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Objective To describe the relationships among sedation, stability in physiological status, and comfort during a 24-hour
period in patients receiving mechanical ventilation.
Methods Data from 169 patients monitored continuously for
24 hours were recorded at least every 12 seconds, including
sedation levels, physiological status (heart rate, respiratory
rate, oxygen saturation by pulse oximetry), and comfort
(movement of arms and legs as measured by actigraphy).
Generalized linear mixed-effect models were used to estimate
the distribution of time spent at various heart and respiratory
rates and oxygen saturation and actigraphy intervals overall
and as a function of level of sedation and to compare the percentage of time in these intervals between the sedation states.
Results Patients were from various intensive care units: medical respiratory (52%), surgical trauma (35%), and cardiac surgery (13%). They spent 42% of the time in deep sedation, 38%
in mild/moderate sedation, and 20% awake/alert. Distributions
of physiological measures did not differ during levels of sedation (deep, mild/moderate, or awake/alert: heart rate, P = .44;
respirations, P = .32; oxygen saturation, P = .51). Actigraphy
findings differed with level of sedation (arm, P < .001; leg,
P = .01), with less movement associated with greater levels of
sedation, even though patients spent the vast majority of time
with no arm movement or leg movement.
Conclusions Level of sedation most likely does not affect the
stability of physiological status but does have an effect on
comfort. (American Journal of Critical Care. 2012;21(3):e53-e64)
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Sedation management is a multidisciplinary
process, but in most ICUs, nurses are primarily
responsible for making the decisions about administration and titration of sedatives.15-17 Nurses adjust
sedation according to a wide range of information,
including subjective assessments of patients’ amnesia and comfort needs, need to prevent self-injury
by patients, efficiency of care, and the nurses’ own
beliefs and interactions with patients’ families.15,18,19
Decisions to alter sedation on the basis of this nonsystematic information may result in either inadequate or excessive sedation.18,19 Therefore, the first
step in improving patients’ outcomes is to systematically describe physiological status and comfort outcomes for various levels of sedation.
Although sedation protocols reduce the duration of mechanical ventilation20-23 and ICU costs,22,24
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he need for sedative therapy in critical care adults receiving mechanical ventilation
is well established; 85% of intensive care unit (ICU) patients are given intravenous
sedatives to help attenuate the anxiety, pain, and agitation associated with mechanical ventilation.1-4 The overall goals of the sedation are to provide stability in physiological status and comfort.4-6 However, use of inappropriately high or low levels
of sedation in critically ill adults has marked risks. Inappropriately high levels of sedation,
which are associated with the use of continuous intravenous infusions of sedatives,7 may lead
to alterations in respiratory drive, inability to maintain and protect the airway, and unstable
cardiovascular status,8 as well as prolonged duration of mechanical ventilation and ventilatorassociated pneumonia.9-11 In addition, sedation increases the risk for depressive symptoms,
delirium, and delusional memories of the ICU stay.12,13 Conversely, inadequate levels of sedation may result in agitation, placing intubated patients at risk for self-extubation, unstable
hemodynamic status, and physical harm or injury.14

most protocols use a single measure of sedation,
either a sedation scale or processed electroencephalographic findings, to titrate sedative therapy.25 Levels
of sedation should differ according to an individual
patient’s needs and disease process, resulting in deep
levels of sedation for some patients and lighter levels
for others.4 However, the extent to which these various
levels of sedation actually achieve sedation outcomes
of a stable physiological status and comfort is
unknown. Therefore, the specific aim of this
prospective study was to describe the relationship
among sedation, stability of physiological status, and comfort during a
24-hour period in patients receiving
mechanical ventilation.

Methods

Levels of sedation
should differ
according to an
individual patient’s
needs and
disease process.

