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Abstract Objective: The aim of the
study was to explore trends and
changes in sedation practices for
mechanically ventilated patients in
Danish intensive care units (ICUs)
and to compare sedation practices in
1997 and 2003. Design: The study
was a follow-up survey with a de-
scriptive and comparative cross-sec-
tional multicenter design. Setting:
Questionnaires were mailed in Jan-
uary 2003 to all Danish ICUs
providing mechanical ventilation
(n=48). Participants: One head phy-
sician at each ICU in Denmark.
Interventions, measurements, and
results: Thirty-nine questionnaires
were returned, yielding a response
rate of 81%, representing 82% of
Danish ICU beds. The main findings
were a significant increase in the use
of sedation scoring systems and a
significant reduction of sedation and
analgesia in relation to various

modalities of mechanical ventilation
and disease groups. Other important
findings were a significant reduction
in the use of benzodiazepines and
opioids and a significant increase in
the use of propofol in relation to all
ventilator modes. The administration
routes of sedative agents remained
unchanged. Conclusions: Sedatives
and analgesics are still widely used in
Danish ICUs. The trend is toward
lighter sedation along with a shift
from benzodiazepines toward propo-
fol and from morphine toward fenta-
nyl given by continuous infusion.
More attention needs to be directed
toward sedation standards and scor-
ing systems in order to reduce the risk
associated with sedation in mechani-
cally ventilated patients.
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Introduction

Sedation and analgesia are commonly used for mechani-
cally ventilated patients in the intensive care unit (ICU) in
order to provide relief from anxiety and pain. Inadequate
as well as excessive sedation may be harmful to the pa-
tient. Although suboptimal sedation may potentially in-
crease morbidity, mortality, and cost, the quest for more
efficient sedation regimens has not always been consid-
ered a clinical priority. Sedation and analgesia are im-
portant from both physical and psychological points of
view. Newer drugs, newer ventilation and sedation stra-
tegies, and newer sedation scoring systems are continu-

ally being developed, making it possible to adjust seda-
tion more accurately [1–4]. What constitutes the ideal
level of sedation is still controversial, but studies are
recommending a shift from deep to lighter sedation, in-
cluding adjustments during special therapy and diagnostic
procedures and in relation to circadian rhythms [5]. Na-
tional surveys and systematic reviews have assessed the
use of sedatives and analgesics and have provided rec-
ommendations for optimizing sedation of the intubated
patient [6–11]. A national survey of sedation practices in
Denmark was conducted in 1997 [12]. The aim of the
present study was to explore trends and changes in se-
dation practices for mechanically ventilated patients in
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Danish ICUs and to compare sedation practices in 1997
and 2003.

Materials and methods

The study had a descriptive and comparative cross-sectional mul-
ticenter design and was a follow-up study to a survey conducted in
1997 [12]. A list of Danish hospitals with at least one consultant
anesthesiologist was compiled from the 2002 edition of the Di-
rectory of Danish Hospitals. Questionnaires were mailed in January
2003 to the head physician and the head nurse at each ICU, as-
suming that these persons would provide representative responses
regarding sedation practices at that unit. Reminders were mailed
after 4 weeks. This article compares physicians’ responses in 1997
(n=49) and 2003 (n=39), while a separate article addresses varia-
tions in physicians’ and nurses’ responses in 2003 [13]. The total
number of Danish ICUs has been reduced from 53 in 1997 to 48 in
2003 because of hospital mergers during the past 6 years.

The instrument

The questionnaire was a modified version of the instrument used by
Christensen and Thunedborg in 1997 [12], which was inspired by
Hansen-Flaschen et al. [14]. Because the questionnaire had been
tested previously and this was a follow-up study, the present in-
strument was not retested. The present instrument did not include
questions on neuromuscular blocking agents (NMBAs) because
their use has been reduced in Denmark due to more sophisticated
modalities of mechanical ventilation and the trend toward lighter
sedation. Concurrently a recent European study of sedative and
analgesic practice chose not to include the use of NMBAs [7]. It
should be added at this point that “sedation” is a broad term often
used to encompass sedative as well as analgesic treatment in the
ICU. Unless specifically stated in this article, “sedation” will be
used in its broadest meaning.

