
Pierre Trouiller
Pascal Fangio
Catherine Paugam-Burtz
Corinne Appéré-de-Vecchi
Paul Merckx
Nicolas Louvet
Sebastian Pease
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Abstract Objective: Despite an
overall correlation between the bi-
spectral index of the EEG (BIS) and
clinical sedation assessment, unex-
pectedly high BIS values can be
observed at deep sedation levels. We
assessed the frequency, interindivid-
ual variability and clinical impact of
high BIS values during clinically
deep sedation. Design and set-
ting: Prospective observational
study in two university-affiliated
intensive care units. Patients: Sixty-
two mechanically ventilated patients
requiring intravenous sedation and
analgesia for C24 h. Measurements
and main results: Paired measure-
ments of BIS and sedation measured
on the adaptation to intensive care
environment (ATICE) score were
obtained every 3 h until awakening.
A paired measurement with BIS [60
at deep sedation (ATICE Awake-
ness B2) was defined as discordant.
Patients were considered discordant if
their individual ratio of number of
discordant measurements to number
of total measurements during deep
sedation was above the median

discordance ratio of the overall
cohort. At least one discordant
assessment was observed in 52
patients (83.9%). Median individual
discordance ratio was 32% (14.3–
50.0%). Time from awakening to first
T-piece trial [16 h (4–34) vs. 46 h
(9–109), p = 0.01] and to extubation
[35 h (23–89) vs. 88 h (46–152 h),
p = 0.05] were significantly shorter
in discordant compared to concordant
patients. BIS-ATICE discordance was
independently associated with suc-
cessful extubation within 48 h after
awakening (OR 6.7, CI 95%
1.8–25.0, p = 0.005). The rate of
ICU recall was not different in
BIS-ATICE discordant and concor-
dant patients. Conclusions: In
mechanically ventilated ICU patients,
discordance between high BIS values
and deep clinical sedation is fre-
quently observed and may suggest
faster weaning from the ventilator.
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Sedation � Mechanical ventilation �
Weaning � Post-ICU recall

Introduction

Intravenous sedation and analgesia are cornerstones in the
management of mechanically ventilated patients in the
intensive care unit (ICU) [1]. Clinical scales have been
recently developed and validated for monitoring sedation
and analgesia in these patients [2–6], enabling the

avoidance of both under and over sedation. Although
correlations between the bispectral index of the EEG
(BIS) and the clinical sedation scale have been reported
[7–9], large ranges of BIS values at various predefined
sedation levels are commonly observed in ICU patients,
whatever BIS version is used [10–13]. In particular,
unexpectedly high BIS values can be observed at clinical
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deep sedation levels when low BIS values would be
expected. Regardless of whether the unexpectedly high BIS
signal is of muscular or cerebral origin [14], the frequency of
such findings remains to be determined. Furthermore, it has
not been established whether patients demonstrating fre-
quently or infrequently high BIS values during deep
sedation are different in respect of risk factors and ICU
outcome. Here, we hypothesized that unexpectedly high
BIS values during deep sedation could indicate a preserved
cerebral or muscular activity, which may unmask after
sedation withdrawal and awakening and impact on duration
of mechanical ventilation or rate of ICU recalls.

The main goal of the study was to assess the fre-
quency and inter-individual variability of high BIS values
during episodes of deep sedation. We expected a large
interindividual variability in discordance between BIS
and clinical sedation level. Secondary objectives were to
compare patients with frequently and infrequently high
BIS values during deep sedation in respect of duration of
weaning from mechanical ventilation and incidence of
ICU recall. We also sought to compare these patients in
terms of demographic factors and factors related to the
acute condition and treatment.

Materials and methods

Patients

The protocol was approved by the Ethics Committee of
Saint-Germain en Laye Hospital (Saint-Germain, France).
We conducted a prospective, bicenter study in two univer-
sity-affiliated ICUs. All patients requiring continuous
intravenous sedation and analgesia for mechanical ventila-
tion scheduled for more than 24 h were eligible. Exclusion
criteria were presence of neurological or neuromuscular
disorders (except isolated traumatic paraplegia), admission
for cardiac arrest, admission from another ICU and
unavailability of BIS monitor. The study was conducted over
an 18-month period of time.