Setting and Sample
This prospective observational
study was conducted at the Virginia
Commonwealth University Health
System, Richmond, Virginia, in a
779-bed tertiary care medical center in 3 types of
ICUs: surgical trauma, cardiac surgery, and medical
respiratory.
The sample was drawn from all patients admitted to these ICUs who were intubated, receiving
mechanical ventilation, 18 years or older, and expected
to have at least 24 hours of mechanical ventilation.
Exclusion criteria were presence of a tracheostomy
(rather than endotracheal intubation), because the
discomfort associated with a tracheostomy tube may
be different than that associated with an endotracheal
tube26; administration of paralytic agents; chronic,
persistent neuromuscular disorders (eg, cerebral
palsy, Parkinson disease), because the disorders
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would affect patients’ movements and study measurements; and head trauma or stroke, which might
also affect patients’ movements. Patients were recruited
during a 2-year data collection period. The planned
sample size of 175 patients was determined by using
a power calculation based on testing for a significant partial correlation (R2 > 0.2) in a multivariate
analysis (at α = .05) with at least 80%
power. A total of 176 patients met
the inclusion criteria and were enrolled
in the study; of these, 169 had data
sufficient for analysis.

Key Variables and Their
Measurement
Sedation. The level of sedation
was quantified by using a continuous,
objective measure, the Patient State
Index (PSI), obtained by using a
SEDLine (Masimo Corp, Irvine,
California), which has quantitative features of electroencephalograms that display clear differences
between sedative states.27 The PSI has a range of 0
to 100; decreasing values indicate increasing sedation.
PSI values were downloaded from the device via a
thumb drive and then were stored in a notebook
computer. Significant differences have been documented between mean PSI values obtained during
different sedation states.27,28 Several investigators29-32
have compared the PSI with subjective sedation tools
and found significant relationships between the PSI
and the values obtained with the various tools.
Stability of Physiological Status. The stability of
physiological status was measured as cardiovascular
activity (heart rate) and oxygenation (respiratory
rate, hemoglobin saturation of oxygen as recorded
by pulse oximetry [SpO2]). Heart rate data were
acquired every second by using the Criticare Systems
Scholar II monitor (Criticare Systems
Inc, Waukesha, Wisconsin) and a
type I, 3-electrode electrocardiographic
sensor; the data were stored in the
computer via a serial port. Respiratory
rate was documented for every breath
and was acquired from the ventilator
via a NICO cardiopulmonary monitor device (Respironics, Parsippany,
New Jersey) and stored in the computer via a serial port. SpO2 data were acquired via
an oximetry sensor of the NICO device, which sends
the analog signal to a BIOPAC MP150 data acquisition system (BIOPAC Systems, Inc, Goleta, California)
with a 125-Hz sampling frequency. The data were
then imported to a text file that provided a mean

Actigraphy was
used as a surrogate measure
of agitation
and discomfort.
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Level of sedation
was quantified
by using a
continuous,
objective measure,
the Patient
State Index.

value of SpO2 for every second and were stored in
the computer.
Comfort. Because the study required continuous measures of sedation outcomes, the use of typical, intermittently measured comfort-discomfort
or pain scales was not ideal. In addition, a patient’s
movement can be a large influence when the adequacy of sedation is evaluated.2 Therefore, wrist
and ankle actigraphy were used to record a continuous level of activity as a surrogate measure of agitation and discomfort. The actigraphy unit contains
a single omnidirectional accelerometer that integrates occurrence, degree, and intensity of motion
to produce activity counts and is capable of sensing
any motion with minimal acceleration of 0.01g.
Actigraphy has been used to monitor activity levels
in participants for sleep, circadian rhythms, pain,
and drug response and is a reliable method of
assessing activity and agitation in critical care.33,34
In a prospective evaluation of 20 adult medical
ICU patients, actigraphy was sensitive to changes
in sedation and the findings significantly correlated
with scores on the Richmond Agitation Sedation
Scale (R = 0.58; P < .001), and the Comfort Scale
(R = 0.62; P < .05).33 In addition, actigraphy counts
correspond to a variety of behavior states (calmness, restlessness, agitation) common in critically
ill patients and are indicative of comfort.35 Wrist
and ankle actigraphy data were acquired through
Motionlogger actigraphy devices (Basic Octagonal
Motionlogger, Ambulatory Monitoring, Inc, Ardsley, New York) by using the PIM mode and an
epoch time of 1 second, which had been time synchronized with the computer and then downloaded via a USB port from the actigraphy cradle.
Demographics. Patients’ characteristics that may
affect sedation outcomes were documented, including age, ICU (reflecting type of critical illness and
population), duration of endotracheal intubation
(in hours), ICU length of stay (in hours), and type
and amount of sedatives and analgesics administered.
Patients with greater severity of illness may
require greater depths of sedation to facilitate mechanical ventilation and optimize oxygenation and a stable hemodynamic status.4 Therefore, severity of illness
at the time of enrollment in the study was measured
by using the Acute Physiology and Chronic Health
Evaluation (APACHE) III.36,37 The APACHE III total
score ranges from 0 to 299 and consists of the following subscores: vital signs/laboratory, pH/PCO2,
neurological, age, and chronic health. Scoring is
done by using the worst values for the first ICU day.
The APACHE scoring system has been validated38
and is widely used to stratify patients into well-defined

