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ABSTRACT. Both the electroencephalogram (EEG) spectral edge 
frequency (SEF) and lower esophageal contractility (LEC) in- 
dices have been reported to be useful indicators of  anesthetic 
depth. We designed a prospective study to evaluate the rela- 
tionship between changes in these two variables and objective 
measurements of physiologic responsiveness to surgical stress 
(i.e., changes in hemGdynamic variables and plasma levels of  
norepinephrine, epinephrine, total catecholamines, and vaso- 
pressin). Eighty-nine consenting adult males undergoing radi- 
cal prostatectomy procedures under a standardized general an- 
esthetic technique were studied according to a randomized, 
single-blinded protocol. General anesthesia was induced with 
30 lxg/kg intravenous (IV) alfentanil, 2.5 mg/kg  IV thiopen- 
tal, and 0.1 mg /kg  tV vecuronium, and subsequently main- 
tained with 0.5 Ixg/kg/min alfentanil, nitrous oxide (N20) 
67% in oxygen, and 0.8 ~g /kg /min  vecuronium. Following 
retropubic dissection, 81 patients (92%) manifested acute hy- 
pertensive responses, with mean arterial pressure increasing 
from 90 +- 14 to 122 -+ 14 m m  Hg (mean -- SD). This acute 
hypertensive response was treated with one of three different 
treatment modalities (20 to 60 Ixg/kg IV alfentanil, 0.5 to 
2.0% inspired isoflurane, or 0.05 to 0.15 mg/kg  IV trimetha- 
phan) to return the mean arterial pressure to within 10% of 
the preincisional (baseline) value within 5 to 10 minutes. Al- 
though the mean arterial pressure, heart rate, and plasma lev- 
els of  catecholamines and vasopressin significantly increased 
following the surgical stimulus, and decreased after adjunctive 
therapy, the EEG-SEF and LEC index (LECI) values did not 
significantly change during these study intervals. Further- 
more, using a logistic regression analysis, we observed that 
preincision EEG-SEF and LECI values could not predict 
whether patients would manifest a hypertensive response. 
Therefore, the EEG-SEF and LECI were unreliable indicators 
of anesthetic depth. 
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De te rmina t ion  o f " d e p t h  o f  anesthesia" dur ing an op-  
eration involves evaluat ion o f  h e m o d y n a m i c ,  somatic,  
and au tonomic  responses to surgical st imuli .  Since these 
variables are altered by  a wide  var ie ty  o f  phys io logic  
and pharmaco log ic  factors, a noninvas ive  mon i to r  o f  
anesthetic depth  wou ld  be ex t remely  valuable. An ideal 
mon i to r  wou ld  reliably predict  the pat ient ' s  global re-  
sponses to surgical st imuli ,  independent  o f  the anes- 
thetic drug being used [1]. 

The  e lec t roencepha logram (EEG) measures  cortical 
electrical activity,  and it has been suggested that  this 
mon i to r  is a clinically useful indicator  o f  central nervous  
sys tem depression p roduced  by  in t ravenous  (IV) anes- 
thetic and analgesic drugs [2,3]. There  are m a n y  algo-  
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rithms that allow the EEG waveform to be processed 
into a numerical value to quantify central nervous sys- 
tem activity. For example, the EEG spectral edge fre- 
quency (SEF) is defined as the frequency below which 
95% of the power of the EEG waveform exists, and is 
calculated by integrating the area under the frequency 
versus power histogram. Unfortunately, use of the 
EEG-SEF has limitations that inevitably result from 
compressing a complex waveform into a single num- 
ber. In addition, EEG patterns differ markedly de- 
pending on the anesthetic technique [4]. 

