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ABSTRACT

BACKGROUND: The ideal level of sedation in the ICU is an ongoing source of scrutiny. At higher levels of sedation, the
current scoring systems are not ideal. BIS may be able to improve both. We evaluated literature on effectiveness of BIS
monitoring in sedated mechanically ventilated (MV) ICU patients compared to clinical sedation scores (CSS).
EVIDENCE ACQUISITION: For this systematic review, full text articles were searched in OVID, MEDLINE, EM-
BASE, and Cochrane databases from 1986-2014. Additional studies were identified searching bibliographies/abstracts
from national/international Critical Care Medicine conferences and references from searched articles retrieved. Search
terms were: “Clinical sedation scale”, “Bi-Spectral Index”, “Mechanical ventilation”, “Intensive Care Unit”. Included
were prospective, randomized and non-randomized studies comparing BIS monitoring with any CSS in MV adult (>18
year old) ICU patients. Studies were graded for quality of evidence based on bias as established by the GRADE guide-
lines. Additional sources of bias were examined.

EVIDENCE SYNTHESIS: There were five studies which met inclusion criteria. All five studies were either unclear or
at high risk of bias for blinding of participants and blinding of outcome assessment. All papers had at least one source of
additional high risk, or unclear/unstated bias.

CONCLUSIONS: BIS monitoring in the mechanically ventilated ICU patient may decrease sedative drug dose, recall,
and time to wake-up. The studies suggesting this are severely limited methodologically. BIS, when compared to subjec-
tive CSSs, is not, at this time, clearly indicated. An appropriately powered randomized, controlled study is needed to
determine if this monitoring modality is of use on the ICU.

(Cite this article as: Bilgili B, Montoya JC, Layon AJ, Berger AL, Kirchner HL, Gupta LK, et a/. Utilizing Bi-Spectral Index
(BIS) for the monitoring of sedated adult ICU patients: a systematic review. Minerva Anestesiol 2017;83:288-301. DOI:
10.23736/S0375-9393.16.10886-7)
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In mechanically ventilated patients, sedative/
analgesic agents are often used to minimize
discomfort of the endotracheal tube, ventila-
tor, and the underlying pathologic process.
Because of related complications and cost,

Comment in p. 244.
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significant care is required to ensure appro-
priate use of sedative/analgesics in these pa-
tients. However, determining the appropriate
level of sedation based on clinical sedation
scales (CSSs) may be difficult at higher levels
of sedation.! The use of an objective monitor
of sedation, continuous Bispectral (BIS) Index
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monitoring, well established in the operating
rooms (OR),2-5 has not been adequately stud-
ied in the intensive care unit (ICU).

While utilization of physiologic param-
eters — such as variation in blood pressure,
heart rate, and respiratory rate — or a change
in the sympathetic response resulting in tear-
ing, sweating, and/or restlessness may be
used to titrate sedative/analgesic medication,
these are suboptimal in ensuring amnesia and
analgesia in patients unable to express their
discomfort. A more optimal manner to assess
the depth of sedation in MV ICU patients is
via one of a number of computed clinical se-
dation scores (CSSs).¢ Interobserver variabil-
ity has been a concern with the use of these
CSSs, with potential for decreased reliability
and validity,” resulting in an over- or under-
sedated patient.8

As of'the date of this writing, we have found
no systematic review or meta-analysis report-
ing on which sedation assessment modality or
tool is best suited for critically ill, MV ICU pa-
tients. In 2013 the American College of Criti-
cal Care Medicine (ACCM) Pain, Agitation
and Delirium (PAD) study performed a limited
meta-analysis of the effect of sedative choice
on ICU length of stay, but did not evaluate the
influence of sedation tools — CSS versus EEG
based tools — on ICU-related outcomes.®

Over-sedated patients may have delayed
weaning,!0 an increased incidence of ventila-
tor associated events from prolonged mechani-
cal ventilation 10 and increased drug use and
costs.10. 11 Conversely, under-sedated patients
may suffer anxiety and agitation, and a re-
sultant increased incidence of adverse events
such as awareness and recall, post-traumatic
stress disorder, and delirium, as well as — po-
tentially — an inappropriate use of neuromus-
cular blocking agents (NMBAs).11. 12

This systematic review of sedation assess-
ment modalities — CSS’s versus BIS moni-
toring — in MV ICU patients is performed to
ascertain whether BIS monitoring, compared
with commonly used CSSs, provides signifi-
cant benefit in clinically measurable outcomes:
amount of sedatives/analgesics, ventilator
days, ICU and hospital LOS and mortality, and
complications such as delirium and recall.

Vol. 83 - No. 3
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Evidence acquisition
Protocol and registration

We developed a systematic review proto-
col with pre-specified inclusion and exclusion
criteria for study selection, outcome measure-
ments and analysis. The project was registered
with  PROSPERO (www.crd.york.ac.uk), #
CRD42015017267.