Table 1
Classification of physiological and comfort
measures and sedation into interval rangesa
Heart rate,
beats per minute
0-60

Respirations, breaths
per minute

Actigraphyb
0

Oxygen saturation,
%

0-10

Sedationc

≤87.5

0-10

61-80

1-5

11-15

87.6-90.0

11-20

81-100

>5

16-20

90.1-92.5

21-30

101-120

21-25

92.6-95.0

31-40

121-140

26-30

95.1-97.5

41-50

31-35

97.6-100

51-60

36-40

61-70
71-80
81-90
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91-100
a

Data ranges displayed reﬂect the data obtained during the study.
0, no movement; greater than zero up to 5, little movement; >5, meaningful amount of movement.
State Index, range 0 to 100.

b Actigraphy:
c Patient

groups38,39 and to ensure that research treatment and
control groups have equivalent severity of illness.40,41
Procedures
The study was approved by the appropriate
institutional review board, and informed consent
was obtained from each patient’s legally authorized
representative. Patients were enrolled during any
period of mechanical ventilation so long as they
met the inclusion criteria. Sedation outcomes were
evaluated during a continuous 24-hour period,
starting at any time and continuing until the same
time on the next day. Before monitoring and collection of physiological data, all devices and monitors
were time synchronized and time stamped with
respect to the computer’s real-time clock. During
the 24-hour measurement period, the acquired data
were stored and regularly inspected and reviewed
for quality, accuracy, and integrity to reduce variability in patients’ values.
By design, the measurement intervals varied for
the factors studied. Some factors varied only between
patients (eg, demographics and disease severity), and
other factors varied within a patient across time (eg,
level of sedation). Because raw data were collected
throughout the study period at different sampling
intervals depending on the data acquisition system,
that is, every second (for physiological and actigraphy data) and every 1.2 seconds (for PSI data), data
means were determined for 12-second intervals to
provide a common interval across intervals and to
smooth the data. The mean value for each variable
during every 12-second interval was used for data
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analysis. Predetermined interval ranges (Table 1) for
each response measure were used to classify the mean
measure during each 12-second interval (eg, heart
rate, 101-120/min). Finally, during each 12-second
interval, the PSI score was categorized as deep (≤60),
mild/moderate (61-80), or awake/alert (>80).29,42
Data Analysis
Patients’ characteristics were described by using
standard descriptive measures (means, standard
deviations, counts, and proportions). Generalized
linear mixed-effect models were used
to estimate the distribution of PSI,
heart rate, respirations, SpO2, and
arm and leg actigraphy findings.
More specifically, the percentage of
time a “typical” patient would
spend in each interval was estimated. The models were also used
to estimate the distribution of heart
rate, respirations, SpO2, and arm
and leg actigraphy findings during
different levels of sedation (deep, mild/moderate,
awake/alert). That is, the percentage of time a typical
patient would spend in each interval at each level of
sedation was estimated.