It has been proposed that lower esophageal contractil- 
ity (LEC) also may provide useful information regard- 
ing the degree of  central nervous system depression 
produced during anesthesia [5]. Since the smooth mus- 
cle of the lower esophagus is innervated by the va- 
gus nerve, it exhibits both peristaltic provoked lower 
esophageal contractions and nonperistaltic spontaneous 
lower esophageal contractions [6]. Both types of activ- 
ity are said to decline with increasing end-tidal con- 
centrations of inhaled anesthetics [1]. To enhance sen- 
sitivity, the rate of spontaneous contractions and the 
amplitude of provoked contractions have been com- 
bined into a single parameter, the LEC index (LECI). 
Previous studies have suggested a dose-dependent re- 
lationship between the LECI and end-tidal anesthetic 
agent concentrations [1,7]. The LECI also has been re- 
ported to increase significantly during periods of intense 
surgical stimulation [7]. Since smooth muscle does not 
contain nicotinic (type II) receptors, esophageal activity 
can be measured during surgery in the presence of neu- 
romuscular blocking agents [8]. It has been suggested, 
therefore, that the LECI, like the EEG-SEF, could be a 
useful measure of depth of anesthesia [4]. 

We designed a prospective study to evaluate the rela- 
tionship between changes in EEG-SEF and LECI values 
and changes in objective measures of physiologic re- 
sponsiveness to surgical stress (i.e., changes in hemody- 
namic variables and stress hormone levels) in patients 
undergoing a standardized procedure using an identical 
anesthetic technique. We sought to determine whether 
EEG-SEF and/or LECI values could predict hemody- 
namic responses to a specific surgical stimulus during 
"light" (inadequate) anesthesia. Finally, we compared 
the changes in EEG-SEF and LECI values when three 
different classes of drugs (an opioid analgesic, an inhala- 
tion agent, and a vasodilator) were used to treat the 
clinical signs of inadequate anesthesia. 

MATERIALS AND METHODS 

Eighty-nine consenting adult males, ASA physical sta- 
tus I-III, scheduled for elective radical prostatectomy 

under general anesthesia were studied according to a 
randomized, single-blinded protocol. The study was 
approved by the Washington University Human Stud- 
ies Committee. All patients were premedicated with 0.1 
mg/kg intramuscular midazolam 30 to 45 minutes prior 
to arriving in the preoperative holding area, where pe- 
ripheral venous and arterial catheters were inserted. 

After obtaining preinduction (baseline) hemody- 
namic values, anesthesia was induced with 30 ~g/kg IV 
alfentanil, 2.5 mg/kg IV thiopental, and 0.1 mg/kg IV 
vecuronium. Immediately following tracheal intuba- 
tion, anesthesia was maintained with 0.5 btg/kg/min 
alfentanil, nitrous oxide (N20) 67% in oxygen, and 0.8 
p~g/kg/min vecuronium. Ventilation was controlled 
with a volume-cycled ventilator to maintain end-tidal 
CO 2 values at 34 _ 3 mm Hg (mean + SD). Mean 
arterial pressure (MAP) and heart rate (HR) were 
continuously monitored using an integrated monitor 
(Cardiocap II, Datex Medical Instrumentation, Tewks- 
bury, MA). A venous catheter was placed in the internal 
jugular vein and the central venous pressure was main- 
tained between 3 and 8 mm Hg throughout the study 
period by administering crystalloid and/or blood prod- 
ucts. Depth of anesthesia was maintained to provide 
adequate surgical anesthesia (i.e., no clinical response to 
skin incision), yet ensure a high probability of a hyper- 
tensive response to retropubic dissection (RD). 

Esophageal contractility was measured using a Lec- 
tron 302 electronic monitor (American Antec, Valencia, 
CA). The probe consisted of an esophageal stethoscope 
that had been fitted with 2 balloon cuffs. The proximal 
balloon was used to provoke contractions from the 
lower esophagus and the distal balloon measured the 
frequency and amplitude of all contractions. The trans- 
ducer was zeroed to atmospheric pressure (with adjust- 
ments to compensate for intrathoracic pressure varia- 
tions). Following induction of anesthesia, the probe was 
placed in the distal esophagus (approximately 35 cm 
from the patient's incisor teeth). The esophagus was 
provoked every 90 seconds for 5 seconds by inflating 
the proximal balloon of the LEC probe to a pressure of 
100 to 200 mm Hg. Esophageal responses were continu- 
ously recorded. 