BIS recordings and clinical assessment of sedation

BIS values were recorded using the BIS�–XP 2000 monitor
(software version 3.12) developed by Aspect Medical Sys-
temTM, according to the manufacturer’s recommendations
(see Electronic supplementary materials). Immediately after
each BIS measurement, the level of sedation was assessed
using the Awakeness domain of the ATICE scale (ATICE
Awakeness). The score ranged from 0 (patient areactive to
noxious stimulus) to 5 (eyes open spontaneously) (Table 1).
The ATICE score has been shown accurate in the ICU set-
ting, including validity, reproducibility and responsiveness
[5]. Nurses in both centers were familiar with the use of the

ATICE scale and BIS. The BIS value and ATICE Awake-
ness score were recorded simultaneously every 3 h well after
patient positioning, endotracheal suction or any painful
stimulus. BIS and ATICE Awakeness scores were recorded
from onset time of intravenous sedation until awakening.
Awakening was defined by an ATICE Awakeness score of 5
on two consecutive assessments during or after a progressive
decrease in sedatives and analgesics. BIS value and ATICE
scores were not recorded during the use of neuromuscular
blockers (cisatracurium in both centers). The protocol used
to monitor neuromuscular blockade is available as Elec-
tronic Supplementary Material.

Management of sedation and analgesia

Midazolam and fentanyl were used as hypnotic and anal-
gesic drugs, respectively. Dosages were adjusted following a
previously published algorithm [15], available in the Elec-
tronic Supplementary Materials. Briefly, the aim of the
algorithm was to promote light sedation once tolerance to the
ICU environment, including comfort, analgesia, calmness
and adaptation to the ventilator, was achieved, which could
transiently require, especially in those patients with severe
respiratory failure, high dosages of sedatives and analgesics,
resulting in altered consciousness. This strategy is in accor-
dance to the French Society of Critical Care 2007 guidelines
[16]. Daily interruption of sedatives and analgesics or anal-
gesia-based sedation were not performed. Propofol or
remifentanil could be used based on physician’s decision in
patients with poor tolerance to the ICU environment despite
high doses of midazolam or fentanyl, or to ensure tolerance
within the few hours prior to extubation.

Weaning from mechanical ventilation

Weaning from mechanical ventilation was conducted
according to the French ICU Consensus Conference 2003

Table 1 Awakeness domain of the ATICE score

Eyes closed, no mimic 0
Eyes closed, only facial mimic after strong, painful stimulation 1
Eyes opening after strong, painful stimulation 2
Eyes opening after light, painful stimulation 3
Eyes opening after verbal order 4
Eyes opening spontaneously 5

The Awakeness domain of the ATICE score ranges from 0 to 5 [5].
Instructions: Say ‘‘hello’’ when entering patient’s room. If eye
opening occurs after this sentence, the patient is rated as ‘‘eyes
spontaneously open’’. If there is no spontaneous eye opening, then
ask the patient loudly: ‘‘Mr. (Mrs.) X, open your eyes’’. If there is
no response, shake the patient’s shoulder (light painful stimulation).
If there is no response, apply sternal friction (strong painful stim-
ulation). If there is no eye opening, check if the stimulation
provokes a facial mimic or not
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guidelines [17]. After awakening (as defined above),
patients were screened daily for the presence of pre-
requisite criteria for extubation, including FiO2 \50%,
PEEP \5 cm, no high-grade fever and no catecholamine
infusion (except low doses of dopamine or dobutamine).
From the day prerequisite criteria were fulfilled, patients
underwent daily T-piece trials of 30–120-min duration.
Satisfactory tolerance of the T-piece trial assessed using
simple bedside tolerance parameters including respiratory
rate, SpO2 and the use of accessory respiratory muscles
was followed by extubation. Weaning was considered
successful when re-ventilation was not required within the
next 48 h.