Sedation outcomes
were evaluated
during a continuous 24-hour period
for mechanically
ventilated patients.

Results
A total of 176 patients were enrolled in the
study. Of these, 7 were not included in the analysis
(4 were extubated before data collection, 2 had data
collection equipment failures, and 1 withdrew from
the study), resulting in 169 patients in the sample.
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Table 2
Sample demographics
Mean

SD

Range

Age, y

54.0

13.7

19-83

APACHE III score

74.3

27.4

22-181

Median

IQR

Range

7.5

4.1-12.8

1.1-95.2

13.4

8.8-21.3

2.7-77.7

2.8

1.4-5.9

0.01-33.1

Days of mechanical ventilation since end 2.8
of study

0.7-5.9

0-92.8

Days of intubation
Days in intensive care unit
Days of intubation at study enrollment

Duration of study, h

24.0

23.8-24.0

2.8-25.7
%a

103
66

61.0
39.1

78
83
2
2
4

46.2
49.1
1.2
1.2
2.4

3
166

1.8
98.2

88
59
22

52.1
34.9
13.0

76
62
6
19
5
1

45.0
36.7
3.6
11.2
3.0
0.6

Sex
Male
Female
Race
White
Black/African American
Asian
Other
Unknown/not reported
Ethnicity
Hispanic
Non-Hispanic
Intensive care unit
Medical respiratory
Surgical trauma
Cardiac surgery
Reason for intubation
Respiratory distress
Airway control
Respiratory arrest
Hypoxemic respiratory failure
Ventilatory failure
Both hypoxemic respiratory and
ventilatory failure

Abbreviations: APACHE, Acute Physiology and Chronic Health Evaluation;
IQR, interquartile range.
aBecause of rounding, not all percentages total 100.

As shown in Table 2, patients had a mean age of 54
years and were primarily men, non-Hispanic, and
white or African American. More than half were
from the medical respiratory ICU. Mean APACHE
III scores, duration of intubation, and length of ICU
stay are also shown in Table 2. Patients were enrolled
in the study for mean of 22.2 hours (because of
extubations before the 24-hour goal). Data related
to the type and amount of sedatives and analgesics
administered are presented in Table 3.
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No. of patients (n = 169)

Sedation Outcomes
A total of 42% (n = 71) of the patients spent the
majority of their time in deep sedation, 38%
(n = 64) in mild/moderate sedation, and 20% (n = 34)
awake/alert as defined by the PSI. Relationships
between the percentage of time spent in each sedation state and the duration of mechanical ventilation
before the study began were significant. Specifically,
as duration of mechanical ventilation before the
study increased, patients tended to spend a significantly lower percentage of time in deep sedation
(Spearman ρ = -0.20; P = .02), significantly more time
in mild/moderate sedation (Spearman ρ = 0.26; P =
.04), and more time awake/alert (Spearman ρ = 0.15;
P = .06). The percentage of time spent in the 3 sedation states was not significantly associated with
APACHE III scores, with the exception of the relationship between increased APACHE III scores and
decreased percentage of time in deep sedation that
approached significance (Spearman ρ = 0.24; P = .09).
The estimated distribution (time spent in each
interval) for the physiological and comfort measures
and sedation are plotted in Figure 1. The distributions
for the physiological variables (heart rate, respirations,
SpO2) are as expected for this population and are well
distributed across intervals. However, actigraphy
findings, the comfort measure, have a skewed distribution, indicating little movement by patients across
all levels of sedation. The distributions of the physiological and comfort measures adjusted for level of
sedation are plotted in Figure 2. No evidence indicated
that the distributions of the physiological measures
differed during the 3 levels of sedation (heart rate,
P = .44; respirations, P = .32); SpO2, P = .51). However,
comfort as measured by actigraphy differed significantly with level of sedation as expected (arm actigraphy, P < .001 and leg actigraphy, P = .01). Specifically
for arm movement, the percentage of time spent with
no movement (arm actigraphy = 0) was significantly
greater during deep sedation (95.05%) than during
mild/moderate (91.43%) or awake/alert (90.81%)
sedation levels, and the percentage of time with little
arm movement (actigraphy score 1-5) was significantly
greater during mild/moderate (7.31%) or awake/alert
(7.82%) sedation levels than during deep (4.17%)
sedation levels. For leg movement, the percentage of
time with no leg movement (leg actigraphy score = 0)
was significantly greater during deep (95.08%) or
mild/moderate (94.31%) levels of sedation than during awake/alert (90.34%) levels, and the percentage of
time with a meaningful amount of leg movement (leg
actigraphy score >5) was significantly greater during
awake /alert (2.37%) levels of sedation than during
deep (0.56%) sedation.

