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INTRAOPERATIVE monitoring of the electroencephalc- 
gram (EEG) is commonly used for detection of cerebral 
ischemia during carotid endarterectomy. Although real- 
time interpretation of analog EEG recordings may be con- 
sidered the “gold standard” for ischemia detection, various 
signal-processing techniques have been used to ease the 
interpretation of intraoperative EEG. Several reviews of 
various EEGprocessing techniques are now available. ’,’ 

Appropriate monitoring of intraoperative EEG for ce- 
rebral ischemia assumes that anesthetic depth remains 
relatively constant, because changes in anesthetic depth 
or surgical stimulation are known to have profound 
effects on the EEG.3 We report the case of a patient 
having a carotid endarterectomy in which the processed 
EEG showed a significant loss of “power,” and a shift of 
the spectral edge frequency to lower frequencies during 
anesthetic emergence. If the EEG had been recorded 
under conditions of a stable anesthetic when the carotid 
artery was clamped, the record could have been inter- 
preted as cerebral ischemia. 

Case Report 

A 65-yr-old woman with a history of hypertension and asymptomatic 
bilateral 90% carotid artery stenosis presented for elective right carotid 
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endarterectomy. Routine physical examination, laboratory values, elec- 
trocardiogram, and chest radiograph were otherwise within normal 
limits. 

In addition to application of routine monitors, a left radial artery 
catheter was inserted. EEG electrodes were placed in an approxima- 
tion of the International 10 -20 system using an electrodeembedded 
nylon cap (Electro-cap International Inc., Eaton, OH). An eight-channel 
EEG (Neurotrac 11, Moberg Medical, Ambler, PA) in a monopolar 
montage (F3, F4, C3, C4, P3, P4, T5 and T6 referred to CZ) was 
recorded continuously and stored digitally. Low- and high-filter settings 
were 0.5 and 30 Hz, respectively. A 2 MHz-pulse wave transcranial 
Doppler (TCD) probe (Multigon Industries Inc., Yonkers, NY) was 
applied over the right temporal window to insonate the ipsilateral 
middle cerebral artery. 

Following intravenous 100 pg fentanyl and 2 mg midazolam, general 
anesthesia was induced using 250 mg sodium thiopental, and tracheal 
intubation was facilitated with succinylcholine. Anesthesia was main- 
tained using N,O and isoflurane. Neuromuscular blockade was 
achieved with 10 mg vecuronium and reversed with 3.5 mg neostig- 
mine and 0.6 mg glycopyrrolate. All hemodynamic and anesthetic data 
were monitored continuously and recorded every minute by a com- 
puter-based data acquisition system (Lifelog from MI2, Rosemont, PA). 

The patient underwent a routine carotid endarterectomy with gen- 
eral anesthesia. Before and after application of the carotid cross 
clamps, systolic blood pressure was maintained within the patient’s 
normal range between 120 and 150 mmHg. Phenylephrine was used to 
increase systolic blood pressure to approximately 180 mmHg during 
carotid artery cross clamping. Because there were no EEG changes 
indicative of ischemia with carotid artery clamping, no shunt was 
inserted (fig. 1, upper; preclamp, clamp). There was a 30% decline in 
mean TCD velocity with clamping, which returned to normal after 
removal of the clamps. 

During wound closure, the isoflurane was discontinued and the total 
gas flows were increased from total flows of 3 Vmin to a approximately 
6 l/min. Shortly after increasing fresh gas flows, a profound shift of the 
spectral edge to lower frequencies was observed in all electrodes, 
which is illustrated in figure 1 for frontal and central electrodes on the 
right hemisphere (fig. 1, upper; postclamp). When the gain for this 
section of the EEG was doubled, no shift in spectral edge was seen. 
Concurrent raw EEG recordings were of low amplitude (fig. 1, lower; 
EEG postclamp). There was no change in the TCD flow velocity, and 
the patient awoke fully alert, responsive, and without any neurologic 
deficits approximately 10 min later. A similar sequence of events 
occurred in this patient 3 months later when she underwent a left 
carotid endarterectomy. 

For illustrative purposes, one author (EJH) underwent an EEG re- 
cording using the same eight- channel montage, but without anesthe- 
sia. The EEG was recorded at two mental states, with eyes closed 
(resting) or reading (fig. 2). The EEG demonstrated that the spectral 
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Fig. 1. (Upper) Compressed Spectral Array: Preclamp, clamp, and postclamp periods. Processed EEG of frontal and central electrodes 
from the right side of the head (F,, CJ are shown for three time periods, precross clamp, X-clamp, and postcross clamp. Identical 
changes were seen for the left side (not shown). The expiratory end-tidal concentration of isoflurane was 0.20/0, for the first two time 
periods and zero for the third. The spectral edge is shown as the continuous vertical trace and represents 97% of total power. The 
frequencies are plotted on the horizontal axis from 0.5 to 20 Hz and power as pV2 on the vertical axis. Each trace is 4 s in duration. 
(Lower) EEG postclamp: No isoflurane. The lower trace is four channels from the right side of the head of an eight-channel EEG 
monopolar montage where electrodes F,, C,, P,, and T, referred to C, denote positions using the International 10-20 conventions. 
The amplification and time scale is 80 pV and 1 s per their respective bars. The end-tidal expiratory concentration of isoflurane is 
zero. 

edge frequency decreased significantly with increased concentration 
and alertness (fig. 3). 

