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ABSTRACT

Background: Premature airway manipulation during induction can lead to adverse patient outcomes. However,
there is currently no standardized clinical sign to assess adequate anesthesia depth during induction. With the goal
of increasing patient safety during induction, we aim to correlate different clinical signs during induction with the
depth of anesthesia using the bispectral index (BIS) monitor and determine the physical metrics corresponding to
the deepest plane of anesthesia.

wv

Methodology: This prospective study enrolled 41 subjects scheduled for surgery requiring propofol for induction. A
BIS monitor was used for standardized monitoring of anesthesia depth during the induction process. We
documented the BIS value and occurrence time of the observed physical metrics: (1) loss of eyelash reflex, (2) loss
of response to verbal stimuli, (3) loss of muscle tone, (4) loss of end tidal carbon dioxide (EtCO2) or apnea, and (5)
transient heart rate variations.

Results: Apnea, change in heart rate from baseline, and heart rate return to baseline are signs during induction
associated with both lower BIS values and later occurrence when compared to other clinical signs such as loss of
eyelash reflex, verbal response, and muscle tone (P < 0.001).

Conclusion: Physical signs such as loss of eyelash reflex, verbal response, and muscle tone during induction are
associated to lighter planes of anesthesia. A safer and deeper plane of anesthesia occurs later. Relying on these
physical signs for assessment of laryngeal mask airway insertion may increase the risk of stimulating the patient’s
airway prematurely, which can lead to adverse patient outcomes.

Abbreviations: EtCO; - End tidal carbon dioxide; BIS - Bispectral index; EEG - electroencephalogram; EKG -
electrocardiogram
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1. INTRODUCTION

One of the most critical periods prior to surgery occurs
during the induction of anesthesia. The increased risk
can be attributed to the patient’s level of consciousness
while descending through stage two of anesthesia,
described by Guedel as the period of time characterized
by a state of “unconscious excitement” when reflexes
such as coughing, laryngospasm, bronchospasm and
vomiting are still intact.! Stimulating the airway during
this brief yet sensitive period increases the risk of these
adverse events and should be avoided. It is therefore
crucial for anesthetists to be able to gauge the patient’s
depth of anesthesia during induction.!

For over a century, investigators have attempted to
observe physical signs of the patient, such as eye
movement, as measures of depth of anesthesia during
induction. More recent clinical investigations have used
loss of eyelash reflex, loss of response to verbal stimuli
and loss of muscle tone to gauge depth of anesthesia
during induction.?* Apnea is another sign that is used to
indicate depth of anesthesia.® Until the advent of brain
wave monitoring technologies such as
electroencephalograms (EEG) and Bispectral index
(BIS®; Aspect Medical Systems, Inc., Newton, MA),
these physical signs could not be correlated to a
standardized monitor of depth of anesthesia for accurate
quantification. Despite extensive research on the
correlation of BIS and EEG during ether and intravenous
induction,®® there are few prospective studies that
attempt to correlate the aforementioned physical signs
with real time BIS values to determine which sign
corresponds to the deepest plane of anesthesia. Another
observation during the peri-induction period is the heart
rate changes predictably after induction with bolus doses
of propofol.

This study focused on observing changes in five physical
metrics during induction of anesthesia with propofol: (1)
loss of eyelash reflex, (2) loss of response to verbal
stimuli, (3) loss of muscle tone, (4) loss of end tidal
carbon dioxide (EtCO,) or apnea, and (5) transient heart
rate variations. We aim to determine the metric that best
correlates to the deepest plane of anesthesia to guide
decision making during induction. Furthermore, we
investigated distinct time points corresponding to each
metric as patients descend to the appropriate surgical
plane of anesthesia.

2. METHODOLOGY
2.1. Study population

www.apicareonline.com

This study was approved by the University of California
Irvine (UCI) Institutional Review Board. The protocol
was carried out at the UCI Medical Center in Orange, CA
during the approval period of September 2015 to
September 2016. Subjects eligible for the study were 18
to 70 y old, American Society of Anesthesiologists
(ASA) physical status of 1 or 2 and scheduled for surgery
requiring propofol administration for induction of
anesthesia. Per the approved exclusion criteria, we did
not recruit pregnant women or subjects less than 18 y of
age.