Table 3
Type and total dose of sedatives and analgesics
administered in a 24-hour period
Before study enrollment
Drug

During study enrollment

No. of patients

Median

IQR

117
32
3

1200
13
6

742.5-1910.4
4-47.5
4-36

91
33
29
7

42
3303
6
5

16-84
1515-4549.1
2-38.8
4-10

Analgesic
Fentanyl, μg
Morphine, mg
Hydromorphone, mg
Sedative
Midazolam, mg
Propofol, μg
Lorazepam, mg
Haloperidol, mg

No. of patients

Median

IQR

119
25
2

1250
23
41.25

720.0-2100
5.5-66.5
35-47.5

82
30
23
4

52
2690.5
9
7.5

24.3-93
1369-3528.5
2-43
4.3-23.1

Abbreviation: IQR, interquartile range.
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sedation than during mild/moderate sedation, and
18% greater during mild/moderate sedation than
during an awake/alert state. Further, the odds of a
normal SpO2 were 67% greater during deep sedation than during an alert/awake state, and the odds
of normal respiratory rate were 36% greater during
deep sedation than during mild/moderate sedation.

Discussion
In this prospective study, we determined the
relationship among sedation, stable physiological
status, and comfort during a 24-hour period in
patients receiving mechanical ventilation. Because
patients were enrolled at any time during the intubation period, those selected had a median of 2.8
days of intubation before enrollment. Those with a
short duration of mechanical ventilation may have been underrepresented. During enrollment, we were
also attempting to identify patients
who would receive mechanical ventilation for the full 24-hour study
period, so patients who were close
to their expected extubation time
most likely were not selected as often
as other patients were. Consequently,
the sample consisted of patients with a longer duration of mechanical ventilation and ICU length of
stay than is usual at the medical center. These differences may limit generalizability of the findings to
patients with a more long-term ICU stay; the results
may have greater applicability to patients who have
greater needs for sedative therapy and long-term
mechanical ventilation.

Forty-two percent
of the sample
spent most
of their time
deeply sedated.

Level of Sedation
Optimal sedation is the goal for all patients
because use of inappropriately high or low levels of
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To guide sedation intervention strategies to
achieve a stable physiological status, nurses may use
normal ranges for physiological variables (ie, heart
rate 60-100/min, respirations 12-20/min, arterial
oxygen saturation 95%).2 For patients’ movement,
the goal is to achieve a calm behavior state (neither
too much nor too little spontaneous movement).4
On the basis of previous research,35 mean actigraphy
levels during a calm state varied for arm (from 5.87
to 7.85) and leg (from 3.03 to 4.11) actigraphy. Thus,
further post hoc analyses with generalized linear
mixed-effect models were done to estimate and compare the percentage of time a typical patient would
spend in these normal physiological ranges and in
a calm state as a function of deep, mild/moderate,
and awake/alert levels of sedation.
The estimated percentage of time with normal
physiological measures during each PSI state is
shown in Figure 3. Heart rate was in the normal
range 64% to 77% of the time during the PSI states
but was most likely to be normal during deep sedation. SpO2 was normal 87% to 92% of the time
during the PSI states. Respirations were only normal
50% to 58% of the time during the 3 states but were
most likely to be normal during deep sedation. However, patients were in a calm state less than 0.2% of
the time regardless of sedation level.
The percentage of time with a normal physiological or comfort response was compared for the 3 PSI
states. The odds ratios for a normal response (vs a
nonnormal response) for each sedation state for each
response measure are summarized in Table 4. Confidence intervals that do not include the number 1
are significant at P = .05. In summary, all response
measures were statistically different between the 3
PSI states. For example, the odds of a normal heart
rate were 90% greater during deep sedation than during an awake/alert state, 62% greater during deep

