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Correlation of carotid artery stump pressure
and ncurologic changes during 474 carotid
endarterectomies performed in awake patients
Keith D. Calligaro, MD, and Matthew J. Dougherty, MD, Philadclphia, PA

Purpose: A cavorid artery stump pressure (SP) of <50 mm Hg and abnormal clecoroencephalography (EEG) changes
have been suggedted s indications for selective shunting in paticats wadesgoing carotid endarcerectomy (CEA)
under general ancsthesia. We attemipted to determine the optimal SP threshold that corvelared with nenrologic
changes in awake paticats undergoing CEA using cervical block ancsthiesia (CBA) and performed 3 cogr comparison
with EEG monitoring.

Merhods: Berween July 1, 1995, and December 31, 2004, 8P was measured duriag 474 CEAs parformed under CBA
by inserting a 19-gauge butterfly needlc into the common carorid acrery. A saline-filled incravenous bag in the
patient's contralateral hand was connected tu pressure tubing to generate wavetooms with hand squcezing thar conld
be visualized on 2 monitor. Systemic prosswe was maintained approximately 10 mm Hg higher chan baseline,
Accurate SPs were confirmed by the finding of flatline waveforms after internal carotid artery clamping. Sclective
shunting was performed when aeurofogic changes octurred (aphasia, inability vo syuecze rhe contralateral hand,
decreased consciousness), regardless of SP. Duriug this samic period, 142 paticnts underwent CEA using GA, and 5P
way also measured.

Rysults: Shunting was necessary becanse of neucologic changes in 7.2% (34,/474) of all CEAs prformed using CBA: 0.9%
(3/335) wich 8P's =50 pun Hg systolic va 1,.0% (4,/402) with SPs =40 mm Hg systolic, and 22% (31 /139) with SPs <50
mun Hg sysoolic vs 42% (30,/72) with 5Ps <40 mm Hg systolic. If these 474 CEAs had been oging GA, shunts
would have been ased in 29% (139/474) of parients for 3 SP <50 mm Hys systolic vs 15% (72 /474) fox a SP <40 uun
Hy ayseolic. In patients 0ot shunted, the perioperative stroke/death rage was 1.2% in paricats (4/332) with SPs =50 oun
Hg vs 1.0% (4,/398) with SPs 240 mm Hg. Three of the four strokes occurred >24 hours postoperatively and were
unrclated to lack of shunting and ischemia. There was ao significant difcrence in the percentage of parients with SPs 250
oun Hi who wadcrwent CEA using CBA (70%, 335/474) vs GA (67%, 96,/142) during this tiiwe period. At our hospital,
churges for SPe measurement, including anesthesia charges and cabing, were $229 per case v $3439 per casc for EEG
monitoring, Usc of $P measurcments in these 474 paticnts would have resnited in redoced charges of §1,521,540
compared with EBG munivoring if CEA had beon performed nader GA.

Conctusion: Using 40 mm Hg systolic 23 a threshold, the need for shuating (15%) and the false-negarive rate (1.0%)
tor SP in our scrics were cquivalent to the results of EBG monitoring durivg CEA reported in the literacusc.
However, charges for SP measuzenients are dramatically lower compared with EEG monitoring. Our results suggest
that a carotid artery SP &40 mm Hg systolic may be considered as an equally reliable but more cost-effective method
to predict the need for carorid shuntiug duriag CEA under GA compared with EEG monitoring, bur further
investigation is warranced, (J Vase Surg 2005;42:684-9.)

