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Changes in the Bispectral Index in Response to Loss of
Consciousness and No Somatic Movement to Nociceptive
Stimuli in Elderly Patients

Ning Yang'?, Yun Yue', Jonathan Z Pan®, Ming-Zhang Zuo?, Yu Shi?, Shu-Zhen Zhou?, Wen-Ping Peng?, Jian-Dong Gao’
"Department of Anesthesiology, Beijing Chao-Yang Hospital, Capital Medical University, Beijing 100020, China

Department of Anesthesiology, Beijing Hospital, Beijing 100730, China
3Department of Anesthesiology and Perioperative Care, Brain and Spinal Injury Center, University of California, San Francisco, CA 94110, USA

Background: Bispectral index (BIS) is considered very useful to guide anesthesia care in elderly patients, but its use is controversial for
the evaluation of the adequacy of analgesia. This study compared the BIS changes in response to loss of consciousness (LOC) and loss of
somatic response (LOS) to nociceptive stimuli between elderly and young patients receiving intravenous target-controlled infusion (TCI)
of propofol and remifentanil.

Methods: This study was performed on 52 elderly patients (aged 65—78 years) and 52 young patients (aged 25-58 years), American
Society of Anesthesiologists physical status I or II. Anesthesia was induced with propofol administered by TCI. A standardized noxious
electrical stimulus (transcutaneous electrical nerve stimulation, [TENS]) was applied (50 Hz, 80 mA, 0.25 ms pulses for 4 s) to the ulnar
nerve at increasing remifentanil predicted effective-site concentration (Ce) until patients lost somatic response to TENS. Changes in
awake, prestimulus, poststimulus BIS, heart rate, mean arterial pressure, pulse oxygen saturation, predicted plasma concentration, Ce of
propofol, and remifentanil at both LOC and LOS clinical points were investigated.

Results: BIS . in elderly group was higher than that in young patient group (65.4 = 9.7 vs. 57.6 + 12.3) (¢ = 21.58, P < 0.0001) after
TCI propofol, and the propofol Ce at LOC was 1.6 + 0.3 pug/ml in elderly patients, which was significantly lower than that in young
patients (2.3 + 0.5 ug/ml) (¢ =7.474, P <0.0001). As nociceptive stimulation induced BIS to increase, the mean of BIS maximum values
after TENS was significantly higher than that before TENS in both age groups (¢ = 8.902 and 7 = 8.019, P < 0.0001). With increasing
Ce of remifentanil until patients lost somatic response to TENS, BIS,  was the same as the BIS . in elderly patients (65.6 + 10.7 vs.
65.4 £ 9.7), and there were no marked differences between elderly and young patient groups in BIS BIS, ., and Ce of remifentanil
required for LOS.

Conclusion: In elderly patients, BIS can be used as an indicator for hypnotic-analgesic balance and be helpful to guide the optimal
administration of propofol and remifentanil individually.

Trial Registration: CTRI Reg. No: ChiCTR-OOC-14005629; http://www.chictr.org.cn/showproj.aspx?proj=9875.
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adequacy of analgesia.**! Some researchers think that BIS
primarily measures the degree of sedation and sleep and does
not reliably reflect the autonomic response to pain. In addition,
BIS changes during nociceptive stimulation can be affected
by many other variables such as sedatives, anesthetics,
opioids (which decrease BIS by reducing cortical activity),!'”
and neuromuscular blocking agents (which decrease BIS
by reducing electromyogram [EMG] activity).['"1? Tt was
known that age-related changes in structure and function can
influence anesthetic-induced changes in the EEG,?'*17 but
there are little published data that studied the effectiveness
of BIS on the evaluation of analgesia in nonparalyzed elderly
patients. Therefore, we designed this prospective clinical
study to compare the changes of BIS at awake state, LOC,
and Loss of somastic response (LOS) in elderly and young
patients under propofol-remifentanil anesthesia without
muscle relaxation.