Discussion 

Intraoperative EEG patterns vary as a function of the 
type of anesthetic medications used, the extent of sur- 
gical stimulation, and alterations in the anesthetized 
state.*-* In this regard, the EEG may show dramatic, 
anesthetic-dependent changes during emergence. Typi- 

cally, a shift in the EEG power spectrum results from a 
decrease in low frequencies (6 and 0) and an increase in 
high frequencies (a  and p) during emergence from 
isof l~rane ,~ .~  whereas similar changes are not seen with 
a fentanyl-based anesthetic.* 

During general inhalational anesthesia, a high ampli- 
tude EEG pattern reflecting synchronous electrical activ- 
ity among different cortical areas driven by central brain 
nuclei is frequently observed. In contrast, during emer- 
gence there is relatively less synchronous cortical elec- 
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Fig. 2. EEG: Resting and reading. These two traces are recorded from a nonanesthetized control in an eight channel EEG monopolar 
montage where electrodes F,, F,, C,, C,, P,, P4, T, and T, referred to C, denote positions using the International 10-20 conventions. 
The upper record is with the subject’s eyes closed (resting) and the lower while reading. The amplification and time scale is 80 WV 
and 1 s per their respective bars. 

trical activity, resulting in a low-voltage, high-frequency 
EEG. It appears that although the frequency content of 
this low-voltage EEG can be interpreted by visual inspec- 
tion, it falls below the amplitude resolution of the pro- 
cessed EEG. Consequently, a leftward shift of the spec- 
tral edge frequency is seen. The benign nature of the 
change is apparent when the gain of the processed EEG 
is increased. Further support for this argument is a sim- 
ilar change in the EEG of EJH from resting to reading 
seen in the processed and raw EEG (figs. 2 and 3). 
Processed EEG algorithms have to be interpreted consid- 
ering the surgical stimulus, the anestkietic, and changes 
in the anesthetic state. In all cases, the raw EEG must be 

available so that artifacts can be easily distinguished from 
meaningful physiologic changes. 

We have reviewed 105 EEG records from patients 
undergoing similar general anesthetic techniques for ca- 
rotid endarterectomy. In approximately 55% of these 
records, the spectral edge frequencies dramatically 
shifted to lower frequencies during emergence. These 
shifts were more likely to occur when the end-tidal 
isoflurane concentrations declined more rapidly. One 
concern is that these EEG changes may actually reflect 
cerebral ischemia; however, none of these EEG changes 
were accompanied by appropriate alterations in the mid- 
dle cerebral artery flow velocity as measured by TCD. 
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Fig. 3. Compressed spectral array: Resting and reading. Processed EEG of frontal and central electrodes from the left and right sides 
of the head (F3, F,, C,, C,) are shown for two mental states, eyes closed (resting) and reading. The spectral edge is shown as the 
continuous vertical trace and represents 97% of total power. The frequencies are plotted on the horizontal axis from 0.5 to 20 Hz 
and power as pV2 on the vertical axis. Each trace is 4 s in duration. 

Furthermore, in an ongoing prospective study evaluating 
cognitive performance in patients having carotid endar- 
terectomy, we have not seen differences in cognitive 
performance associated with these EEG changes. 

The EEG is generally considered to be a sensitive indi- 
cator of intraoperative cerebral ischemia, and is com- 
monly used during carotid endarterectomy. One of the 
basic assumptions made for its appropriate use is that 
the anesthetic state remain constant. Electroencephalo- 
graphic changes are observed during alterations of the 
anesthetic state, either to greater depth when "paradox- 
ical awakening" has been described5-$ or to lighter 
states, as in our case, when changes that might other- 
wise be associated with cerebral ischemia are occasion- 
ally observed. Our conclusions that it is difficult to inter- 

pret the EEG under these circumstances and impossible 
to diagnose cerebral ischemia when processed EEG and 
spectral edge frequency are the sole measures of cere- 
bral well-being are in agreement with those of Bischoff et 
al." Because the effects of anesthesia and surgical stim- 
ulation are the primary modulators of intraoperative 
EEG, caution should be exercised in making interpreta- 
tions when either or both of these variables are being 
altered. Our findings demonstrate that EEG spectral 
changes produced by an alteration in the anesthetic (e.g., 
a reduction in the isoflurane concentration to zero) can 
mimic those that, under steady-state anesthesia, would 
be interpreted as cerebral ischemia. This phenomenon 
may be an important confounding variable in processed 
EEG-based monitors that attempt to provide a measure of 
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