Ameri Strok
Stroke erican Stroke

>,
A Division of American o

JOURNAL OF THE AMERICAN HEART ASSOCIATION Heart Association

No Absolutesin Neuromonitoring for Carotid Endarterectomy
Edwin M. Nemoto

Stroke 1999;30;895-
Stroke is published by the American Heart Association. 7272 Greenville Avenue, Dallas, TX 72514
Copyright © 1999 American Heart Association. All rights reserved. Print ISSN: 0039-2499. Online
ISSN: 1524-4628

The online version of this article, along with updated information and services, is
located on the World Wide Web at:
http://stroke.ahajournal s.org/cgi/content/full/30/4/895

Subscriptions: Information about subscribing to Strokeis online at
http://stroke.ahaj ournal s.org/subscriptions/

Permissions: Permissions & Rights Desk, Lippincott Williams & Wilkins, adivision of Wolters
Kluwer Health, 351 West Camden Street, Baltimore, MD 21202-2436. Phone: 410-528-4050. Fax:
410-528-8550. E-mail:

journal permissions@l|ww.com

Reprints: Information about reprints can be found online at
http://www.Ilww.com/reprints

Downloaded from stroke.ahajournals.org by on August 1, 2007


http://stroke.ahajournals.org/cgi/content/full/30/4/895
http://stroke.ahajournals.org/subscriptions/
mailto:journalpermissions@lww.com
http://www.lww.com/reprints
http://stroke.ahajournals.org

Letters to the Editor
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Ischemic Stroke in Poland and the The 28-day mortality rate, regarded as one of the methods to
; judge hospital performancéayas similar in our group to the data
United States in the literature (3.65% to 796):5 It could suggest that acute care
in stroke in our center is similar to that in others. Quite to the
contrary, recurrent stroke and vascular deaths appeared in our
data twice as often as in the literature. In the similar group
described by Kappelle et athe risk of vascular death, stroke, or
nonfatal myocardial infarction was 2.6%l/y; in the study of Hier
et al® 5.2% of the patients (of similar age) experienced recurrent
stroke within 24 months after the first-ever stroke. As far as risk
factors are concerned, we found cigarette smoking in 63% of our
patients and hypertension in 44%. These results are also different
compared with published data. Rohr ef dbund cigarette
smoking among young stroke patients (in 40% of whites and
52% of blacks). Kapelle et ahoticed this risk factor in 57% of
'their patients (mainly white Americans), but the data were

To the Editor:

We, as neurologists, read with interest the report of Massing et
al* on stroke mortality trends in Poland and the United States.
The authors found different stroke mortality trends in the 2
countries (a decrease in the United States, an increase in Poland)
a difference that was more pronounced in younger groups of
patients. They concluded that the difference could have resulted
from the effects of lifestyles and socioenvironmental and medical
care determinants.

Our study on stroke in young adult patients has led us to
similar conclusions. Between 1988 and 1995 in the Department
of Neurology of the Medical Academy in Warsaw, we saw 71
patients (38 men and 33 women) aged 18 to 45 years (mean
36.89+6.77 years) with a diagnosis of first-ever ischemic stroke. collected between 1977 and 1992. As far as hypertension is

Foyr of our patients died within 28 days. All the dgaths WErE  concerned, it was present in 44% of the patients in our group
atributed to t_he stroke. To assess long-term prognosis among thlswhereas ir’l similar groups in the literature 19% to 33% were
group Of. patients, we performed a fqllow—up study. We obta!ned hypertensivé:#8 Rohr et al found hypertension present in 60%
precise information on 66 of 67 patients (98.5%) who survived of the black )./oung adults in their study
the first stroke episode. The observation times varied from 4 Our results confirm, although indi.rectly the conclusion
mo.”ths to ! years (mean, 45:8.51'8.4 months). Two of the formed by Massing et &lin their study. Both the high rate of
patients died during the observation time (both vascular deaths)’recurrent strokes in our study and the mortality trends found in
and 9 others experienced a second ischemic stroke between ]lhat of Massing et al could be the effects of lifestyle and
month and 6 years after the first (see the Figure). socioenvironmental determinants

Calculated 28-day mortality in our group was 5.6%; the )

incidence of vascular death or recurrent stroke was 5.6%/y (95% Jaroslaw Pniewski, MD, PhD
Cl, 3.2 t0 9.7), and after 24 months it was 10.9% (95% CI, 7 to Neurology Department
14.8). Medical Research Centre