Despite the expected increased trequency of balloon
angioplasty and srenting o uear carotid artery discasc in
the funme, carotid endartcrecomy (CEA) will likely be
Ncceysary o eneat many pancats with soroke (CVA), wran-
sient ischemic amack (TTA), and asympromatic carotid ste-
nosis. Choice of ancsthesia and use of routne or scloctve
shunting when performing these operations remain contro-
versial. Even for surgeons such as ourscves, who prefer
vervical block ancsthesia (CBA) in the awake paticnt, there
are occasionally padenrs who requine geacral anesthesa
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(GA) because of parient anxiety, neck fixadon, repear ca-
rotid surgery, or clhustrophobia. '+

Controversy periists as to the optimal method o asscss
cercbral pecfusion when pecforming these operations uader
GA. Many, if not most, vascular surgeons carrendy prefer
clecrroencephalography (FEG) monitoriag. However, our
group and odhers have reported nsing carotid arrery stump
pressure (SP) 3 2 method to determine the oced Ror
sclective shunting under GA.3*® In a review of dhe lirera-
rure, Whitley and Cherry?® reposted thar a SP <50 mm Hg
is gencrally acceprad as an indicucion for sclective shuating
when CEAs are performed under GA.'® Resules of EEG
monitoring and SP mcasurements using both GA* 1% and
CBA"**® have beep reported.

Lo this ora of cost-conscious medicine, health-cacc pro-
viders are expected to perform intcrventions safcly buc also
with cost ctliciency.!? We atempred to desermine it chere
was an optimal SP threshold that corvelated with neuro-
logic changes in awake parients undergoing CEA with CBA
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and performed a cost comparison with EEG monitorung ax
our hospital.

PATIENTS AND METHODS

Berween July 1, 1995, and December 31, 2004, SP was
measured during 474 CEAs using CBA ar Pennsylvania
Hospiral. Indications for surgery were asymptomatic 70%
w 99% wrernal carotid artery diameter stenosis in 74% of
patients (351), TIAs in 20% (93), and suokes in 6% (30).
Types of coswre induded proschetic patches in 53% of
patients (251), vein patches in 9% (43), primary standard
endartercctomy closure in L18% (83), and cversion endar-
terecromy iy 20% (97). In the last 5 years we have cssen-
tally abandoned primary closure and in che last 3 yoars have
begun performing eversion endartereciomy more liberaiiy.
An additional 71 padenes underwenr CEA under CBA
durnng this nne period bur were not included in the scrics
because SPs were not measured or vecorded.

There was ao sclection bias. The data were entered
weckly during the study period in our compurcrized regis-
try (Microsoft Access). Cases were cvenly distributed be-
tween surgeons operatung during chis dme period.

All 474 paricnes underwent inscrtion of a radial arterial
line for systemic pressure monitoring. Our rechnique ©
measuce SP involved msertion of a 19-gaage butreefly
weedle into the common carond artery. The common
carotid artery systolic pressure was compared with the radial
arrery systolic pressure to determine ifany significant intiow
arterial stenosis in the Innominatc or proximal common
carodd artery was present,

A saline-filled intravenous bag was wped in the pa-
ticne's conmalateral hand and connected to pressure tabing
to generale wavetorms wirh hand squeezing that could be
visuulized on w1 ancsthesia monitor. Systemic pressure was
maintained with inwravenous pressor agents by our anesthe-
siologists approximatcly 10 mun Hg hugher than bascline

+ betore and during the entire period of carorid clamping to
insure that the patient was not experiencing relanive bypo-
tension.

After systemic heparinization, with maintenance of ac-
tivated cloring time >200 seconds, a clamp was applied to
the external carotid artery and then to the conunon carorid
artery proximal 0 the necdle inscrdon site. The peak
syseolic pressure was recorded as the SP. The presence of a
pulsatile waveform generated through the acedle after
clamping the cxternal and common carotid artecics was aiso
aoted, We assessed the parlenr’s neurclogic statas by hav-
ing che parent squeeze the contraiateral hand and speak.
Lastly, 4 clamp was applied to the intcrnal caroud arcery.
The SP was considered accurate if the waveform became
Hatkine ar chat time, indicating absence of collaterals filling
the carorid arwery berween the clamps, Frequent newrologic
asscssment was continued throughoar the period of carond
clamping,

Selecove shunting was pertormed when neucolugic
changes occurred, including aphasia, inability to squeezc
the contralareral hand, or decreased consciousness. In a
small aumber of paticnts, selective shunting was performed
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Table I. Nceed for shunting based on scump pressure

CEA under cervical block
anesthieiia
Toral = 7.2% (34 /47%)