MeTtHoDS

Ethical approval for this study (Ethical Committee No.
ChiECRCT-20140044) was provided by the Chinese Ethics
Committee of Registering Clinical Trials. One hundred and
four consented patients were enrolled. They were divided
into two groups: Young patients (25-58 years, n = 52) and
elderly patients (65-78 years, n = 52). Exclusion criteria
included recent administration of sedative or opioid drugs,
body weight <80% of >120% of ideal weight, age <18 years,
and impairment of cardiac, respiratory, hepatic, or renal
function, known allergy to propofol or its lipid emulsion,
general anesthesia 7 days before surgery, history of mental
disorders, and American Society of Anesthesiologists (ASA)
physical status III or above. BIS was monitored with a
BIS XP (A-2000, Aspect Medical System, USA, software
version 3.22, BIS Quattro Sensor). Noninvasive arterial blood
pressure, pulse oxygen saturation (SpO,), electrocardiogram,
and tidal volume were monitored routinely.

After insertion of a peripheral venous line for fluid
and drug administration, anesthesia was induced with
target-controlled infusion (TCI) of propofol to achieve
LOC, followed by TCI remifentanil until patients reached
LOS to transcutaneous electrical nerve stimulation (TENS).
The protocol is as follows: A TCI of propofol (Diprivan 1%
pre-filled syringe 10 mg/ml, AstraZeneca UK Limited.) was
administered using the Diprifusor™ (software version 2.0,
Graseby 3500 Syringe Pump, Smiths Medical, Watford, UK),
which uses the Marsh pharmacokinetic model. Remifentanil
was administered using a microcomputer-controlled
pump (SLGO High-Tech Development CO, Beijing, China),
which uses the Minto pharmacokinetic model. These systems
display both the predicted plasma concentration (Cp)
and predicted effective-site concentration (Ce). The
propofol infusion was started so as to provide Cp of
1.2 pg/ml and increase by 0.3 ug/ml every 30 s until
the Modified Observer’s Assessment of Alertness and
Sedation (MOAA/S) became 1 [Table 1].*¥! This point was
defined as LOC. Values of BIS, Cp, and Ce of propofol were

Table 1: Responsiveness scores of the MOAA/S

Responsiveness Score
Responds readily to name spoken in normal tone 5 (alert)
Responds lethargically to name spoken in normal tone 4
Responds only after name is called loudly and/or repeatedly 3
Responds only after mild prodding or shaking 2
Responds only after painful trapezius squeeze 1
Does not respond to painful trapezius squeeze 0

MOAA/S: Modified Observer’s Assessment of Alertness/Sedation
Scale.

recorded at this point. This Ce of propofol was kept stable for
3 min. Thereafter, Ce of propofol was left unchanged for the
study period, followed by remifentanil target infusion. The
Cp of remifentanil was started at 2.0 ng/ml and increased
by 0.3 ng/ml every 30 s until no purposeful movement was
observed after TENS (50 Hz, 80 mA, 0.25 ms pulses for 4 s),
which was applied to the ulnar nerve using a peripheral nerve
stimulator. This technique is easy to perform with good
reliability and reproducibility and is often used in lieu of skin
incision, which is considered as a standard method in pain
research.["2] Twisting or jerking the head was considered
a purposeful movement but twitching or grimacing was not.
This point was defined as a loss of somastic response to a
nociceptive stimulus. In case of movement, electrical tetanic
stimulation was stopped immediately. After BIS values
and remifentanil concentrations were recorded, surgery
proceeded as planned. The protocol was the same in both
young and elderly group [Figure 1].

All parameters were averaged the minute before the
induction with propofol (parameter,  )and were compared
with the value before noxious stimulus (parameter ), the
peak value after noxious stimuli (parameter_ ), and the
lowest value during the noxious stimuli (parameter . ). All
patients were spontancously breathing, but if necessary,
ventilation was mechanically supported. At the end of
the study, patients received 0.5 mg/kg rocuronium as
the neuromuscular blocking drug. Targeted final Ce of
remifentanil before intubation was left to the discretion of
the anesthesiologist. Intubation for subsequent surgery was
performed thereafter. We interviewed patients within 24 h
postsurgery using modified Brice interview including five
questions about intraoperative awareness and recall.[?2%
The five questions were: (1) what was the last thing you
remember before anesthesia; (2) what was the first thing you
remember after waking up; (3) did you remember anything
between going under anesthesia and waking up; (4) did you
dream during your procedure; and (5) what was the worst
thing about your operation.