A Neurotrac EEG monitor (Interspec Medical, Con- 
shohocken, PA) with compressed spectral array (CSA) 
capability was used to assess the EEG-SEF. This moni- 
tor displays the raw EEG of the left and right hemi- 
spheres as well as CSA values. Five subdermal platinum 
needle electrodes were placed in a symmetric frontal- 
mastoid montage. The ground electrode was placed in 
the middle of the forehead near the hairline. Channels 
1 and 2 were connected by their positive (G2) terminals 
to the left and right electrodes, respectively, and placed 
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high on each side o f  the forehead close to the patient's 
hairline. Furthermore, these 2 channels were connected 
by their negative (G,) terminals to the left and right 
electrodes, respectively, and placed on the mastoid 
(closely corresponding to F7-T5 and F8-T6 in the Inter- 
national 10-20 system). The interelectrode resistance 
was 3 kPZ or less, and the interelectrode distance was at 
least 10 cm. To provide satisfactory EEG/CSA trac- 
ings, the sensitivity was adjusted to range between 20 
and 80 tzV. Continuous, on-line raw EEG and CSA 
tracings were displayed along with the SEF at 2-second 
epochs. The CSA-SEF display fi'equency range was 1 
to 30 Hz. 

Within 15 minutes following initiation of  RD the ma- 
jority (92%) of  study patients manifested an increase in 
MAP that was more than 20% of  their preincision base- 
line value. Blood samples were obtained from the cen- 
tral venous catheter 1 to 2 minutes before skin incision 
(pre-incision) and after patients exhibited an acute hy- 
pertensive response with entry into the retropubic space 
(post-RD, pretherapy) for determination of  plasma 
catecholamines (norepinephrine and epinephrine), vaso- 
pressin (ADH; Nichols Laboratory, San Juan Capis- 
trano, CA), and alfentanil levels (using a standard ra- 
dioimmunoassay [9]). Changes in preincision versus 
post-RD MAP and HR values, plasma hormone con- 
centrations, LECI, and EEG-SEF values were deter- 
mined. 

The acute hypertensive response was treated by 1 o f  
3 agents: 20 to 60 txg/kg IV alfentanil, 0.5 to 2.0% 
inspired isoflurane, or 0.05 to 0.15 mg /kg  IV trimetha- 
phan. These agents returned the MAP to within 10% of  
the preincisional (baseline) value within 5 to t0 minutes. 
Adjunctive therapy was continued to maintain hemody-  
namic stability throughout  the remainder o f  the opera- 
tive period. All measurements were repeated 20 minutes 
after normalization o f  the MAP values (posttherapy). 

At the beginning o f  the skin closure stage, the vecur- 
onium infusion, alfentanil infusion, and adjunctive ther- 
apy were discontinued. At the end of  the operation, 
residual neuromuscular blockade was reversed with 
0.07 m g / k g  IV neostigmine and 0.01 mg /kg  IV gtyco- 
pyrrolate. Following adequate reversal, N 2 0  was dis- 
continued. If adequate spontaneous ventilation did not 
return within 10 minutes (in the presence of  an end-tidal 
CO 2 of  40-45 mm Hg), 0.04-mg IV boluses of  nalox- 
one were administered every 60 seconds until adequate 
spontaneous ventilation (respiratory rate > 10, PETCO 2 
< 50 m m  Hg) was observed. 

Data Analysis 

The raw EEG signals were examined by a physician 
who was experienced in reading EEG tracings and who 

was blinded with regard to the treatment modalities. If  
the EEG or LEC signals were inadequate (e.g., inadver- 
tent electrocautery use by the surgeon, excessive imped- 
ance as measured by the EEG monitor), the tracings 
were eliminated from subsequent analysis. In addition, 
if blood samples were not obtained at the specified time 
intervals or were inadequate for other reasons (e. g., he- 
molyzed samples, insufficient quantity for accurate de- 
termination of  the plasma hormone concentrations), the 
results were not used in the analysis. 