2.2. Research Procedures

After the written informed consent was finalized, a BIS
monitor was set up in the assigned operating room (OR)
and synced with the time (hh:mm:ss) on the Anesthesia
machine. Once arrived in the OR, the subject’s forehead
was cleaned with an alcohol swab prior to disposable
BIS sensor placement. The research procedures were
initiated during anesthesia timeout with establishment of
a baseline heart rate (HR) value and ceased
approximately one minute after propofol administration.
Once the BIS monitor completed a system checkout and
provided a baseline value, the device was programmed
to collect the continuous BIS values via the rear USB
port using a thumb drive.

Induction was performed in each patient with lidocaine
50 mg IV bolus, followed by administration of bolus
dose of propofol (2 mg /kg IV). A member of the
research team recorded the time of administration of
induction medications and observed the following
physical signs during the induction period prior to
administration of neuromuscular blockade: (1) loss of
eyelash reflex, (2) loss of response to verbal stimuli, (3)
loss of muscle tone, (4) apnea as observed on EtCO,
tracing, and (5) transient heart rate variations e.g. change
in heart rate reaching maximum delta from baseline and
its return to baseline. Prior to induction, the subject was
routinely prompted with verbal cues and tested for eyelid
reflex (1) & (2). Meanwhile, each subject was asked to
hold a 500 ml saline bag for as long as possible. The
moment the bag dropped was defined as the time at
which the subject lost muscle tone (3). Apnea was
monitored physically by observing cessation of chest
movements, and was confirmed with accompanying
apnea recorded on EtCO, monitor (4). The transient
heart rate variations were captured in real time observing
the EKG monitor and, was reconciled with
electrocardiogram (EKG) rhythm strip which was
continuously printed all through the peri-induction
phase.®> A stopwatch was used to time the overall length
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Table 1. Baseline characteristics (n = 27)

Age 46 [39, 56]
Female 19

Male 8

Height (cm) 165 [160, 172]
Weight (kg) 84 [63, 94]
Midazolam (mg) 212, 2]

Induction Medications

Fentany! (ug) 100 [87.5, 100]

Lidocaine (mg) 50 [50, 70]
Propofol (mg) 150 [120, 150]
Paralytic (mg) 50 [8.0, 80]

of the research procedures and mark the instances (“split
times”) when the induction medications were
administered and the listed metrics occurred. After
research endpoints were completed, the BIS
sensor/monitor was left to be used by the anesthesia
provider at their discretion for the duration of the case.

heart rate variation & plane of anesthesia

analysis. Non-parametric tests — Friedman (P < 0.0001)
and Wilcoxon-Mann-Whitney test — were used to
compare the differences between each metric,
Significance was defined as a p-value less than 0.01 for
more conservative yet robust results by reducing the risk
of type | errors. We first tested the exported BIS values
for each set of variables. For example, the BIS value
when the subject demonstrated loss of eyelash reflex
(B_EL) were compared to the BIS value when the
subject demonstrated loss of verbal response (B_VR).
The split times from start of data collection were also
compared for each set of variables. All analysis and
nonparametric  testing were performed using
commercially available statistical software (SPSS).

3. RESULTS

In total, 41 patients consented for the study, 14 subjects
were excluded due to incomplete data collection during
the study period. 27 subjects were ultimately included
for analysis as outlined in Table 1. Approximately half
(n=13) demonstrated transient heart variations while the
remaining (n = 14) subjects’ heart rates were stable
during the research procedures. Table 2 illustrates the

calculated median

Table 2: Median Distributions of BIS values and Times
Median BIS [25th, 75th]

Variable

Loss of eyelash reflex 86.6 [82.2, 92.0]
85.7 [82.3, 92.0]
88.5[82.3, 91.7]
80.0 [56.5, 85.5]
84.4 [48.8, 90.6]

37.5 [31.6, 50.2]

Loss of verbal response
Loss of muscle tone

Apnea

A Heart rate

Return to baseline heart rate

distributions of the BIS
values and split times at
which  the  observed
physiological signs
occurred. There were no
adverse events during the
research period for any of
the enrolled subjects. A
summary of the coded
metrics used for analysis
are listed in Table 3.

