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Abstract Prior studies have examined the static effect of

intravenous ketamine on the BIS Index for sedation but it

remains unknown if the BIS Index is a reliable method to

track sedation levels in the presence of ketamine. The

major objective of the current investigation was to compare

the BIS Vista Index ability to track varying depths of

sedation as determined by OASS scores in a standardized

anesthetic regimen with and without ketamine. The study

was a randomized, double blinded clinical trial. Patients

undergoing breast surgery under sedation with propofol

were randomized to receive ketamine (1.5 lg kg min-1) or

saline. Infusion data was used to estimate propofol plasma

concentrations (Cp). The main outcome of interest was the

correlation between the BIS Vista Index with the OASS

score. Twenty subjects were recruited and fifteen com-

pleted the study. Four hundred fifty-five paired data points

were included in the analysis. Model performance

(Nagelkerke R2) of the multinomial logistic regression

model was 0.57 with the c-statistic of 0.87 (95 % CI

0.82–0.91). Compared to awake the odds ratio for BIS

values predicting moderate sedation in the saline/propofol

group 1.19 (95 % CI 1.12–1.25) but only 1.06 (95 % CI

1.02–1.1) in the ketamine/propofol group (P = 0.001).

There was no difference in the odds for BIS values to

predict deep sedation between groups (P = 0.14). The BIS

monitor can be used to monitor sedation level even when

ketamine is used with propofol as part of the sedation

regimen. However, ketamine reduces the value of the BIS

in predicting moderate sedation levels.
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1 Introduction

Surgical procedures performed under sedation encompass a

large portion of current anesthesia practice [1–3]. In cases

performed under sedation, the reduction in the use of

anesthetic agents while still achieving adequate levels of

sedation, is highly desirable since drug-induced hypoven-

tilation is the leading cause of morbidity and mortality [4].

The use of depth of anesthesia monitors can result in less

consumption of anesthetic agents [5–7]. In addition, recent

evidence suggests that the use of depth of anesthesia

monitors in sedation cases may reduce the development of

respiratory complications [8].

The BIS Index is the most common depth of anesthesia

monitor studied in surgical cases with decreasing values as

depth of anesthesia increases [9–11]. In contrast to other

intravenous anesthetics, ketamine has been reported to

increase or not affect BIS values [12, 13]. The BIS algo-

rithm evaluates the suppression of activity, b power and

slow synchronized power of the electroencephalograph

[14]. Because ketamine has been show to increase h
activity of the EEG [15], when given with hypnotic agents

that depress cortical activity such as sevoflurane or

propofol, the EEG pattern is driven towards higher fre-

quencies and desynchronization [14]. The effect of keta-

mine on EEG activity results in an increase in the BIS

Index value. Bolus administration of ketamine during

sevoflurane and propofol anesthesia has been shown to

increase BIS values [14, 16, 17].
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Since ketamine can minimize hypoventilation in

patients undergoing deep sedation, it is important that

depth of anesthesia monitors used during sedation cases are

still reliable in the presence of ketamine [18]. Currently, no

studies have compared the relationship between the BIS

Index values, Observer Alertness of Sedation Scale

(OASS) scores and propofol serum concentrations in

patients undergoing sedation using a standardized anes-

thetic regimen with and without ketamine.

The major objective of the current investigation was to

compare the BIS Vista Index ability to track varying depths

of sedation as determined by OASS scores in a standard-

ized anesthetic regimen with and without ketamine. We

hypothesize that the addition of ketamine would result in

higher BIS Vista Index values for varying depths of

sedation as assessed by OASS scores but it would not

distort the BIS ability to track levels of sedation.

2 Methods

The study was a prospective, randomized, double blinded,

placebo controlled clinical trial. Clinical trial registration

for this study can be found at ClinicalTrial.gov; url:http://

www.clinicaltrials.gov; registration identified: NCT0125

0418. Study approval was obtained from the Northwestern

University Institutional Review Board, and written

informed consent was obtained from all the study partici-

pants. Eligible subjects were healthy female patients

undergoing unilateral segmental breast biopsies under

monitored anesthesia care and sedation. Patients with a

history of drug or alcohol abuse, use of anticonvulsants,

cerebrovascular disease and pregnancy were not enrolled.

Reasons to drop out after enrollment included conversion

to general anesthesia, need for supplemental opioid anal-

gesia and surgeon request.

Subjects were randomized using a computer generated

table of random numbers into two groups to receive keta-

mine 0.25 mg kg-1 bolus followed by an infusion of

1.5 lg kg min-1 or saline. The ketamine dose was similar

to the one used by other investigators [19–21]. Group

assignments were sealed in sequentially numbered opaque

envelopes that were opened by one of the investigators not

involved with the patient care or data collection after the

subject provided written informed consent. The same

investigator prepared syringes labeled with study drug to

blind subjects enrolled in the study, anesthesia providers

and a research nurse collecting the data.