Data were analyzed with the STATA statistical anal- 
ysis program using one-way analysis of  variance 
(ANOVA) and Chi-squared analysis. Changes over 
time were evaluated using repeated measures of  
A N O V A  and Student's t-test with a Bonferroni cor- 
rection for multiple comparisons. Differences were con- 
sidered to be statistically significant if the p < 0.05. 
Values are expressed as mean + standard deviation 
(unless otherwise specified). 

Pearson's correlation coefficient was calculated to 
compare changes in hemodynamic parameters and 
stress hormone levels with changes in the EEG-SEF and 
LECI. Logistic regression was used to determine the 
probability of  a patient manifesting a hypertensive re- 
sponse to RD as a function o f  the preincision EEG-SEF 
and LECI values [10]. A receiver-operating characteris- 
tic curve was used to assess the utility o f  this model in 
terms of  sensitivity and specificity [11]. 

RESULTS 

With the standardized nitrous oxide/alfentanil/vecuro- 
nium anesthetic technique used in this study, 81 of  the 
89 patients (92%) exhibited a significant hypertensive 
response during RD. There were no significant differ- 
ences in age, weight, height, and baseline hemodynamic 
values among those patients manifesting acute hyper-  
tensive responses and those who did not (Table 1). In 
addition, both groups had a similar incidence of  preex- 
isting hypertension, coronary artery disease, and 
chronic use o f  beta or calcium-channel blocking drugs 
(Table 1). 

In all patients, MAP decreased significantly during 
induction with alfentanil and thiopental, and increased 
significantly following laryngoscopy; however,  there 
were no significant changes in the EEG-SEF during 
these events (Table 2). Since the LEC monitor was not 
placed until after endotracheal intubation was com- 
pleted, corresponding LECI values were not obtained 
at these time points. 

Intraoperative drug doses and alfentanil levels are 
summarized in Table 3. Again, no significant differ- 
ences were noted between the two groups of  patients. 
All patients achieved pre-skin incision alfentanil concen- 
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Table 1. Demographic Characteristics and Baseline Hemodynamic 
Values for the Two Patient Populations 

No 
Hypertensive Hypertensive 
Response Response 

Number (n) 81 
Age (yr) 65 ± 
Weight (kg) 83 -+ 
Height (cm) 176 ± 
Mean arterial pressure 99 ± 

(mm Hg) 
Heart rate (beats/min) 68 ± 13 
Chronic hypertension (n; %) 31; 39 
Coronary artery disease 30; 38 

(n; %) 
p-blocker therapy (n; %) 16; 20 
Ca-channel blocker therapy 12; 15 

(n; %) 

8 
9 6 4 2 8  
12 86 ± 6 
7 175 ± 5 
14 104 ± 12 

68 ± 11 
3; 38 
2; 25 

2; 25 
1; 13 

Values are presented as mean _+ SD. 

Table 2. Electroencephalogram-Spectral Edge Frequency 

MAP HR EEG-SEF 
Event (ram HG) (beats/min) (Hz) 

Baseline 100 ± 14 62 ± 11 16.2 .,+_ 2.5 
Postinduction 79 -+ 16 a 58 ± 10 15.7 ± 2.9 
Postlaryngoscopy 116 ± 13 a 63 ± 14 16.3 ± 3.1 

Values are presented as mean ± SD. 
aSignificantly different from baseline values (p < 0.05). 
MAP = mean arterial pressure; HR = heart rate. 