Eligibility criteria
TYPE OF STUDIES

All prospective randomized controlled tri-
als evaluating and comparing the effect of BIS
monitoring in sedated, MV ICU patients with
any of the CSSs were pre-planned to be in-
cluded. If there were an inadequate number of
prospective randomized studies — less than 5
to 8 — we considered it acceptable to include
non-randomized prospective studies. No lan-
guage, publication status or publication date
restrictions were imposed. Correlation studies
of BIS and CSSs were excluded since this was
not an objective of this review.

TYPE OF PARTICIPANTS

Adults (>18 years old) admitted to the ICU
requiring sedation/analgesia for MV were in-
cluded. Non-ventilated patients were excluded.

TYPE OF INTERVENTION

The intervention (BIS monitored) group
compared any version of BIS monitors to
CSSs.

TYPE OF COMPARATOR

The control group included any CSS, such
as Ramsay Sedation Scale (RSS), Richmond
Agitation Sedation Scale (RASS), Sedation
Agitation Scale (SAS), and Glasgow Coma
Scale (GCS). Some studies used physiologic
parameters — blood pressure, heart rate, respi-
ratory rate and anxiety — to titrate sedative/an-
algesics/anesthetic in the control group.4: 10, 16
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TYPE OF OUTCOME MEASURES

The primary outcome measure was ICU
LOS.10 Secondary outcome measures included
duration of MYV, sedative/analgesic dosage/
cost, presence or absence of delirium, and in-
fection.!1-13

Information sources

The search strategy for studies in this sys-
tematic review was both automated and man-
ual. We used electronic databases, reviewing
reference from the lists of articles searched
to identify trials to be included in the system-
atic review. For the automated search, the da-
tabases used included the digital libraries of
PubMed, CCRCT (Cochrane Central Register
of Controlled Trials via the Cochrane Library),
CDSR (Cochrane Database of Systematic Re-
views via the Cochrane Library), Ovid, Med-
line and EMBASE. No language limitations
were applied. The titles and abstracts of identi-
fied references were reviewed, and reference
lists of pertinent trials and systematic reviews
were used to identify additional studies.

We also searched conference proceedings of
the American Thoracic Society (1994-2013),
Society of Critical care Medicine (1994-2013),
European Society of Intensive Care Medicine
(1994-2013) and American College of Chest
Physicians (1994-2013). We searched for unpub-
lished and ongoing trials in www.clinicaltrials.
gov. We contacted the manufactures of commer-
cially available BIS monitoring devices for pub-
lished and unpublished data (Aspect, Colorado).

Search

With the guidance of an expert medical li-
brarian, we searched for eligible studies us-
ing the following Medical Subject Heading
groupings “bi-spectral index AND sedation
scale AND intensive care unit AND mechani-
cal ventilation” (Supplementary Tables I, II
online content only). For EMBASE, we used
the same MESH terms as in OVID MEDLINE.
The same search criteria were used across da-
tabase resources.
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Study selection

Eligibility assessment and data abstrac-
tion were performed independently in an
un-blinded standardized manner by two re-
viewers, and repeated by a second set of two
reviewers. Abstracted data included eligibil-
ity criteria, baseline characteristics, interven-
tions, outcomes, and methodological quality.
Instances of disagreement between the re-
viewers were resolved by consensus among
the investigators.

Inclusion criteria

Participants: adults (>18 years old) admitted
to the ICU requiring sedation and MV.

Intervention: BIS monitoring.

Comparison: Sedation monitoring using a
CSS.

Design: Randomized controlled trials; two
prospective observational studies!'¢: 17 were
also included.

Outcome: All outcomes. We pre-planned
to accept any acceptable measure of effect,
including, but not limited to, risk ratio, odds
ratio or risk difference for binary outcomes,
difference in means for continuous outcomes,
hazard ratio for time-to-event outcomes.

Exclusion criteria

Studies done in the operation room (OR)
or post anesthesia care unit (PACU), ICU pa-
tients not requiring MV, correlation studies
of BIS with CSSs, any study involving Pedi-
atric patients, any study involving non-ICU
patients.

Data collection
DATA COLLECTION PROCESS

A data extraction sheet (based on the Co-
chrane consumers and Communication Re-
view Group’s data extraction template) was
developed. One review author extracted the
following data (Study characteristics, study
environment, study methods and study qual-
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ity indicators) from the included studies and a
second author checked the extracted data; this
process was then repeated by a second group
of two authors. Data were independently ex-
tracted from all studies fulfilling inclusion cri-
teria.

Data elements

Data extracted from the studies included
the study population demographics, age, gen-
der, diagnosis, co-morbidities, length of stay

TABLE L.—Characteristics of the included studies - method.