Neuromuscular testing and screening for ICU recall

Limb muscle strength was assessed within the 48 h fol-
lowing awakening using the Medical Research Council
(MRC) score [18]. Patients were screened for delirium
within 48 h following ICU discharge. Delirium was
defined as a intensive care delirium screening checklist
score C4 [19, 20]. Patients without delirium were then
interviewed using the ICU stressful experiences ques-
tionnaire [21] and the ICU memory tool [22] (see
Electronic Supplementary Material).

Statistical analysis

Results are expressed as number and percentage, or
median and interquartile (IQR). All statistical analyses
were conducted using JMPTM software, version 7 (SAS
Institute Inc., Cary, NC). Compliance with the study
protocol was determined by the ratio of the number of
actual BIS-ATICE paired measurements obtained to the
theoretical total number of expected paired measure-
ments. Patients with a compliance ratio \50% were
excluded from analysis. Overall correlation between BIS
and ATICE Awakeness was assessed using the Spearman
coefficient. To avoid bias introduced by a high number of
repeated assessments of an individual patient, we also
measured the Spearman coefficient using only three ran-
dom sets of paired measurements per patient.

As our study represents the first attempt to quantify the
rate of unexpectedly high BIS values during deep seda-
tion, we chose robust and clinically relevant criteria to
categorize patients. Deep sedation was defined as an
ATICE Awakeness score of 0, 1 or 2 (no response to any
stimulation or response to a strong stimulation only),
corresponding to a level 6 on the Ramsay scale. Since
previous studies showed that in deeply sedated patients
BIS values were equally distributed around a value close
to 60 [7, 9, 11, 23], we used this threshold a priori to
distinguish concordant sedation assessments (deep seda-
tion, i.e., ATICE Awakeness 0, 1 or 2, with concomitant

BIS B60) and discordant assessments (deep sedation with
concomitant BIS [60).

For each patient, a discordance ratio was defined as the
ratio of the number of discordant assessments to the number
of total assessments obtained during deep sedation (i.e., with
an ATICE Awakeness score of 0, 1 or 2). As no commonly
accepted threshold exists to distinguish frequent and infre-
quent recordings of high BIS values during deep sedation, we
defined a priori a patient as discordant (concordant) when the
individual discordance ratio was greater (lesser than or equal
to, respectively) to the median discordance ratio of the
overall cohort. Discordant and concordant patients were
compared in respect of demographic, clinical and treatment
data using the chi-square test and Fischer’s exact test as
appropriate for categorical variables, and the Mann–Whit-
ney U test for quantitative variables. A p value B 0.05 was
considered significant.

BIS-ATICE discordance and other relevant variables
were compared in patients with a time from awakening to
extubation B and [48 h in univariate analysis. Impact of
BIS-ATICE discordance on extubation rate within 48 h
after awakening was adjusted in a logistic regression
analysis for the two variables with the lowest p value in
univariate analysis regardless of a p value threshold.

Results

Seventy-five patients were included, 13 of which were
then excluded from the analysis because of poor compli-
ance with the study protocol due to transient high nurse
workload (n = 5), intracerebral hemorrhage (n = 1) and
post-anoxic coma (n = 1) after inclusion, repeated BIS
sensor malfunction (n = 3) and deep sedation (ATICE
scores of 0, 1 or 2)\24 h (n = 3). A total of 62 patients
were analyzed. Baseline characteristics are presented in
Table 2. Time from onset of sedation to awakening (as
defined in ‘‘Materials and Methods’’) was 119 h (59–188).
Compliance ratio of BIS-ATICE measurements was 82%
(74–93). Of the measurements, 59.5% (40.5–79.2) proved
deep sedation (ATICE Awakeness 0, 1 or 2).