Polish Academy of Sciences

Beata Szyluk, MD
Department of Neurology
Warsaw Medical School
Warsaw, Poland

1. Massing MW, Rywik SL, Jasinski B, Manolio TA, Williams OD, Tyroler
HA. Opposing national stroke mortality trends in Poland and for African
H : Americans and whites in the United Stat&sroke 1998;29:1366-1372.
-] 2. lezzoni LI, Shwartz M, Ash AS, Hughes JS, Daley J, Mackiernan YD.
H Using severity-adjusted stroke mortality rates to judge hospltald.Qual

06 —] Health 1995;7:81-94.
| 3. Biller J, Adams HPJ, Bruno A, Love BB, Marsh EE. Mortality in acute
05 —] cerebral infarction in young adults: a ten-year experierfegiology

— 1991;42:224-230.
: 4. Kappelle LJ, Adams HP Jr, Heffner ML, Torner JC, Gomez F, Biller J.
0.4 —| Prognosis of young adults with ischemic stroke: a long term follow-up
study assessing recurrent vascular events and functional outcome in the
lowa Registry of Stroke in Young AdultStroke 1994;25:1360—-1365.
5. Kristensen B, Malm J, Carlberg B, Stegmayr B, Backman C, Fagerlund M,
- Olsson T. Epidemiology and etiology of ischemic stroke in young adults
0.2 — aged 18 to 44 years in northern Swed8troke 1997;28:1702-1709.
- 6. Hier DB, Foulkes MA, Swiontoniowski M, Sacco RL, Gorelick PB, Mohr
| JP, Price TR, Wolf PA. Stroke recurrence within 2 years after ischemic
infarction. Stroke 1991;22:155-161.
= 7. Rohr J, Kittner S, Feeser B, Hebel JR, Whyte MG, Weinstein A, Kanarak
0.0 —| N, Buchholz D, Earley C, Johnson C, Macko R, Price T, Sloan M, Stern
R L L A L L R LR B, Wityk R, Wozniak M, Sherwin R. Traditional risk factors and ischemic
0 10 20 30 40 50 60 70 80 stroke in young adults: the Baltimore-Washington Cooperative Young
Stroke StudyArch Neurol 1996;53:603—607.
8. Carolei A, Marini C, Ferranti E, Frontoni M, Prencipe M, Fieschi C. A
Kaplan-Meier curve for combined vascular death and second, prospective study of cerebral ischemia in the young: analysis of pathogenic
nonfatal stroke. determinantsStroke 1993;24:362-367.

Time in months

Downloaded from stroke.ahaj88¢hals.org by on August 1, 2007


http://stroke.ahajournals.org

Letters to the Editor 895

No Absolutes in Neuromonitoring for jugular venous saturation is not a reliable indicator of hemi-

Carotid Endarterectomy spheric ischemia. If blood flow to the ipsilateral hemisphere is

completely interrupted by the carotid cross-clamp, the entire

outflow is from the opposite hemisphere. In several articles, the
validity of cerebral oximetry was questioned because of the lack
of correlation with brain blood flow, specifically when blood
flow is absent in dead or brain-dead persons. It is critical to
understand that the oximeter measures capillary oxyhemoglobin
éoercent saturation and not blood flow.

The INVOS uses the concept of spatial resolution, and the rS
index is actually the ratio of the HhGCsignal relative to the
isobestic point, thereby giving the absolute percentage of oxy-
hemoglobin or hemoglobin oxygen saturation. It is true that one
cannot calculate the absolute oxyhemoglobin concentration with-
out knowing the path length, but the ratio of Hpt0 total Hb is

To the Editor:

| have some concerns about the recently published study by
Beese et al.While | applaud the number of patients they studied,
they misled the readers regarding the reliability of somatosensory
evoked potentials (SEP) for carotid endarterectomies. | question
the validity of their data because of their description of sensor
location, inadequate data presentation, and conclusions that ar
not warranted by their results. | also disagree with some of the
points raised in their discussion.

To their credit, the authors addressed some of these concerns
but inadequately, | believe. My 5-year experience with near-
infrared spectroscopy (NIRS), the NIRO 500, and the INVOS
:rgnleoe?sﬁr::dbrgﬁ?%e?r?ggllggﬁws ongézgiioﬂr:ee\I/gX?nS pz(t:ﬁ;?éfgl absolute and valid. In my experience, the normal value in adults

. . : ranges between 65 and 75 and in children between 55 and 65, or
states. Understanding what is being measured and how best to

aoplv it in its many potential and untested uses is the challenge about 10 points lower than adults. | have not seen values much
bgfo)r/e us yp 9€ utside of this range except in patients with pathology. Regard-