BILGILI

and inclusion/exclusion criteria, study envi-
ronment (describing the type of hospital and
country), and the design and details of random-
ization procedure (Tables I, I, Supplementary
Table 111, online content only). Data were also
extracted regarding the study quality indica-
tors and statistical analysis tool used as well
as details of CSS used, sedatives and narcot-
ics used, dosages and frequency of administra-
tion. We extracted details of BIS monitoring
equipment, including the type of BIS monitor
and software version. The individual study au-

Altaba Tena, et al.7

Kaplan, et al.'6

Zhao, et al.14 Olson, et al.13 Weatherburn, et al.10

Aim of study To determine if BIS use  To determine To compare the To assess whether  To assess the
results in reduction of whether BIS- value of BIS monitoring effectiveness of
time spent on MV and monitored titration monitoring and sedation status the BIS monitor
reduced ICU length of sedatives in SAS in guiding using BIS as an in supporting
of stay, reduced early ICU patients ICU sedation adjunct to clinical clinical sedation
and late pneumonia on continuous therapy for the evaluation was management
development, reduced infusions of patients undergoing associated witha  decisions in
sedative dose, and sedatives and short-term MV. reduction in the mechanically
complications? paralytics was total amount of ventilated ICU

cost effective sedative drug used patients.
and reduced the in a 12 hour period.
incidence of the

recall phenomenon.

Study design Prospective observational Prospective Prospective RCT ~ Prospective RCT ~ Prospective RCT

observational

Method of Not clear; appears to use Month 1 and 2 Not clear Unclear. Informed  All eligible patients

recruitment BIS “when available” Control group, consent from were recruited
and based upon opinion  Month 3 and 4 Patient’s legal within 24 hours.
of attending physician.  Intervention arm representative.
All monitored via RASS.

Study period July 2009 to November 4 consecutive March 2008 to Feb Undefined Undefined
2010. months 2009

Inclusion criteria Medical-surgical patients SICU patients All adult patients ~ Adult MV patients All MV, likely to
admitted in the ICU aged between admitted to the be ventilated for
in a level 2-3 teaching 18-60, admitted neurocritical care  greater than 12
hospital, use of MV for at between Mar. 2008 unit of a tertiary ~ hours and receiving
least 24 hours. and Feb. 2009 who care hospital continuous infusion

received MV for ~ with a primary of Morphine and
more than 12 hours neurological or Midazolam.
in ICU. neurosurgical
diagnosis and
currently on
propofol infusion?
Exclusion Under 18 years old Severe brain injury Patients with Frontal brain Intracranial injury,
criteria or older than 80, with GCS <8 disturbance of injury, required neurological
postsurgical patients consciousness, deep (barbiturate  disorder and facial
extubated in less than cardiovascular and coma) sedation or  burns.
3 hours, patients with a cerebrovascular were admitted for
neurological condition diseases, and status epilepticus.
(ischemic or hemorrhagic liver/kidney
or trauma) because diseases which can
of risk of developing possibly impair
intracranial hypertension the metabolism of
that can require deeper the propofol and
levels of sedation. midazolam.
Vol. 83 - No. 3 MINERVA ANESTESIOLOGICA 291
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% 3 S 8 Participant
g gcg Description Mechanically ventilated SICU patients  Patients admitted ~ Adult mechanically Control: “Standard
52858 Patients admitted to a by ICU at ventilated Patients ~ Care”.
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thor’s conclusions, study limitations, and other
remarks were also noted.

Risk of bias in individual studies

The assessment of the risk of bias of indi-
vidual studies included the following: random
sequence generation, allocation concealment
(a method in which researchers are unable to
influence whether the patients end in treated or
the control group), blinding of personnel and
participants, blinding of outcome assessment,
incomplete outcome data, selective report-
ing (ORBIT classification),!5 other sources of
bias, and a priori protocol/analysis plan. Two
authors assessed the risk collaboratively (DG
and AJL).

Summary measures

Effect on ICU LOS was the primary measure
of BIS utilization when compared to CSSs.

BILGILI

Planned method of analysis

While meta-analysis was our goal, extreme
variability, inconsistency and heterogeneity
across the studies made this impossible.

Evidence synthesis
Study selection

Of 385 potential studies, we identified 63
citations 7-14. 16-71 from search of electronic bib-
liographic databases. Five studies 10. 13, 14, 16, 17
met the inclusion criteria after excluding cor-
relation articles, trials involving pediatric pa-
tients and duplicates; because there were only
three randomized, controlled trials, we includ-
ed two prospective observational studies 16 17
in this systematic review (Figure 1). These five
trials were included in qualitative synthesis
and systematic review. While there was gener-
al agreement amongst all the reviewers, minor
differences were resolved with the help of the

Records identified through database searching

#42 PubMed + #318 Medline + #21 EMBASE

(N.=381)

Additional records identified through other
sources

" (N.=4)

-

(N.=361)

Total number of Records (N.=385)
After duplicates #24 removed

A 4

#298 Total Articles excluded due to:
- Correlation studies

- Pediatric patients

Records screened for eligibility
—. Post Anesthesia Care Unit
(N.=63) - Non Mechanical ventilated
v
Articles assessed for eligibility Articles excluded based on inclusion
—> -
(N.=31) criteria
l (N.=32)
Studies included in qualitative synthesis Articles excluded based on close
(N.=5) reading of methods
l (N.=26)

- (N.=0)

Studies included in quantitative synthesis

Figure 1.—PRISMA Flow Diagram for Study selection.
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other investigators. Data was further analyzed
in regards to clinical and physiologic attributes
of the included studies, statistical tools used
and conclusions provided by the authors.

