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Sometimes you make up your mind about something without knowing why, and 

your decision persists by the power of inertia. Every year it gets harder to change.

―Milan Kundera, The Unbearable Lightness of Being

A fundamental goal of general anesthesia is to ensure that patients who are subjected to 

the noxious trespass of invasive procedures are unconscious of their environment and are 

not experiencing the pain of surgery or the distress of drug-induced immobility. Thus, a 

core tenet for anesthesiologists has always been to ensure that our patients are sufficiently 

“deep.” However, in recent years, this notion has been challenged. This is exemplified by 

a narrative review of anesthetic management and postoperative cognitive outcomes in older 

patients, in which Cottrell and Hartung1 contend that “a substantial and growing body of 

evidence indicates that, ceteris paribus (with all else being equal), lighter is better than 

deeper.” This conclusion is based on evidence linking markers of deep hypnotic components 

of general anesthesia, such as electroencephalogram (EEG) suppression or low bispectral 

index (BIS) readings, to postoperative delirium, death, and other undesirable outcomes. 

Although such associations have been reported multiple times in the literature,2–5 making 

the decision to avoid deep anesthesia hypnosis based on these observational data requires 
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one to assume that the observed associations represent causal relationships. Nonetheless, the 

pendulum has swung decisively, and many anesthesia clinicians now believe dogmatically 

that deep hypnosis during anesthesia is injurious, and this belief has become entrenched in 

anesthesiology and critical care lore and literature, despite the lack of robust corroborative 

evidence and even some compelling contradictory evidence.6–8

The cleanest way to test for a causal relationship between EEG suppression and 

postoperative delirium would be to conduct a randomized trial in which patients receiving 

general anesthesia for surgery are randomized to experience EEG suppression or not. 

Unfortunately, randomizing patients to EEG suppression is much more complicated than 

randomizing patients to a pharmaceutical agent. Drug administration is under the anesthesia 

clinician’s direct control, whereas the clinician can only attempt to prevent EEG suppression 

by modulating the doses of intravenous and volatile anesthetic agents. This process is 

imprecise because identical doses of medications may cause EEG suppression in some 

patients but not in others. Such dose–response variation between patients may in fact 

be informative (eg, patients who exhibit EEG suppression at lower concentrations of 

volatile anesthetic are more likely to experience outcomes such as postoperative delirium).9 

The same principle applies to patients who exhibit low BIS readings at low anesthetic 

concentrations. The “triple low” of low BIS, low anesthetic concentration, and low blood 

pressure has been associated with postoperative death,10 but the failure of triple low alerts to 

improve outcomes suggests that this relationship may be noncausal.11 Otherwise stated, low 

BIS readings and EEG suppression with anesthetic exposure reveal a vulnerable phenotype; 

anesthetic exposure is the stress test, and the EEG provides the readout. Having said this, 

2 recent trials that have used mediation analysis do suggest that there might be a small 

causal contribution between EEG suppression and both delirium12 and death.13 Therefore, 

attempting to minimize EEG suppression in the operating room and in the intensive care unit 

is probably a reasonable goal.

Does the clinician’s indirect control over duration of EEG suppression or low BIS readings 

mean anesthesiologists should not conduct randomized trials on this topic? No, it does 

not. Rather, it means that we must adequately report process measures (eg, actual duration 

of EEG suppression or low BIS in each group) when presenting trial results, and that 

we must incorporate these process measures into our interpretation of the overall trial 

findings. To date, 3 large trials have randomized patients to interventions impacting 

depth of anesthesia. The dual-center Cognitive Dysfunction After Anesthesia (CODA) trial 

randomized 450 patients to BIS-guided care (BIS goal, 40–60) and 452 patients to routine 

care, and BIS guidance was associated with reduced postoperative delirium incidence.14 

The single-center Electroencephalography Guidance of Anesthesia to Alleviate Geriatric 

Syndromes (ENGAGES) trial randomized 614 patients to EEG-guided care (goal to avoid 