Subjects were given 2 mg IV of midazolam and trans-

ported to the operating room where standard monitors were

applied. The BIS Vista (Aspect Medical, Cambridge MA,

application version 3.00 platform version 2.03) electrodes

were placed on the subject’s forehead in concordance with

the manufacturer’s specifications. The signals averaging

time for the BIS Vista monitor was set at 15 s. The monitor

was covered with an opaque board in order to blind anes-

thesia providers and personnel responsible for data col-

lection. A single research nurse recorded an Observer

Assessment of Sedation Scale (OASS) score prior to the

study drug and at 1 min intervals for a minimum of 30 min

in all subjects [22, 23]. The OASS is scored: 5 if the patient

responds to name spoken in normal tone, 4 if the patient is

lethargic but responds to name in normal tone, 3 if the

patient responds only after name is called loudly and/or

repeatedly, 2 if the patient responds only after mild prod-

ding or shaking, 1 if the patient responds only after painful

trapezius squeeze and 0 if the patient does not respond after

painful trapezius squeeze.

Before the study infusion was begun, 25 lg of

remifentanil was administered to provide analgesia during

application of local anesthetic by the surgeon. No addi-

tional opioids were allowed to be administered during the

study period. The study drug infusion was then started and

a propofol infusion was commenced at 125 lg kg min-1.

The propofol infusion was titrated up or down in

25 lg kg min-1 increments by the anesthesia provider to

maintain clinically adequate procedural sedation. The

anesthesia provider was unaware of the study group allo-

cation. The anesthesia care provider was instructed to

maintain the infusion dose of propofol for minimum of

5 min prior to an infusion rate adjustment if the patient was

tolerating the procedure. BIS Index values and infusion rate

changes were recorded electronically for all subjects con-

tinuously. The average value of the index collected every

5 s over a 1 min epochs were determined to correspond

with OASS values. Other data collected included patients

demographic characteristics and surgical duration.

Infusion data was used to estimate propofol plasma

concentrations (Cp) using the method of Schnider et al.

[24] Propofol plasma concentrations estimates were cal-

culated at 1 min intervals for the duration of the infusion

using a 3 compartment model with age, height, weight and

lean body mass used as covariates in the estimation of

compartmental volumes and clearances. Pharmacokinetic

analysis was done using the SAAM II software system

(SAAM Institute, Seattle, WA) implemented on a Win-

dows-based computer.

Levels of sedation were defined as awake/light sedation

(OASS score of 4 or 5), moderate sedation (OASS score of

2 or 3), and deep sedation (OASS score of 0 or 1). The

main outcome of interest for the current manuscript was the

accuracy, area under the receiver operating characteristics

curve (AUC), for predicting OASS level of sedation by BIS

Vista Index value in patients sedated with saline/propofol

compared with ketamine/propofol. A post hoc sample size

estimation determined that a sample of 8 subjects per group
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with a minimum of 30 samples per subject would provide

240 samples per group and would achieve 80 % power to

detect a difference of 0.1 in the AUC values between

groups, assuming the AUC for saline/propofol was 0.8,

using a two-sided z test at a significance level of 0.05.

BIS Index values and estimated propofol concentrations

among the OASS sedation levels were compared using the

Kruskal–Wallis H test. Comparison between the saline/

propofol and ketamine/propofol groups within the same

sedation group was made using the Mann–Whitney U test

corrected for six comparisons using the Bonnferoni

method. Median differences and 95 % confidence intervals

of the differences were determined using a 10,000 repli-

cation bootstrap.

The level of sedation predicted by the BIS Index was

modeled using a multinomial logistic regression analysis

with ketamine/propofol and saline/propofol groups as a

fixed factor and the BIS Index value as a covariate. The

sedation agents group and an interaction term of sedation

agents group * BIS value were entered into the model.

Model performance was assessed using Nagelkerke R2 and

the accuracy of the model was evaluated by constructing

receiver operator characteristics (ROC) curves for pre-

dicted and actual sedation groups and calculating the area

under the curve (AUC, c-statistic). AUC’s for BIS pre-

dicted OASS sedation groups and actual OASS group were

compared between saline/propofol and ketamine/propofol

using the method of Delong [25]. The odds ratio and the

95 % confidence interval for predicting moderate and deep

sedation with awake/light sedation as the reference cate-

gory were calculated for the ketamine/propofol and saline/

propofol groups. Statistical analysis was performed using R

version 3.1.0, release date 4/10/2014 (The R Foundation

for Statistical Computing, Vienna, Austria).