The number of paired BIS-ATICE assessments was
2,101, representing a mean of 33.8 assessments per
patient from sedation onset to awakening. Median BIS
value was 59, ranging from 4 to 98, with 25th and 75th
percentiles of 43 and 79, respectively. BIS values against
ATICE score values are displayed in a plot diagram in
Fig. 1. The Spearman coefficient for the overall correla-
tion between BIS and ATICE using all paired BIS-ATICE
measurements was 0.43 (p \ 0.001). When only three
random sets of paired measurements per patient were
used, the Spearman coefficient was 0.35 (p \ 0.001). At
least one discordant assessment (BIS value [60 with an
ATICE Awakeness of 0, 1 or 2) was observed in 52
patients (83.9%). Seven patients (11.3%) showed all
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assessments discordant. The median individual ratio of
discordance was 32.4% (14.3–50.0%). This value was
used to separate discordant and concordant patients.
Median BIS value during episodes of deep sedation was
61 (44–77) in the discordant patients and 44 (38–56) in
the concordant patients (p \ 0.0001).

Comparison of characteristics between patients with
individual discordance ratio less or equal to (concordant
patients) and greater to (discordant patients) 32.4% on
admission and from sedation onset to awakening showed
no significant difference in terms of age, severity or type
of illness, chronic alcohol abuse, painful condition and
sepsis (Table 2). Similarly, time from onset of sedation to
awakening (as defined in ‘‘Materials and Methods’’) and
dosage of sedatives and opioids delivered were not sig-
nificantly different.

Time from awakening to first T-piece trial was sig-
nificantly shorter in discordant patients [16 h (4–34)]
compared to concordant patients [46 h (9–109), p = 0.01,
Fig. 2]. Similarly, time from awakening to extubation was
significantly shorter in discordant patients [35 h (23–89)
vs. 88 h (46–152), p = 0.05, Fig. 2]. Successful extuba-
tion within 48 h after awakening was significantly more
frequent in discordant patients [18 (69.2%) vs. 8 (30.8%),
p = 0.006, RR = 2.3 (95% CI 1.2–4.2), Table 3]. After
adjustment for admission SAPS II and time from MV
onset to awakening (the two variables with the lowest
p value in univariate analysis apart from BIS-ATICE
discordance), BIS-ATICE discordance remained indepen-
dently associated with a successful extubation within
48 h after awakening (odds ratio 6.7, 95% CI 1.8–25.0,
p = 0.005).

Table 2 Characteristics of the overall population and comparison between discordant and concordant patients

Overall N = 62 Discordant N = 31 Concordant N = 31 p value

Age, median (IQR) 60 (48–75) 58 (42–75) 63 (52–73) 0.6
Male gender, n (%) 53 (85.5) 26 (83.9) 27 (87.1) 0.9
SAPS II, median (IQR) 44 (37–59) 45 (41–59) 44 (33–60) 0.9
Diagnosis category 0.7
Medical, n (%) 26 (41.9) 12 (38.7) 14 (45.2)
Surgical, n (%) 23 (37.1) 13 (41.9) 10 (32.3)
Trauma, n (%) 13 (21.0) 6 (19.4) 7 (22.6)

Main diagnosis 0.4
Acute abdominal condition, n (%) 16 (25.8) 9 7
Trauma, n (%) 12 (21.0) 5 7
Severe pulmonary infection, n (%) 12 (19.4) 5 7
Acute cardiac failure, n (%) 7 (9.7) 4 3
COPD exacerbation, n (%) 4 (6.5) 1 3
Abdominal aortic surgery, n (%) 4 (6.5) 3 1
Soft tissue infection, n (%) 2 (3.2) 0 2
Severe urinary tract infection, n (%) 2 (3.2) 2 0
Miscellaneous, n (%) 3 (4.8) 2 1

Painful condition, n (%) 37 (59.7) 16 (51.6) 21 (67.7) 0.2
Chronic alcohol abuse, n (%) 9 (14.5) 6 (19.4) 3 (9.7) 0.5
Sepsis, n (%) 37 (59.7) 20 (64.5) 17 (54.8) 0.6
Use of catecholamines, n (%) 52 (83.9) 25 (80.6) 27 (87.1) 0.73
Within the 24 h prior to extubation, n (%) 18 (29.0) 9 (29.0) 9 (29.0) 0.84