5P 250 vam Flg sys = 0 9% SP <50 mun Hy sys = 23%

(3/335) (31/139)
5P >40 aun Hy <ys — 1.0% S0P <40 mm Hyg sys = 42%
(+/402}) (30/72)

CEA wnder GA, depending on
5P ariena*

SP =50 mm Hy sys = 0.0% SP ~<50 num Hg sys - 29%

(R35/474) (139/474)
5P =40 mm Hy sys = 0.0% SP <40 mm Flg sys = 15%
(402/474) (72/474)

(CEA, Carood cudarterectomy: S stump pressure
*Pomsatis! aced for shundng of these 474 paciens had undergone (EA
undher GA and guidelines fi shimtng had becu followcd based on SP.

Table 1. Swroke//deach relaced to shundng in 474
patients undergoing carotid cndarterectomy using cervical
blockade anesthesia

Toxal (474) = 1.3% (6)
Not shunted (440) = 0.9% SP >50 mm Hg sys ~ 1.2%
(4) (4/332)
Shuneed (34) = 5.9% (2) SP >30 mm Hg sys = 1.U%
(2/398)

SE, Stump pressurc.

at the discretion of bne surgeon when there was a history of
CVA or TIAs becausc of concern chat these patents mighe
be predisposed to stroke even with a high SP.

Charges at our haospital were based on patienr billing
figures supplicd by the hospital billing deparument. Note
that these figurcs represent charges and not direct costs.

RESULTS

Of the 474 paticnes i this scrics whio anderwent CEA
using CBA, shuaring proved 1o be necessary because of
ncurologic dewrioration after carovid clamping in 7.2%
(34) (Table I). Of thc 474 pagents, 0.9% of paticats (3/
335) with §Ps =50 mm Hyg systolic requived shunting
begcanse of newrologic changges vs 22% (31,/139) wicth SPs
<50 mum Hg. The SP wavetorm in onc of the three patients
who developed newologic changes became Hatline atrer
carotid clamping, despite a SP of 80 mm Hyp systolic,
suggesting that the transducer generated an inaccurate SP
value. All ocher SPs =50 mm Hy had a pulsatile waveform
gencrated on the moniror, OF pote, five patents with SPs
250 mm Hg systolic were shunted hecause of a history of
recene stroke (4) or TIA (1) at the discretion of the sur-
geon, even chough no immediate newrologic changes were
noted after carotid clamping and betore shunt inscrtion.

Compared wich a threshold of 50 ram Hg systolic, the
need for shuning was similar for patients with SPs =40 mm
Hg systolic where 1.0% of padents (4,/402) required shunt-
ing (Tablc I). Howcver, the need for shunting was alinosc
double (42% [30/72]) in patients with $Ps <40 mm Hg
systolic compared with patients with SPs <50 wmwn Hpg
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Table [1l. Edology of stoke/death in 474 patients undergaing carotid cndarterecromy using cervical blockade

ancsthesia

A, Four itrokes and/or deavhs accurred in paiienss wich seump presssres > 50 mm Hy syssolic (1.2% [4/335]) and in pasiowts wha wers wor

shunted (cersbrovasculor accident/denvh rare < 0.9% [4/440/

Poseuperasrpe day Eriology Complication

0 Lschicinis or cinboles Jpsilarecal minor stroke (prosis)
1 Hemorrhage from suvace line Ipsilaceral stroke and deaths

3 Lschemia o embalus Contralateral ischemic soroke

& Hemuorrhage Lpsilateral hemorrhagic strake

B, Vwa seroiees anid/or deushs oceurrad in pavients wich seump pressurce <50 mm Hy sydolic (1.9% [2/139]) and who were shunsed

(vercbyovaseulnr accident/death rare = 5.9% [(2/34])

FPoseuperarive day Etialagy Complicarion
0 [schemia-difficuley placing shuar lpsilaveral ischemic stroke
Contralateral ischemic stroke nd death