Table 3. Intraoperative Parameters for the 
Two Patient Populations 

No 
Hypertensive Hypertensive 
Response Response 

Number (n) 81 8 
Midazolam premedicant dose 8.4 --- 1.6 8.8 ± 1.9 

(mg) 
Alfentanil induction dose 2.4 -+ 0.3 2.3 ± 0.2 

(mg) 
Thiopental induction dose 216 ± 48 191 ± 44 

(mg) 
Vecuronium induction dose 10.0 ± 1.5 9.6 ± 0.5 

(mg) 
Pre-skin incision alfentanil 161 ± 35 153 -+ 58 

concentration (ng/ml) 
Postretropubic dissection 155 ± 42 158 ± 27 

alfentanil concentration 
(ng/ml) 

Values are presented as mean ± SD. 

trations previous ly  reported to provide  adequate analge- 
sia for superficial surgical procedures [12,13]. These lev- 
els effectively prevented  any clinical signs of  inadequate 

analgesia fo l lowing the initial skin incis ion in both  
groups of  patients. However ,  significant increases in 
epinephrine,  norepinephr ine ,  and A D H  (vasopressin) 

levels accompany ing  the acute hyper tensive  response to 
RD were noted.  Int raoperat ive  h e m o d y n a m i c  variables, 
ho r mone  levels, and EEG - S EF  and LECI values for pa- 
tients demons t ra t ing  hyper tens ion  and no hyper tens ion  
are summar ized  in  Tables 4 and 5, respectively. 

Table 4, Hemodynamic Variables, Plasma Hormone Levels, and the Electroencephalogram-Spectral Edge Frequency and Lower 
Esophageal Contractility Index in Patients Manifesting Hypertension (n = 8I) Following Retropubic Dissection (RD) ~ 

Total 
MAP Catecholamines Norepinephrine Epinephrine ADH EEG-SEF LECI 

HR (bpm) (ram Hg) (pg/ml) (pg/ml) (pg/ml) (pg/ml) (Hz) (U) 

Pre-inclusion 55 -+ 10 90 ± 14 398 +- 276 361 -+ 152 33 ± 32 11 ± 32 15.2 ± 2.5 85 +- 110 
RD 61 ± 12 122 ± 14 b 623 ± 340 b 527 ± 197 b 97 ± 110 b 38 -_ 68 u 14.9 ___ 2.2 92 ± 98 

aMean values -- SD. 
bSignificantly different from pre-incision values (p < 0.05). 
HR = heart rate; MAP = mean arterial pressure; ADH = vasopressin. 

Table 5. Hemodynamic Variables, Plasma Hormone Levels, and the Electroencephalogram-Spectral Edge Frequency and Lower 
Esophageal Contractility Index in Patients Not Manifesting Hypertension (n = 8) Following Retropubic Dissection (RD) 

Total 
HR MAP Catecholamines Norepinephrine Epinephrine ADH EEG-SEF LECI 
(beats/rain) (ram Hg) (pg/ml) (pg/ml) (pg/ml) (pg/ml) (Hz) (U) 

Preincision 55 -+ 9 99-+- 8 417 ± 81 359 _-2- 86 58 ± 101 10 + 12 14.8 + 2.8 105 -+ 142 
Post-RD 57 + 9 107 -+ 9 486-+- 194 389 ± 155 97 + 39 16 ± 22 15.1 -+ 2.5 1t0 ± 115 

Values are presented as mean value ± SD. 
HR = Heart rate; MAP = mean arterial pressure; ADH = vasopressin. 
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Fig 1. Changes in the LECI versus changes in plasma stress hor- 
mone levels in patients manifesting a hypertensive response to RD. 
Pearson correlation coefficients are as folIows: (A), 0.05; (B), 
0.06; (C), -0 .0 I ;  and (D), -0 .02.  

In this homogenous male surgical population there 
was no demonstrable relationship with changes in he- 
m•dynamic  or stress hormone levels in response to sur- 
gical stimulus when using either the LECI or EEG-SEF 
monitoring devices (Figs 1-3). In the patients manifest- 
ing a hypertensive response, the MAP, HR, and stress 
hormone levels increased significantly from the preinci- 
sion values in response to RD; however, the LECI did 
not significantly change during this same time interval. 
In fact, there was no demonstrable association between 
the increases in stress hormone levels or hem•dynamic 
variables and the LECI (Figs 1 and 3, respectively). Cor- 
responding changes in the EEG-SEF are shown in Fig- 

ures 2 and 3, respectively. The correlation coefficients 
are reported in the legends for Figures 1 to 3. 