Maximal blood creatinine (lmol/l), median (IQR) 142 (104–303) 130 (96–269) 146 (114–347) 0.5
Maximal bilirubin (lmol/l), median (IQR) 21 (13–36) 27 (13-52) 18 (14-30) 0.2
IV midazolam, n (%) 62 (100) 31 (100) 31 (100) 1
Cumulative dose (mg), median (IQR) 232 (113–554) 229 (90-583) 235 (119–468) 0.88

IV fentanyl, n (%) 62 (100) 31 (100) 31 (100) 1
Cumulative dose (mg), median (IQR) 11.9 (7.0–27.9) 11.7 (7.3-38.6) 12.2 (6.5–26.6) 0.71

IV propofol, n (%) 20 (32.3) 10 (32.3) 10 (32.3) 1
Cumulative dose (mg), median (IQR) 538 (100–3,295) 1,125 (150–4,520) 255 (100–900) 0.27

IV remifentanil, n (%) 4 (6.5) 2 (6.5) 2 (6.5) NA
Cumulative dose (mg), min–max 0.9–11.7 1–11.7 0.9–1.2 NA

Time from MV onset to awakening (h), median (IQR) 119 (59–188) 123 (54–194) 113 (74–176) 0.8
In ICU deaths, n (%) 13 (21.0) 6 (19.4) 7 (22.6) 1

Characteristics of the overall study population, and discordant and
concordant patients, from ICU admission to awakening. Discordant
and concordant patients were defined by a discordance ratio (ratio
of the number of measurements with a BIS value[60 during deep
sedation to the number of total measurements obtained during deep
sedation) [ and B32%, respectively. Quantitative variables were
compared using the Mann–Whitney test. Categorical variables were

compared using the chi-square test or Fisher’s exact test, as
appropriate
IQR interquartile range, SAPS simplified acute physiology score
[37], COPD chronic obstructive pulmonary disease, IV intravenous,
MV mechanical ventilation, NA not applicable due to the small
number of events
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MRC score measured within 48 h after extubation was
not different between discordant [49 (42–54)] and con-
cordant [48 (38–54)] patients (p = 0.6). Forty-nine
patients were discharged alive from the ICU [25 (80.6%)
discordant and 24 (77.4%) concordant patients, p = 0.8].
Sixteen of them were not assessed for ICU recalls for the
following reasons: intensive care delirium screening
checklist delirium score C4 (n = 4), transfer to another
hospital (n = 1), language barrier (n = 1), mental back-
wardness (n = 1) and miscellaneous reasons (n = 9).
Accordingly, 33 patients (17 discordant and 16 concor-
dant patients, p = 0.8) were assessed for ICU recalls
within 48 h following ICU discharge (Table 4). The
adapted ICU stressful experiences questionnaire score
was not statistically different between concordant [51

(35–67)] and discordant patients [45 (36–61), p = 0.4].
Using the ICU memory tool, all patients remembered
their ICU stay. Six discordant patients and seven con-
cordant patients remembered lucidly their stay in the ICU
(p = 0.7). There was no significant difference between
discordant and concordant patients in terms of recall of
factual events, feelings or delusions (Table 4).

Discussion

The overall correlation between BIS and clinically
assessed sedation in our study, whether patients were or
not deeply sedated, was only moderately significant, with
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an important overlap in BIS values across ATICE
Awakeness categories. Although such a moderate corre-
lation has already been reported [7], other studies have
demonstrated a higher (though still moderate) correlation
[9, 11]. Comparing correlation coefficients across studies
and populations is complex due to heterogeneity of pop-
ulations, different methods of collecting data and different
BIS software and hardware [24]. For example, in our
study, contrary to others, paired measurements of BIS and
clinical sedation status were performed all over the
sedation period, leading to a high number of paired
assessments per patients (an average of 30). This repre-
sents a non-selected real-life comparison of BIS versus
clinical sedation level. During deep sedation, unexpect-
edly high BIS values were particularly frequent. Over

80% of the patients did show at least one episode of
discordance. The median individual discordance rate of
32% indicates that 50% of patients had at least one-third
of their BIS values above 60 during deep sedation. This
finding does not support the use of BIS as a surrogate of
clinical sedation assessment for adapting dosage of
sedation in mechanically ventilated patients.