100
Arm
Leg

Mean percentage of time
(with 95% CI)

Mean percentage of time
(with 95% CI)

50
40
30
20
10

80
60
40
20

0

0
≤60
61-80
81-100 101-120 121-140
Heart rate interval, beats per minute

0

>5

60

30

20

10

50
40
30
20
10

0

0
0-10 11-15 16-20 21-25 26-30 31-35 36-40
Respiration rate interval, breaths per minute

≤87.5

87.6-90.0 90.1-92.5 92.6-95

95.1-97.5 97.6-100.0

Oxygen saturation (by pulse oximetry) interval, %

Mean percentage of time
(with 95% CI)

60
50
40
30
20
10
0
0-10 11-20 21-30 31-40 41-50 51-60 61-70 71-80 81-90 91-100

Patient State Index interval

Figure 1 Estimated distribution of time spent in various intervals.

sedation in critically ill adults is associated with
marked risks and oversedation is a key factor in
delayed recovery.8,11,14,43 Guidelines4 of the Society
of Critical Care Medicine identify easy arousability and a calm state as the desired level of sedation for most patients receiving mechanical
ventilation. However, recent reports2,44 have indicated, similar to our results, that approximately
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one-third to one-half of patients receiving mechanical ventilation are deeply sedated. Using a variety
of sedation scales, Payen et al44 found that 40% to
50% of assessed patients were in a deep state of
sedation, and Weinert and Calvin2 found that sedated
patients receiving mechanical ventilation were
unarousable, minimally arousable, or nonarousable
32% of the time.
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Mean percentage of time
(with 95% CI)

40
Mean percentage of time
(with 95% CI)

1-5
Actigraphy interval

Deep
Mild/moderate
Awake/alert

40

Mean percentage of time
(with 95% CI)

Mean percentage of time
(with 95% CI)

50

30
20
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Deep
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Awake/alert
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0

0
≤60
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0

1-5
>5
Actigraphy arm interval

30

20

10

Mean percentage of time
(with 95% CI)

Deep
Mild/moderate
Awake/alert

Deep
Mild/moderate
Awake/alert

100
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Mean percentage of time
(with 95% CI)

40

80
60
40
20
0

0
0-10 11-15 16-20 21-25 26-30 31-35 36-40
Respiration rate interval, breaths per minute

0

1-5
>5
Actigraphy leg interval

Mean percentage of time
(with 95% CI)

60
50

Deep
Mild/moderate
Awake/alert

40
30
20
10
0
≤87.5

87.6-90.0 90.1-92.5 92.6-95

95.1-97.5 97.6-100.0

Oxygen saturation (by pulse oximetry) interval, %

Figure 2 Estimated distribution of time spent in intervals adjusted for level of sedation.

Goals for level of sedation are often identified,
but sedation orders are generally written with broad
parameters to allow for nurses’ discretion.15 In closely
monitored clinical trials, patients were at the target
level of sedation, on average, only 69% of the time.45
In a recent US survey of nursing sedation practices,
Guttormson et al15 found that one-third of the
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variance in the number of patients who received
sedatives was accounted for by nurses’ attitudes.
Nurses who thought that mechanical ventilation
was uncomfortable and stressful and reported that
they would prefer sedation if they were treated with
mechanical ventilation were more likely than other
nurses to report an intention to sedate patients
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Percentage of time with a normal
response (with 95% CI)

100

80

60

40

20

0
Deep

Mild/moderate

Awake/alert

Sedation level (Patient State Index)

Figure 3 Percentage of time within normal ranges for physiological variables by level of sedation.