The survey included the following parts:

Part 1. Demographic data

Appointment level, years of ICU experience, type of hospital and
unit, number of beds, and types of clinical specialties.

Part 2. Formal sedation practice and collaboration

Implementation of written protocols for sedation and sedation
withdrawal, subjective scoring system (such as the Ramsay Seda-
tion Scale), objective scoring system (such as the Bispectral Index),
frequency of assessment, routine daily interruption of sedation, and
management of circadian rhythm.

Part 3. Indication for sedation

Choice of sedation related to type and degree of organ failure and
expected duration of treatment.

Part 4. Frequency of sedation and analgesia related to
modalities of mechanical ventilation

Use of sedatives and analgesics related to pressure-regulated ven-
tilation (pressure control), volume-regulated ventilation (volume
control), and patient-regulated ventilation (pressure support or
continuous positive airway pressure).

Part 5. Frequency of sedation and analgesia related
to disease

Use of sedatives and analgesics related to acute respiratory distress
syndrome (ARDS), chronic obstructive pulmonary disease
(COPD), heart failure, and head trauma.

Part 6. Frequency of medications related to modalities
of mechanical ventilation

Frequency of use of different groups of sedatives and analgesics
related to pressure-regulated ventilation, volume-regulated venti-
lation, and patient-regulated ventilation.

Part 7. Routes of administration of medications

Use of midazolam, diazepam, propofol, morphine, ketamine, fen-
tanyl, alfentanil, and sufentanil related to continuous and inter-
mittent administration.

Part 8. Frequency of side effects related to sedation

Use of sedatives and analgesics related to delayed awakening,
paradoxical agitation, respiratory depression, and gastrointestinal
disturbances.

The study protocol and instruments were reviewed and ap-
proved by the ICU department head at the anesthesia department at
the Copenhagen University Hospital in Glostrup. Consent to par-
ticipate was implied by the return of the completed questionnaires.

Statistics

The responses to the questionnaire’s parts 2, 3, and 7 were given as
“yes” or “no.” The responses to parts 4, 5, 6, and 8 were given on a
4-point scale with scores ranging from 1 to 4, where 1= never,
2= occasionally (<20% of patients), 3= frequently (20–70% of
patients), and 4= routinely (>70% of patients) [12–14]. The data
were entered into an Excel spreadsheet and analyzed using the
Statistical Package for the Social Sciences (SPSS) version 13.0. All
data were triple-checked by the authors. The statistical significance
was calculated using the chi-square test, and the cut-off level was
p<0.05.

Results

Thirty-nine out of 48 questionnaires were answered and
returned, yielding a response rate of 81%, with a rate of
84% at university hospitals and 79% at county and local
hospitals. The nonresponders were distributed evenly
across the country, representing units of varying sizes.
The answers represented 281 (82%) of 344 ICU beds; the
mean number of beds was 7.2 (range 2–16). Among the
respondents, 80% of the physicians had more than 5 years
of ICU experience. Eighty-seven percent were head
physicians (managers and specialists), and 10% were
ward physicians (specialists); one did not disclose his or
her appointment level. Among the participating ICUs,
35 (90%) were general medical-surgical units, two were
thoracic-surgical units, and two were neurosurgical units.
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Table 1 shows that there was no significant variation in
the use of sedation protocols, use of weaning protocols, or
management of circadian rhythm in 1997 and 2003. The
use of subjective scoring systems for sedation assessment,
however, increased significantly during that period. The
preferred scoring system was the Ramsay Sedation Scale
[15]. Other scoring systems included Cook and Palma
(COOK) [16], the Motor Activity Assessment Scale
(MAAS) [17], and the Sedation-Agitation Scale (SAS)
[18]. The respondents did not answer how frequently the
patients’ sedation level was assessed. Objective scoring
systems for evaluation of sedation were reported at only
two of the 39 ICUs, while 12 (31%) respondents stated
that daily interruption of sedation, a “wake-up call,” was
practiced routinely. Symptoms of withdrawal were treated
with phenobarbital in 24 (62%) of the departments and
with clonidine in 11 (28%).

