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 CURRENT
OPINION Double standard: why electrocardiogram is

standard care while electroencephalogram is not?

Yun Lia,b, Christian Bohringerb, and Hong Liub

Purpose of review

Major adverse cardiovascular and cerebrovascular events (MACCE) significantly affect the surgical
outcomes. Electrocardiogram (ECG) has been a standard intraoperative monitor for 30 years.
Electroencephalogram (EEG) can provide valuable information about the anesthetized state and guide
anesthesia management during surgery. Whether EEG should be a standard intraoperative monitor is
discussed in this review.

Recent findings

Deep anesthesia has been associated with postoperative delirium, especially in elderly patients.
Intraoperative EEG monitoring has been demonstrated to reduce total anesthesia drug use during general
anesthesia and postoperative delirium.

Summary

Unlike ECG monitoring, the EEG under general anesthesia has not been designated as a standard monitor
by anesthesiologist societies around the world. The processed EEG technology has been commercially
available for more than 25 years and EEG technology has significantly facilitated its intraoperative use. It
is time to consider EEG as a standard anesthesia monitor during surgery.
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INTRODUCTION

The postoperative complication rate is around 30%
and can be as high as 48% in cardiac surgery [1,2].
Major adverse cardiovascular and cerebrovascular
events (MACCE) are a significant source of periopera-
tive morbidity and mortality. They occur in 3% hos-
pitalizations for noncardiac surgery, corresponding to
approximately 150 000 perioperative events each year
in the United States [3]. At the same time, as the
population ages and more surgeries are performed,
the prevalence of postoperative delirium will increase.
When delirium occurs after surgery, outcomes deteri-
orate. Postoperative delirium has become an impor-
tant postoperative complication and has been well
documented as an independent predictor for adverse
outcomes [3,4]. Postoperative delirium has been asso-
ciated with deep anesthesia, which can be identified
by monitoring the electroencephalogram (EEG).
Intraoperative EEG monitoring can provide valuable
information on the anesthetized state, and the effec-
tive anesthetic management guided by EEG monitor-
ing has been suggested to reduce postoperative
delirium and total anesthesia drug use during general
anesthesia [5,6]. American Society of Anesthesiolo-
gists (ASA) standard monitoring includes circulation,

oxygenation, ventilation and temperature. Continu-
ous electrocardiogram (ECG) monitoring along with
noninvasive blood pressure measurement has been
the standard of care for patients under anesthesia.
EEG monitoring has become widely available during
anesthesia, however, it remains controversial whether
it should be considered as part of the standard care
during anesthesia as ECG [7].

ELECTROCARDIOGRAM

The ECG is a reliable monitor for heart rate, rhythm,
and the cardiac conduction system and intraopera-
tive cardiac ischemia [8]. Abnormalities of the ECG
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may also provide evidence of electrolyte abnormali-
ties. All of these conditions may affect the hemody-
namics and constitute life-threatening emergencies
that can be readily treated if they are identified in a
timely fashion. However, the debating on whether
ECG should be monitored and whether anesthesi-
ologists can accurately interpret its changes during
surgery had been going on for years before the ASA
House of Delegates’ approval [9,10]. As we all know,
the anesthesiologists are very comfortable with
interpreting the intraoperative ECG and use it to
guide their management.

ELECTROENCEPHALOGRAM

Amnesia or the depth of anesthesia is one of the three
cornerstones of anesthesia together with analgesia

and muscle relaxation. Meanwhile, there are EEG
monitors available for perioperative use to monitor
the depth of sleep/anesthesia. However, unlike ECG,
the electrophysiological monitoring of the heart, has
been a standard of care since 1986, there is a reluc-
tance by anesthesiologists to regularly employ EEG,
the electrophysiological monitoring of the brain, on
a routine basis during everyday surgery [11]. Unlike
the ECG monitoring, the EEG under general anesthe-
sia has not been designated as a standard monitor by
anesthesiologist societies around the world [12–14].
Instead, anesthesia care providers have judged the
depth of anesthesia by physical signs like heart rate,
blood pressure, and movement.