receiving mechanical ventilation. Nurses’ assessment
may also affect sedation level. Weinert and Calvin2
found that although patients were minimally arousable or nonarousable in 32% and motionless in
21% of the sedation assessments, nurses reported
that patients were oversedated in less than 3% of
cases. In addition, arousal levels and the probability
of being judged as oversedated were not related.
Stability of Physiological Status
A primary reason to use sedatives in patients
receiving mechanical ventilation is to reduce the
physiological stress of respiratory failure and improve
the tolerance of invasive life support.2,46,47 Optimally,
the goal of a stable physiological status should be
achieved regardless of the level of sedation.

Comfort
Although patients’ comfort is a goal of sedative
therapy, measures of comfort in critically ill patients
are not standardized. Actigraphy, which we used,
provides a measure of limb movement, a surrogate
marker of comfort. Patients’ movement is often
used in evaluating the adequacy of sedation, and
Weinert and Calvin2 found that the kinesiological
state of a patient (too much spontaneous activity
or too little) had the greatest influence in judgments of the adequacy of sedation. Because the
goal is a patient who is easily arousable and calm,4
some spontaneous movement should be expected.
However, our data indicate infrequent movement
by patients at all levels of sedation. Similarly, in an

Table 4
Odds ratios (ORs) for comparisons of normal physiological and comfort responses across levels of sedation
Deep vs mild

Mild vs alert

Deep vs alert

Response

OR

95% CI

OR

95% CI

OR

95% CI

Heart rate

1.619

1.586-1.653

1.175

1.145-1.203

1.902

1.851-1.954

Oxygen saturation

1.508

1.475-1.543

1.110

1.081-1.140

1.674

1.625-1.725

Respiratory rate

1.362

1.338-1.386

0.870

0.851-0.889

1.185

1.157-1.213

Actigraphy
Arm
Leg

0.597
0.459

0.537-0.664
0.402-0.524

0.792
0.858

0.707-0.887
0.769-0.957

0.473
0.394

0.413-0.541
0.341-0.454
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Heart rate
Oxygen saturation
Respiratory rate

Although sedation scales do not generally include
evaluation of physiological variables, nurses may
include these parameters when determining a
patient’s need for sedation and may use traditional
normal values as guidelines. In their study of sedation adequacy and characteristics associated with
caregivers’ judgment of inadequate sedation, Weinert and Calvin2 found that 70% of nurses agreed
that patients are undersedated if the patients are
tachypneic and almost half (44%) agreed that patients
are undersedated if the patients have elevated heart
rate or blood pressure. We found that although a
stable physiological status was not achieved at
every level of sedation, a stable status did occur
more often in deeper levels of sedation. Although
this relationship may occur for physiological or
pharmacological reasons, using a goal of stable
physiological status, especially normal range for
heart rate and respiratory rate, nurses may administer more sedative medication until heart rate and
respiratory rate are at or near normal levels, potentially resulting in oversedation.

Summary
In summary, our data suggest that patients may
be sedated more deeply than recommended and
that neither a stable physiological status nor comfort
(calm state) is uniformly achieved at any sedation
level. Tension may exist between nurses’ goals for
short-term bedside care of critically ill patients (ie,
maintaining deeper levels of sedation on the basis
of the nurses’ own attitudes or preferring to care for
patients who are not moving) and the long-term
detrimental effects of deep sedation. Complete lack
of movement should not be accepted as the goal
for sedation. However, improvements in sedation
management will require specific communication
among all care providers and use of clearly identified, measurable definitions of optimal sedation.
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CE Test Test ID A1221033: Sedation in Adults Receiving Mechanical Ventilation: Physiological and Comfort Outcomes.
Learning objectives: 1. Identify outcomes for sedation in adults requiring mechanical ventilation. 2. Examine physiological benefits of sedation in adults requiring
mechanical ventilation. 3. Analyze comfort measures of sedation in adults requiring mechanical ventilation.
1. What percentage of adults requiring mechanical ventilation receives
sedative therapy?
a. 67%
c. 94%
b. 85%
d. 56%