EEG suppression) and 618 patients to usual care.8 No significant difference in postoperative 

delirium incidence was observed between the groups. The multicenter Balanced Anesthesia 

Study randomized 3316 patients to a target BIS of 50 and 3328 patients to a target BIS of 

35.7 Postoperative delirium was measured as an outcome, but these results have not yet been 

reported.
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All 3 trials reported statistically significant differences in process measures between the 

2 groups. As shown in the Table, the CODA trial included healthier patients undergoing 

shorter surgeries compared to the other 2 trials. The difference in minimum alveolar 

concentration (MAC) was smaller in ENGAGES than in the other 2 trials, although the 

median MAC in the ENGAGES usual care group was similar to the mean MAC in the 

CODA routine care group and lower than the median MAC in the Balanced low BIS group. 

Despite similar MAC, the ENGAGES usual care group spent more time with a BIS <40 than 

the CODA routine care group. This finding may be explained by longer duration of surgery 

in ENGAGES, by higher severity of illness in ENGAGES (potentially placing patients at 

a higher risk for low BIS readings despite similar MACs), or by more frequent periods 

of transient high MAC in ENGAGES (not captured by the summary measure), leading to 

episodes of low BIS.

Based on existing evidence, it is unclear whether the increased risk associated with EEG 

suppression or periods of low BIS follows a dose–response pattern (in which risk increases 

linearly with increased duration of exposure) or a threshold pattern (in which any exposure 

above the threshold results in an equal increase in risk). Multiple groups of investigators, 

including the CODA group, have entered duration of EEG suppression or low BIS readings 

into prediction models as a continuous variable, suggesting that they feel that a dose–

response relationship is likely.2,3,14 Furthermore, each of these groups found a significant 

association between the continuous exposure and an outcome. However, these results cannot 

rule out a threshold effect. As demonstrated in figures found in a recently published 

secondary analysis of the ENGAGES trial, the number of patients who experienced any 

EEG suppression or any period of a BIS <40 was similar in the EEG-guided and usual care 

groups, but the time spent in EEG suppression was lower in the EEG-guided group.12 Thus, 

the ENGAGES intervention would have been expected to mitigate a dose–response effect, 

but not necessarily impact a threshold effect.

Cottrell and Hartung1 state that “even if the only benefit of using processed EEG 

measurement of anesthetic depth was to train anesthesiologists to avoid hypotension 

by keeping anesthetic depth on the light side, that would be sufficient justification to 

encourage its use.” We fear that such a philosophy may have unintended consequences. 

In expressing our concern, we wish to stress that there is an important difference 

between advocating the avoidance of unnecessarily deep hypnotic component of anesthesia, 

potentially suggested by EEG suppression, and the active pursuit of light anesthesia. The 

BIS is an unreliable indicator of unconsciousness, especially when neuromuscular-blocking 

agents are administered. This was vividly demonstrated in a study of awake healthy 

volunteers, in which administration of either succinylcholine or rocuronium caused the BIS 

readings to drop into the 50s, or sometimes 40s, in the absence of any sedative or hypnotic 

medications.15 Had these volunteers been undergoing surgery, they could theoretically have 

experienced (distressing) intraoperative awareness despite BIS readings that were indicative 

of adequate hypnotic depth of general anesthesia. In a real-world pragmatic setting using 

the isolated forearm technique, Sanders et al16 showed that after induction of anesthesia, 

approximately 5% of patients revealed by communicating with their isolated forearms that 

they were conscious, and about half of them indicated that they were in pain. Of particular 

concern, during these conscious episodes, some patients had a frontal EEG waveform that 
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has previously been thought to be reliably indicative of unconsciousness; there were alpha 

spindles phase amplitude coupled with slow delta waves.17 Thus, even those who have 

expertise in EEG waveform interpretation might not be able to know with certainty that 

their patients are unconscious during intended general anesthesia based on established EEG 

criteria.