ELECTROENCEPHALOGRAM PATTERNS IN
GENERAL ANESTHESIA

There are several EEG wave patterns that occur
during general anesthesia and their frequencies
are measured in Hertz (Hz), namely, delta (d) wave,
a slow brain wave from 0.1 to less than 4 Hz, theta
(u) wave from 4 to less than 8 Hz, alpha (a) wave
from 8 to 13 Hz, beta (b) wave from more than 13 to
30 Hz and gamma (g) wave more than 30 to 80 Hz
(Fig. 1) [15]. Each frequency represents a different
depth of anesthesia [16]. During general anesthesia
with volatile agents or propofol, the changes of
frontally derived EEG has been well known as a
transition from the low-voltage, high-frequency
pattern, to the slow wave EEG, and finally to burst
suppression [17,18].

KEY POINTS

� Intraoperative EEG monitoring can provide valuable
information on the anesthesia depth.

� Postoperative delirium has been associated with deep
anesthesia which can be identified by EEG.

� Anesthetic management guided by EEG monitoring has
been suggested to reduce anesthetic uses and
postoperative delirium.

� Different anesthetics have distinct EEG signatures.

FIGURE 1. Schematic electroencephalogram (EEG) pattern with anesthesia significance.
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ELECTROENCEPHALOGRAM GUIDED
ANESTHETIC MANAGEMENT AND
OUTCOMES

Postoperative delirium has become an important
postoperative complication that occurs from 15 to
20% following major operations in patients at
65 years and older [3,4,19]. Postoperative delirium
is an independent predictor for adverse outcomes
[4], and it is also associated with prolonged hospital
stay, increased risk of morbidity and mortality,
decreased quality of life, and increased healthcare
costs [20–23]. The postoperative delirium-associ-
ated EEG changes have been described as an
increased d and u and a decreased a activity
[24,25]. Moreover, there is reduced global cortical
connectivity and disruption of posterior to anterior
information flow [26]. Deep anesthesia has been
associated with postoperative delirium. Studies on
optimization of anesthesia depth guided EEG have
found intraoperative neuromonitoring was associ-
ated with a lower incidence of postoperative delir-
ium [5,6,27]. A meta-analysis with a total of 2654
individuals demonstrated the use of EEG-guided
anesthesia was associated with a 38% reduction in
odds for developing postoperative delirium [28

&

].
Studies also reported that special EEG pattern,

such as burst suppression (Fig. 2), was an indepen-
dent predictor of increased risks of delirium and
death at 6 months in ICU patients [29,30]. The
relationship between burst suppression during gen-
eral anesthesia and postoperative delirium has also

been identified [31]. Burst suppression reflects a
brain state of relative cortical quiescence not
observed during normal wake or sleep states, and
they are closely associated with excessively deep
anesthesia and pathological states such as traumatic
brain injury, coma, severe hypothermia, hypoxia,
hypoglycemia, encephalopathies, or hypoperfusion
of the brain [32,33]. Studies suggested that longer
duration of intraoperative burst suppression was
associated with an increased incidence of postoper-
ative delirium and burst suppression is an indepen-
dent risk factor for postoperative delirium [31,34].
Fritz and colleagues found that patients with burst
suppression at lower anesthetic concentrations had
a higher incidence of postoperative delirium [35

&&

].
However, in one recent study, the authors did not
find the differences in postoperative delirium
between EEG-guided and the usual care groups in
older adults undergoing major surgery. The 30-day
mortality was significantly lower in the EEG-guided
group compared with the usual care group [36

&

].
Not only burst suppression has been associated

with postoperative delirium, but also EEG d oscil-
lations have associated with postoperative delirium.
A study aimed to develop an EEG-based tool for
delirium detection found that the relative d power
from an eyes-closed EEG recording with only two
electrodes in a frontal-parietal derivation can distin-
guish delirium from nondelirium [37]. Numan et al.
[38