6 Ischenis or embolus

Table IV. Stump pressure and indication For sargery

Indicazion for CEA % (N) Newrolvgic charges and sdans insersion % (N) No nenrvlogic change)*
Scump peessure >80 mun Hg systolic
Asymptonatic 74 (247) 04 (1) 0
Transgeat ischemic attack 19 (65) 15 (1)t 1
Stroke 7(23) 3.3(1) 4
Tacal 100 (335) 09(3) 5
Scump pressure <50 mm Hyg syscolic
Asymiptontic 75 (104) 29 (19) U
Transienr ischemic attack 20 (65) 25 (7) 0
Stroke 5(7) 57 (4) 0
Toral 100 {13Y) 22 (31) 0

CEA, Carond cisiarteresromy.
*Shunt placed L distrcton of sivgeon.

TFlutline waveforn with stimip pressure = 80 (probably inaccurare soump predsore recondiag).

systolic. It these patients had been operated on under GA
and a cutoff point of 50 mm Hy had been used, 29% ot the
patients would have been shunted, and it a cucofl poine of
40 ram had been used, 15% would have been shunted.

The stroke /death rate in these 474 paticnis who wa-
derwent CEA using CBA was 1.3% (6 parients): 0.5% (4
puticnes) in the 440 patieats not shunted s 5.9% (2) in the
34 parients who were shunted (Table II). When the peri-
operative stroke/death rate i patients not shunted was
turther analyzed according o SP, 1.2% of patienes (4/332)
with $Ps =50 mm Hy systolic vs 1.0% of patients (4/398)
with SPs =40 inm Hg had steokes or died, or boh.

Threc of the four strokes in patients who were not
shunted occurred >24 hours postoperatively and were
unlikely related to lack of shunting and subsequent isch-
cinia (Table I1I). We cxpect that the paticnt wirh a hemor-
rhagic stroke on postoperative day 4 had hyperperfusion
syndrome because of complaints of headache the day be-
tore the stecoke. The paticnr with a suture live hemorchage
on postopersative day 1 bled fom a separate suture ling in
the external carord artery that had been pectormed to
endarterectomize an intimal Aap in the cxrernal carorid
found oo completon arteriography. The paricar was re-

explored but suffered prolonged cerebral anoxia befure an
airway could be obtained and repeat swgery performed.

There were no significant dittercnces (P> .05) in the
indications for CEA in padcnrs with SPs <50 mm Hg
systolic compured with patients with SPs =50 mm Hg
systolic (Table IV). Regardless of 5P, patients rended ro be
inore likely o require shunts for neurologic chanyges asso-
ciated with caroricl clamping when the indication for sur-
ecy was for CVA or TIA than for asymptomatic stenosis
{Table IV).

There was no significant ditferonce (P > 05) in the
percentage of patients with $Ps =50 mm Hg who under-
went CEA using CBA (70%, 335/474) vs GA (67%, 96/
142) ac our hospital during this dme pediod. Of the 474
piticnts in this scrics who uaderwent CEA using CBA
during this rine perwad, shunting proved to be necessary
duc to neurologic deterioration aftce carodd clamping in
7.2% of cases (34) compared with 39% of patients (55/
142) whose $I's were measured and who underwent shunt-
ing when CLA was performed under GA.,

A comparison of the incidence of shunting in paticnts
who underwent CEA using GA during this ime period is
not truly nelevant because we had not adopted a unitorm
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Table V. Resules of eleciroencephalography monitoring during caruid endarterectomy

Number of pavients with Number of pasients wich
uenrologic chavges normol FEG . ‘
Eunlsc-rcyurive rate (%) of EEG deticring newrvlyyse
Referemee during CHA® afrer AT duving CBA* aficr GA' changes during CRA or predicting sirvke after (A
Schneider'? 0 — 449 0.0
Ricora® - 0 — 100 0.0
Green't 3 - 419 0.7
Whircemore'* — 1 - 150 a7
McCarthy? - 6 — 418 14
Kresowil-1' — 5 - 388 13
Kresowik-2'* — 10 — IK8 26
Evans'® 4 — 108 — 3.7
Stoughron™ + — 49 — 4.5

U84, Cervival block sumithesds; G4, meneoal anesthesia; BEC, clecrrovacephalograsphy.
“Newrologic changes imply sbunting was necessacy duing CHA because of onzer of aphasia, decreased smotol Ruwton or decrcused somsciousess by ehe swake

paticus.

