascular risk factors, and
neurological history and status of each patient were recorded beforeMagnetic Resonance Examination
surgery. The risk factors considered included smoking, diabetes MRI was performed on a 1.5-T Siemens Vision apparatus equipped
mellitus, arterial hypertension, hyperlipidemia, obesity, and a posi- with a head coil (Siemens Medical Systems). The preoperative
tive family history. We asked about any history of coronary artery workup routinely included first-pass gadolinium-enhanced magnetic
disease or bypass surgery, as well as peripheral vascular occlusiveresonance angiography of the neck vessels and MRI of the #sviin.
disease, as additional risk factors for carotid surgery. The surgical addition, DWI was prospectively performed the day before and the
risks were evaluated by using the 4-grade classification of Sundt and day after CEA after obtaining the patient's written consent. Whole-
colleague®>*and Meyer et &f: grade |, patients aged70 years  prain diffusion-weighted images were acquired with an echo-planar
with no medical or neurological risks; grade Il, patients with sequence. An isotropic sequence was used (repetition time 4000 ms,
angiographically determined risks, including contralateral carotid echo time 133 ms, field of view 210 mm, matrix 12828, and
stenosis, intracranial atherosclerosis, or high common carotid bifur- number of excitations 4), witt values of 0 and 972 s/nfnThe
cation; grade IIl, patients with a major medical risk (in most pwIs were then evaluated by 2 experienced neuroradiologists (L.R.,
circumstances, severe coronary artery disease); and grade IV, pa.-0.L.) blinded to the clinical status of the patients. Any presence
tients neurologically unstable, with persistent transient ischemic of new hyperintensities on the brain scans was interpreted as a sign
attacks or crescendo transient ischemic attacks despite adequatgf new embolic ischemic lesions after CEA.
anticoagulation.

Results

Carotid Endarterectomy ) ) The mean age of the 48 studied patients was 68.years
The operation was performed with the patient under general anes-

thesia. Neuroprotective measures during cross-clamping included (&ng€ 46 to 83 years). There were 15 women (31%) and 33
moderate hypothermia (34°C to 35°C) and propofol administration Men (69%). Cigarette smoking (62%) and arterial hyperten-
until the appearance of burst suppression on EEG. TCD sonographysion (62%) were the most frequent vascular risk factors,
enabled continuous intraoperative monitoring of brain perfusion and followed by hyperlipidemia (48%), positive family history
detection of microembolic signals. Intravenous heparin (100 U/kg) (23%), obesity (19%), and diabetes mellitus (8%). A history

was administered before the internal carotid artery (ICA) was f di b .
exposed. To avoid particulate emboli during surgical preparation, Of coronary artery disease or bypass surgery was present in

care was taken to obtain exposure of the ICA high above the upper 33% of the patients, and a history of peripheral vascular
extent of the stenosis. Intraoperative shunting was performed only occlusive disease was present in 25%. Thirty-two patients
when blood flow velocities in the ipsilateral middle cerebral artery (669) had symptomatic carotid stenosis (15 with transient

(MCA) decreased t8<40% of preclamping value®.If indicated, the . . . . . )
shunt (Sundt Carotid Endarterectomy Shunts, Heyer-Shulte Neuro- ischemic attacks and 17 with brain infarcts). Sixteen patients

care Group) was introduced proximally into the common carotid (34%) had asymptomatic carotid stenosis. The contralateral
artery after arteriotomy, then rinsed to remove all possible particulate internal carotid artery was occluded in 4 patients (8%) and
fragments, and finally inserted distally into the ICA. After gross highly stenotic in 2 (4%). One patient (2%) was Sundt grade

removal of the plaque, the carotid bifurcation was inspected through | 1g patients (37%) were grade II, 21 patients (44%) were
the operating microscope, and any loose residual fragments of the ’ de Il d 8 patients (17% ' de IV

plaque were carefully removed from the vessel wall. The arteriotomy grade i, an. patients ( 0), were grade : .
was closed with a running 6-0 Prolene suture without any venous or ~ Preoperative MRI of the brain was normal in 29 patients

artificial patch. Aspirin (100 mg) was routinely administered 6 hours (60%). MRI showed old or subacute ipsilateral brain infarcts
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Figure 1. A, Preoperative brain DWI of a 63-year-old man with Figure 2. A Preoperative brain DWI of a 74-year-old woman

a left carotid artery stenosis presenting with aphasia and pari- with an asymptomatic high-grade carotid stenosis on the right
etal brain infarction. B, Postoperative brain DWI demonstrating a side. B, Postoperative brain DWI demonstrating a single new
single new hyperintense lesion in the ipsilateral parietal occipital hyperintensity in the ipsilateral subcortical temporal region
cortex (arrow). This lesion was compatible with a small perioper- (arrow), which was highly suggestive of a perioperative embolus.

ative ischemic area of embolic origin.
between these postulated risk factors and the occurrence of

in 11 patients (23%) with symptomatic carotid stenosis. Eight gjient embolic brain lesions on DWI.
patients (17%) had acute ischemic lesions evident on preop-
erative DWI. By selection, all 48 patients were neurologically
unchanged after the operation. Forty-six of them (95.8%) also
had unchanged postoperative cerebral DWI. A new postop-
erative asymptomatic ischemic lesion was observed in 2
patients (4.2%).