Median Time (s) [25th,
75th]

34.0[26.0, 45.0]
34.0 [22.0, 45.0]
34.0 [25.0, 46.0]
48.0 [29.0, 56.0]
44.0 [33.5, 53.5]
63.0 [54.0, 81.5]

Variables are presented as median [Q1, Q3]. Return to baseline heart rate was
associated has a significantly lower median BIS value compared to all other
variables. Median split time was also much later for return to baseline heart rate.

Three physiological signs,
apnea (B_AP), maximum
change in heart rate from

2.3. Data Analysis

All data from the BIS device was exported using the rear
USB port as a text (ASCII) file, consolidated for

baseline (B_dHR), and
heart rate return to baseline (B_HR) that exhibited
significantly (P < 0.01) lower BIS values when
compared to the BIS values of loss of eyelash reflex
(B_EL), verbal response (B_VR), and muscle tone
(B_MT), summarized in Table 4. The median BIS value

Table 3: Study Metrics Coded for Analysis

(80) in which apnea (B_AP) occurred was
significantly lower than loss of eyelash
reflex (B_EL) (P < 0.001), verbal response

Observed Metrics BIS Split Time

(B_VR) (P < 0.001), and muscle tone
Loss of Eyelash Reflex B_EL TEL (B_MT) (P <0.001). Likewise, the median
Loss of Verbal Response B_VR T_VR BIS value (37.5) in which maximum
Loss of Muscle Tone B MT T MT change in heart rate from baseline

(B_dHR) occurred was significantly lower
Apn?a B_AP T_AP than loss of eyelash reflex (B_EL) (P <
Maximum Delta Heart Rate B_dHR T_dHR 0.001), verbal response (B_VR) (P <
Back to Baseline Heart Rate B_HR T_HR 0.002), and muscle tone (B_MT) (P <
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Table 4: BIS Value associated with the occurrence of different clinical signs

Coded Metrics B_EL

B_EL -
B_VR -
B_MT -
B_AP -
B_dHR -
B_HR -

B_VR
0.313

B_MT B_AP B_dHR B_HR
0.367 0.0001* 0.001* 0.001*
0.799 0.0001* 0.002* 0.001*
- 0.0001* 0.003* 0.001*
- - 0.989 0.005*
-- - -- 0.003*

Comparison using Wilcoxon-Mann-Whitney (*p < 0.01). Apnea, maximum delta heart rate, and heart rate return to baseline
were associated with significantly lower BIS value compared to loss of eyelash reflex, loss of verbal response, and loss of

muscle tone.

Table 5: Split Time of different clinical signs

Coded Metrics =

T EL -
T VR -
T MT -
T AP -

T VR
0.098

T dHR - -
T HR - -

T_MT T_AP T_dHR T_HR
0.44 0.0001* 0.002* 0.001*
0.091 0.0001* 0.001* 0.001*
- 0.0001* 0.004* 0.001*
- - 0.914 0.001*
- - - 0.001*

Comparison using Wilcoxon-Mann-Whitney (*p < 0.01). Apnea, maximum delta heart rate, and heart rate return to baseline
were associated with significantly later split time compared to loss of eyelash reflex, loss of verbal response, and loss of

muscle tone.

0.003), but did not differ significantly from B_AP. The
last significant physiological sign, maximum change in
heart rate from baseline (B_dHR), exhibited a median
BIS value of 80.4. This BIS value was significantly
lower compared to all other studied clinical signs,
including loss of eyelash reflex (B_EL) (P < 0.001), loss
of verbal response (B_VR) (P < 0.001), loss of muscle
tone (B_MT) (P < 0.001), maximum change in heart rate
from baseline (B_dHR) (P < 0.003) and apnea (B_AP)
(P < 0.005).