Table 2 shows a trend toward lighter sedation in 2003
that was related to pressure-regulated and volume-regu-
lated ventilation, as the proportion of patients who were
sedated routinely decreased significantly. It remains that
some patients were sedated during patient-regulated
ventilation. According to the physicians in 2003, the
choice of medications was influenced by the type and
degree of organ failure as well as the expected duration of
treatment.

Table 3 shows the frequency of use of sedation and
analgesia in relation to different diagnostic indications for
ventilatory treatment. The sedation strategy was un-
changed for patients with ARDS, whereas patients with
COPD, heart failure, and head trauma were sedated sig-
nificantly less frequently in 2003.

In Table 4 the frequency of the use of different groups
of sedatives and analgesics is presented in relation to
different modalities of mechanical ventilation. The table
shows a significant reduction in the use of benzodi-
azepines and opioids and a significant increase in the use
of propofol in all ventilator modes in 2003.

Table 5 shows the administration routes of sedatives
and analgesics. The data demonstrate that the adminis-
tration of sedative medications was unchanged from 1997
to 2003. Regarding the choice of agent, the data suggest a
reduction in the use of midazolam, diazepam, and mor-
phine as continuous infusions and an increase in the use of
propofol and fentanyl.

Finally, Table 6 shows the estimated frequency of side
effects related to the use of sedatives and analgesics. The

frequency of delayed emergence related to sedatives and
analgesics was unchanged in 2003. Paradoxical agitation
and respiratory depression related to sedatives were sig-
nificantly reduced in 2003, whereas respiratory depres-
sion and gastrointestinal disorders related to analgesics
were unchanged in 2003.

Discussion

The present study was conducted to explore the trends and
changes in sedation practices for mechanically ventilated
patients in Danish ICUs in 1997 and 2003. In accordance
with international recommendations, a trend toward
lighter sedation was seen. The main findings were a sig-
nificant increase in the use of sedation scoring systems
and a significant reduction of sedation and analgesia in
relation to various disease groups and modalities of me-
chanical ventilation. Other important findings were a
significant reduction in the use of benzodiazepines and
opioids, as well as an increase in the use of propofol in

Table 1 Sedation routines in
1997 and 2003 (questionnaire
part 2). Chi-square test used to
calculate p-value [No. total
number of intensive care units
that answered this question
(percentages are calculated
from this number), n number of
positive answers]

1997 (No.=49) 2003 (No.=39)

n (%) n (%)
Sedation protocols in use 16 (33) 9 (23) p=0.322
Protocols for weaning of sedation 3 (6) 4 (10) p=0.476
Subjective scoring systems in use 8 (16) 17 (44) p=0.005
Management of circadian rhythm 38 (78) 27 (69) p=0.378

Table 2 Frequency of sedation and analgesia related to different
modalities of mechanical ventilation (questionnaire part 4). Chi-
square test used to calculate p-value [n number of answers (per-
centages calculated from this number), PC pressure-regulated
ventilation, VC volume-regulated ventilation, Pt. patient-regulated
ventilation]

Mode Patient frequency Sedation Analgesia

1997 2003 1997 2003

n=47 n=38 n=46 n=37

PC Never 0% 0% 0% 0%
<20% 4% 16% 9% 24%
20–70% 34% 55% 34% 51%

>70% 62% 29% 57% 24%
p=0.007 p=0.008
n=48 n=35 n=48 n=34

VC Never 0% 0% 0% 0%
<20% 2% 11% 9% 24%
20–70% 38% 57% 35% 53%

>70% 60% 31% 56% 24%
p=0.017 p=0.008
n=46 n=38 n=47 n=36

Pt. Never 4% 8% 2% 11%
<20% 59% 66% 47% 56%
20–70% 35% 21% 40% 28%

>70% 2% 5% 11% 6%
p=0.204 p=0.488
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relation to all ventilator modes. There was a significant
shift from benzodiazepines to propofol as the preferred
sedative, and no change regarding the administration
routes of medications.