First, th hor itlv imolv th EP monitoring is 100% ing the variability in anormgl pgoplle, it is of interest to note that
sensiiitvé :nzu;p%;fit(? Cbtyystafi)néttr?atltsthe avglic}ic:y c% éEISOh;s oxygen mmroeleptrodes with tip .dlameters onlplaped in the
been established. In fact, previous studies involving 200 to 500 ce_reb_ral cortex yield values ranging from 0 to ar@enai.R:ould
patients report sensitivity of 60% to 100% and specificity of 94% th's. d|str|bu;|on of values l:_)e somehow skeweo_l in some anormal
t0 100%2-4 No neuromonitoring technique monitors the entire patients? It is also uncertain whether some patients may have AV
brain. SEP monitors the somatosensory strip over the postcentralma”orma.tlons or other problems that may affect cerebral oxim-
gyrus. The middle cerebral artery feeds most of the cerebral etry readings and still be anormal. :
cortex and is most likely to be affected by carotid clamping. Understanding how best to apply and use this new technology

h in its many potential applications, not only on the brain but on
Frontal p""‘.cem.e”F of _the sensor monitors part of the ACA and other organs as well, will help further scientific knowledge and
MCA arterial distributions.

The authors also chose the aloss of SEP, where the N20 andmProve patient care and thereby reduce the cost of patient care.

P25 are not discernible, to call for a shunt. Shunts are usually Edwin M. Nemoto, PhD
called with a P25 amplitude reduction &50%. In our study, Department of Neurological Surgery
any changes in SEP, even decreases:50%, were correlated Presbyterian University Hospital
with rSo, decreases a&10 units. University of Pittsburgh
Second, if comparisons are to be made with median SEP, some Pittsburgh, Pennsylvania

portion of the middle cerebral artery territory should be in the ' _ _
view of the sensor. The sensor should be placed as close to thel- Beese U, Langer H, Lang W, Dinkel M. Comparison of near-infrared
hairline as possible, with the detectors and light-emitting diode spectroscc_)py anq soma_ltosensory evoked potentials for the detection of
(LED) parallel to and about 0.5 to 1.0 cm from the hairline and cerebral ischemia during carotid endarterecton®yroke 1998;29:
. . . 2032-2037.

25 Larhla_lt?ral as pﬁSSIble Ovler tf|1|e ten?poral IObe'fPhatlentS with a2. Horsch S, Vleeschauwer P, Ktenidis K. Intraoperative assessment of

9 arliné or who are bad_ a OV_V placement of the detectors cerebral ischemia during carotid surgedy.Cardiovasc Surg1990;31:
and LED parallel to the sagittal sinus and over the watershed  599_602.
zone. Additionally, avoidance of the frontal sinus is essential. If 3. Prokop A, Meyer GP, Walter M, Erasmi H. Validity of SEP monitoring in
the inferior aspect of the sensor is placed immediately above the  carotid surgeryJ Cardiovasc Surg1996;37:337-342.
eyebrow, the optodes can be over the frontal sinus. The uncer-4. Lam AM, Manninen PH, Ferguson GG, Nantau W. Monitoring electro-
tainty of sensor placement renders the entire study subject to Physiologic function during carotid endarterectomy: a comparison of
question. somatosensory evoked potentials and conventional electroencephalogram.

e ; — » Anesthesiology1991;75:15-21.

FE\I/ti(SVIrgfptohréagt-rtzck:f?ml{lglha?rylsa\l/):illr;%IeS?:?heb)é[;k;?a?iigsgbg 5. Cho H, Nemoto EM, Yonas H, Balzer J, Sclabassi RJ. Cerebral monitoring

. by means of oximetry and somatosensory evoked potentials during carotid
may reveal the presence of an infarct or other anomaly. Infarcted o, garterectomyd Neurosurg 1998:89:533-538.

brain could give normal values of oxygenatidlikely dl_Je to the 6. Nemoto EM, Yonas H, Kassam A. Cerebral oximetry: cerebral oxygen
measurement of sequestered, pooled venous blood in nonmetabo- supply and demandl Neurosurg Anesth1998;10:266. Abstract.
lizing tissue. This drives home the fact that cerebral oximetry

measures oxygen availability and not cerebral blood flow. Comparison of Near-Infrared Spectroscopy

Third, their d_ata_ presentation makes it impossible.for the and Somatosensory Evoked Potentials for the
reader to relate individual 5 change to the loss or persistence

of SEP as presented in Figure 1 in their article. Absolute values Detection of Cerebral Ischemia During

were not presented except for the median and ranges. If the Carotid Endarterectomy

authors presented the absolute values or the mean and SD, rathefo the Editor:

than the median and SD, the 95% confidence interval could be When used appropriately, the INVOS 3100A is a valuable tool

calculated. for monitoring cerebral perfusion during carotid endarterectomy.
Fourth, Beese et al cite 13 different articles to support their Over the last 4 years we have monitored over 600 carotid

statement that absolute aSvalues are of no value. Of these endarterectomies, with a stroke rate of less than 2% and a shunt

articles, those reporting poor correlation with jugular venous insertion rate of only 10%. All our patients are monitored with

oxygen saturation in pathological states, such as during carotid this device.