Similar to the previously mentioned lower BIS values,
the permutations listed in Table 5 demonstrate that the
same cluster of physiological signs that occurred
significantly later: apnea (T_AP), maximum change in
heart rate from baseline (T_dHR), and heart rate return
to baseline (T_HR) when compared to loss of eyelash
reflex (B_EL), verbal response (B_VR), and muscle tone
(B_MT). Apnea (T_AP), occurred after a median time of
48 s, which was significantly later than loss of eyelash
reflex (T_EL) (P < 0.002), verbal response (T_VR) (P <
0.001), and muscle tone (T_MT) (P < 0.004). Similarly,
maximum change in heart rate from baseline (T_dHR)
occurred after a median time of 63s, which was
significantly later than loss of eyelash reflex (T_EL) (P
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< 0.002), verbal response (T_VR) (P < 0.001), and
muscle tone (T_MT) (P < 0.004). Heart rate return to
baseline (T_HR) occurred after a median time of 44 s,
which was significantly later all other clinical signs
including loss of eyelash reflex (T_EL) (P < 0.001),
verbal response (T_VR) (P < 0.001), muscle tone
(T_MT) (P <0.001), maximum change in heart rate from
baseline (T_dHR) (P < 0.001), and apnea (T_AP) (P <
0.001).

4. DISCUSSION

Loss of verbal contact and eyelash reflex are commonly
used to estimate depth of anesthesia during induction.
Based on our results, however, relying on these signs
toassess adequate depth may not be ideal for the safety
of patients. Additionally, there are currently no
standardized physical signs used to guide the appropriate
timing for airway manipulation, especially during the
use of supraglottic airway such as the laryngeal mask
airway (LMA). Placement of LMA usually happens
much earlier than the endotracheal tube, and premature
attempts at airway manipulation can lead to
regurgitation, vomiting, and laryngospasm, thus posing
a serious risk to the safety of patients.® Previous studies

Open access attribution (CC BY-NC 4.0)


http://www.apicareonline.com/

Chiang TH, et al

have associated lower BIS values with an increasing
depth of anesthesia during propofol induction. However,
few have appreciated the differential timing of clinical
signs marking loss of consciousness or have compared
their BIS values.

Our study found (4) apnea and (5) heart rate variation to
be associated with significantly deeper plane of
anesthesia compared to (1) loss of eyelash reflex, (2) loss
of muscle tone, and (3) unresponsiveness to verbal cue.
These results were consistent when comparing the time
intervals of each metric from the beginning of induction.
Loss of eyelash reflex, loss of muscle tone, and
unresponsiveness to verbal cues occur earlier with no
significant differences compared to each other while
apnea and heart rate variation occur later.

These results indicate the optimal time of airway
manipulation occurs much later than the moment eyelash
reflex or verbal response is lost. For general anesthesia
using LMA, this information is particularly crucial as it
may lead to higher risk of adverse events if insertion
occurs immediately after induction when adequate depth
of anesthesia has not been reached. Prior evidence
demonstrates that optimal condition of LMA insertion
does not occur until approximately 60 seconds after loss
of eyelash reflex.1 It was also found that loss of eyelash
reflex and responsiveness to verbal command occur
before BIS value reaches the appropriate value,
indicating that these signs correspond to a lighter plane
of anesthesia.'! While not included in our study, another
report observed loss of response to mild prodding or
shaking at similarly lighter depths, while loss of response
to noxious electrical stimuli occurred at deeper depths.?

Among the five physical signs investigated in our study,
heart rate variation and return to baseline were found to
be associated with the deepest plane of anesthesia,
confirming prior observations that heart rate variability
ceases at the lowest EEG activity at 3 minutes
postinduction.’* Therefore, we hypothesize that the
deepest plane of anesthesia during propofol induction
occurs closer to the end of observed heart rate variations,
ata much later time than loss of eyelash reflex and verbal
response.

Heart rate variability during anesthesia induction is
indicative of autonomic reflexes during induction of
general anesthesia.'*"*® This spontaneous and irregular
fluctuation of heart rate is the interplay between the
patient’s cardiac sympathetic and parasympathetic
activity from induction agents, which are measured via
low and high frequency oscillatory rhythms respectively.
Heart rate variability is therefore closely linked to the
type of induction agent used, patient hemodynamics, and
comorbid conditions.*41771¢
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Propofol is the most used induction agent and the
hemodynamic effects during induction of general
anesthesia have been long investigated but poorly
understood. While several studies have observed an
immediate decrease followed by an increase in HR
during induction prior to laryngoscopy,**® others
reported prolonged decrease.?? There remains a lack of
consensus in heart rate outcomes following propofol
induction, which is also likely complicated by addition
of induction agents with varying hemodynamic profiles.
As such, return to baseline heart rate may or may not be
appreciated during the induction timeframe.

