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Abstract
Introduction Continuous palliative sedation (PS) is currently
titrated based on clinical observation; however, it is often un-
clear if patients are still aware of their suffering. The aim of
this prospective study is to characterize the level of conscious-
ness in patients undergoing PS using Bispectral Index (BIS)
monitoring.
Patients and methods We enrolled consecutive patients with
refractory symptoms requiring PS. We documented the level
of sedation using Ramsay Sedation Scale (RSS) and BIS at 0,
2, 4, 6, 12, and 24 h during the first day of PS and examined
their degree of association. Intravenous midazolam or
propofol was titrated according to the sedation level.
Results Twenty patients on PS were recruited and had BIS
continuous monitoring. Delirium was the most frequent rea-
son for PS (n = 15, 75%). The median time of sedation was
24.5 h (interquartile range 6–46). The average time to achieve
the desired sedation level was 6 h, and dose titration was
required in 80% of the cases. At baseline, 14 (70%) patients
were considered to be awake according to RSS (i.e., 1–3) and
19 (95%) were awake according to BIS (i.e., >60%). This
proportion decreased to 31 and 56% at 4 h, 27% and 53 at
6 h, and 22 and 33% at 24 h. RS and BIS had moderate
correlation (rho = −0.58 to −0.65); however, a small

proportion of patients were found to be awake by BIS (i.e.,
≥60%) despite clinical observation (i.e., RSS 4–6) indicating
otherwise.
Conclusions The BIS is a noninvasive, bedside, real-time
continuous monitoring method that may facilitate the objec-
tive assessment of level of consciousness and dose titration in
patients undergoing PS.
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Introduction

Palliative sedation is an important and necessary intervention
in the management of patients in whom the intentional reduc-
tion of a state of consciousness is required to relieve one or
more refractory symptoms at the end of life [1, 2]. However,
there is currently no consensus on the optimal level of sedation
necessary for the relief of suffering, nor the ideal method to
assess a patient’s level of consciousness/awareness [3–5]. In
practice, palliative care clinicians often rely on a number of
observational scales based on the patient’s ability to react to
different stimuli; the Ramsay Sedation Scale (RSS) is one of
the most frequently used assessments [6–8].

One strategy that has been used to objectively assess the
level of consciousness is Bispectral Index (BIS) monitor,
which collects and processes cerebral electrical activity thru
electroencephalogram. Its main output is a number ranging
from 0 to 100, with higher level indicating a greater level of
consciousness. It has been extensively used in the intensive
care and perioperative settings to monitor patients under an-
esthesia to reduce the risk of intraoperative awareness during
surgical procedures [9, 10] and has proven useful to monitor
the level of sedation during diagnosis procedures [11, 12] and
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in the context of the intensive care unit (ICU) [13–15].
Increases in the BIS values in sedated patient have been dem-
onstrated due to nociceptive stimuli during routine procedures
(endotracheal suctioning andmobilization) in unconscious pa-
tients in the ICU [16], and it has been suggested as maybe an
additional instrument for pain evaluation in patients undergo-
ing mechanical ventilation and sedation [17, 18]. To date,
only a handful of case reports and case series have been
published on the use of BIS in the palliative care setting
[19–22].

The Palliative Care Service at the Instituto Nacional de
Cancerologia (INCan) has established a palliative sedation
protocol based on international guidelines—the Intensive
Management of Pain, Anxiety and Distress (MIDAS) pro-
gram—incorporating the use of BIS to assist with monitoring
of the level of consciousness during palliative sedation [7].
This paper reports our preliminary experience of the use of
BIS during palliative sedation.

Patients and methods

In this prospective observational study, patients were eligible
if they had a diagnosis of advanced cancer with no further
disease-modifying treatment options, required admission to
the INCan palliative care unit, had refractory symptoms re-
quiring the MIDAS palliative sedation protocol after discus-
sion between the family and at least three attending physi-
cians, and had do-not-resuscitate orders in place. Written con-
sent was obtained from the legal representative before pallia-
tive sedation and BIS monitoring were initiated. This study
was reviewed and approved by the Institutional Review Board
of the INCan (Ref. CEI/1006).