The number of ICUs using subjective sedation scoring
systems increased significantly, and many departments
reported using the Ramsay Sedation Scale [15]. Although
the Ramsay Sedation Scale is the most frequently used
instrument in Denmark, it still needs more rigorous vali-

dation [19, 20]. The most common sedation scale in other
European countries is the Motor Activity Assessment
Scale (MAAS) [7], which has been subject to validation
but may appear to be more complex [17].

It may have been more difficult to implement sedation
protocols than sedation scoring systems in Danish ICUs
because the protocols were developed locally, whereas
the scoring systems are international. The actual benefit
of using a sedation scoring system is unclear in this study,

Table 3 Frequency of sedation
and analgesia related to
disease (questionnaire part 5).
Chi-square test used to calculate
p-value [n number of answers
(percentages calculated from
this number), ARDS acute
respiratory distress syndrome,
COPD chronic obstructive
pulmonary disease]

Disease Patient frequency Sedation Analgesia

1997 2003 1997 2003

n=44 n=38 n=44 n=37

ARDS Never 0% 0% 0% 0%
<20% 5% 5% 5% 22%
20–70% 16% 21% 27% 16%

>70% 79% 74% 68% 62%
p=0.816 p=0.051
n=46 n=39 n=46 n=33

COPD Never 2% 3% 0% 12%
<20% 11% 54% 26% 58%
20–70% 59% 31% 46% 18%

>70% 28% 13% 28% 12%
p=0.000 p=0.001
n=46 n=39 n=46 n=35

Heart failure Never 2% 3% 0% 6%
<20% 15% 51% 11% 54%
20–70% 46% 38% 48% 20%

>70% 37% 8% 41% 20%
p=0.000 p=0.000
n=35 n=31 n=35 n=31

Head trauma Never 0% 6% 0% 3%
<20% 6% 19% 6% 26%
20–70% 23% 35% 17% 32%

>70% 71% 39% 77% 39%
p=0.032 p=0.011

Table 4 Frequency of medica-
tions related to modalities of
mechanical ventilation (Ques-
tionnaire part6). Chi-square
test used to calculate p-value
[n number of answers (percent-
ages calculated from this
number), PC pressure-regulated
ventilation, VC volume-regu-
lated ventilation, Pt. patient-
regulated ventilation]

Mode Patient frequency Benzodiazepines Propofol Opioids

1997 2003 1997 2003 1997 2003

n=45 n=37 n=45 n=39 n=45 n=37

PC Never 0% 0% 24% 3% 0% 0%
<20% 7% 54% 47% 21% 0% 22%
20–70% 44% 41% 22% 54% 49% 59%

>70% 49% 5% 7% 23% 51% 19%
p=0.000 p=0.000 p=0.000
n=48 n=34 n=48 n=36 n=48 n=34

VC Never 0% 6% 21% 6% 0% 0%
<20% 6% 41% 44% 19% 0% 18%
20–70% 46% 47% 29% 56% 52% 62%

>70% 48% 6% 6% 19% 48% 21%
p=0.000 p=0.004 p=0.002
n=49 n=34 n=49 n=39 n=49 n=37

Pt. Never 26% 26% 43% 8% 0% 11%
<20% 57% 50% 35% 54% 49% 57%
20–70% 29% 21% 16% 26% 37% 32%

>70% 10% 3% 6% 13% 14% 0%
p=0.040 p=0.003 p=0.012



64

as the participating physicians were unable to provide
information regarding the frequency of assessment of
sedation level. The reason may be that nurses decide the
timing of the assessment [13], but the lack of systematic
assessment may prevent optimal titration of medications
in relation to patient response and expected outcome.