It is also important to recognize that the timing and
associated anesthesia depth of these physical signs can
be influenced by several factors such as different
induction agents and patient physiological differences.
For example, propofol has been associated with
significantly longer times to lose eyelash reflex, become
unresponsive to verbal commands, and reach lower BIS
values compared to etomidate.’»? Addition of
remifentanil may also have a concentration-dependent
effect on anesthesia, with patients losing verbal response
at lighter depths.?® These known factors may influence
BIS values but are unlikely to change our observed
trends during propofol induction.

Similar to return to baseline heart rate, apnea was
associated with a significantly deeper plane of anesthesia
when compared to loss of eyelash reflex, verbal
response, and muscle tone. This confirms previous
evidence following induction with propofol that
observed apnea at lower BIS values compared to those
BIS values in patients who did not experience apnea,
particularly near the recommended lower threshold of
general anesthesia.?* For our study, apnea was
determined by the change in EtCO,. It is important to
acknowledge the inevitable delay in EtCO, change from
when apnea occurs corresponding to diminished chest
rise. While the median BIS value was similar in value to
the values we observed in clinical signs associated with
lighter sedation, this finding highlights how a deeper
plane of anesthesia is more closely associated with the
changes in EtCO- rather than the moment chest rise
diminishes. Using EtCO, may be a more accurate and
safer metric to monitor apnea during induction, as prior
data suggests.?> 26

One of the main strengths of our study is having
continuous monitoring in mind and understanding the
inevitable delay in the displayed values on the BIS
monitor. The user interface of the BIS monitor displays
a single value (BIS index) based on the recordings of the
four electrodes on the disposable head sensor, creating
an inevitable delay. The values used in our analysis were
therefore based on the continuous values recorded
internally. To our understanding, this is also the first
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investigation correlating BIS values with the physical
signs representing the depth of anesthesia.

Limitations of this study include the small sample size of
subjects included for analysis and the higher proportion
of females (n = 19) to males (n = 8). In an ideal study
setting, a continuous heart rate monitor synced with the
exported second-to-second BIS values for higher
resolution data would be included. This data would
provide much more granular detail with regards to
accurately defining the maximum delta and subtle
changes in heart rate variations. However, with second-
to-second BIS values corresponding with visual
appreciation of heart rate variations on the EKG monitor,
our findings can be directly applied to the clinical setting.
Both heart rate variation and anesthesia depth at loss of
consciousness have been found to differ with induction
agents.?” Since all of our patients received the same
induction agent (propofol), our findings cannot account
for the differences in physiological effects of other
induction agents. Limitations also exist with the
accuracy of BIS in determining depth of anesthesia
appropriate for induction. Additionally, although BIS
has been found to be an effective method to measure the
depth of anesthesia, values can vary with type of
anesthetic agent used, age, and preexisting neurological
impairment.2-31

5. LIMITATIONS

As our study was one of the first investigations into BIS
guided depth of anesthesia and corresponding physical
signs, large prospective studies are warranted in order to
better understand its implications to a broader patient
demographic and under different induction medications.

6. CONCLUSION

This study proposes that classic physical signs such as
apnea and heart rate variation, particularly heart rate
return to baseline, may best inform the anesthetist of
adequate anesthesia depth and guide clinical judgement
during induction. This allows both safer inductions with
lower risk of airway manipulation related complications
and confirmation of an appropriate amount of anesthetic
medication used, thus reducing post-operative side
effects.

7. Data availability

The numerical data generated in this study is available with
the authors.

8. Conflict of Interest

The authors declare no conflict of interest. No external or
internal funding was involved in the conduct of this study.

9. Acknowledgements

www.apicareonline.com

heart rate variation & plane of anesthesia

All authors acknowledge the Department of Anesthesiology
and Perioperative Care, University of California Irvine for
support of the conduction of the current work.