Although the MAP, HR, and plasma levels of  the 
measured hormones significantly decreased following 
antihypertensive therapy, as described by Monk et al 
[14], the EEG-SEF and LECI values did not change 
significantly compared with pretreatment values (Table 
6). Thus, there was no obvious relationship between 
changes in EEG-SEF or LECI activity and changes in 
MAP, HR, or stress hormone levels during the study 
period. Statistically significant correlations existed be- 
tween (1) changes in norepinephrine levels and epineph- 
rine levels (r 2 = 0.904), (2) changes in epinephrine levels 
and MAP (r 2 = 0.783), and (3) changes in norepineph- 
rine levels and M A P  (r  2 = 0.791). Although not statisti- 
cally significant, the correlation between changes in cat- 
echolamine and ADH levels (r2 = 0.638) was higher 
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Fig 2. Changes in the EEG-SEF versus changes in plasma stress 
hormone levels in patients manifesting a hypertensive response to 
RD. Pearson correlation coefficients are as follows: (A), - 0.19; 
(B), -0 .21;  (C), -0 .40;  and (D), 0.00. 

than the correlation between A D H  levels and M A P  (r 2 
= 0.240). 

A logistic regression equation was used to determine 
the probability of  a hypertensive response given pre- 
incision LECI and EEG-SEF values [10]. A receiver- 
operating characteristic curve was constructed to assess 
the ability to predict hypertension versus no hyperten- 
sion in our patient population based on these two vari- 
ables (Fig 4) [11]. The receiver-operating characteristic 
curve showed no operating positions that could be con- 
strued to be better than random in terms o f  sensitivity 
and specificity (area under the curve = 0.51). 

DISCUSSION 

Acute increases in blood pressure occur frequently dur- 
ing "balanced" anesthesia with a nitrous oxide/opioid/  
muscle relaxant combination in response to changing 
surgical stimuli [15]. It is assumed that these hemody-  
namic responses are autonomic nervous system mani- 
festations of  "l ight" or inadequate anesthesia. Several 
investigative groups have reported that acute hyperten- 
sive episodes are associated with significant increases in 
plasma catecholamines, ADH,  cortisol, and [3-endor- 
phin concentrations [16-21]. Although a high degree 
of  variability existed among the patients in this study, 
plasma catecholamine and A D H  concentrations were 
significantly elevated within 5 minutes following RD in 
patients who manifested acute hypertensive responses. 
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Thus, while we were able to demonstrate an association 
between changes in stress hormone levels and MAP 
during the hypertensive response, no correlation was 
found between changes in MAP and EEG-SEF (or 
LECI) values. These data suggest that changes in EEG- 
SEF and LECI do not  correlate with clinical signs of  
inadequate anesthesia. Our  data would suggest that 
there is limited (if any) clinical utility in using LECI or 
EEG-SEF activity as an indicator of  depth of  anesthesia 
in this surgical population. The LECI and EEG-SEF 
values that we recorded provided no predictive power 
with regard to either hem•dynamic  changes or physio- 
logic stress hormone release in response to a standard- 

Table 6. Hem•dynamic, Electroencephalographic, and Lower 
Esophageal Contractility Index Changes Accompanying 
Antihypertensive Therapy 

Isoflurane Alfentanil Trimethaphan 
(n = 26) (n = 26) (n = 29) 

Pretherapy (post-RD) 
MAP (mm Hg) 126 -~ 14 120 - 13 121 -~ 12 
HR (beats/min) 59 ± 12 60 -+ 13 63 ± 11 
EEG-SEF (Hz) 15.8 ± 3.5 16.1 ± 5.1 15,7 ± 5.3 
LECI (U) 99 --- 87 88 + 81 90 - 99 