Studies on intraoperative awareness have focused almost exclusively on awareness with 

recall, detected postoperatively by patient interview. Patients who experience intraoperative 

awareness frequently manifest long-term psychological sequelae, such as post-traumatic 

stress disorder. Patients can experience awareness, even if they do not subsequently retain 

memories of that awareness. It may be tempting to think such an event is not clinically 

important if the patient does not remember it after surgery. However, the analogous goals of 

end-of-life care illustrate the flaw in this logic. A terminally ill woman in the intensive care 

unit whose family has decided to withdraw life-sustaining therapies may be considered. No 

clinician would imagine withholding analgesic or anxiolytic medication from this patient, 

even though she will have no recall of her antemortem suffering after she has died. As 

medical practitioners, and especially as anesthesiologists, our goal is to prevent current 

suffering, not merely to prevent future recall of current suffering. The same principle applies 

when we provide anesthetic care in the operating room.

Careful examination of the CODA, ENGAGES, and Balanced trials reveals real concern 

regarding insufficient anesthesia in the “light anesthesia” groups of all 3 trials, with a strong 

possibility that patients in these groups might have experienced unintended intraoperative 

awareness, albeit without explicit recall. In the CODA trial, the mean age and nitrous 

oxide–adjusted MAC in the BIS-guided group was 0.57, with a standard deviation of 0.29.14 

Assuming a normal distribution, we can infer that approximately 16% of these patients 

would have received an average inhaled anesthetic concentration of <0.28 MAC (1 standard 

deviation below the mean) for their surgery.18,19 Of great concern, this volatile anesthetic 

concentration is below MAC awake. Furthermore, the majority of patients in the CODA trial 

received nitrous oxide at a mean fractional concentration of 63%, which, in a 60-year-old 

patient, is approximately 0.7 MAC. Given that the mean age–adjusted and nitrous oxide–

adjusted MAC in the BIS-guided group was 0.57 (ie, <0.7), it follows that many patients 

likely received nitrous oxide as the sole hypnotic anesthetic agent.18,19 Such a technique 

carries an unacceptably high risk of intraoperative awareness. Finally, 25% of patients in the 

BIS-guided group had mean BIS readings >57 during their surgeries. Thus, by both MAC 

and BIS criteria, the administration of hypnotic agents to many patients in the CODA trial 

in the BIS-guided group would be regarded as unacceptably low by many clinicians.18,19 

Other concerns regarding the methodology and interpretation of the CODA trial have been 

elaborated elsewhere.18,19 In the Balanced trial, there were no significant benefits reported 

in the “light anesthesia” (high BIS) group. But of concern, intraoperative awareness with 

recall was reported by one patient in this group.7 We are unable to know how many 

patients in the Balanced trial might have experienced distressing awareness while unable to 

move, despite not retaining explicit memories thereof. Results from ENGAGES, in which 

undesirable intraoperative movement was scrupulously recorded, are also troubling. In the 

“light anesthesia group” (EEG guided), 22.3% (137 of 614) of patients had ≥1 episode of 

undesirable intraoperative movement, compared with 15.4% (95 of 618) in the usual care 
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group (P = .002).8 Many patients move during surgery without being awake, but one of 

the signs of awareness during intended general anesthesia is undesirable patient movement, 

which cannot occur with profound neuromuscular blockade.

With the tools currently available to guide anesthetic administration, it is difficult for 

clinicians to know whether they are providing too much, too little, or just enough hypnotic 

agent. The consequences of administering insufficient hypnotic agent are clear: patients 

are at risk for intraoperative awareness, particularly if they have received neuromuscular-

blocking agents. The consequences of excessive hypnotic agent administration are more 

ambiguous. There are associations between markers of deep hypnotic time with general 

anesthesia and adverse outcomes, but we do not know whether these associations are causal 

or epiphenomenal. Unless it is clearly shown that deep hypnosis is injurious and absent a 

reliable indicator of unconsciousness during intended general anesthesia in the presence of 

neuromuscular-blocking agents, we confidently contend that to err deep is better than to err 

unbearably light.