Outcome

The main outcome was ICU LOS.10 Other
outcomes assessed were level of sedation, dos-
age of sedatives, duration of MV and adverse
events such as delirium, infections, extubation
failure, and mortality.!!. 12

We accepted the author’s goals of seda-
tion, which were varied. We also considered
other physiologic outcomes such as physi-
ologic changes in blood pressure, HR, time to
awakening and factors such as usage of daily
sedation interruption and daily delirium as-
sessment. Only one of the studies had a daily
morning sedation interruption or daily delirium
screening. Finally, we evaluated for adverse
events, including ventilator associated events
— which included early and late VAP — bac-
teremia, catheter associated-urinary tract in-
fection (CA-UTI), technical complications
and equipment use characteristics, including
the comfort level and experience of the nurse
in using the BIS monitor.

In general, there were hints that the use of
BIS in the critically ill adult ICU patient was
associated with use of lesser amounts of seda-
tives,!3 at lesser cost and with less recall;!4. 16
decreased MV days;!4 less delirium and a short-
er time to wakeup.!3: 14 Although flawed, the
study of Mahmood and colleagues 72 — not
part of our analysis — showed a decrease in
the use of sedation and analgesia, decrease in
agitation and failure to extubate as well as the
need for tracheostomy, and an approximate 4
day decreased length of stay. While these data
cannot be taken as final, they are indications
that this modality of monitoring requires rigor-
ous study to determine its usefulness.

Risk of bias within studies

There was variability with regard to the in-
tervention group, which had different versions
of the BIS monitor. Control group variance was
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related to the CSS used. In general, outcome
measures were not defined well; there were a
limited number of studies for each outcome.
While bias varied by study, all studies were ei-
ther unclear or at high risk of bias with blind-
ing of participants and personnel, and blinding
of outcome assessment (Supplementary Table
IV, online content online).

Statistical analysis

We could not reliably combine studies in a
way that made scientific sense. Studies used
different outcome measures, and were silent
on, or used different, BIS monitors, which may
have included a different algorithm to calcu-
late sedation level. Moreover, the duration of
the BIS monitoring was individualized by the
study. Thus, we felt combining such overtly
different studies could be potentially mislead-
ing.

Discussion
BIS CHARACTERISTICS

The BIS was introduced by Aspect Medical
Systems in 1994 as a novel way to algorith-
mically measure the level of consciousness of
a patient under general anesthesia by using a
limited montage electroencephalogram. This
is used in conjunction with other physiologic
monitoring, such as electromyography, to esti-
mate the depth of anesthesia and thereby mini-
mize the possibility of intraoperative aware-
ness. The US Food and Drug Administration
(FDA) cleared BIS monitoring in 1996 for
assessing the hypnotic effects of general anes-
thetics and sedatives. BIS is a practical, pro-
cessed EEG parameter that measures the direct
effects of sedatives on the brain. It is applied
using a frontal montage and provides objec-
tive information about an individual patient’s
response to sedation/anesthesia.

BIS was initially devised to monitor depth
of anesthesia in the OR, as it was intended
to replace or supplement Guedel’s classifica-
tion system for determining anesthetic depth.
Use of the BIS monitor is thought to reduce
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the incidence of intraoperative awareness dur-
ing anesthesia.* Titrating anesthetic agents to a
specific BIS index during general anesthesia in
adults allows the anesthesiologist/anesthetist
to adjust the amount of anesthetic agent to the
needs of the patient, potentially resulting in a
more rapid emergence from anesthesia. There
are a wide range of BIS modules available cur-
rently on the market, including — in the USA
— Phillips, GE, Datex-Ohmeda, Drager Medi-
cal, Space labs, Nihon Kohden, Dixtal and Da-
tascope.>

The key application of BIS monitoring is
objective assessment of sedation in the pa-
tient’s intraoperative and immediate peri-oper-
ative phase in the OR and recovery room. The
not-so-established, and less frequent, usage
of BIS is in the ICU, in postoperative patients
who may have received neuromuscular block-
ade, close monitoring of sedation level in drug
induced coma, and for sedation purpose during
bedside procedures. It is in these areas that the
utility of BIS could be explored.