The present study shows a significant reduction in the
use of sedatives as well as analgesics in patients with
COPD, heart failure, and head trauma. The reduction of
analgesics runs counter to the treatment policy of anal-
gosedation, in which analgesia is the first step in the se-
dation protocol and sedative drugs are considered only
after pain has been excluded [21]. Because patients were
treated significantly less frequently for pain, it may be
inferred that the use of analgesia was either excessive in
1997 or insufficient in 2003. There is a need for more
accurate assessment and treatment of pain in ventilated
patients.

Newer studies stress that the choice of medication may
be less important than the route of administration [4, 9,
22]. The present study shows no significant changes in
preferred routes of medication administration over the
past 6 years. Some argue that continuous infusions are
preferable because peaks and troughs are avoided,
whereas others state that intermittent boluses are easier to
control and prevent medications from getting out of hand.
The controversy that still exists on this subject may ex-
plain adherence to earlier practice. More research is
needed to determine the optimal route of administration
for sedative agents.

Variations exist regarding the use of sedatives and
analgesics across national boundaries despite the ongoing
development of standards and guidelines [8, 23–25]. The
variations may be explained by the timing of drug reg-
istration, the primary specialty of the physician, economic
considerations, staffing, personal preferences of the ICU
staff, and the use of different modalities of verbal and

Table 6 Estimated frequency
of side effects related to seda-
tion and analgesia (question-
naire part 8). Chi-square test
used to calculate p-value; per-
centages reflect the proportion
of positive answers in relation
to n

Patient
frequency

Delayed
emergence

Paradoxical
agitation

Respiratory
depression

Gastrointestinal
disorders

1997 2003 1997 2003 1997 2003 1997 2003

n=46 n=38 n=43 n=32 n=40 n=35 n=30

Sedatives Never 2% 5% 21% 47% 8% 14% - 73%
<20% 50% 58% 77% 53% 78% 63% - 23%
20–70% 47% 37% 2% 0% 15% 20% - 3%

>70% 2% 0% 0% 0% 0% 3% - 0%
p=0.570 p=0.046 p=0.426
n=46 n=37 n=47 n=38 n=46 n=36

Analgesics Never 4% 3% - 69% 6% 5% 2% 6%
<20% 67% 68% - 31% 64% 58% 39% 31%
20–70% 28% 30% - 0% 28% 32% 41% 56%

>70% 0% 0% - 0% 2% 5% 17% 8%
p=0.919 p=0.835 p=0.369

Table 5 Routes of administra-
tion of medications (question-
naire part 7). Chi-square test
used to calculate p-value; per-
centages reflect the proportion
of positive answers in relation
to n

Continuous infusions
with or without bolus

Intermittent intravenous
infusion with fixed
intervals

Intermittent intravenous
infusion without fixed
intervals

1997 2003 1997 2003 1997 2003

n=49 n=39 n=49 n=39 n=49 n=39

Midazolam 88% 79% 22% 10% 45% 36%
p=0.292 p=0.131 p=0.394

Diazepam 2% 0% 6% 3% 14% 28%
p=0.370 p=0.426 p=0.108

Propofol 90% 97% 0% 0% 14% 5%
p=0.158 - p=0.159

Morphine 59% 38% 35% 26% 49% 54%
p=0.053 p=0.360 p=0.650

Ketamine 6% 13% 0% 3% 12% 13%
p=0.278 p=0.260 p=0.935

Fentanyl 65% 79% 8% 8% 35% 28%
p=0.143 p=0.935 p=0.516

Alfentanil 6% 5% 2% 5% 12% 23%
p=0.772 p=0.428 p=0.179

Sufentanil 29% 26% 4% 3% 10% 5%
p=0.759 p=0.697 p=0.382
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