GLOSSARY

ASA PS American Society of Anesthesiologists physical status

BIS bispectral index

CODA Cognitive Dysfunction After Anesthesia

EEG electroencephalogram

ENGAGES Electroencephalography Guidance of Anesthesia to Alleviate 

Geriatric Syndromes

MAC minimum alveolar concentration

REFERENCES

1. Cottrell JE, Hartung J. Anesthesia and cognitive outcome in elderly patients: a narrative viewpoint. J 
Neurosurg Anesthesiol. 2020;32:9–17. [PubMed: 31490337] 

2. Soehle M, Dittmann A, Ellerkmann RK, Baumgarten G, Putensen C, Guenther U. Intraoperative 
burst suppression is associated with postoperative delirium following cardiac surgery: a prospective, 
observational study. BMC Anesthesiol. 2015;15:61. [PubMed: 25928189] 

3. Fritz BA, Kalarickal PL, Maybrier HR, et al. Intraoperative electroencephalogram suppression 
predicts postoperative delirium. Anesth Analg. 2016;122:234–242. [PubMed: 26418126] 

4. Sieber FE, Zakriya KJ, Gottschalk A, et al. Sedation depth during spinal anesthesia and the 
development of postoperative delirium in elderly patients undergoing hip fracture repair. Mayo Clin 
Proc. 2010;85:18–26. [PubMed: 20042557] 

5. Willingham M, Ben Abdallah A, Gradwohl S, et al. Association between intraoperative 
electroencephalographic suppression and postoperative mortality. Br J Anaesth. 2014;113:1001–
1008. [PubMed: 24852500] 

6. Olsen HT, Nedergaard HK, Strom T, et al. Nonsedation or light sedation in critically ill, 
mechanically ventilated patients. N Engl J Med. 2020;382:1103–1111. [PubMed: 32068366] 

7. Short TG, Campbell D, Frampton C, et al. ; Australian and New Zealand College of Anaesthetists 
Clinical Trials Network; Balanced Anaesthesia Study Group. Anaesthetic depth and complications 

Fritz et al. Page 5

Anesth Analg. Author manuscript; available in PMC 2022 December 13.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



after major surgery: an international, randomised controlled trial. Lancet. 2019;394:1907–1914. 
[PubMed: 31645286] 

8. Wildes TS, Mickle AM, Ben Abdallah A, et al. ; ENGAGES Research Group. Effect of 
electroencephalography-guided anesthetic administration on postoperative delirium among older 
adults undergoing major surgery: the ENGAGES randomized clinical trial. JAMA. 2019;321:473–
483. [PubMed: 30721296] 

9. Fritz BA, Maybrier HR, Avidan MS. Intraoperative electroencephalogram suppression at lower 
volatile anaesthetic concentrations predicts postoperative delirium occurring in the intensive care 
unit. Br J Anaesth. 2018;121:241–248. [PubMed: 29935578] 

10. Sessler DI, Sigl JC, Kelley SD, et al. Hospital stay and mortality are increased in patients having a 
“triple low” of low blood pressure, low bispectral index, and low minimum alveolar concentration 
of volatile anesthesia. Anesthesiology. 2012;116:1195–1203. [PubMed: 22546967] 

11. Sessler DI, Turan A, Stapelfeldt WH, et al. Triple-low alerts do not reduce mortality: a real-time 
randomized trial. Anesthesiology. 2019;130:72–82. [PubMed: 30312182] 

12. Fritz BA, King CR, Ben Abdallah A, et al. Preoperative cognitive abnormality, 
intraoperative electroencephalogram suppression, and postoperative delirium: a mediation 
analysis. Anesthesiology. 2020 [Epub ahead of print].

13. Hogan J, Sun H, Nour HA, et al. Burst suppression: causes and effects on mortality in critical 
illness. Neurocrit Care. 2020 [Epub ahead of print].