3 Results

Twenty subjects were recruited and fifteen completed the

study (Fig. 1). Four subjects in the saline/propofol and one

in the ketamine/propofol group were excluded following

allocation. Two subjects in the saline/propofol group and

one in the ketamine/propofol group received general

anesthesia and two subjects in the saline/propofol group

received an additional dose of remifentanil for discomfort

during local anesthesia administration by the surgeon.

There were no differences in preoperative clinical charac-

teristics in subjects who received ketamine and saline

(Table 1).

Four hundred fifty-five paired data points were inclu-

ded in the analysis. There were 248 pairs in the saline/

propofol group. The OAAS level of sedation was awa-

ke/light sedation in 129 (52 %), moderate in 57 (23 %)

and deep in 62 (25 %) of the pairs. There were 207 pairs

in the ketamine/propofol group. The OAAS level of

sedation was awake/light sedation in 99 (48 %), moderate

in 57 (27 %) and deep in 51 (25 %) of the pairs. The

relationship between OASS sedation level groups and BIS

Index values are shown in Fig. 2. Median BIS values were

significantly greater at each OASS level of sedation in the

ketamine/propofol compared with the saline propofol

group (Table 2.)

Model performance (Nagelkerke R2) of the multinomial

logistic regression model for BIS predicting OASS level of

sedation groups was 0.57 with the c-statistic of 0.87 [95 %

CI 0.82–0.91]. The area under the ROC curve (95 % CI)

for predicted and actual sedation groups was 0.89 [95 % CI

0.84–0.94] for the saline/propofol group and 0.84 [95 % CI

0.76–0.91] for the ketamine/propofol group. The difference

in the area under the ROC curves for saline/propofol and

ketamine/propofol was 0.05 [95 % CI -0.06 to 0.14],

P = 0.12.

BIS cut-off values for predicting awake/light, moderate

and deep sedation were [74, 74–70, \70 for saline/

propofol and[75, 75–78 and[78 for ketamine/propofol,

respectively. The percentage of correctly predicted pairs

based on the multinomial logistic model compared with the

observed OAAS sedation groups is shown in Fig. 3. There

was no difference in the percentage of correct predicted

pairs in the awake/light sedation and deep sedation group

in patients that received saline/propofol or ketamine/

propofol. For pairs of data in the OAAS moderated cate-

gory, the model correctly predicted 25 % of the pairs

compared to 4 % of the pairs in the ketamine/propofol

group, difference 21 % [95 % CI 7–35], P = 0.002. When

Fig. 1 Consort diagram for the study
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compared to awake/light sedation the odds ratio for BIS

values predicting moderate sedation in the saline/propofol

group was 1.19 (95 % CI 1.12–1.25) but the odds of pre-

dicting moderate sedation was only 1.06 (95 % CI

1.02–1.1) in the ketamine/propofol group (P = 0.001).

Estimated propofol concentrations were lower in the

saline/propofol group in the awake/light sedation but not in

the moderate sedation and deep sedation groups (Table 2).

Linear correlation (r2) between BIS Index values and

estimated propofol Cp was greater in subjects receiving

ketamine compared with saline, difference 0.22 (95 % CI

of the difference 0.02–0.37), P = 0.03.

4 Discussion

The most important finding of the current investigation was

that the overall performance of the BIS monitor value to

track intraoperative sedation using ketamine/propofol was

not substantially lower than when using saline/propofol.

The increase in BIS Index values due to the increased EEG

activity shifted the BIS Index cut-off values for prediction

of OASS by 4–5 points higher compared to those deter-

mined for propofol. Model performance was similar for

awake/light sedation and deep/sedation, but was substan-

tially reduced for moderate sedation when ketamine was

administered.

Our findings are clinically important since current evi-

dence suggests that sedation guided by Bispectral Index

leads to lower respiratory adverse events than guided by

sedation scores [7]. In addition, the use of ketamine has

also been demonstrated to reduce hypoventilation and

apnea in patients undergoing surgical procedures under

propofol sedation [18]. Clinical practitioners that intent to

reduce adverse respiratory events by using a BIS-guided

sedation regimen with ketamine should target greater BIS

values (4–5 points greater) to achieve the desirable level of

sedation.

Another important finding of the current investigation

was the preservation of a linear relationship between the

BIS values and depths of sedation when ketamine was

Table 1 Subjects

characteristics
Saline/propofol (n = 8) Ketamine/propofol (n = 7) P

Age (year) 50 ± 6 50 ± 8 0.88

Height (m) 1.62 ± 0.07 1.62 ± 0.05 1.0

Weight (kg) 74 ± 22 74 ± 6 0.98

Body mass index (kg m-2) 27.3 ± 6.4 28.0 ± 3.8 0.81

Prior breast surgery 2 (25) 1 (14) 0.59

Taking antidepressant at time

of surgery n (%)

1 (13) 1 (14) 0.96

Surgical sidea

Left 4 (50) 5 (71) 0.19

Right 4 (50) 2 (29)