cross-clamping, are clearly misguided. Cerebral oximetry should Beese et &lused somatosensory evoked potentials (SEP) to

not correlate with jugular venous saturation in pathology because predict shunt requirements. However, no patient suffered perma-
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nent neurological injury, and it cannot be assumed that SEP 9
would have forewarned neurological damage. &
They experienced “considerable variability” in the oximetry 2 i
reading using the INVOS 3100A when the probe was placed on the 7 i i i i i
forehead. We demonstrated in 1994at the forehead is inappro- 60 2ii i ii i 2 2
priate for this purpose. The sensitivity to hypoxemia is greatly 2 I I R a
improved (as might be expected) when the probe is placed over the
relevant middle cerebral artery territory. With a “correctly” posi-
tioned probe in the parietal area, we demonstrated a highly signif-
icant (=0.92,P<0.001) correlation between jugular venous oxy-
gen saturation and oximetry readings; however, the INVOS 3100A 2

g

T

IS0, [%
3

is virtually useless when positioned over the frontal cortex in carotid " 2 232:;
surgery. We have never experienced a patient refusing to have a 2
small area of scalp shaved for this purpose. 0

12345678 9101112131416161718192021222324252627282930

Beese et al have not produced any evidence to invalidate the
Case No.

opposite conclusion: that near-infrared spectroscopy detects
cerebral hypoxia during carotid endarterectomy and is the sim- Change of regional cerebral saturation (rSo,) before (rSo,-1) and

plest apparatus to use and interpret. after (rSo,-2) cross-clamping of the internal carotid artery in
patients with loss of cortical SEP during clamping phase. Note
H. Chant, FRCS the high variability in preclamping values and the differences in
G. Riding, FRCS magnitude of rSo, decrease after cross-clamping.
A. Picton, BSc
C.N. McCollum, MD, FRCS as a reference method for new forms of neuromonitoring such as
Department of Surgery NIRS.

University Hospital of South Manchester Nemoto states that there is a correlation between changes in

Manchester, UK sgp and reduction of “regional cerebral saturationoy It
should be noted that in their study only 9 patients were monitored
spectroscopy and somatosensory evoked potentials for the detection of by means Of_INVOS 3100A. T_WO patients Sh9wed a reductlon of
cerebral ischaemia during carotid endarterector8yroke 1998;29: SSEP amplitude after carotid cross-clamping, but in only 1
2032-2037. patient did a>50% reduction occur. However, in both patients a
2. Williams IM, Picton A, Farrell A, Mead GE, Mortimer A, McCollum CN. decrease 0f11% in r, was noted. We have seen patients with
Light-reflective cerebral oximetry and jugular bulb venous oxygen satu- rSo, changes of>11% without concomittant SEP loss as well as
ration during carotid endarterecton®r J Surg 1994;81:1291-1295. patients with minimal or even no changes with accompanying
SEP loss (see the Figure). Nemoto and collegues are merging a
complete loss and @50% reduction of SEP. Although the latter
criterion is not recognized as an indicator of cerebral ischemia
_that requires intervention, they claim that a decrease % of
the displayed r8, value should dictate the need for a shunt.
Given the few patients studied and the inherent risk of shunt
placement, we do not think this recommendation is justified.
We agree with Nemoto and Chant et al that the placement of

1. Beese U, Langer H, Lang W, Dinkel M. Comparison of near-infrared

Response

We are grateful for the opportunity to reply to the comments
of Nemoto and Chant and collegues on our stu@poth letters
reflect the heated debate concerning the usefulness of near
infrared spectroscopy (NIRS) in the setting of carotid endarter-
ectomy under general anesthesia. Although Nemoto as well as
Chant and collegues are convinced of the clinical value of the