TNcurulogic changes sguity stroke after awakening from GA tor all references excepe Kresowik -2, where pemancat and weinporary neurologiv cvents weie

inciuded

policy of sclective shunting under GA based on SP. Al-
though w1 gencral we did not shune GA paticnts for SPs
=50 mm Hg, discierion was left to dw surgeon in the
serting of a bistory of ipwilareral stroke or coarralotcral
iaternal carotid arcery occlusion We want to cmphasive
apain rhat patients undergoing CEA under GA may be
more susceprible to cerebral ischemia and dhese criteria may
not nccessarily be applicable.

Qur registry database did not have informarion on the
status of the contralaceral internal carodd artery, notably
the incidence of conmalateral incernal caroud artery occlu-
si0n, 50 We cannot miake any conclusions regarding this risk
tacroe and SPs and need for shunting,.

Charges for EEG monitoring in a patient under GA for
a 2-hour CEA, including technical fees ($1549 tor the firsc
hour, $799 per hour théreatter) and incerpretution
. ($1100) at our hospital were $3448 vs $230 for ancsthesia
chovges ($210) and tubing ($20) for SP measurements
pecformed in awake paticnts under CBA. If these 474
pagenss had undeegone CEA under GA, use of SP measure-
menes would have resulted in reduced charges of $1,525,332
compared with EEG monitoring ar our hospical.

DISCUSSION

Controversy remainy reganding routine vs sclective
shunting as a means to prevent cerebral ischemia during
CEA. The optimal method t0 assess cerebeal perfusion tor
those who use sclective shuntings is also debanable. Strate-
gies include routine shunting for paticnts under GA, selec-
tive shundng based on ncurvlogic changes for patients
under CBA, and EEG changes or SP mcasurements for
patients under GA.

Routine shunting under GA. Somwe vascular sur-
geony prefer routine shunting to maincain cerebral porfu-
sion during internal carotid artery clamping when patients
are under GA; however, this technique may be associated
with increased risk of stroke duc to intimal damage and
cmbali passing through the shunt from the common ca-

rotid-artcry. Green eral '™ repoyted that eechnical problems
were more common when shunts weee used (5%) than
when they were not (0.9%) and concluded chat shuat asc
may inroduce 1 risk of swoke due to techaical factors thar
is cqual or greater chan the risk of swoke due o hemody-
namic ischemia. One paticnt we operared on during this
time period under GA with shunting cleardy sutfered a
stroke secondary to emboli passing through the shunt.

Sclective shunting in the awake patient. Many vas-
cular surgcons, oursclves included, prefer to assess aeuro-
logic changes in the awake paticnt ducing CEA under CBA,
because chis method is the most direct measure of cercbral
wschemia,t+2+16*% Noe all paticnes can tolerate CEA using
CBA, bur in our cxpericnice, 77% of CEA parients (474/
616) at our hospical during the time period of this study
were operated on with this technique. The other 23% of
paticnts wha underwent CEA under GA did so because of
paticnt preterence ‘(claustrophobiy, anxicty) or surgeon
preference (radiated neck, redo surgery, high bifurcation,
neck tixadon duc to archrits).

Selective shuating under GA. The most widely used
methods to assess cercbral perfusion when CEA is per-
formed under GA are BEG monitoring and SP mcasure-
ment. Varous authors have conrclatced EEG monitoring
and $P measurements in the awake patient and in paticits
under GA to derermine the celiability of these methods
(Tables V, VI). Selecnve shuntdng based on EEG changes 1s
associared with the need for shuncing in approximatcly 15%
to 18% of cascs 51! 4335 If the CRAs in our series had
been performed under GA, shunts would have placed in
29% of paticats (139 /474) it a SP <50 mm Hg systolic was
used as the shan threshold. About halfas many patients, or
15% (72/474), would have been shunred using 4 8P <40
mm Hy systalic as the criteria. These resales sugygest tha
the incidence of unnccessary shunting would have been the
same whether EEG moaitoring or 1 SP <40 mm Hg
systolic was used as an indication foy sclecuve shuating.
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Table VI. Results of carotid stump pressuce (5P) measurement during carotid endarterccromy