Palliative sedation procedure

The MIDAS palliative sedation protocol provides continuous
IV infusion that combines the hypnotic effect of propofol with
the anxiolytic action of midazolam [23, 24], with the purpose
of decreasing the level of consciousness in patients with re-
fractory symptoms. Palliative sedation (PS) was initiated by
one attending physician and a palliative care fellow together.
Initial propofol doses of 0.16 mg/kg/h and midazolam
0.08 mg/kg were adjusted according to the individual patient
response. We increased these medications if either RSS
remained at 1–3 or BIS >60.

Opioids, antipsychotics, and any other drugs required
for symptom control were continued during sedation
according with the patient’s needs. Heart rate, blood
pressure, and temperature were recorded according to
the hospital policy.

Evaluation of sedation

The level of sedation was assessed with both RSS and BIS.
The RSS scores sedation at six different levels according to
how rousable the patient is: awake states range from 1 (agitat-
ed and restless) to 3 (response to commands only), and the
asleep states range from 4 (exhibits brisk response to light
glabellar tap or loud auditory stimulus) to 6 (no response to
stimulus) [8]. This score is easy to use in palliative care [25]
and has been validated in several settings [26, 27]. In this
study, RSS was documented at 0, 2, 4, 6, 12, and 24 h after
initiation of palliative sedation by a palliative care fellow.

We used the BIS Vista Bilateral Monitoring System 1.2
(Covidien, Mansfield, UK) with the commercially available
adult bilateral sensor placed on the patient’s forehead (Aspect
Medical Systems, Inc. Norwood, MA 02062, USA) at bed-
side. The BIS transmits four-point EEG signals from a sensor
placed on the patient’s head to a monitoring system that ac-
quires and processes four channel measures to produce a sin-
gle number, called the Bispectral Index™, which correlates to
the patient’s level of hypnosis [28–30]. Level of sedation is
expressed as a parameter ranging from 0 (flat line EEG) to 100
(fully awake). A target range between 40 and 60 has been
advocated both to prevent awareness and to reduce the dose
of anesthetic agent administered [10, 31, 32].

BIS monitoring was performed continuously from initia-
tion of palliative sedation until death. The readings were re-
corded at predetermined intervals throughout the first 24 h
(i.e., 0, 2, 4, 6, 12, and 24 h) at the same time of RSS assess-
ments. Patients who received PS for longer than 24 h contin-
ued to have BIS monitoring and RSS assessed; however, this
study focused only on the first 24 h.

Statistics

We summarized the data with descriptive statistics, including
mean; median; and interquartile range (IQR), frequencies, and
proportions. BIS values and RSS grouped all the measures,
and Spearman rank correlation coefficient was calculated be-
tween Ramsay and Bispectral Index (baseline, time 1, 2, 4, 6,
12, and 24 h). Results were graphically represented using a
boxplot and a scatterplot. The statistical software program
Stata Version 12 (StataCorp. 2011. Stata Statistical Software:
Release 12. College Station, TX: StataCorp LP) was used to
analyze the data.

Financing

The sensors and electrodes were purchased by our institution
from Covidien. The company provided technical training to
physicians of the Palliative Care Service; however, it did not
provide any funding to this study, nor participate in the design,
interpretation of data, or preparation of the manuscript.
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Results

We assessed 254 hospitalized patients for eligibility between
April and November 2015. Twenty-seven (13%) were fully
eligible. Among these individuals, we obtained surrogate con-
sent in 20 (74%) patients. Themedian age was 46 years and 12
(60%) were female (Table 1).

The reasons for palliative sedation were delirium (n = 15,
75%), pain (n = 13, 65%), dyspnea (n = 6, 30%), seizures
(n = 5, 25%), malignant obstruction (n = 3, 15%), existential
distress (n = 2, 10%), asphyxia (n = 1, 5%), and massive
bleeding (n = 1, 5%). Among the patients with refractory pain,
the average fentanyl doses were 2000 mcg/24 h (range 1600–
4000 mcg/24 h) prior to initiation of palliative sedation.
Ninety percent of the patients had two or more symptoms,
with the combination of delirium and pain in 9/20 patients
(Table 1).