INVOS 3100A, they are adding little evidence to support their . . .
conviction besides “personal experience.” However, one of the the sensor is of importance. We stated that the sensor location

basics when introducing a new monitoring device is to answer was “according to the r_nanufa_cturer instructions over the ipsilat-
the question of whether aquisition of data will alter the treatment €ral forehead,” and this implies that the lower margin of the
plan. Therefore, it is essential to define a threshold under which SENsor was=2 cm above the eyebrow, thus not covering the
neuronal damage is likely to occur and intervention is appropri- frontal sinus. Chant and collegues were trying to provide
ate. So far, no threshold values, confirmed by the individual €vidence that only placement of the sensor over the temporal
neurological outcome of a sufficient number of patients, were 0b€ is correct by correlating the oS readings with jugular
found for the INVOS 3100A. The hypothesis that this device VENOUS oxygen saturation in 14 patientdowever, the signifi-
reliably detects cerebral ischemia has yet to be validated. To askc@nce of a good correlation between the readings of the INVOS
for an invalidation (letter of Chant and collegues) can only and jugular venous oximetry is unclear, since the latter form of
thereafter be accomplished. neuromonitoring is acknowledged as unreliable in carotid sur-
No single neuromonitoring device will detect all causes of gery® On this point we agree with Nemoto, although we doubt
perioperative cerebral damage with a 100% sensitivity and speci- his statement that during cross-clamping of the internal carotid
ficity, and we never claimed that this can be accomplished by the artery the entire venous outflow comes from the other hemi-
monitoring of SEP. However, the loss of cortical waveform after Sphere. Interestingly, a recently published stupgovides evi-
cross-clamping of the internal carotid artery is a reliable marker for dence that lateral placement will not improve the performance of
severe clamp-related ischemia and the need for placement of anlNVOS 3100 in patients with severe cerebral ischemia indicated
intraluminal shun&3 Our own preliminary validation study by clamp-related EEG changes.
showed that a loss of cortical waveform N20P25 was followed by ~ Dr Nemoto is correct when he states that blood pools between
neurological deficits in 7 of 9 nonshunted patients. The significance the sensor and the brain reduce the effectiveness of the INVOS
of a clamp-related SEP loss was also demonstrated in a study ofmeasurement. By means of routinely obtained CT scans prior to
patients undergoing the same procedure under regional aneSthesiasurgery, we excluded that artifact.
A prospective analysis of our database, including more than 1500 We did not cite articles concerning jugular venous oximetry for
patients, revealed that a preserved cortical SEP predicts uneventfuthe lack of correlation with NIRS but for the variability of the
recovery at emergence from general anesthesia in 99.4% of case®btained values for % prior to any intervention. We cannot share
(Dinkel, unpublished data). Therefore we believe that SEP is useful Dr Nemoto’s experience regarding the values he stated as normal in
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adults. Although the possibility of unknown underlying pathology reported an increasing interest for the diagnostic value of
cannot be excluded, it seems unlikely that this is true for many contrast-enhanced transcranial color-coded duplex sonography in
patients who will be outside the narrow “normal range” of 65 to 75. ischemic cerebrovascular disease. To the best of our knowledge,
Itis our concern that a single displayedsaumber will give a false however, transcranial power duplex imaging (TPDI) after con-
sence of certainity. The fact that a device which claims effective trast injection has not yet been evaluated in stroke patients.

reduction of extracranial contamination will giveasSreadings of TPDI is one of the most recent development in neurosonology.
>70% in cadavers with removed brains renders the interpretation of Distinct from color duplex flow imaging (CDFI), PDI produces
single numbers questionalife. intravascular color signals based on the reflected echo amplitude,

Due to the various etiologies of neurological damage during depending mainly on the amount of red blood cells within the
and soon after carotid endarterectomy, a multimodal monitoring sample volume. The consequence of this principle, associated
approach in patients undergoing this procedure under generalwith the use of special filter systems for blood/tissue discrimi-
anesthesia is desirableThere is growing evidence that trans- nation, is an increased signal-to-noise ratio. PDI provides a more
cranial Doppler will be a useful adjunct to electrophysiological useful diagnosis in complicated, high-grade stenoses of internal
monitoring2 The same will have to be proved for NIRS before carotid arteries (ICAs) than does CDFhut it has not yet been
implementation of this evolving technology will lead to an studied in stenoses of intracranial arteries, even though a supe-
improvement of patient care. riority of PDI over CDFI has been suggested regarding the

. depiction of central as well as peripheral segments of intracranial
Ulrich Beese, MD laturé. Injection of contrast agent for ult d results i
Harald Langer, MD vasculature. Injection of contrast agent for ultrasound results in
Michael Dink I, MD a significant signal enhancement of the cerebral arteries and
D ¢ 'f ?i In ti’ ol improves the diagnostic usefulnéss transcranial duplex imag-
epartment of Anaesthesiology ing, but it has not yet been evaluated specifically in severe
Werner Lang, MD stenoses of intracranial vasculature. However, a recent study
Department of Surgery suggests a strong interest in using ultrasound contrast with CDFI
Division of Vascular Surgery in the differential diagnosis between subocclusion and occlusion
University of Erlangen-Nunberg of ICA, allowing the depiction of slow flow in large vessels. We
Erlangen, Germany would like to share our interesting experience of combining these
2 new duplex imaging modalities—TPDI with contrast injec-