Nuswber of pasicnts wick Numiber af pavicnes wish
reurvligis changes high SE+ . " .
Falsc-megusive vwhe (%) of bigh SP+ Reseceing noswrolygic

Keference during CBA®  after GAT  during CRA” after (AT changes during CBA or predicring sevoks wfror (A
Evans'® 3 —_ 94 — 3.2% (>90 mm Hg sys)

MeCarthy 2 - 6 - 524 1.1% (>35 nun Hi mean)

Prescnt scrics 3 — 338 — 0.9% (>50 mm Hg sys)

Haftaer” 0 - 224 - 0.0% (>50 mox Hy sys)

CRA, cervical block snesthesiay GA, goneral ancsthesis,

“Neuralogic changes inply swasiting wes accessary during CEA because ol vnsct uf upidasia, decreased motor functiun or decreased consciousncds i the awake

l'l‘.l.ll(l i
Neurologic chanyes sigaily steoky ianeedistely atter awakening from GA.

Howcver, the most critcal aspect of any cerchil per-
fusion monitoring method duding CEA under GA s thae
the methad should ideally not miss any paticars who re-
quire shunting; dat is, ideally, 1 normal EEG or §P greatcr
than a safely escablished threshold would be assaciated with
4 zero rate of cerebral ischemic changes (a zero false-
negative rate), The false-ncgatve rate of EEG and SP
measurements ia several seres arce listed in Tables V and VI,
respectively.

‘The optimal SP value abuove which it is safe not to place
a shunt is controversial, espevially since some surgeoas have
reported miean 8P and ochers have reported systolic SP.
Paricars tolerated interal carotid artery clamping when the
mean ST was >25 mm Hi as reporred by Moore and Hall,©
40 mm Hp reported by Ricotea et al,® and 50 mm Hg by
Hayes et al.” Baker et al* reported 940 paticnts who under-
went CEA under GA withour shunting any paticnts and
noted a stroke rate of 1.1% in padenes with SPs =50 and
4.7% for SPs <50 mm Hg. It is unclear in their report if
mean or syswolic ST was used. We wish o poiar our again
chat we believe che SPs in our scrics were accorare because

SPy were confiemed by the finding of fladine waveforms

after internal carotid artery clamping,

Some authors have reported Jow false-negative rates
with EEG monitoring and need for carotid shunting. Al-
though Schacider et al'? rcporeed a 0% falsc-negative rate
associated with EEG monitoring in a scries of 449 padents
undengoing CEA using GA, some paticnss with normal
EEG findings were selectively shunted becaunse of a history
of an ipsilatcral stroke. If nonc of these patients with a
normal EEG and ipsilateral stwoke had been shanted, it is
possible that sume would have suffered ischemic acurologic
events rescling in o higher Ralse-ncgative rare. Although

- Evans et al*® reported a relatively high false-negatve rate of
3.2% for SPs >50 mm Hy systolic for CEAs pueformed
under CBA, they acrually noted a slighdy higher lalsc-
negacive rate of 3.7% with EEG monirtoring ar their insg-
tution, Ina later series by Hufner and Evans,” nowe of 226
paticnes with SPs =>50 mm Hpg systolic who underwunt
CEA under CBA required a shuar. In a series from the
Mayo Clinic, the incidence of EEG changes was only 2%
when the SP was >50 mm Hg.*® In a scrics from the
University of Rochester, the incidence of EEG changes

when the §P was =40 mum Hg was 1%, and this occurred in
a paticnt with 3 recent stroke.® In sumunary, che chances of
EEG monitoring missing a cercbral ischemic event under
CGA as reporced ip the literature and the incidence of
cerebral ischemic changes associated with carotid clamping
when the 5P =40 mm Hg systolic in this series appear to be
cquivalent,