Although unexpectedly high BIS signal has been
attributed to a sustained face (or scalp) muscle EMG
signal despite deep sedation [14], we did not aim to
reproduce this finding. Our study represents rather more
an attempt to describe clinical factors associated with the
occurrence of high BIS during clinically deep sedation,
regardless of whether unexpectedly high BIS values were
due to a preserved cerebral or muscle signal or both.

Table 3 Univariate analysis of factors associated with an extubation within 48 h after awakening

Variable Time from awakening
to extubation B48 h
(n = 26)

Time from awakening
to extubation [48 h
(n = 26)

p value

BIS-ATICE discordance, n (%) 18 (69.2%) 8 (30.8%) 0.006
Age (years), median (IQR) 61 (53–70) 53 (35–74) 0.15
Admission SAPS II, median (IQR) 46 (41–57) 41 (26–49) 0.04
COPD, n (%) 8 (30.8%) 4 (15.4%) 0.188
Cardiac insufficiency, n (%) 7 (26.9%) 5 (19.2%) 0.51
Time from MV onset to awakening (h), median (IQR) 95 (49–158) 130 (72–224) 0.1053
MRC score at awakening, median (IQR) 50 (46–52) 48 (37–55) 0.37

Patients with an extubation B and [48 h after awakening were
compared in univariate analysis using the Mann–Whitney test for
quantitative variable and the chi-square or Fisher’s exact test for
categorical variables. Fifty-two patients were analyzed as 10 of the
initial 62 patients died while on mechanical ventilation. BIS-
ATICE discordance was defined by a discordance ratio (ratio of the
number of measurements with a BIS value [60 during deep

sedation to the number of total measurements obtained during deep
sedation)[32%. Awakening was defined by an ATICE Awakeness
score of 5 on two consecutive assessments
SAPS simplified acute physiology score [37], IQR interquartile
range, COPD chronic obstructive pulmonary disease, MV
mechanical ventilation

Table 4 Comparison of ICU recalls between discordant and concordant patients

Discordant
patients

Concordant
patients

p value

Patients assessed for ICU recalls, n 17 16 0.8
Adapted ICU stressful experiences, median (IQR) 45 (36–61) 51 (35–67) 0.48
Simplified ICU memory tool
Remembering of hospitalization in ICU, n (%) 17 (100) 16 (100) 1
Lucid remembering of ICU, n (%) 6 (35.3) 7 (43.8) 0.7
Recall of factual events, median (IQR) 6 (4–7) 7 (5–8) 0.37
Recall of feelings, median (IQR) 4 (2–5) 3 (3–5) 0.96
Recall of delusions, median (IQR) 2 (1–3) 2 (1–2) 0.37

The ICU stressful experiences questionnaire examines specific
recalls about the tracheal tube and more general recalls about ICU
stay [21]. The instrument was adapted to quantify the amount and
severity of recalls in a range from 0 (no recall) to 145 (extremely
numerous and severe recalls). The ICU memory tool [22], simpli-
fied and adapted to be used in patients shortly after being
discharged from the ICU, consists of two questions about remem-
bering of the overall stay in the ICU and a more specific question

about recall contents classified in recalls of factual events (score
from 0 to 11), feelings (score from 0 to 6) or delusions (score from
0 to 6). Discordant and concordant patients were defined by a
discordance ratio (ratio of the number of measurements with a BIS
value [60 during deep sedation to the number of total measure-
ments obtained during deep sedation) [ and B32%, respectively
ICU intensive care unit, IQR interquartile range
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Acute pain is a cause of a rise in BIS value in ICU
patients [25]. Similarly, patients with chronic alcohol
consumption are at high risk of in-hospital withdrawal
syndrome [26] and may therefore demonstrate preserved
cortical activity with apparent clinical deep sedation.
Finally, BIS values are generally affected by intravenous
sedatives (propofol, midazolam), while opioids show little
impact on them [27, 28]. However, in our study neither
presence of a painful condition, nor chronic alcoholism,
nor the nature or amount of sedatives or analgesics
administered were associated with BIS-ATICE discor-
dance. This suggests that discordance between high BIS
values and clinical deep sedation levels might depend
primarily on individual intrinsic factors.