Propofol and midazolam titrations were adjusted based on
both RSS and BIS. The continuous infusion rate ranged be-
tween 0.16 and 1.3 mg/kg/h for propofol, and between 0.08
and 0.5 mg/kg/h for midazolam. The median time of sedation
was 24.5 h (IQR 6–46), and the median survival was 19 h.
None of the patients required intubation.

During PS, there was a significant decrease in the level of
consciousness over time. At baseline, 14 (70%) of patients
were considered to be awake according to RSS (i.e., 1–3)
and 19 (95%) were awake according to BIS (i.e., >60%).
This proportion decreased to 31.2 and 56.2% at 4 h, 26.7
and 53.3% at 6 h, and 22.2 and 33.3% at 24 h (data not
shown). A tendency toward the increase of RSS was observed
as the BIS values decreased (Fig. 1).

Notably, BIS values varied from 35 to 85.5, even when the
RSS was between 4 and 6. Figure 2 shows the association
between RSS and BIS at different time points. The
Spearman rank correlation between RSS and BIS was
−0.583 at baseline (P = 0.007), −0.658 at hour 2
(P = 0.002), −0.48 at hour 4 (P = 0.059), −0.46 at hour 6
(P = 0.0875), −0.68 at hour 12 (P = 0.014), and −0.65 at hour
24 (P = 0.053). The median BIS index among all the patients
alive at 24 h (n = 9/20) was 42 (range 40–62). At each assess-
ment time point, a small proportion of patients with RSS 4–6
had high BIS index of 60% of higher.

Only 4 (20%) patients had RSS 4–6 and BIS below 60
throughout the first 24 h and did not require dose escalation.
The remaining 16 (80%) patients required an increase in their
propofol and/or midazolam doses based on either RSS or BIS
readings.

Discussion

The management of symptoms in patients at the end of life is
often complex, and the use of PS requires thoughtful

discussions among the clinical team members. One of the
most challenging aspects of PS involves determination of
whether patients were adequately sedated to minimize their
suffering. As highlighted in this study, a sizable proportion

Table 1 Demographic characteristic, sites of tumor, and refractory
symptoms

Number (%)

Sex

Female 12 (60)

Male 8 (40)

Age

Median 41

(Range) 29–71

Site of the tumor

Gastro intestinal 4 (20)

Breast cancer 3 (15)

Melanoma 3 (15)

Pancreatic cancer 2 (10)

Hematologic 2 (10)

Gynecologic tumor 2 (10)

Thyroid cancer 2 (10)

Sarcoma 2 (10)

Refractory symptoms

Delirium 15 (75)

Pain 13 (65)

Dyspnea 6 (30)

Seizures 5(25)

Malignant obstruction 3 (15)

existential distress 2 (10)

Asphyxia 1 (5)

Massive bleeding 1 (5)

Number of refractory symptoms

One symptom 2 (10)

Asphyxia 1

Agitated delirium 1

Two symptoms 9 (45)

Delirium + pain 3

Delirium + seizures 2

Delirium + dyspnea 1

Pain + dyspnea 2

Pain + existential distress 1

Three symptoms 7 (35)

Pain + malignant obstruction + existential distress 1

Delirium + dyspnea + seizures 2

Delirium + pain + malignant obstruction 2

Delirium + pain 2

Delirium + pain + massive bleeding 1

Four symptoms 1 (5)

Delirium + pain + dyspnea + seizures 1
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of patients with low RSS of 4–6 still had BIS readings, sug-
gesting that they may be conscious. Our study supports that
BIS may be a promising tool to augment clinical assessment
for patients undergoing palliative sedation.

Consistent with the literature, PS was only provided to a
highly selected patient population with refractory symptoms.
Delirium and pain were the most common indications and can
be extremely distressing to patients, family caregivers, and

health care professionals. Currently, there are few effective
options for agitated delirium [33] and PS represents an impor-
tant treatment of last resort.

The goal of PS was to provide continuous deep sedation to
alleviate intense refractory suffering from terminal cancer.
Monitoring the palliative sedation and active titration of med-
ication is possibly the most important aspect to ensure patient
comfort and alleviate symptoms and suffering [1, 7, 34–39].