7. How was physiological status measured in this study?
a. Heart rate, temperature, O2 saturation
b. Blood pressure, temperature, respiratory rate
c. Heart rate, respiratory rate, and O2 saturation
d. Blood pressure, heart rate, respiratory rate

2. Which of the following statements best describes the effects of inappropriately high levels of sedation usually associated with continuous infusions of
sedatives?
a. Shortened duration of mechanical ventilation, inability to wean patient, ventilatorassociated pneumonia
b. Agitation, increased risk of self-extubation
c. Alterations in respiratory drive, inability to protect airway, unstable cardiovascular
status
d. Decreased intensive care unit (ICU) length of stay, increased delirium, agitation

4. What was the specif ic aim of this study?
a. To describe the effect of high versus low levels of sedation on comfort outcomes
during a 24-hour period in patients receiving mechanical ventilation
b. To describe the relationship among sedation, stability of physiological status, and
comfort during a 24-hour period in patients receiving mechanical ventilation.
c. To describe the relationship among continuous and intermittent sedation, stability
of physiological status, and comfort during a 24-hour period in patients receiving
mechanical ventilation
d. To describe the relationship among sedation, stability of physiological status, and
comfort during a 48-hour period in patients receiving mechanical ventilation
5. Which of the following statements best describes how the sample for this
study was determined?
a. Selected patients admitted to any ICU receiving mechanical ventilation, 18 years or
older, and expected to have at least 48-72 hours of mechanical ventilation
b. All patients admitted to any ICU receiving mechanical ventilation, 18 years or
older, and expected to have at least 48-72 hours of mechanical ventilation
c. Selected patients admitted to any ICU receiving mechanical ventilation, 18 years
old, and expected to have at least 24 hours of mechanical ventilation
d. All patients admitted to any ICU receiving mechanical ventilation, 18 years or
older, and expected to have at least 24 hours of mechanical ventilation
6. How many patients in this study met inclusion criteria and how many had
data suff icient to analyze?
a. 176 and 169
c. 156 and 154
b. 219 and 187
d. 188 and 159

9. Which of the following best describes the overall characteristics of the
study group?
a. Mean age of 61, 50% mean, 25% from medical ICU
b. Mean age 54, primarily women, more than half from medical ICU
c. Mean age 47, primarily men, more than half from trauma ICU
d. Mean age 54, primarily men and more than half from medical ICU
10. In the study, which of the following percentages of time was spent in deep
sedation, mild/moderate sedation, and mild sedation?
a. 42%, 38%, 20%
b. 20%, 38 %, 42%
c. 54%, 27%, 19%
d. 19%, 27%, 54%
11. Which of the following statements is true related to the differences of the
physiological variables (heart rate, respiratory rate, and O2 saturation) and
comfort variable (actigraphy) across the 3 different sedation levels?
a. There was no difference in the physiological and comfort measures across the 3
different sedation levels.
b. There were significant differences in the physiological and comfort measures across
the 3 different sedation levels.
c. There was no difference in the physiological measures, but significant differences in
comfort measures across the 3 different sedation levels.
d. There were significant differences in the physiological measures, but no differences
in comfort measures across the 3 different sedation levels.
12. Which of the following was a consequence related to how the patients
receiving mechanical ventilation were chosen for this study?
a. Some patients were extubated prior to the 24-hour time frame
b. Most patients were intubated for longer than 3 days
c. Patients close to their expected extubation were most likely not selected
d. The median intubation period was 3.2 days
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3. Which of the following best describes why nurses adjust sedation levels?
a. Subjective assessment of patient’s comfort
b. Following unit protocols
c. Based on patient’s pain score
d. Following positive delirium assessment

8. Which of the following best describes patient characteristics that may affect
sedation outcomes?
a. Type of ICU, ethnicity, age
b. Type of ICU, age, type and amount of sedative and analgesic
c. Age, hospital length of stay, type of pain medication
d. Age, endotracheal intubation duration, history of dementia