Summary of evidence

This systematic review on comparison
of diagnostic properties and efficacy of BIS
monitoring and CSS is the first to summarize
available validation studies. We found 5 stud-
ies 10, 13.14,16,17 each of which evaluating differ-
ent outcomes (Table III).

Among the included studies, Olson’s was
a prospective study randomizing patients to
Ramsay scale or BIS monitoring in addition
to Ramsay Scale.!? The study began at 08.00
after consent was obtained. All patients were
sedated with propofol. Patients had sedation
stopped every 2 hours. Nurses were instructed
to dose the propofol infusion to obtain a score
of 4 in the control group, or a Ramsay score
of 4 and a BIS value between 70 and 80 in
the BIS monitoring group. The primary end-
point was the total dose of sedative medication
used in 12 hours. There was an approximate
50% reduction in the amount of sedation used:
BIS-augmentation 93.5+86.3 mL, Ramsay
scale alone 157.8+119.2 mL (P=0.0146). The
study’s power analysis suggested 45 patients
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per group, but randomization was stopped in
interim analysis because of the statistical sig-
nificance achieved.

Zhao et al.'* randomized patients to receive
midazolam or propofol sedation. Sedation was
suspended hourly and titrated to goals of BIS
50-70, SAS 3-4. The authors showed some dif-
ferences in BIS-treated versus SAS treated pa-
tients. Percent total time under sedation, pro-
pofol and midazolam doses were all higher in
the BIS group (P<0.05). However, the median
time to wake-up was less in the BIS group (0
versus 15 minutes, P<0.05).

Weatherburn’s study 10 was a prospective
randomized trial in which patients sedated
with morphine and midazolam were random-
ized to sedation titration based on a BIS score
of greater than 70, or subjective clinical as-
sessment which could be augmented based on
clinician preference with a sedation scoring
tool. The investigators found no differences
in the total amount of sedation administered,
nor in days of mechanical ventilation, or [CU
length of stay. Among secondary outcomes,
they did find that the amount of morphine used
in BIS patients significantly increased over
time (P<0.02 after Bonferoni correction).

There were two abstracts included in this
review. Both were considered to be at high
risk of bias as the provided information was
considered inadequate. In the prospective ob-
servational study by Altaba Tena ef al.l7 of 85
patients, there were not significant differences
in duration of ventilation, total dose of seda-
tives, ventilator-associated pneumonia, or ICU
or hospital length of stay. In Kaplan and Bai-
ley’s 16 prospective cohort trial, patients with
GCS <9 were treated on alternating months ei-
ther via apparent patient comfort guided by vi-
tal sign changes or using a BIS value between
70-80. There were significant differences in
amount of sedation used and in the number of
patients who recalled a frightening/painful ex-
periences.

A study — which was not part of our origi-
nal evaluation — of interest is that by Mah-
mood et al.’? These investigators evaluated
110 traumatized patients, of whom 50% were
from motor vehicular crashes, and 88% had
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TABLE IIl.—Results.