Statistical analysis was performed using SPSS 22.0 (IBM
Corp., New York, USA). Differences in patient characteristics
were analyzed using #-test (for age, weight, and height) or
Chi-square test (for male-female distribution). A P < 0.05
was considered to be statistically significant. One-way
analysis of variance and paired z-test were used to compare
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Figure 1: Diagrams of the experimental protocol. LOC: Loss of
consciousness, defined as MOAA/S score =1; LOS: Loss of somatic
response to a painful stimulus, defined as there is no purposeful
movement such as twisting or jerking the head, but twitching or
grimacing was not considered as movements due to painful stimulus.
ASA: American Society of Anesthesiologists; MOAA/S: Modified
Observer’s Assessment of Alertness and Sedation.

BIS values and hemodynamic variables at awake, LOC, and
LOS states after continuous data normality test.

ResuLts

All studies were completed without significant clinical
complications, and no intraoperative awareness and
recall occurred during the pain stimulation. No significant
differences were found between the groups with respect
to sex ratio, weight, and height [Table 2]. Induction of
anesthesia was uneventful in all patients. Most patients had
respiratory depression before they lost response to a pain
stimulus.

Table 2: Characteristics of the patients

Groups n  Male/female Age Weight  Height
(m) (years) (kg) (cm)

Young 52 22/30 43+9 64+ 11 164 +7

Elderly 52 25/27 70£4%  67+10  165+8

*P<0.0001, compared with young group (z = 16.98). Data are
presented as means =+ standard deviation (SD).

Response to increasing predicted effective-site
concentration of propofol and remifentanil before
nociceptive stimulation

Bispectral index

Before anesthesia induction, there was no difference in the
BIS,_ . between young and elderly groups (97.4 0.6 vs.
97.5 + 1.1). After anesthetized patients reached LOC
with gradually increased Ce of propofol, there was a
significant decrease in BIS (¢ = 20.31, P < 0.0001). The
mean BIS . value of elderly was higher than that of
young patients (65.4 = 9.7 vs. 57.6 £ 12.3) (¢ = 3.147,
P < 0.005) [Table 3], but mean Ce of propofol required
to achieve LOC was 1.6 + 0.3 for elderly, lower
than young patients that was 2.3 £ 0.5 (¢t = 7.474,
P < 0.0001) [Table 4]. For both age groups, when Ce
of propofol was left unchanged for maintaining patients
at LOC status, and followed by TCI remifentanil, BIS
decreased markedly. Before first TENS was applied, BISpre
decreased significantly lower than BIS . (z = 6.102,
P <0.0001), and both BIS, . and BISpre were higher in
elderly patients than that of young patients (¢ = 3.147,
P <0.0001) [Figure 2a].

Central hemodynamics

For both age groups, heart rate (HR) and mean arterial
pressure (MAP) decreased when patients’ consciousness
changed from awake status to LOC. The amplitude of
MAP reduction was more than HR; there was no difference
between parameter, . and parameter [Table 5]. The mean
MAP,_ ., MAP, ., and MAPpre of elderly patients were
higher than that of young patients [Figure 2b]. There was
no significant difference in HR between elderly and young
patients at above end points [Figure 2c].

Response to nociceptive stimulation

Bispectral index

During nociceptive stimulation, BIS was increased
markedly. The mean BIS__was higher than BIS | around
23% in elderly patients and 38% in young patients, even
higher than BIS| ,.(1=2.333, P<0.001). But all patients had
clinical signs of deep sleep. When TENS was interrupted
and Ce of remifentanil was increased gradually, BIS
values fell back. The mean BIS,,  value was lower than
BISpre (t = 5.025, P < 0.0001), while Ce of remifentanil
was increased until patients lost somatic response to TENS.
However, BIS, , was still higher than BIS . and was close
to BIS, . for both age groups [Table 3]. Furthermore, BIS
values and Ce of remifentanil required at LOS for elderly
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Figure 2: Parameter changes before and after nociceptive stimuli. Boxplots of bispectral index (a), mean arterial blood pressure (b), and heart
rate (c) for elderly versus young patients; Awake: Status before anesthesia induction; Pre: Prenociceptive stimulus; Min: Lowest values during
nociceptive stimulation; Max: Highest values after nociceptive stimulation; LOS: Loss of somatic response to nociceptive stimulus. Data are
presented as mean and standard deviation. *P < 0.05, P < 0.01 (ANOVA with Tukey’s multiple comparisons test).