1. Beese U, Langer H, Lang W, Dinkel M. Comparison of near-infrared ~ tion—to improve cerebral artery delineation and to image low
spectroscppy anq soma}tosensory evoked potentials for the detection of flow in a case of moyamoya syndrome.
cerebral ischemia during carotid endarterector®yroke 1998;29: In October 1996, a 42-year-o|d man without previous medical

2. zD?r?Ifelzl\(al?gchweiger H, Goerlitz P. Monitoring during carotid surgery: ?Ismw W?'s hadmltted bECaL_Jrsli he pl’e.?entec(ii Wm;] 5 rectl)'lrrent
somatosensory evoked potentials vs carotid stump preskiteurosurg .ranSIent IS¢ .emlc atta.lc S (. s), mani eSte. .eac time by an
Anesthesiol1992:4:167-175. isolated left-sided hemiparesis. The motor deficit was completely

3. Haupt WF, Horsch S. Evoked potentials in carotid surgery: a review of e€solved each time within 24 hours. Brain MRI showed multiple
994 casesNeurology 1992;42:835-838. small ischemic lesions without leukoencephalopathy in the white

4. Dinkel M, Kamp HD, Schweiger H. Somatosensorisch evozierte mMmatter of both hemispheres. Conventional cerebral angiography
Potentiale in der KarotischirurgiéAnasthesist1991;40:72—-78.

5. Markand ON, Dilley RS, Moorthy SS, Warren C. Monitoring of somato-
sensory evoked responses during carotid endarterectanafy. Neurol
1984;41:375-378.

6. Cho H, Nemoto EM, Yonas H, Balzer J, Sclabassi RJ. Cerebral moni-
toring by means of oximetry and somatosensory evoked potentials during
carotid endarterectomyl. Neurosurg 1998;89:533-538.

7. Williams IM, Picton A, Farrell A, Mead GE, Mortimer A, McCollum CN.
Light-reflective cerebral oximetry and jugular bulb venous oxygen satu-
ration during carotid endarterectonfyr J Surg 1994;81:1291-1295.

8. Larson CP, Ehrenfeld WK, Wage JG, Wylie EJ. Jugular venous oxygen
saturation as an index of adequacy of cerebral oxygenaSangery
1967;62:31-39.

9. de Letter JA, Sie TH, Moll FL, Algra A, Eickelboom BC, Ackerstaff
RGA. Transcranial cerebral oximetry during carotid endarterectomy:
agreement between frontal and lateral probe measurements as compared
with an electroencephalograf@ardiovasc Surg1998;6:373-377.

10. Schwarz G, Litscher G, Kleinert R, Jobstmann R. Cerebral oximetry in
dead subjects] Neurosurg Anaesthesidl996;8:189-193.

11. Ackerstaff RGA, van de Vlasakker CJW. Monitoring of brain function
during carotid endarterectomy: an analysis of contemporary mettods.
Cardiothorac Vasc Anesthesidl998;12:341-347.

12. Arnold M, Sturznegger M, Schaeffler L, Seiler RW. Continuous intraop-
erative monitoring of middle cerebral artery blood flow velocities and

H ¥ ¢ 8/189
MIP HNo cut . Jan 15 98

the two methods to detect cerebral ischerSi@oke 1997;28:1345-1350. . . ) . ) )
Figure 1. MR angiogram using time-of-flight (TOF) technique and

. maximum intensity projection image reconstruction algorithm
Adva_ntages of Transcran_lal POWGI’ Duplex showing severe stenosis of the distal segment of the ICAs,
Imagmg After Contrast InJchon to Detect reduced flow in the M2 segment of the left MCA, and absence of

; detectable flow within the M1 segment of both MCAs as well as
Low Flow in a Moyamoya Syndrome within the left ACA. These features led to a presumptive diagnosis

To the Editor: ) ) ) ~ of moyamoya disease. (Through the courtesy of Dr T. Duprez and
We read with great interest articles recently published in Prof G. Cosnard, Department of Radiology, Université Catholique
Strokeby Nabavi et al, Goertler et ak and Postert et & who de Louvain, UCL, Bruxelles, Belgium.)
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X
Mca >\J
YL
C\J_ end L CAHV
TICA B
1. transcranial CDFI 2. transcranial PDI 3. transcranial PDI 3. transcranial PDI
with constrast injection with constrast injection
(Levovist®) (Levovist®) and 3-D

reconstruction

MCA: Middle cerebral artery TICA: Terminal internal carotid artery
ACA: Anterior cerebral artery CV: Collaterdlizing vessels
PCA: Posterior cerebral artery B: Brainstem