10. Authors’ Contribution

SC: Writing and editing manuscript, literature review
SS: Writing and editing manuscript, literature review
GR: Study design, editing manuscript

JR: Statistical analysis

AM: Study design

11. REFERENCES

1. Laycock JD. Signs and stages of anaesthesia; a restatement.
Anaesthesia. 1953;8(1):15-20. [PubMed] DOI: 10.1111/1.1365-
2044.1953.tb12284.x

2. ForrestFC, Tooley MA, Saunders PR, Prys-Roberts C. Propofol
infusion and the suppression of consciousness: the EEG and
dose requirements. Br J Anaesth. 1994;72(1):35-41. [PubMed]
DOI: 10.1093/bja/72.1.35

3. Peacock JE, Lewis RP, Reilly CS, Nimmo WS. Effect of different
rates of infusion of propofol for induction of anaesthesia in
elderly patients. Br J Anaesth. 1990;65(3):346-52. [PubMed]
DOI: 10.1093/bja/65.3.346

4. Hall JE, Stewart JI, Harmer M. Single-breath inhalation induction
of sevoflurane anaesthesia with and without nitrous oxide: a
feasibility study in adults and comparison with an intravenous
bolus of propofol. Anaesthesia. 1997;52(5):410-5. [PubMed]
DOI: 10.1111/1.1365-2044.1997.091-az0086.x

5. Avidan MS, Zhang L, Burnside BA, Finkel KJ, Searleman AC,
Selvidge JA, et al. Anesthesia awareness and the bispectral
index. N Engl J Med. 2008;358(11):1097-108. [PubMed] DOI:
10.1056/NEJM0a0707361

6. Bhargava AK, Setlur R, Sreevastava D. Correlation of bispectral
index and Guedel's stages of ether anesthesia. Anesth Analg.
2004;98(1):132-4. [PubMed] DOI:
10.1213/01.ANE.0000090740.32274.72

7. Kuizenga K, Wierda JM, Kalkman CJ. Biphasic EEG changes in
relation to loss of consciousness during induction with
thiopental, propofol, etomidate, midazolam or sevoflurane. Br J
Anaesth. 2001;86(3):354-60. [PubMed] DOI:
10.1093/bja/86.3.354

8. Lim TW, Choi YH, Kim JY, Choi JB, Lee SK, Youn EJ, et al.
Efficacy of the bispectral index and Observer's Assessment of
Alertness/Sedation Scale in monitoring sedation during spinal
anesthesia: A randomized clinical trial. J Int Med Res.
2020;48(4):300060519893165. [PubMed] PMCID:
PMC7607532 DOI: 10.1177/0300060519893165

9. Taheri A, Hajimohamadi F, Soltanghoraece H, Moin A.
Complications of using laryngeal mask airway during
anaesthesia in patients undergoing major ear surgery. Acta
Otorhinolaryngol Ital. 2009;29(3):151-5. [PubMed] PMCID:
PMC2815362

10. Chen W, Downey R, Sheu R, Qu H, Bonney |, Zhao P. The
optimal timing of Ambu® Aura onceTM Laryngeal Mask Airway
insertion with propofol induction. Global Journal of
Anesthesiology. 2021;8(1):001-7. [Free Full Text]

Open access attribution (CC BY-NC 4.0)


http://www.apicareonline.com/
https://pubmed.ncbi.nlm.nih.gov/13008025/
https://doi.org/10.1111/j.1365-2044.1953.tb12284.x
https://doi.org/10.1111/j.1365-2044.1953.tb12284.x
https://pubmed.ncbi.nlm.nih.gov/8110547/
https://doi.org/10.1093/bja/72.1.35
https://pubmed.ncbi.nlm.nih.gov/2223363/
https://doi.org/10.1093/bja/65.3.346
https://pubmed.ncbi.nlm.nih.gov/9165957/
https://doi.org/10.1111/j.1365-2044.1997.091-az0086.x
https://pubmed.ncbi.nlm.nih.gov/18337600/
https://doi.org/10.1056/nejmoa0707361
https://pubmed.ncbi.nlm.nih.gov/14693605/
https://doi.org/10.1213/01.ane.0000090740.32274.72
https://pubmed.ncbi.nlm.nih.gov/11573524/
https://doi.org/10.1093/bja/86.3.354
https://pubmed.ncbi.nlm.nih.gov/31875756/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc7607532/
https://doi.org/10.1177/0300060519893165
https://pubmed.ncbi.nlm.nih.gov/20140161/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc2815362/
https://www.peertechzpublications.com/articles/GJA-8-152.pdf