Fig. 2 Palliative sedation
monitoring scatterplot
representation of the 111
measures obtained from 20
patients during the PS. Notably,
BIS values above 60 were
registered even when the Ramsay
score indicated that the patient
was asleep
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a bFig. 1 Boxplot representation of
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RSS increases (b)
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Unfortunately, existing clinical observation tools such as RSS
are relatively crude and are not able to differentiate among
various levels of hypnotic depth [8, 40]. Since its publication,
the RSS has been a common method to assess levels of seda-
tions in different clinical settings, mostly because of its famil-
iarity to staff and simplicity [41, 42]. However, its clinical
limitations include the lack of a clear discrimination particu-
larly in deeper levels of sedation and the considerable
interrater variability [42, 43].

The level of sedation during anesthesia and in seriously ill
patients in ICUs has been extensively studied [39–45].
Awareness during surgery is a distressing complication that
patients report as perception of paralysis, accompanied by
feelings of helplessness, fear, and pain [46, 47]. In other states
with disturbance of consciousness such as delirium, Bruera
et al. [48] reported that most patients with advanced cancer
who recovered from their delirium were able to recall their
experience, causing moderate to severe distress in both pa-
tients and family caregivers. It is thus critical to ensure that
patients received adequate sedation.

To date, the use of BIS monitoring for PS has only been
reported in few studies. Barbato [19] and Gambarell [49]
found that BIS was acceptable for patients, family, and care-
givers and could be used to monitor sedation level and the
effect of medication. Barbato [20, 22] further suggested that
BIS monitoring may add value to assure a deep level of seda-
tion. However, these descriptive studies were not aimed at
validation of BIS monitoring in the palliative care setting.
Masman et al. [21] have recently published the results in con-
current validity, sensitivity to change, and feasibility of BIS
monitoring in 58 end-of-life patients. Consistent with our
findings, they found a moderate correlation between BIS
and Ramsay scores.

This report provides additional information to the works of
Masman and Barbato. To our knowledge, this is the first Latin
American study that evaluated BIS monitoring in PS in termi-
nal cancer patients; all the patients included in the study had
advanced disease, with one ormore refractory symptoms; they
all were receiving strong opioids for pain control. In addition,
propofol and midazolam IV infusion doses were titrated using
the targeted depth of sedation BIS value of 60 or less. Dosages
were increased if BIS values were above 60, regardless of the
RSS.

In this study, we used BIS to augment clinical observation
to adjust medications during PS, resulting in a greater propor-
tion of patients achieving sedation within the first 24 h.
Overall, we found moderate correlation between BIS and
RSS. Interestingly, we found a sizable proportion of patients
with RSS indicating adequate sedation but high BIS values,
suggesting that they had significant brain activity and may
potentially be awake. As suggested by Barbato [22] using
observational scales, our findings raise the question of wheth-
er RSS alone is adequate to support clinical decision making

surrounding PS and highlight the possibility that patients may
not be as sedated as they appeared to be [18, 50]. It was not
possible to know if these elevated BIS values were transient in
nature and whether these patients had any degree of awareness
at those moments, or as has been suggested by Coleman and
Gelinas, pain increased the BIS values [16, 51].

Our study shows that BIS was feasible in the palliative care
setting. It was easy to apply for continuous monitoring, and
family caregivers found its use to be acceptable. The place-
ment of sensor over the forehead was not distressing to care-
givers, and many reported the BIS reading to be informative
even as death approached (data not shown). Some limitations
about this study are a small sample size because only a minor-
ity of patients had refractory symptoms. This study was per-
formed in a single institution which may limit its generaliz-
ability. Finally, we only documented RSS and BIS for the first
24 h. Longer-term studies may be useful.

Conclusion

BIS is a noninvasive continuous monitoring method in real
time which can provide objective graphic measurement of the
level of consciousness among patients receiving palliative se-
dation. The use of this tool may augment clinical assessment
and help to identify patients who need further titration of med-
ications. Additionally, BIS may provide reassurance to the
family that their loved one was not suffering. Further studies
are needed to explore the use of BIS from the family care-
givers’ perspective and to further validate its utility in the
palliative care setting.
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