14. Chan MTV, Cheng BCP, Lee TMC, Gin T; CODA Trial Group. BIS-guided anesthesia decreases 
postoperative delirium and cognitive decline. J Neurosurg Anesthesiol. 2013;25:33–42. [PubMed: 
23027226] 

15. Schuller PJ, Newell S, Strickland PA, Barry JJ. Response of bispectral index to neuromuscular 
block in awake volunteers. Br J Anaesth. 2015;115(suppl 1):i95–i103. [PubMed: 26174308] 

16. Sanders RD, Gaskell A, Raz A, et al. Incidence of connected consciousness after tracheal 
intubation: a prospective, international, multicenter cohort study of the isolated forearm technique. 
Anesthesiology. 2017;126:214–222. [PubMed: 27984262] 

17. Gaskell AL, Hight DF, Winders J, et al. Frontal alpha-delta EEG does not preclude volitional 
response during anaesthesia: prospective cohort study of the isolated forearm technique. Br J 
Anaesth. 2017;119:664–673. [PubMed: 29121278] 

18. Wildes TS, Avidan MS. Critical appraisal of ENGAGES: cognitive dissonance and anesthesia 
research. Ann Transl Med. 2019;7:599. [PubMed: 31807580] 

19. Whitlock EL, Avidan MS. Three blind mice: a tail of discordant trials. Br J Anaesth. 
2020;124:121–125. [PubMed: 31676036] 

20. Nickalls RW, Mapleson WW. Age-related iso-MAC charts for isoflurane, sevoflurane and 
desflurane in man. Br J Anaesth. 2003;91:170–174. [PubMed: 12878613] 

Fritz et al. Page 6

Anesth Analg. Author manuscript; available in PMC 2022 December 13.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Fritz et al. Page 7

Ta
b

le
.

Pa
tie

nt
 C

ha
ra

ct
er

is
tic

s 
an

d 
Pr

oc
es

s 
M

ea
su

re
s 

in
 th

e 
C

O
D

A
, E

N
G

A
G

E
S,

 a
nd

 B
al

an
ce

d 
R

an
do

m
iz

ed
 T

ri
al

s

C
O

D
A

E
N

G
A

G
E

S
B

al
an

ce
d

B
IS

 G
ro

up
R

ou
ti

ne
 C

ar
e

E
E

G
 G

ui
de

d
U

su
al

 C
ar

e
B

IS
 5

0
B

IS
 3

5

N
45

0
45

2
61

4
61

8
33

16
33

28

A
ge

 (
y)

68
 ±

 8
68

 ±
 8

70
 [

65
–7

5]
69

 [
65

–7
6]

72
 ±

 7
72

 ±
 7

A
SA

 P
S 

>
II

76
 (

17
%

)
70

 (
16

%
)

52
5 

(8
6%

)
52

0 
(8

4%
)

33
16

 (
10

0%
)

33
28

 (
10

0%
)

D
ur

at
io

n 
of

 s
ur

ge
ry

 (
m

in
)

12
6 

±
 6

0
12

0 
±

 6
6

26
5 

[1
92

–3
44

]
26

4 
[1

86
–3

49
]

20
0 

[1
45

–2
72

]
19

5 
[1

44
–2

74
]

A
ge

-u
na

dj
us

te
d 

M
A

C
0.

48
a

0.
78

a
0.

69
 [

0.
62

–0
.7

7]
0.

80
 [

0.
71

–0
.8

6]
0.

62
 [

0.
52

–0
.7

3]
0.

88
 [

0.
74

–1
.0

4]

A
ge

-a
dj

us
te

d 
M

A
C

0.
57

 ±
 0

.2
9

0.
93

 ±
 0

.3
4

0.
83

 [
0.

75
–0

.9
3]

b
0.

96
 [

0.
85

–1
.0

3]
b

0.
78

 [
0.

65
–0

.9
1]

b
1.