Posttherapy changes 
AMAP (ram Hg) - 2 6  ± 10 - 2 4  + 9 - 1 9  ± 14 
AHR (bpm) - 6  _+ 7 - 5  ± 10 - 6  ± 9 
aEEG-SEF (Hz) -2 .1  ± 3.9 - 3 . 4  ± 5.9 +2.7 ± 4.6 
ALECI (U) +18 ± 31 - 1 0  ± 27 - 1 0  ± 18 

Values are presented as mean - SD. 
qmmediately following onset of  hypertensive response subsequent to 
MAP = mean arterial pressure; HR = heart rate. 
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Fig 4. Receiver-operating characteristic curve for the logistic regres- 
sion model. Neither the preincision EEG-S EF  nor the preincision 
L E C I  was able to reliably predict a hypertensive response in the 
study population (area under the curve = 0.51). 

ized surgical stimulus under identical anesthetic condi- 
tions. 

While previous measurements of  LECI have been re- 
ported to correlate with anesthetic depth when volatile 
agents were used [1,6], we could not confirm these 
findings. The preliminary study by Maccioli et al sug- 
gested a negative relationship between spontaneous 
lower esophageal contraction activity and inspired iso- 
flurane concentrations [1]. Furthermore, Evans et al 
have shown that the spontaneous rate of  contractility 
in the lower esophagus correlates with autonomic re- 
sponses during surgery in adults [5]. Although we dem- 
onstrated that the release of  endogenous catecholamines 
and vasopressin occurred in response to surgical stimu- 
lation [14], these data would not support the concept 
that the LECI device is a clinically useful depth of  anes- 
thesia monitor. The mean LECI values in our study 
remained within the range (30-120 units) alleged to cor- 
relate with surgical anesthesia [22], yet these patients 
exhibited hemodynamic and endocrinologic changes 
consistent with "l ight" anesthesia following skin inci- 
sion. While this response was effectively treated with 
adjunctive agents, such as isoflurane, trimethaphan, and 
alfentanil, the mean LECI was not significantly changed 
after treatment even though the MAP returned to 
within 10% of  preincision baseline values. 

While some investigators have found that changes 
in the EEG-SEF predict hemodynamic responses to la- 
ryngoscopy and intubation [23], others have found no 
consistent relationship between hemodynamic respon- 
siveness to surgical stimulation and changes in EEG- 
SEF [24]. Using this anesthetic model, we were unable 

to demonstrate significant correlations between EEG- 
SEF and MAP (or HR) during general anesthesia. Ir- 
respective of  whether the MAP was decreasing (in- 
duction or subsequent to antihypertensive therapy) or 
increasing (posttaryngoscopy or following retropubic 
dissec6on), the magnitude of  these hemodynamic re- 
sponses failed to correlate with changes in EEG-SEF. Other 
possible explanations for the differences between these re- 
sults and those of  other investigators include different surgi- 
cal populations (e.g., ASA I vs ASA IMII, young vs 
older patients, absence of  chronic cardiovascular medi- 
cations vs ~-adrenergic and calcium-channel blocking 
agents) and anesthetic techniques (thiopental vs midazo- 
lam/alfentanil/thiopental), as well as differing algo- 
rithms for analyzing the EEG signal. Thus, although 
the EEG may be a clinically useful indicator of  drug 
effect in selected situations (e.g., assessing drug re- 
sponses under nonsurgical conditions [2] and qualita- 
tively measuring cerebral blood flow during carotid 
endarterectomy procedures [25]), the determination of  
the EEG-SEF was of  limited (if any) clinical value for 
assessing depth of  anesthesia in our patient population. 