UTILIZING BI-SPECTRAL INDEX (BIS) FOR THE MONITORING OF SEDATED ADULT ICU PATIENTS

Name of study/outcomes Intervention Control P Comments
3a. ALTABA TENA 7 N.=31 N.=54
Ventilator days Median (IQR) 4(1,10) 4 (2, 10.75) 0.33 NS
Early VAP N, (%) 3 (10%) 7 (13.5%) 0.46 NS
Late VAP 3(9.7%) 11 (21.2%) 0.14 NS
Dosages propofol (mcg) 1996 (800, 4800) 4160 (1860, 6375) 0.15 NS
Dosages midazolam (mg) 155 (55, 279) 137 (54, 420) 0.87 NS
Dosages morphine (mg) 77 (33, 240) 96 (44, 214) 0.93 NS
Dosage cisatracurium (mg) 22.5 (10, 100) 42 (10, 100) 0.73 NS
Bacteremia 4 (13.3%) 12 (25%) 0.16 NS
UTI 1(3.3%) 4(7.7%) 0.39 NS
Tracheostomy 1(3.2%) 6 (11.5%) 0.18 NS
AKI 15 (18%) 19 (22.8%) 0.1 NS
Failure to extubate 7 (11.1%) 14 (22.2%) 0.5 NS
LOS ICU days 7.52,17) 7.5 (4, 19) 0.51 NS
LOS Hospital days 20 (12, 36) 20 (9, 32) 0.57 NS
Mortality ICU 12 (14.1%) 16 (18.8%) 0.26 NS
3b. KAPLAN 1o N.=26 N.=31
Sedative cost per patient $ 6691362 $ 819+2045 >0.05  18% reduction in cost, NS
Lorazepam 18% reduction in <0.05  Significant Difference
usage
Midazolam 18% reduction in <0.05  Significant Difference
usage
Propofol 47% reduction in <0.05  Significant Difference
usage
Under sedated o 15% who appeared sedated were
less sedated by BIS
Over sedated ok 54% of BIS-monitored patients
required less sedation than
initially predicted by staff
Recall 4% 18% <0.05  Significant difference
(frightening/painful events)
3c. ZHAO (14) N.=42 N.=63
% total time under sedation 75.2% 52.8 <0.01  Significant difference
Time period | sedated 78.6% 22.2% <0.01  Significant difference
Time period 2 sedated 88.1% 20.6% <0.01  Significant difference
Time period 3 sedated 81.0% 31.7% <0.01  Significant difference
Restlessness after Suction 81% 79.4% >0.05 NS
Increased endotracheal tube resistance 71.4% 74.6% >0.05 NS
Pain free during sedation 92.8% 93.6% >0.05 NS
Delirium after extubation 4.8% 1.6% >0.05 NS
Midazolam (mg/kg/hr) 0.1+0.02 0.09+0.02 <0.05  Significant difference
Propofol (mg/kg/hr) 0.95+0.23 0.86+0.2 <0.05  Significant difference
Duration of mechanical ventilation 16.5(14.5, 19) 17.0 (15, 19) >0.05 NS
(median, interquartile range), hrs
Sedation time (median, IQR), hrs 14 (12.9,17.1) 16 (13, 18) >0.05 NS
Time to wake-up (median, IQR), min 0 (0, 20) 15 (0, 47) <0.05  Significant difference
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TABLE lIl.—Results (continues).
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Name of study/outcomes Intervention Control P Comments
3d. Olson 13 N.=32 N.=35
Dose of propofol in 12 hr (mL) 93.5+86.3 157.9+£119.2 0.0146  BIS augmented group needed
half the sedative doses
Rate of infusion of propofol 14.6+12.2 27.9420.5 0.0026
(mcg/kg/min)
Risk of propofol infusion exceeding 0 subjects, 0% 8 subjects, 23% 0.0052  Non BIS group significantly
manufacturer’s recommended dosing more likely to receive
guide (4 mg/kg/hr) % Propofol at rates that exceeded
manufacturer’s recommended
doses
Mean recovery time (min) 1.242.08 7.5+7.54 <0.0001 BIS augmented group had a
rapid emergence from sedation
Number of under sedation events 0 0 BIS augmented group appeared
safe
Fentanyl used mcg/12 hr 200 350 NS
Weatherburn 10 N.=25 N.=25
Sedative dosage — midazolam 18.4 (10.9 — 14.6 (8.8 —24) 0.85 No significant differences in
(mean, 95% confidence intervals) 30.9) sedation/analgesia total doses.
Analgesic — morphine 226(149-  266(17.5-404) 067  “Vhen doses of midazolam
34.5) (P=0.03) and morphine
(P=0.005) were trended over
time in ICU, BIS- patients
received more of both drugs
Mechanical ventilation (mean [SD], 7.0+0.6 7.0+0.8 0.71 No significant difference
days)
ICU LOS (Median, [IQR] days) 12 (6, 18) 8 (4, 14) 0.2 No significant difference

Note: Information taken from data / Tables in the original articles and / or after telephonic discussion with authors.

suffered head injury; average Glasgow Coma
Scale score was 6.9+2.7. While the bias in this
study is as remarkable as its results — there
was no mention of randomization nor how it
was done if it was done, there was no power
analysis, and there was, finally, no mention of
how the BIS was used nor the BIS value that
was aimed for — use of BIS in this study re-
sulted in a decrease in the use of sedation and
analgesia, a decrease in agitation, failure to
extubate, and tracheostomy, and an approxi-
mate 4 day decreased length of stay. While this
study has its flaws, it is of great interest.
While BIS monitoring in the mechanically
ventilated ICU patient may decrease seda-
tive drug dose,!0. 14, 16,72 recall,1¢ and time to
wake-up,!4 given the limitations of the studies
and the decided lack of significant differences
when using BIS alone or BIS-augmentation of
standard clinical care, combined with the po-
tential applicability of this mode of monitor-
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ing in the ICU, there is a compelling rationale
to use BIS only in ICU patients in a properly
powered randomized prospective trial. The
clinical experience of one of the authors (AJL),
using BIS in the ICU, leads us to think that this
modality of monitoring will advantageous in
decreasing ventilator days and drug dosages
while preventing under-sedation.

Limitations of the study

The limitations of this systematic review are
significant, as there were few studies meeting the
inclusion criteria. Of the studies included, each
had significant methodological limitations. Ad-
ditionally, because of the heterogeneity between
the studies regarding the CSS, BIS equipment,
ICU setting and statistical analytical tools used,
it is not possible to say with any confidence that
BIS monitoring improves patient outcomes.
More appropriately designed trials are required
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to assess the efficacy of BIS monitoring in differ-
ent ICU populations and settings.