Chiang TH, et al

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Saini S, Bhardwaj M, Sharma A, Taxak S. A randomised
controlled trial to study Bispectral guided induction of general
anaesthesia using propofol and etomidate infusion. Indian J
Anaesth.  2020;64(Suppl 3):S180-S5. [PubMed] PMCID:
PMC7641050 DOI: 10.4103/ija.lJA_221_20

Lysakowski C, Elia N, Czarnetzki C, Dumont L, Haller G,
Combescure C, et al. Bispectral and spectral entropy indices at
propofol-induced loss of consciousness in young and elderly
patients. Br J Anaesth. 2009;103(3):387-93. [PubMed] DOI:
10.1093/bja/aep162

Shah SB, Chowdhury I, Bhargava AK, Sabbharwal B.
Comparison of hemodynamic effects of intravenous etomidate
versus propofol during induction and intubation using entropy
guided hypnosis levels. J Anaesthesiol Clin Pharmacol.
2015;31(2):180-5. [PubMed] PMCID: PMC4411830 DOI:
10.4103/0970-9185.155145

Kanaya N, Hirata N, Kurosawa S, Nakayama M, Namiki A.
Differential effects of propofol and sevoflurane on heart rate
variability. Anesthesiology. 2003;98(1):34-40. [PubMed] DOI:
10.1097/00000542-200301000-00009

Fan Sz, Cheng YJ, Liu CC. Heart rate variability--a useful non-
invasive tool in anesthesia. Acta Anaesthesiol Sin.
1994;32(1):51-6. [PubMed]

Akselrod S, Gordon D, Ubel FA, Shannon DC, Berger AC,
Cohen RJ. Power spectrum analysis of heart rate fluctuation: a
quantitative probe of beat-to-beat cardiovascular control.
Science. 1981;213(4504):220-2. [PubMed] DOI:
10.1126/science.6166045

Mohamed MK, El-Mas MM, Abdel-Rahman AA. Estrogen
enhancement of baroreflex sensitivity is centrally mediated. Am
J  Physiol.  1999;276(4):R1030-7.  [PubMed]  DOI
10.1152/ajpregu.1999.276.4.R1030

Gribbin B, Pickering TG, Sleight P, Peto R. Effect of age and
high blood pressure on baroreflex sensitivity in man. Circ Res.
1971;29(4):424-31. [PubMed] DOI: 10.1161/01.res.29.4.424

Patakas D, Louridas G, Kakavelas E. Reduced baroreceptor
sensitivity in patients with chronic obstructive pulmonary
disease. Thorax. 1982;37(4):292-5. [PubMed] PMCID:
PMC459300 DOI: 10.1136/thx.37.4.292

Hug CC, Jr., McLeskey CH, Nahrwold ML, Roizen MF, Stanley
TH, Thisted RA, et al. Hemodynamic effects of propofol: data
from over 25000 patients. Anesth Analg. 1993;77(4
Suppl):S21-9. [PubMed)]

Tramér MR, Moore RA, McQuay HJ. Propofol and bradycardia:
causation, frequency and severity. Br J Anaesth.
1997,78(6):642-51. [PubMed] DOI: 10.1093/bja/78.6.642

www.apicareonline.com

249

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

heart rate variation & plane of anesthesia

Arya S, Asthana V, Sharma JP. Clinical vs. bispectral index-
guided propofol induction of anesthesia: A comparative study.
Saudi J Anaesth. 2013;7(1):75-9. [PubMed] PMCID:
PMC3657931 DOI: 10.4103/1658-354X.109819

Vanluchene AL, Struys MM, Heyse BE, Mortier EP. Spectral
entropy measurement of patient responsiveness during propofol
and remifentanil. A comparison with the bispectral index. Br J
Anaesth. 2004;93(5):645-54. [PubMed] DOI:
10.1093/bja/aeh251

Soto RG, Fu ES, Smith RA, Miguel RV. Bispectral Index® and
the incidence of apnea during monitored anesthesia care.
Ambulatory Surgery. 2005;12(2):81-4.