Effective treatment of  the acute hypertensive re- 
sponse with adjunctive drug therapy was associated 
with small decreases in both the EEG-SEF and LECI 
values (Table 6). O f  interest, the magnitude of  the de- 
creases in the EEG-SEF and LECI were similar irrespec- 
tive of  whether a potent general anesthetic (isoflurane), 
a centrally active opioid analgesic (alfentanil), or a pe- 
ripheral-acting ganglionic blocker (trimethaphan) was 
used to treat the hemodynamic manifestations of  inade- 
quate anesthesia. These data suggest that there is little 
(if any) change in the EEG-SEF during routine episodes 
of  "light" or inadequate anesthesia manifested as acute 
hypertensive responses. While our findings do not 
prove that the EEG waveform is in itself devoid of  clini- 
cally useful information, these data suggest that the 
EEG-SEF represents an oversimplification of this com- 
plex phenomenon. 

Deficiencies in study design may have contributed to 
our negative findings. For example, it is possible that 
electrical interference (e.g., electrocautery) was present 
and altered the signals that were recorded or that the 
use of  chronic cardiovascular medications in our patient 
population affected their responses. However, the raw 
EEG signals were examined by an experienced, blinded 
observer, and inadequate tracings were discarded from 
subsequent analysis. Furthermore, we found no differ- 
ence in the responses of  the ASA II-III patients receiving 
chronic cardiovascular medications versus younger pa- 
tients receiving no chronic medications. Finally, the 
sensitivity of  the EEG may have been affected by the 
general anesthetic technique used in this study. 
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The preincision EEG-SEF values suggest that these 
patients were "l ight ly" anesthetized, and thus would be 
expected to elicit a hypertensive clinical response fol- 
lowing RD. It is conceivable that the reason we were 
unable to demonstrate changes in the EEG-SEF during 
RD was that patients were inadequately anesthetized at 
the time of  the initial skin incision. For example, when 
Dutton et al administered both a barbiturate and an opi- 
ate for induction of  general anesthesia, they observed 
that approximately 20% o f  patients with an EEG-SEF 
of  16 to 26 Hz moved  on insertion of  a trocar [26]. 
Given that the magnitude o f  that stimulus was presum- 
ably tess than RD, it is possible that our patients' EEG-  
SEF values were close to awake (baseline) values. H o w -  
ever, the absence o f  a clinical response in all patients 
during the initial skin incision (and in 8% of  the pa- 
tients during RD) suggests that they were adequately 
anesthetized at the start o f  the operation. In addition, 
the preincision LECI values we recorded were similar 
to values alleged to represent "adequate" surgical anes- 
thesia [1,5-7]. It is possible that preanesthetic medica- 
tion with midazolam inhibited the slowing o f  the EEG 
observed with alfentanil/thiopental administration. 
Since the EEG effects o f  midazolam in combination 
with atfentanil, thiopental, and nitrous oxide have not 
been described in the literature, this also represents a 
possible shortcoming in interpretation o f  these data. Al- 
though our methodology  sought to examine changes in 
EEG and LEC in patients manifesting stress hormone 
and hemodynamic  responses to specific surgical stimuli, 
future studies should stratify the clinical depth o f  anes- 
thesia f rom "l ight"  to "deep ,"  and then assess EEG, 
LEC, endocrine, and hemodynamic  responses. 

In conclusion, i f  one assumes that significant increases 
in MAP values and the concomitant  release o f  endoge- 
nous stress hormones are indicative of  inadequate anes- 
thesia, neither changes in the EEG-SEF nor the LECI 
appeared to correlate with changes in the patient's clini- 
cal "depth of  anesthesia." Likewise, neither the EEG-  
SEF nor the LECI changed significantly during the 
acute stress response to RD, nor were they able to pre- 
dict which patients would respond to the surgical st im- 
uli with an acute increase in blood pressure. Finally, 
these devices were unable to distinguish between the 
effects of  centrally and peripherally active drugs. Al- 
though a cerebral function moni tor  would be valuable 
in improving the titration o f  anesthetic agents, both the 
EEG-SEF and LECI monitors  lacked the sensitivity and 
specificity required to achieve this goal. 
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