Strengths

This systematic review was exhaustive, with
strict inclusion and exclusion criteria used.
Additionally, the senior investigators have ex-
tensive experience in neuromonitoring and uti-
lization of perioperative BIS monitoring. Most
importantly, this systematic review points out
the need for a well-designed, randomized, con-
trolled trial.

Conclusions

We performed a systematic review of ran-
domized trials comparing CSSs with BIS in
mechanically ventilated ICU patients. We
found numerous issues related to study design,
conduct, and quality that, to a great extent,
dispute their validity and generalizability in
evaluating how, or whether, BIS modality of
sedation monitoring has a significant effect on
clinical outcomes.

Implications for practice

BIS does not appear to be indicated based on
the included studies; a properly powered ran-
domized controlled study is needed. Indeed, the
American College of Critical Care Medicine
(ACCM), the Society of Critical Care Medi-
cine (SCCM), the American College of Chest
Physicians (ACCP), and the American Society
of Health System Pharmacists (ASHP), in their
clinical practice guideline for the sustained use
of sedatives and analgesics in the critically ill
patient point out that the routine use of BIS in
the ICU is not recommended.

Future research

The reliability of BIS has been questioned,
in part, because its numerical calculation does
not rely on an underlying physiological model
of how the brain functions, nor on how aware-
ness is generated. Additionally, the BIS value
is insensitive to the commonly used anesthetic
agent ketamine, which has a mechanism of
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pharmacological action different than the po-
tent inhaled anesthetic agents. It is possible
that different sedatives and analgesics will
have a variable effect on the BIS-calculated
sedation value, and may require differential
validation. Future studies need to focus on the
BIS monitoring of patients in different critical
care settings, specifically, patients who are in
the neuro-critical care unit or who have suf-
fered cerebro-vascular accidents, traumatic
brain injuries, and so forth.

Larger studies are required with better con-
trol of variables to adequately assess the in-
fluence of BIS monitoring on under-sedation,
over-sedation, incidence of delirium, and out-
comes resulting from prolonged duration of
sedation and ICU LOS. In the context of these
further studies, we recommend evaluation of
infectious complications in BIS-monitored pa-
tients as well. It is intuitive — even if poten-
tially incorrect — that if there is a decrease in
the sedative dosage in the BIS group, there will
be fewer ventilator days, a lesser incidence of
ventilator associated events and, potentially,
other infectious complications.

Key messages

— BIS monitoring in the mechanically
ventilated ICU patient may decrease seda-
tive drug dose, recall, and time to wake-up.
The studies suggesting this are severely
limited.

— BIS, when compared to subjective
CSSs, is not, at this time, clearly indicated.

— An appropriately powered random-
ized, controlled study is needed to deter-
mine if this monitoring modality is of use
in the ICU.

— Until this study is performed, we rec-
ommend that BIS be used cautiously in the
ICU population.
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SUPPLEMENTARY MATERIALS

#9,
#8,
#7,
#6,
#5,
#4,
#3,
#2,
#1,

"Search
"Search
"Search
"Search
"Search
"Search
"Search
"Search
"Search

mechanical ventilation*",27530,09:54:39
artificial respiration",62003,09:54:18
respiration, artificial [mesh]",59941,09:53:56
intensive care units [Mesh]",57054,09:53:39
intensive care [Mesh]",19959,09:53:16
intensive care unit*",103756,09:52:39

sedation scale",3695,09:52:14
bispectral",2410,09:52:01

BIS monitor*",429,09:51:42

<html><head></head><body><pre style="word-wrap: break-word; white-space: pre-wrap;">Recent
queries in pubmed

search,Query,Items found,Time

#17,"Search (#3 AND #12 AND #13 AND #14)",42,10:00:40
#16,"Search (#10 OR #12)",2463,09:58:47

#15,"Search (#10 OR # 12)",2379457,09:58:34

#14,"Search (#7 OR #8 OR #9)",75567,09:58:05
#13,"Search (#4 OR #5 OR #6)",120622,09:57:36
#12,"Search (#1 OR #2)",2463,09:57:10

#11,"Search (1 or 2)",12126088,09:56:49

#10,"Search (BIS monitor* OR bispectral*)",2463,09:56:05

Supplementary Figure 1.—PubMed search strategy.