&

] detected postoperative delirium in older
patients based on a 1-min single-channel EEG

FIGURE 2. Representative raw electroencephalogram (EEG) pattern under general anesthesia. (A) Gamma (g) wave, (B) beta
(b) wave, (C) alpha (a) wave, (D) delta (d) wave and some other waves, (E) burst suppression, and (F) isoelectric flat line.
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recording and found an association between post-
operative delirium and EEG slow wave (d and u)
oscillations. Eyal et al. [39

&

] demonstrated that a
composite of generalized u or d waves had been
strongly associated with delirium and poor clinical
outcomes.

Intraoperative EEG monitoring has been shown
to reduce anesthetic exposure. A study found that
EEG-guided anesthesia management reduced pro-
pofol delivery by 21% and reduced volatile anes-
thetic use by 30% compared with routine care in 921
elderly patients undergoing major noncardiac sur-
gery [5]. Furthermore, EEG monitoring has led to
reduced emergence time after general anesthesia.
Another meta-analysis of 9537 patients compared
bispectral index (BIS) guided and non-BIS guided
anesthetic protocols. It demonstrated that BIS mon-
itoring was associated with shortened emergence
time compared to the non-BIS monitoring methods
[40]. Similar studies found EEG-guided anesthesia
can improve anesthetic delivery and postoperative
recovery from relatively deep anesthesia [41,42

&

].
Accidental awareness during general anesthesia

(AAGA) is a very serious anesthesia complication.
Although the incidence was relatively low, it may
develop a spectrum of psychological injury ranging
from mild, transient symptoms to severe. The dis-
abling symptoms of posttraumatic stress disorder
(PTSD) occurred in 79% of patients who experienced

AAGA [43]. The AAGA varied from 0.017 to 4%, and
the relatively reliable incidence of intraoperative
awareness with postoperative recall is 0.02%
[44,45]. There are many factors for awareness and
the insufficient anesthetic dosing was thought to be
the principal cause. Studies have demonstrated that
EEG guided anesthesia reduces the risk of awareness
in at-risk adult surgical patients undergoing general
anesthesia with muscle relaxation and total intrave-
nous anesthesia [46,47]. A systematic review exam-
ined 36 randomized controlled studies comparing
EEG guided general anesthesia with standard prac-
tice for anesthetic delivery, and the results found
that EEG guided general anesthesia reduced risk of
AAGA in those patients who are at risk. However,
they did not show any difference in terms of intra-
operative awareness compared to studies using end
tidal anesthetic gas (ETAG) monitoring as a guide for
anesthesia management [41].

ELECTROENCEPHALOGRAM PATTERNS
AND ANESTHESIA DRUG FOOT PRINT

Different anesthetics, which have differently specific
molecular targets and neural circuits mechanisms of
action, translate into distinct brain states that are
associated with different EEG signatures (Fig. 3). Pro-
pofol has most commonly been used intravenous
anesthetic for sedation and maintenance of general

FIGURE 3. Representative electroencephalogram (EEG) density spectral array (DSA) pattern of anesthesia drug foot prints. (A)
Sevoflurane, (B) dexmedetomidine, (C) propofol, and (D) ketamine.

Neuroanesthesia

4 www.co-anesthesiology.com Volume 33 � Number 00 � Month 2020

Copyright © 2020 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



CE: Swati; ACO/330508; Total nos of Pages: 7;

ACO 330508

anesthesia. Propofol primarily acts at GABAA recep-
tors throughout the brain and spinal cord to lead to
inhibition in neural circuits [48,49]. The EEG char-
acteristic of propofol induced unconsciousness is
alpha (8–13 Hz) oscillations that are coherent across
the frontal cortex, delta (1–4 Hz) oscillations, and
high amplitude incoherent slow (0.1–1 Hz) oscilla-
tions [32,50–53].