ASA classification

I 1 (12) 0 0.33

II 7 (88) 7 (100)

Race

White/Caucasian 5 (63) 6 (85) 0.31

African American 3 (27) 1 (15)

Data presented as mean ± SD or counts
a All cases were excisional breast biopsies

Fig. 2 Boxplot of sedation level values with Bispectral Index (BIS)

values. Observer assessment of alertness and sedation score values of

4–5 represent awake/light sedation, values of 2–3 represent moder-

ated sedation and values of 0–1 deep sedation. The median value is

represented by a line with the 25th and 75th percentile by the box. The

whiskers show the 10th and 90th percentile and the circles the 5th and

95th percentiles. Values are different by level of sedation within each

study group (P\ 0.001). �Different between saline/propofol and

ketamine/propofol at the same level of sedation (P\ 0.001)
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used. In contrast, prior studies utilizing the BIS monitor

with an anesthetic protocol inclusive of ketamine did not

result in predictable BIS values due to different levels of

hypnosis [26, 27]. Other studies have evaluated the BIS

monitor in sedation cases with ketamine. However, no

prior study have tested the ability of the BIS monitor to

predict levels of sedation in a dynamic anesthetic regi-

men inclusive of propofol. Some studies have only lim-

ited to evaluate the static change in BIS values when a

ketamine bolus was given and still have generated con-

flicting results [12, 28, 29]. Nevertheless, to the best of

our knowledge, this is the first study to evaluate the

dynamic relationship between depth of sedation moni-

toring and the use of ketamine for sedation cases.

It was also interesting to note that we observed similar

estimated plasma concentrations of propofol in both

study groups. Prior studies evaluating interactions

between ketamine and BIS values did not control for

differences in concentrations of other anesthetics, which

mistakenly attributed the distortion in the BIS values only

to the use of ketamine [12, 26, 27]. Future studies eval-

uating depth of anesthetic monitoring should, therefore,

control for variations in other anesthetics concomitantly

administered.

Our study should only be interpreted within the con-

text of its limitations. Our sample sized was inadequate to

draw definite conclusion on the relationship of the BIS

value and level of sedation. Although we included over

400 pairs of data, the number of data pairs was inade-

quate to model all OAAS sedation levels, especially at

levels of moderate sedation. We did not draw blood

samples to verify plasma levels of propofol but rather

estimated them from the infusion pump information. It is

possible that the initial bolus of remifentanil required to

provide adequate clinical care could have affected the

initial sedation assessments. We utilized a small and

single remifentanil bolus in order to minimize the

potential confounding effect. In addition, a sensitive

analysis performed to exclude the 5-min initial data did

not change any of the current findings.

In summary, the BIS monitor can be useful to monitor

sedation even when ketamine is used with propofol as part

of the sedation regimen. Because the BIS Index values are

most sensitive to changes in consciousness is not surprising

that the values have high predictive value for the

Table 2 Median (interquartile range) BIS and estimated propofol plasma levels by sedation group

BIS Index Difference

(95 % CI)

P Estimated propofol Cp (lg/mL) Difference

(95 % CI)

P

Saline/

propofol

Ketamine/

propofol

Saline/

propofol

Ketamine/

propofol

Awake/light sedation

(OAAS 4–5)

78 [74–83] 83 [78–89] 5 [2–8] \0.001 1.4 [1.1–2.1] 2.0 [1.3–2.3] 0.6 [0.1–0.8] 0.007

Moderated sedation

(OAAS 2–3)

68 [64–72] 75 [67–76] 7 [4–9] \0.001 2.3 [1.6–4.2] 2.4 [2.1–3.1] 0.1 [-0.2–0.6] 0.341

Deep sedation

(OAAS 0–1)

60 [54–63] 66 [60–75] 6 [2–12] \0.001 2.3 [2.0–2.9] 2.7 [2.3–3.0] 0.4 [0.2–0.6] 0.154

Fig. 3 Bar graph of nominal logistic regression model predicted

sedation group membership with observer assessment of alertness and

sedation score group. There was no difference in the frequency of

corrected predicted sedation group membership for awake/light

sedation, difference -2 % (95 % CI -11 to 7 %), P = 0.64, or

deep sedation, difference 9 % (95 % CI -6 to 24 %), P = 0.24.

Moderate sedation group membership was correctly predicted in

25 % of the saline/propofol data pairs, but in only 4 % of the

ketamine/propofol pairs, difference 21 % (95 % CI 7–35 %),

P = 0.002
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awake/light sedation and deep sedation levels. Even with-

out ketamine BIS Index values alone are not highly pre-

dictive of moderate levels of sedation. However, higher

BIS values correlates with lower sedation scores. The use

of BIS guided sedation is still a valid strategy in patient

receiving propofol and ketamine.
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