Soto RG, Fu ES, VilaH, Jr., Miguel RV. Capnography accurately
detects apnea during monitored anesthesia care. Anesth Analg.
2004;99(2):379-82. [PubMed] DOI:
10.1213/01.ANE.0000131964.67524.E7

Nagasaki G, Tanaka M, Nishikawa T. The recovery profile of
baroreflex control of heart rate after isoflurane or sevoflurane
anesthesia in humans. Anesth Analg. 2001;93(5):1127-31.
[PubMed] DOI: 10.1097/00000539-200111000-00012

Zheng H, Zhu Y, Chen K, Shen X. The effect of etomidate or
propofol on brainstem function during anesthesia induction: a

bispectral index-guided study. Drug Des Devel Ther.
2019;13:1941-6. [PubMed]  PMCID: PMC6559222 DOI:
10.2147/DDDT.S211523

Mishra RK, Mahajan C, Prabhakar H, Kapoor I, Bithal PK. Effect
of nitrous oxide on bispectral index values at equi-minimum
alveolar concentrations of sevoflurane and desflurane. Indian J
Anaesth. 2017;61(6):482-5. [PubMed] PMCID: PMC5474916
DOI: 10.4103/ija.lJA_363_16

Roffey P, Mikhail M, Thangathurai D. Ketamine interferes with
bispectral index monitoring in cardiac patients undergoing
cardiopulmonary bypass. J Cardiothorac Vasc Anesth.
2000;14(4):494-5. [PubMed] DOI: 10.1053/cr.2000.7978

Mathur S, Patel J, Goldstein S, Jain A. Bispectral Index.
StatPearls. Treasure Island (FL): StatPearls Publishing,
Copyright © 2022, StatPearls Publishing LLC.; 2022.

Bannister CF, Brosius KK, Sigl JC, Meyer BJ, Sebel PS. The
effect of bispectral index monitoring on anesthetic use and
recovery in children anesthetized with sevoflurane in nitrous
oxide. Anesth Analg. 2001;92(4):877-81. [PubMed] DOI:
10.1097/00000539-200104000-00015

Open access attribution (CC BY-NC 4.0)


http://www.apicareonline.com/
https://pubmed.ncbi.nlm.nih.gov/33162599/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc7641050/
https://doi.org/10.4103/ija.ija_221_20
https://pubmed.ncbi.nlm.nih.gov/19542103/
https://doi.org/10.1093/bja/aep162
https://pubmed.ncbi.nlm.nih.gov/25948897/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc4411830/
https://doi.org/10.4103/0970-9185.155145
https://pubmed.ncbi.nlm.nih.gov/12502976/
https://doi.org/10.1097/00000542-200301000-00009
https://pubmed.ncbi.nlm.nih.gov/8199811/
https://pubmed.ncbi.nlm.nih.gov/6166045/
https://doi.org/10.1126/science.6166045
https://pubmed.ncbi.nlm.nih.gov/10198382/
https://doi.org/10.1152/ajpregu.1999.276.4.r1030
https://pubmed.ncbi.nlm.nih.gov/5110922/
https://doi.org/10.1161/01.res.29.4.424
https://pubmed.ncbi.nlm.nih.gov/7112459/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc459300/
https://doi.org/10.1136/thx.37.4.292
https://pubmed.ncbi.nlm.nih.gov/8214693/
https://pubmed.ncbi.nlm.nih.gov/9215013/
https://doi.org/10.1093/bja/78.6.642
https://pubmed.ncbi.nlm.nih.gov/23717237/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc3657931/
https://doi.org/10.4103/1658-354x.109819
https://pubmed.ncbi.nlm.nih.gov/15321934/
https://doi.org/10.1093/bja/aeh251
https://pubmed.ncbi.nlm.nih.gov/15271710/
https://doi.org/10.1213/01.ane.0000131964.67524.e7
https://pubmed.ncbi.nlm.nih.gov/11682380/
https://doi.org/10.1097/00000539-200111000-00012
https://pubmed.ncbi.nlm.nih.gov/31239644/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc6559222/
https://doi.org/10.2147/dddt.s211523
https://pubmed.ncbi.nlm.nih.gov/28655953/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc5474916/
https://doi.org/10.4103/ija.ija_363_16
https://pubmed.ncbi.nlm.nih.gov/10972626/
https://doi.org/10.1053/cr.2000.7978
https://pubmed.ncbi.nlm.nih.gov/11273918/
https://doi.org/10.1097/00000539-200104000-00015