Ketamine is primarily a noncompetitive
N-methyl-d-aspartate (NMDA) antagonist and
increases activity of pyramidal neurons throughout
the brain [54]. The EEG patterns of ketamine has
distinctive electrophysiologic profiles, including an
increase of high b and g oscillations (Figs. 2 and 3)
[55,56].

Dexmedetomidine, a highly selective a2-adren-
ergic receptor agonist, induces its sedative effects
primarily by actions on presynaptic a2-adrenergic
receptors on neurons that project from the locus
ceruleus [57,58]. Sedation with dexmedetomidine
closely resembles nonrapid eye movement sleep
with a characteristic spindle wave (12–16 Hz) in
the frontal area (Fig. 3) [59,60].

Sevoflurane, an inhaled anesthetic, produces its
physiologic and behavioral effects through binding
at multiple targets in the brain and spinal cord.
Action at these targets include binding to GABAA

receptors and enhancing GABAergic inhibition,
blocking glutamate release by binding to NMDA
receptors, moreover, blockade of two-pore potas-
sium channels and hyperpolarization-activated
cyclic nucleotide-gated channels [61]. The EEG sig-
natures of sevoflurane GA shows coherent a oscil-
lations and slow-delta oscillations like propofol.
Furthermore, sevoflurane also exhibited a distinct
theta coherence signature (Fig. 3) [59].

It is also known that aging can influence the EEG
during general anesthesia, and the changes in the
EEG power across all frequency bands decreased
significantly with age, anesthesia-induced frontal
alpha oscillation power have a specific age-depen-
dent decrease [62–64]. Akeju et al. studied age-
related changes in the EEG during sevoflurane anes-
thesia in pediatric patients, and showed that total
EEG power (1–50 Hz) have an increase from infancy,
peaked at 5–8 years, and subsequently declining to a
plateau at 18–21 years. Moreover, Infants (<1 year)
did not present prominent power or coherence in
the a band [65].

ELECTROENCEPHALOGRAM MONITORS

There are several processed EEG monitors commer-
cially available for monitoring level of consciousness
using different indexes during sedation and general
anesthesia. Those include BIS, narcotrend index,

state entropy and response entropy, cerebral state
index, patient state index, index of consciousness
[66–70]. Most of these monitors are focused on tar-
geting proprietary dimensionless index values, the
meaning of which are not well understood. Some of
the EEG monitors such as SedLine sedation monitor
by Masimo (Irvine, CA) and BIS brain monitoring
system by Medtronic (Fridley, MN) can simultaneous
display four channels frontal EEG waveforms, density
spectral array (DSA), burst suppression, together with
bilateral spectral edge frequency by colored two-
dimensional contour plot which contains left and
right spectrograms representing the power of the EEG
on both sides of the brain.

However, anesthesia providers employing EEG
monitoring need to be familiar with different raw
EEG waves and the signatures of the different anes-
thesia drugs to maximize the benefit of EEG moni-
toring. It seems likely that most anesthesiologists
should be able to reliably judge the effects of anes-
thetic by observing raw EEG after just 1 or 2 weeks of
training [71]. Despite these difficulties, the applica-
tion of electrophysiological monitoring of the brain
and spinal cord are growing [72].

CONCLUSION

No monitor is perfect. The ECG for example does
not provide any information about cardiac output
and therefore only delivers limited information
about the cardiovascular system. Considering the
capability of EEG to provide the information about
the brain and that it can be used to guide the
intraoperative anesthesia management, it seems
that we are applying a double standard when we
monitor the ECG for every anesthesia case but only
use EEG monitoring for specific indications. It is
conceivable that the information gained from cur-
rent EEG monitoring, especially, DSA, SEL, burst
suppression and four channel raw EEG tracings give
anesthesia care providers an overall picture of anes-
thesia depth. EEG should, therefore, be designated
as a standard anesthesia monitor during general
anesthesia for a personalized anesthesia care.
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