Figure 2. Panel 1, No color signal depicted on the right MCA while an aliasing phenomenon is observed on the right terminal internal
carotid artery; small collateralizing vessels and large right PCA observed on TCDFI. 2, In comparison to TCDFI, appearance of small
color signals on the right MCA and better visualization of both collateralizing vessels and right PCA with TPDI. 3, TPDI after contrast
injection (c-TPDI) reveals the right MCA and a very developed collateral network that converges toward the territory of MCA; the right
MCA is clearly visualized, and parts of vessels equivocally interpreted as vessels or artifacts appear as branches or loops of colateraliz-
ing vessels on c-TPDI with 3D reconstruction (fourth panel).

revealed bilateral stenosis of the supraclinoid ICA @efght), terminal ICAs, respectively, with no Doppler signal recorded on
subocclusion of the right middle cerebral artery (MCA), severe both MCAs and on the left ACA. TCDFI (Figure 2, panel 1)
stenosis at the origin of the left MCA and of the anterior cerebral showed a mosaic-like pattern of changing red and blue effects
artery (ACA), and collateralization by the external carotids (aliasing) in the region of both terminal ICAs (leftright),
(middle meningeal/temporal arteries) as well as pial collaterals suggestive of stenoses of the terminal ICAs, and no depiction of
arising from the branches of the posterior cerebral arteries the 2 MCAs and left ACA. TCDFI detected enlargement of the
(PCAs). According these radiological findings and the absence of PCA on both sides and small collateralizing vessels. TPDI
any other demonstrated cause of TIAs despite an extensivewithout Levovist enhanced (panel 2) the detection of small,
search, we concluded that it was moyamoya syndrome and atypical collateralizing vessels and showed some signals on both
instaured antiplatelets (300 mg/d of aspirin) as treatment. Three MCAs. TPDI after contrast injection (panel 3) considerably
months later, the patient continued to present with TIAs, exhib- improved the diagnostic usefulness of TPDI: both MCAs were
ited as left-sided hemiparesis, and stopped working. At this time, well distinguished by c-TPDI in contrast with previous modali-
we discussed the opportunity of surgical revascularization be- ties. Moreover, c-TPDI revealed multiple collateralizing vessels.
cause of his poor response to the medical therapy, but the patienin our case, we assume that both the neurosonographer and
refused surgery. In October 1997, he noticed a slight regressionneuroradiologist who performed the MRA were informed of the
of TIA occurrence—always characterized by a left hemipare- results of the former conventional angiography (in which patency
sis—and continued to take aspirin. He rejected conventional of intracranial vessels was found) at the moment of their
angiography because he was still opposed to surgery, and weexamination. Thus, we believe that the knowledge of the previ-
performed MR angiography (MRA) as well as a transcranial ous intracranial vascular status of the patients as reported by
color Doppler flow imaging (TCDFI) and a TPDI without and  conventional angiography could not logically influence one more
after contrast injection (c-TPDI). MRA was performed using than the others.

both 3D time-of-flight and phase contrast techniques without =~ We agree with Morgenstern et &alwho observed in two
contrast agent injection on a 1.5-T system. Maximum intensity moyamoya patients that TPDI visualized parts of the intracranial
projection images disclosed severe stenosis of the supraclinoidcollateral network not possible with TCDFI and allowed a better
ICA on both sides (lefte>right) and absence of detectable flow diagnosis of intracranial vascular pathology than TCDFI. In our
within the proximal segment of the 2 MCAs and the left ACA case, TPDI also improved the detection of the intracranial
(Figure 1). Slow flow reappeared distally in the left MCA, and a collateral network and noted color signals on both MCAs, which
marked collateralization from external carotids arteries and was not possible with TCDFI. Meairs and Henné¥iccently
PCAs was observed (Figure 1). The conventional TCD showed concluded that although TPDI was an interesting approach,
peak systolic velocities of 175 and 259 cm/s on the right and left allowing imaging of small vessels (the anterior and posterior
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communicating arteries, for instance) as well as identifying low promising technique by which to diagnose subocclusive stenosis
flow after intracranial stenoses or occlusions, clinical evaluation of brain arteries characterized by low flow. Further investigations
of TPDI was still underway. C-TPDI considerably enhanced the in larger series will be required to establish the reliability of
ability to evaluate collateralization as well as low flow in a c¢-TPDI to diagnose low flow in brain circulation.