We found that discordant patients, i.e., those with
preserved cerebral or face muscle activity during deep
sedation, had a shorter mechanical ventilation weaning
process. The time to extubation was halved and rate of
successful extubation within 48 h after awakening over
doubled compared to concordant patients. The favorable
impact on the weaning process remained after adjustment
for the two variables with the lowest p value in univariate
analysis (admission SAPS II and duration of MV prior to
awakening). Face muscle origin BIS-recorded electrical
activity could have been preserved in patients who did not
develop critical illness neuromyopathy, a common cause
for delayed weaning [29]. However, muscle strength
measured at awakening in the four limbs was not signif-
icantly different between discordant and concordant
patients. More subtle differences in strength and tone in
regional muscles, including laryngeal and swallowing
muscles, both involved in the upper airway protection
after extubation, cannot be excluded. Most of the gain in
time to extubation in discordant patients was observed
during the time from awakening to that of the first T-piece
trial. This suggests that the first T-piece trial could be
initiated earlier in patients who previously exhibited fre-
quent discordances between high BIS values and deep
clinical sedation levels. After awakening, these patients
might have regained a satisfactory level of interaction
with caregivers faster than concordant patients. This
could have unconsciously prompted physicians to initiate
the first T-piece trial earlier.

All patients who answered the post-ICU question-
naires remembered undergoing mechanical ventilation
and ICU stay. Recall of stressful experiences was fre-
quent. Such findings are common among critically ill
patients who have been mechanically ventilated [21, 30,
31]. However, the number of stressful experiences
reported and their intensity were not significantly differ-
ent between discordant and concordant patients. ICU
patients mainly remember events occurring at the end of
their stay in the ICU [32], when sedation has been
lightened. Our results suggest that a high BIS value

during sedation does not increase the ability to remember
events after awakening.

Our study has several limitations. Nurses were not
blind to the record of the BIS value before measuring the
ATICE Awakeness score. However, nurses were not
aware of the BIS threshold of 60 subsequently used to
separate BIS-ATICE paired assessments. Furthermore,
the high intra-class correlation coefficient of 0.99 for the
consciousness domain of the ATICE [5] reflects that this
measurement is minimally affected by subjectivity.
Although we used the median value of the individual ratio
of high BIS values to the total number of paired BIS-
ATICE measurements during deep sedation to define
discordant and concordant patients, the exact rate of high
BIS values during deep sedation above which patients
should be considered discordant remains to be estab-
lished. The number of patients assessed at ICU discharge
was relatively small, which might have precluded the
recognition of significant differences in post-ICU recall
between discordant and concordant patients. Finally, the
follow-up ended at ICU discharge, and the impact of BIS-
ATICE discordance on the medium- or long-term was not
assessed.

Conclusions

Although light sedation is increasingly recognized as
feasible, safe and beneficial in the critically ill [15, 33–
36], some patients still may require transiently high doses
of sedatives and analgesics to provide strict adaptation to
the ventilator. This often results in deep alteration of
consciousness. Our study results suggest that BIS may
contribute to distinguishing two different patterns in
patient responses to deep sedation; some patients maintain
high BIS levels during deep sedation and others not.
Those maintaining high BIS values may demonstrate
faster weaning from the ventilator. Whether BIS response
to deep sedation is a true reflection of individual patient
characteristics or can be modified by therapeutic inter-
ventions warrants further investigation. If BIS response to
deep sedation can be altered by modifying sedatives and
analgesics dosages or other interventions, then trying to
maintain a high BIS value when deep sedation is
unavoidable may represent a therapeutic goal. If BIS
response to deep sedation reflects patient’s individual
characteristics, then BIS may be useful to assess compa-
rability in groups of patients receiving sedatives. As a
consequence, BIS might prove to be complementary to
clinical sedation assessment during periods of deep
sedation.
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