] # A |Searches Results Search Type Actions
] 1 BIS monitor*.mp. [mp=ti, ot, ab, nm, hw, kw, kf, px, rx, ui, an, tx, > 4089 Advanced -@ Display
bt, sh, ct, de, md, sd, sa, ac, jn, pb, pg, yr, vo, ip, pu, ib, is, et, More =
ey, cd, cl, dp, so]
= 2 bispectral®.mp. [mp=ti, ot, ab, nm, hw, kw, kf, px, rx, ui, an, tx, > 13165 Advanced .E] Display
bt, sh, ct, de, md, sd, sa, ac, jn, pb, pg, yr, vo, ip, pu, ib, is, et, More =
ey, cd, cl, dp, so]
] 3 sedation scale®.mp. [mp=ti, ot, ab, nm, hw, kw, kf, px, rx, ui, an, > 4989 Advanced 4| Display
tx, bt, sh, ct, de, md, sd, sa, ac, jn, pb, pg, yr, vo, ip, pu, ib, is, More =
et, ey, cd, cl, dp, so]
= 4 intensive care*.mp. [mp=ti, ot, ab, nm, hw, kw, kf, px, rx, ui, an, > 521783 Advanced ..3 Display
tx, bt, sh, ct, de, md, sd, sa, ac, jn, pb, pg, yr, vo, ip, pu, ib, is, More >
et, ey, cd, cl, dp, so]
[} 5 mechanical ventilation*.mp. [mp=ti, ot, ab, nm, hw, kw, kf, px, rx, > 153611 Advanced "3 Display
ui, an, tx, bt, sh, ct, de, md, sd, sa, ac, jn, pb, pg, yr, vo, ip, pu, More >
ib, is, et, ey, cd, cl, dp, so]
] 6 exp respiration, artificial/ > 109392 Advanced ..3 Display
More >
] 7 lor2 > 13664 Advanced 4] Display
More >
= 8 7and 3 and 4 > 541 Advanced 4= Display
More >
[} 9 S5oré > 236388 Advanced ..3 Display
More =
[l 10 8and 9 > 318 Advanced _,3 Display
More >
Supplementary Figure 2.—Medline (OVID) search strategy.
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SUPPLEMENTARY TABLE I.—Characteristic of included studies.

BILGILI

Altaba Tena, et al.'7 Kaplan, et al.16 Zhao, et al.'* Olson, et al.13 Weatherburn, et al.10
PARTICIPANT
Geographic ICU of the General PA Hospitals, Tong Ren Hospital ~ Duke University Alfred Hospital,
location Hospital of Philadelphia, PA Beijing, PRC Medical center, Melbourne,
Castellon, Durham, NC Victoria, Australia
Castellon, Spain
Setting Level 3-4 teaching ~ SICU patients ICU Tertiary care Intensive Care Unit:
hospital NeuroCritical Care Trauma — 40%
Unit Medical — 30%
Surgical — 16%
TCV Surgery — 14%
Ethnicity Unspecified Unspecified Chinese Caucasian: Unspecified
Ramsay: 57%, BIS:
56%
African American:
Ramsay: 31%, BIS:
37%
Native American:
Ramsay: 8%, BIS:
3%
INTERVENTION
Kind of BIS  Infinity Delta from Unspecified BIS Quarto sensors  Quarto ZIP Prep
sensor Dragger Medical ~ Unspecified four electrode
Systems Inc.
Kind of BIS  BIS A 2000 Unspecified Unspecified BIS VISTA Unspecified
monitor
BIS Aspect, Trabajo de  Unspecified Unspecified Aspect Medical BIS intervention tool
algorithm/ Sedaction de la Systems developed
company SEMICYUC
Duration Unspecified From the ICU 12 hour Until extubated or
of BIS Unspecified admission to 0600 tracheostomy
monitoring the next day.
Intervention  ICU Nurse with Unspecified Unspecified Nurses Nurses (apparently
providers physician input hourly) and

Physicians (on
twice daily rounds)
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SUPPLEMENTARY TABLE Il.—Assessment of risk of bias.

Altaba Tena 17 Kaplan 16 Zhao 14 Olson 13 Weatherburn 10
Random High risk — no Rand- Low risk -randomi- Unclear Low risk —random  High risk — sequence
sequence omization zation by month number table generation not
generation stated
Allocation High risk — no rand- Low risk — randomi- Unclear High risk — no allo-  Low risk — sealed/
concealment omization zation by month cation concealment  opaque envelopes
used
Blinding of High risk — no High risk — no Unclear High risk — no High risk — no blind-
participants blinding blinding blinding ing
and personnel
Blinding of High risk — no High risk — no Unclear High risk — no High risk — no blind-
outcome blinding blinding blinding ing
assessment
Incomplete Not stated Unclear Unclear Not stated Low risk — less
outcome data than 10% did not
complete
Selective High risk/ORBIT=A Unclear/ORBIT=A  Unclear/ORBIT=B  No risk/ORBIT=B  High risk/ ORBIT=A
reporting
& ORBIT
Classification
Other sources  Use of BIS left up to No comment on con- Unclear ANOVA not done on Low risk
of bias physician choice flict of interest co-variates
and limited by
availability. No
comment on Con-
flict of Interest
A priori High risk — not High risk — not Unclear/unclear Yes/yes Assumed — not
protocol/ stated/high risk — stated/high risk — stated/assumed —
analysis plan ~ no power analysis ~ no power analysis not stated
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