subocclusive stenosis of intracranial vasculature in our case, just G. Devuvst. MD

as described by Hennericfor extracranial large arteries. This De artmént of l\slleu'rolo

case report suggests that PDI with contrast could be superior to P CHUng

3D and phase-contrast MRA to identify very low flow consec- Lausanne. Switzerland
utive to a proximal intracranial artery stenosis, but no definite ’

conclusions can be drawn for these single case report findings. N. Cals, MD
Further clinical studies are required to address this issue. It is V. de Borchgrave, MD
well known that MRA can overestimate the degree of brain P. Bara, MD
arterial stenosis, particularly in high-grade stenoses, which are M. Vandooren, MD
visualized as a loss of signal and, in consequence, erroneously Department of Neurology
interpreted as an occlusion. c-TPDI associated with 3D recon- Hopital de Jolimont
struction (Figure 2, panel 3) allows a better visualization of the La Louvige, Belgium

supply from PCA to MCA. With 3D imaging, the small, atypical

collateralizing vessels are, in fact, loops or branches of the 1. Nabavi DG, Droste DW, Kefmy V, Schulte-Altedorneburg G, Weber S,
vessels equivocally identified as vessels or artifacts with TCDFI, Ringelstein EB. Potential and limitations of echocontrast-enhanced ultra-
TPDI, and c-TPDI. However, despite the fact that no false- _ Sonography in acute stroke patierfiiroke 1998;29:949-954.

positive diagnosis of a nonoccluded intracranial artery by TPDI 2 G0¢rtier M, Kross R, Baeumer M, Jost S, Grote R, Weber S, Wallesch
with contrast has been reported (series have included too few S Diagnostic impact and prognostic relevance of early contrast-

. . A enhanced transcranial color-coded duplex sonography in acute stroke.
patients), we should take this possibility into account for the e 1998:29:955-962.

following reasons. First, a short appllcatlon_ pe'_"Od (10 to 15 3. postert T, Federlein J, Braum B; #ter O, Bonke C, Przuntek H, Bitner
seconds) of the echo-contrast agent as applied in our study and 7. Contrast-enhanced transcranial color-coded real-time sonography: a
others could lead to an increased color “blooming” artifact that  reliable tool for the diagnosis of middle cerebral artery trunk occlusion in
could be erroneously interpreted as residual poststenotic flow, patients with insufficient temporal bone windov&troke 1998;29:
even if “blooming” was reduced by decreasing the color Doppler ~ 1070-1073.
gain. The use of a slower administration of the echo-contrast 4- Steinke W, Ries, Artemis N, Schwarz A, Hennerici M. Power Doppler
agent (at least 3 minutes) may reduce color artifacts but has not :ng:zg ;’;dcz'r:gg gigg%f:g;:i‘;g;ozrgPlagéslonl;‘gt: color Doppler flow
)éeetct())i?jn sazef;gg?:%ggrg@ar;:uvr\g;haws;hg{t:ipdpéggtl%? d%?:Od' 5. Postert T, Meves S, '‘Boke C, Przuntek H, Buttner T. Power Doppler
7ES h i ! 2 compared to color-coded duplex sonography in the assessment of the basal
cerebral vein that drains toward thg insula and. the basal vein of  qepral circulationd Neuroimaging 1997;7:221-226.
Rosenthal provides color Doppler signals showing the same flow 6. Ries F. Clinical experience with echo contrast-enhanced transcranial
directions as those of the MCA and PCA, respectively. Conse-  Doppler and duplex imagingd Neuroimaging 1997;7(supp! 1):
quently, it is very difficult to discriminate slow arterial flow S15-S21.
(poststenotic) from venous flow by means of TPDI without 7. Hennerici M, on behalf of the Carotid Echocontrast Duplexsonography vs
spectral Doppler analysis. This point is still more crucial for ~ Arteriography Study (CEDAS). Echocontrast duplexsonography is as
TPDI with or without contrast because this duplex modality, by ggstcrﬂ‘é‘; ;”g(;’r":g’r fvsazggéﬁ’f{ggg-ysf&;ﬁ 2)'?191;0;553;219”9@“ carotid
glr:gg![ﬁ;ﬁ’ é\?gr?c.}tngYlgﬁ d |2f$£)n|;?té%r;ecr:lct>lr;ﬁ§r3;gg| dtgea I:g\;vp? 8. Morgenstern C, Griewing B, Mier-Esch G Zeller JA, Kesslgr C. Trans-
of the intracranial circulation without hemodynamic data about g;?::;?(in?:i’]v?\lr;}ﬁg;:gﬁﬁgefggl;r?tsf;g dlgztwo patients with moyamoya
flow velocity and direction (the reason we feel that these o weairs SP, Hennerici M. Cerebrovascular ultrasound. In: Ginsberg MD,
techniques must be combined with conventional TCD), we Bogousslavsky J, ed€erebrovascular Disease. IDxford, UK: Blackwell
believe that these 2 modalities, particularly c-TPDI, represent a  Science; 1998:1318-1336.
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