Table 3: Bispectral index values at different end points

Group n Awake LOC Pre Min Max LOS
Young 52 97.4+0.6 57.6+ 12.3¢ 492 + 8 8' 445+ 834 68.0 = 10.1% 61.5+ 113"
Elderly 52 975+1.1 65.4+9.7* 59.2+9.6/ 54.3 +9.7%* 73.1 41047 65.6 % 10.7%

Data are presented as means + standard deviation (SD). *P =0.0023, compared with young group (¢=3.147), P<0.0001, compared with awake (1=21.58);
P<0.0001, compared with awake (¢=20.91), Pre (1= 6.570), Min (¢ = 10.49), Max (¢ = 7.285); *P<0.0001, compared with awake (#=20.31); $P<0.0001,
compared with awake (#=21.58), Pre (¢ = 3.490), Min (¢ = 6.883), Max (¢ = 5.607); !P<0.0001, compared with LOC (z = 6.102), young group (¢ = 4.863);
1P<0.0001, compared with Pre (¢ = 8.019), P = 0.0343, compared with young group (¢ = 2.154); **P<0.0001, compared with Pre (¢ = 5.025), young
group (¢ = 4.855); "P<0.001, compared with LOC (¢ = 3.966); #P<0.0001, compared with Pre (¢ = 4.666), LOC (¢ = 3.966); $*P<0.0001, compared
with Pre (¢ = 8.902), P<0.001, compared with LOC (¢ = 2.333). LOC: Loss of consciousness; LOS: Loss of somatic response to nociceptive stimulus;
Pre: Prenociceptive stimulation; Min: Minimum values after nociceptive stimulation; Max: Maximum values after nociceptive stimulation.

were very close to that for young patients (3.8 £ 1.3 ng/ml

vs. 3.9+ L1 ng/ml) [Table 4]. BIS _, BIS, , and BIS, _ of Table 4: Effective concentration of propofol and

elderly patients were significantly higher than that of young CIGLEL
patients [Figure 2a]. Group n Propofol at Remifentanil at
) LOC (ng/ml) LOS (ng/ml)
Central hemodynamics C Ce c Ce
Under the anesthesia with propofol and increasing Ce S SR j:pO G 3105 53 ipl 39111
of remifentanil infusion, HR and MAP declined and oung T co B B
Elderly 52 3.3+04* 1.6 £0.37 53+13 38+13

mean parameter . was lower than parameter (t=9.26,
P < 0.0001). Then repeated TENS induced increase in HR
and MAP, and mean parameter, | was close to parameter
and parameter, ... When Ce of remifentanil was titrated up
to make patients achieve LOS status, HR and MAP dropped
lower than that of LOC and prestimulation [Table 5], but these

decreases were acceptable in the clinical range for elderly and

Data are presented as means =+ standard deviation (SD). *P<0.0001,
compared with the young group (¢ = 7.727); 'P<0.0001, compared with
the young group (¢ = 7.474). Cp: Predicted plasma concentration; Ce:
Predicted effect-site concentration; LOC: Loss of consciousness; LOS:
Loss of somatic response to nociceptive stimulus.

Discussion

young patients. MAP . and MAP, . of elderly patients were
significantly higher than that of young patients [Figure 2b].
There was no significant difference in HR between elderly
and young patients at above end points [Figure 2c¢].