10
 [

0.
93

–1
.3

0]
b

B
IS

53
.2

 ±
 8

.9
38

.6
 ±

 6
.5

N
ot

 r
ep

or
te

d
N

ot
 r

ep
or

te
d

47
.2

 [
43

.7
–5

0.
5]

38
.8

 [
36

.3
–4

2.
4]

M
in

ut
es

 w
ith

 B
IS

 <
40

7.
2 

±
 7

.8
22

.8
 ±

 7
.3

32
 [

9–
81

]
60

 [
19

–1
32

]
N

ot
 r

ep
or

te
d

N
ot

 r
ep

or
te

d

M
in

ut
es

 o
f 

E
E

G
 s

up
pr

es
si

on
N

ot
 r

ep
or

te
d

N
ot

 r
ep

or
te

d
7 

[1
–2

3]
13

 [
2–

58
]

N
ot

 r
ep

or
te

d
N

ot
 r

ep
or

te
d

V
al

ue
s 

ar
e 

m
ea

n 
±

 s
ta

nd
ar

d 
de

vi
at

io
n,

 n
um

be
r 

(%
),

 o
r 

m
ed

ia
n 

[i
nt

er
qu

ar
til

e 
ra

ng
e]

.

A
bb

re
vi

at
io

ns
: A

SA
 P

S,
 A

m
er

ic
an

 S
oc

ie
ty

 o
f 

A
ne

st
he

si
ol

og
is

ts
 p

hy
si

ca
l s

ta
tu

s;
 B

IS
, b

is
pe

ct
ra

l i
nd

ex
; C

O
D

A
, C

og
ni

tiv
e 

D
ys

fu
nc

tio
n 

af
te

r 
A

ne
st

he
si

a;
 E

E
G

, e
le

ct
ro

en
ce

ph
al

og
ra

m
; E

N
G

A
G

E
S,

 
E

le
ct

ro
en

ce
ph

al
og

ra
ph

y 
G

ui
da

nc
e 

of
 A

ne
st

he
si

a 
to

 A
lle

vi
at

e 
G

er
ia

tr
ic

 S
yn

dr
om

es
; M

A
C

, m
in

im
um

 a
lv

eo
la

r 
co

nc
en

tr
at

io
n.

a T
he

 C
O

D
A

 tr
ia

l r
ep

or
te

d 
ag

e-
ad

ju
st

ed
 M

A
C

 in
 th

e 
ar

tic
le

. U
na

dj
us

te
d 

M
A

C
 (

ie
, w

he
re

 1
 is

 th
e 

M
A

C
 v

al
ue

 f
or

 a
n 

av
er

ag
e 

40
-y

ea
r-

ol
d 

hu
m

an
) 

w
as

 c
al

cu
la

te
d 

by
 a

pp
ly

in
g 

th
e 

fo
rm

ul
a 

fr
om

 N
ic

ka
lls

 a
nd

 

M
ap

le
so

n2
0  

to
 th

e 
m

ea
n 

ag
e-

ad
ju

st
ed

 M
A

C
 a

nd
 m

ea
n 

ag
e 

re
po

rt
ed

 in
 th

e 
ar

tic
le

.

b T
he

 E
N

G
A

G
E

S 
tr

ia
l a

nd
 th

e 
B

al
an

ce
d 

A
ne

st
he

si
a 

St
ud

y 
re

po
rt

ed
 u

na
dj

us
te

d 
M

A
C

 in
 th

e 
ar

tic
le

s.
 A

ge
-a

dj
us

te
d 

M
A

C
 w

as
 c

al
cu

la
te

d 
by

 a
pp

ly
in

g 
th

e 
fo

rm
ul

a 
fr

om
 N

ic
ka

lls
 a

nd
 M

ap
le

so
n2

0  
to

 th
e 

m
ed

ia
n 

un
ad

ju
st

ed
 M

A
C

 a
nd

 th
e 

m
ea

n 
(o

r 
m

ed
ia

n)
 a

ge
 r

ep
or

te
d 

in
 th

e 
ar

tic
le

.

Anesth Analg. Author manuscript; available in PMC 2022 December 13.


	References
	Table.