In sumanary, our results suggest, bur do not necessarily
prove, that a $P <40 mun Hg systolic should be used s a
threshold for cararid shanring under GA. These lindings of
SP thresholds and need for shundng in awake patients may
nor correlate with parients under GA. Alrhough the false-
negarive race for SPs =50 mm Hg systolic (0.9%) was nearly
idearical to SPs =40 mm Hg syscolic (1.0%), SPs <40 mm
Hg systolic would reduce from 29% ro 15% the need for
shunting, with its porconal associsted complications, pro-
longed operative dme, und difficulty of use.

Costs of EEG and SP. In our hospital, EEG charges
($3448) for a 2-hour CEA are 10 times more than the
charpes tor SP measaremicats ($230). 1a the Schneider exal
report,'* toral coses for EEG monitoring were dramatically
less and were esumired to be $200 o $300 per casc,
although the acurologist’s fee for interpretation was not
included and it was unclear if the EBG rechnician fees were
included. Indeed, in the Discussion of the paper, the aa-
thors aote that their hospital charged $1700 fow EEG
monitoving. Other groups, along with our own, have aban-
doned the use of EEG monitoring for rondne CEAs under
GA because of associated high costs."*'* Whea cost com-
parisons arc made with caroud artery stenting, expenscs of
performing CEA under GA using SP measurcments should
be considered.

Limitations of study. There are three limitatoos of
our paper. First, there were reladvely small aombers of
patients who underwent CEA for an indication of swroke.
Padcnts with a history of stroke are porentially more pre-
disposed to cerebrul ischemia during carorid clamping than
are asymptomatic patieins or paticnes with TIAs and there-
fore may be more hikely 0 require a shune, even in the
seeting of a high SP. Therefore, we van only make caurious
recommendations cegarding SP criteria and the need for
shunting for patienrs with a history of ipsilaceral stroke
undergoing CEA under GA.
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Sccond, we cannot he absolutely cerain chat the SP
results and associared cerebral ischemic chapges in paticnrs
who underwens CEA under CBA ace applicable to patiencs
undergoing CEA under GA. There arc dara suggesting that
paticars under GA may be more susceptible to corcbral
ischemia than patiencs undergoing CEA wsing CB.*? Aleer-
nanvely, paucats under GA may tolerace lower SPs than
patients who ccecived CBA because of the possible protec-
tive effect of the anescherie. ¥

Third, five patients with SPs =50 mm Hg systolic were
shunted i the discrerion of the surgeon because ofa history
ol recene stroke (4) or TIA (1), alchough there were no
obviows ncurologic changes unmediately afier caroud
clamping and before shunt inscraion. Iv is possible thar
these padents would have developed neuroiogic deficit
farer duning the operation it a shunt had nor been placed
wmmediarcly. 1f thesc five patents ure omitied from consid-
ceation, then the n¢ed for shunting based o nearologic
changes dwing CEA undar CBA in patients with SP =50
mun Hg systolic was 1.8% (5/330) instead of 0.9% (3/
335).

CONCLUSIONS

When 40 mm Hy systolic was used as a threshold, the
neced for shunting (15%) and the false-negative rare (1,0%)
for SP in vur scries of puticnts who underwenr CEA werc
comparable ta the resulis of EEG moniwring reported in
the literarure. However, charges for SP measurements arc
dramatically Jower than EEG monitoring, A carotid artery
SI' 220 mm Hp systolic nughe be considered as an equally
rehable but more cost-elfective methaod to peedict the need
tor carotid shunting during CEA under GA than EEG
monitoring, although we an not be cerrain thar thesc
recommendations apply to patients under GA as they do for
patienss receiving CBA,

A prospective soady analyzing deach and stroke in pa-
rients andergoing CEA under GA with shunting per-
formed only for SPs <740 mm Hy systolic would validare
our results. We can only caatiously recommend chis sorar-
cpy for patieats who have suftered preoperative strokes,
becuuse of the small aumber of patients operated on for chis
iudication.
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