Several investigators have studied the sensitivity of BIS as
a measure of sedation and anesthesia in adult and elderly
patients receiving propofol infusion.?*?¢! Furthermore,
some studies demonstrate a potential link between the BIS

.Chinese Medical Journal | February 20,2016 | Volume 129 | Issue 4

413




Table 5: Cardiovascular response

Parameters Group n Awake LOC Pre Min Max LOS

HR (bpm) Young 52 79.7+12.8 73.1 £ 8.8% 76.6 +10.2° 59.6 +8.8! 76.2+9.7% 60.8 + 8.41
Elderly 52 81.4+13.1 73.4+9.2% 752+9.3 61.7+7.4" 75.8 +£10.7% 64.0 + 7.3

MAP (mmHg)  Young 52 99.8 + 14.3 787+ 11.50 79.0 +12.8 67.3 £ 19.5% 84.7 + 1413 71.9 £ 11.3%
Elderly 52 107.4 + 13.9%* 89.9 + 12.37 87.2+13.7 729 £ 12,94 88.9 + 14,244 77.2 £ 11.6%

Data are presented as means + standard deviation (SD). *P = 0.0119, compared with awake (¢ = 2.889); 7P<0.0001, compared with awake (¢ = 5.437),
LOC (1=5.437), Pre (t=6.570), Max (¢ = 15.65); P =0.0057, compared with Min (¢ =2.925); *P = 0.0046, compared with awake (¢ =3.532); *P<0.0001,
compared with awake (¢=7.670), Pre (r=9.420), Max (=9.321), P=0.007, compared with LOC (t=4.137), P=0.0019, compared with Min (#=3.336);
1P<0.0001, compared with Pre (# = 13.31); P = 0.0024, compared with LOC (¢ = 3.242); P = 0.029, compared with LOC (¢ = 2.029), P<0.0001,
compared with Min (¢ = 18.43); 4P<0.0001, compared with Pre (t=9.102), P=0.0110, compared with young group (¢ = 2.605); *P<0.0001, compared
with Pre (£ = 24.31); **P = 0.018, compared with young group (¢ = 2.975); 7P<0.0001, compared with awake (# = 6.207), young group (¢ = 4.375);
#pP<0.0001, compared with awake (¢=10.71), LOC (¢ = 4.498), Pre (t = 5.650), Max (¢ = 7.955), P = 0.0040, compared with Min (¢ =3.055), P = 0.0429,
compared with young group (¢ = 2.058); $*P = 0.016, compared with LOC (¢ = 2.526), P = 0.0079, compared with Pre (= 2.801), P<0.0001, compared
with Min (¢ =9.884); 11P<0.0001, compared with awake (1= 7.563); "P<0.0001, compared with awake (= 10.000), Max (¢ = 6.090), P<0.05, compared
with LOC (r=2.437), P=0.0019, compared with Pre (r=3.336), P=0.0106, compared with Min (¢ =2.684); **4P<0.0001, compared with Min (= 11.38);
44p<0.0001, compared with Min (¢ = 11.08); #P<0.0001, compared with LOC (¢ = 7.531), Pre (= 9.268). LOC: Loss of consciousness; LOS: Loss of
somatic response to nociceptive stimulus; HR: Heart rate; MAP: Mean arterial blood pressure; Pre: Prenociceptive stimulation; Min: Minimum values

after nociceptive stimulation; Max: Maximum values after nociceptive stimulation.

value and nociceptive procedures,*>!% and most of them
conclude that nociceptive stimulation causes a significant
increase in the BIS.M?"1 The most possible explanation is that
nociceptive stimulus can increase the EMG activity of the
facial muscles, especially the corrugator supercilii muscles,
which is a specific facial expression of pain.?® There is an
overlap between the EMG activity and cortical activity that
could influence the signals received by BIS device so that
pain stimulation may increase BIS values by increasing
EMG activity. Besides EMG activity, BIS changes during
nociceptive stimulation can be affected by sedatives, opioids,
and muscle relaxants.!'1]