The first patient was a 63-year-old man operated on for a
left-sided symptomatic high-grade carotid stenosis with pari-

Discussion
In this consecutive series of 53 patients undergoing elective
CEA for high-grade carotid stenosis, the stroke rate was 1.9%
and the mortality rate was 0%. The incidence of silent
postoperative brain ischemia demonstrated by DWI was
4.2%, corresponding to 2 new lesions found in the 48 patients
examined. Both new acute lesions were small in size and

etal brain infarction and residual aphasia. No particulate . .
emboli were detected at TCD monitoring during the interven would probably not have been detected by conventional brain
| W ttoring during INTEIVEN" =1 or MRI. Despite the small sample size, these results can

tlpn. N.o shunt was used because an adequate coIIateraIbe considered excellent compared with previously published
circulation was present. The removed plaque showed eXten'reports. Older studies using CT scan demonstrated new

sive ulcerations with intramural thrombi. In this pqtient, the asymptomatic cerebral infarcts in 0% to 6% of operated
wound_had been reopen(_ad at the end of the opefatpn bec‘?‘usﬁatients?%-ﬂ CT scan was usually performed 3 to 5 days
of persistent venous 00zing. The operateq carotid bifurcation after the operation, when infarcted areas were sufficiently
was not manipulated again, and awakening was uneventful. yo o reated. The significance of these studies was obviously
On postoperative brain DWI, a new small hyperintense lesion ;.4 by the low sensitivity of CT scanning for acute
was observed in the ipsilateral parietal occipital Corex jschemic changes. More recent studies applied conventional
(Figure 1). The size of this lesion was6 mm, and the R techniques, such as T1- and T2-weighted images,
morphology suggested a small peripheral branch embolus.  f,ig-attenuated inversion recovery, and proton density se-
The second patient was a 74-year-old woman operated Onguences. The rate of postoperative silent infarction was
for an asymptomatic high-grade carotid stenosis on the right higher than in CT-based reports and ranged from 0% to
side. Operation and recovery were uneventful. Because thepgops.12.1333 Sjj| higher rates of silent ischemia would
temporal bone windows were absent, no TCD monitoring probably have been demonstrated in these MRI studies if they
could be performed, and a temporary shunt was inserted had been supplemented by diffusion-weighted sequences. In
during the operation. Morphologically, the removed plaque the present series, the probability of missing postoperative
was smooth without ulcerations or thrombi. On postoperative jschemic lesions was particularly small because DWI was
brain DWI, a new single hyperintensitgy4 mm in diameter  performed in the first 24 hours after the operation to detect
was detected in the ipsilateral subcortical temporal region any short-lived cerebral changes.
(Figure 2). The morphology of this minute silent lesion was A high percentage of the patients enrolled in the present
also highly suggestive of a perioperative embolus. study had considerable preoperative risk factors. Seventeen
In the complete series of 48 examined patients, useful TCD percent were considered Sundt grade IV, and 44% were
monitoring was performed in 42 patients. Significant cerebral considered Sundt grade IIl. Twelve percent had a contralat-
particulate emboli were detected in 7 patients (17%) during eral ICA occlusion or high-grade stenosis. Acute ischemic
the perioperative period. Ulcerations with or without intra- brain lesions were evident in 17% of preoperative DWI
mural thrombi were observed macroscopically in 21 patients examinations. Despite this relatively unfavorable patient
(44%). A shunt was used selectively in 12 patients (25%). selection, the demonstrated rate of postoperative silent ische-
Because of the small sample size and the rarity of observedmia was quite low. This small study from a single center may
cerebral events, no evident relationship could be establishednot be representative of the general results of CEA; however,
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it adds accurate and valuable information about the cerebralplasty and stenting has been reported in high-risk patients
safety that can be reached during the operation. presenting with a contralateral carotid occlusion or in patients
The significance of microembolic signals detected by TCD who experienced restenosis after CEAS Few DWI studies

monitoring during and after the operation remains unciér.  have examined the issue of silent cerebral ischemia after
has been shown that perioperative cerebral embolism isendovascular procedures. A recent study by Bendszugset al
responsible for 70% to 80% of stroke after CEA.In our examined the occurrence of silent embolism in diagnostic and
series, one patient suffered partial MCA territory infarction interventional cerebral angiography. Among 100 consecutive
after acute thrombosis of the operated carotid bifurcation. The angiographic procedures, brain DWI showed 42 hyperintense
embolic mechanism was evident in this case. In addition, both lesions consistent with cerebral embolism in 23 patients. All
new cerebral lesions detected in the unchanged patients werehe lesions were asymptomatic. In a series of 19 patients
small and probably corresponded to asymptomatic embolic undergoing carotid angioplasty and stenting for high-grade
foci. However, they were not related to sonographic micro- stenosis, Lublad et at” observed new hyperintensities on
embolic signals, which were observed in 17% of 42 moni- DWI in 4 patients (21%). Two patients presented new
tored patients. It is known that the rate of detection of neurological deficits, and 2 remained asymptomatic.

micro_emboli with TCD_monitoring depends strongly on the In conclusion, our results suggest that the incidence of
technique used. Very high percentages (up to 95%) have beersilent ischemic brain lesions of embolic origin after CEA is
reported by several groups of investigatdrst*Exclusion of low and does not correlate with the occurrence of intraoper-

the sonographic signals that occur at and immediately after ative sonographic microemboli. These results confirm that the
declamping greatly reduces the overall rate of detected pperation is safe for the brain as long as meticulous surgical

microemboli. In one study considering only emboli occurring - technique, reliable intraoperative monitoring, and neuropro-
at flow restoration, a rate as low as 5% was reported along tective measures are consistently applied.
with what were considered to be flow turbulence signals in

40% of cased* Several studies have found that the occur- References
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