Previous studies indicate that BIS is correlated with depth
of sedation independently of age, which means BIS is not
affected by age-related EEG changes.!?3% Our current study
suggests when patients lost consciousness by titration of
propofol according to clinical signs (MOAA/S = 1), the
BIS values were higher in elderly than young patients
and Ce of propofol required in elderly was lower than
young patients. The underlying reason could be due to
cortical thinning and reductions in brain volume that are
associated with aging and dementia, and most likely reflect
a reduced functional capacity in affected brain structures.
Therefore, it was confirmed by the present study that due to
age-related alterations in structure and function that influence
anesthetic-induced changes in the EEG activity, elderly
patients are more sensitive to the hypnotic, for example,
propofol, than younger people.!3'"] Recently, Purdon
et al.P" observed propofol induced a specific age-related
alpha band changes in elderly patients compared with young
patients. Our results are consistent with their findings that BIS
provided elevated index readings during unconsciousness in
elderly patients. Therefore, by achieving a desired target
index value (between 40 and 60 are thought to reflect a level
of unconsciousness suitable for surgery),?>33 the anesthetics
would likely be overdosed and lead to burst suppression
in elderly patients.**3% Although BIS could not reflect the
degenerative changes in EEG in aged patients, it can indicate

the sensitivity of individuals to hypnotic agents. In order to
monitor brain states of elderly patients receiving general
anesthesia and sedation, it is very important to capture the
BIS values responding to the clinical signs at LOC, which
will be used as a sedative baseline for subsequent titration
of opioids. From this study, we agree with some authors’
suggestion that interpretation of the unprocessed EEG could
be an alternative approach to a single numerical index.[6-38!

In this study, we show nociceptive stimulation significantly
induced BIS increase when Ce of remifentanil was not
titrated up to adequate analgesic level, then BIS value
dropped, until patients had no somatic response to TENS,
especially in elderly. BIS < was higher than BIS,  but
almost the same as BIS, . (65.6 vs. 65.4), and both the
BIS values and Ce of remifentanil required were close
between elderly and young patients. The reason might be
that adequate anti-nociceptive effects successfully suppress
transmission of noxious stimuli in the spinal cord (the same
neural input may otherwise result in patient movement)
and decrease the overall variability of BIS.!'** In addition,
adequate anesthesia can inhibit the EMG activity induced
by TENS.H It suggests that combined with clinical signs,
BIS can help to identify adequate sedation and analgesia
for the individual patient. This means after titration to Ce
of propofol to achieve and maintain LOC (based on clinical
signs), BIS, ¢ and BIS, . should not vary markedly when
adequate Ce of remifentanil were administrated. This is thus
very helpful to guide anesthesia titration in elderly patients
to avoid over sedation. It is particularly important in aged
patients with hypertension or bradycardia in whom HR and
MAP are not suitable as an indicator of nociception balance.

The current study shows that there is no difference in
BIS signals between elderly and young patients at awake
state, and verifies recent findings on the fundamental role
of EMG in the BIS algorithm. In addition to awake EEG,
measurement of muscle activity may also be required in
BIS monitoring algorithm to generate values that reflect the
awake status of the subject.*!!
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LimiTaTiONS

In this work, considering clinical safety, we have chosen
ASA physical status I or II young and aged patients to enroll
in our study. Some results may be limited in applying to the
real clinical situation. For example, aged patients usually
have multiple comorbidities and may present with high
perioperative risks.

Due to clinical feasibility, we used predicted values for
concentrations of propofol and remifentanil generated
by TCI systems instead of real measured values. The
pharmacokinetic or pharmacodynamic differences among
the populations of different age and races should be
considered. In order to observe somatic response to pain
stimulation, we did not administer muscle relaxants to any
patients, but the BIS values of paralyzed patients will be
different from unparalyzed patients.!''?] The results will
be more persuasive to measure EEG using two or more
methods at the same time.

In conclusion, elderly patients are more sensitive to the
propofol, compared with young patients. They required
lower predicted Ce of propofol to reach LOC at higher BIS
values under constant propofol TCI. BIS may prove to be
useful in monitoring the hypnotic-analgesic balance. Besides
processed EEG monitor (BIS) and clinical signs of the depth
of sedation, unprocessed EEG could be a supplementary
measure for optimizing propofol-remifentanil anesthesia in
elderly patients in future.
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