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Abstract
Introduction: Sedation protocols are needed for neurointensive patients. The aim of this pilot study was to describe 
sedation practice at a neurointensive care unit and to assess the feasibility and efficacy of a new sedation protocol. The 
primary outcomes were a shift from sedation-based to analgesia-based sedation and improved pain management. The 
secondary outcomes were a reduction in unplanned extubations and duration of sedation.

Methods: This was a two-phase (before-after), prospective controlled study at a university-affiliated, 14-bed 
neurointensive care unit in Denmark. The sample included patients requiring mechanical ventilation for at least 48 
hours treated with continuous sedative and analgesic infusions or both. During the observation phase the participants 
(n = 106) were sedated as usual (non-protocolized), and during the intervention phase the participants (n = 109) were 
managed according to a new sedation protocol.

Results: Our study showed a shift toward analgo-sedation, suggesting feasibility of the protocol. We found a 
significant reduction in the use of propofol (P < .001) and midazolam (P = .001) and an increase in fentanyl (P < .001) 
and remifentanil (P = .003). Patients selected for daily sedation interruption woke up faster, and estimates of pain free 
patients increased from 56.8% to 82.7% (P < .001), suggesting efficacy of the protocol. The duration of sedation and 
unplanned extubations were unchanged.

Conclusions: Our pilot study showed feasibility and partial efficacy of our protocol. Some neurointensive patients 
might not benefit from protocolized practice. We recommend an interdisciplinary effort to target patients requiring 
less sedation, as issues of oversedation and inadequate pain management still need more attention.

Trial registration: ISRCTN80999859.

Introduction
Most mechanically ventilated patients in the intensive
care unit (ICU) need sedation and analgesia to maintain
comfort, relieve anxiety, facilitate care, and adapt to ven-
tilatory support [1]. Although a variety of indications for
sedation exist, recent years have seen a general trend
toward lighter sedation for the mechanically ventilated
patient [2]. Daily sedation interruption has been used as a
way of reducing escalation of medication doses and a new

study has demonstrated the feasibility of a protocol of no
sedation [3]. Another trend has been the reversal from
sedation-analgesia to analgo-sedation, with the primary
goal of addressing pain and discomfort, and then if neces-
sary, adding sedation [4-7]. Variations in the management
of sedation, analgesia, and neuromuscular blockade have
been demonstrated internationally [2,8-12]. Protocols
have been introduced to increase consistency, and studies
have shown that sedation protocols may decrease the
duration of mechanical ventilation, the incidence of ven-
tilator-associated pneumonia (VAP), and improve the
probability of successful extubation in general ICUs [13-
15].
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Guidelines for the sustained use of sedatives and anal-
gesics have been developed for patients in the general
ICU [16], but little attention has been directed toward
sedation of patients in the neurointensive care unit
(NICU). Although neurointensive patients share many
goals with general ICU patients, some indications are
unique to the NICU population, such as maintaining ade-
quate cerebral perfusion pressure (CPP), while control-
ling intracranial pressure (ICP) and mean arterial
pressure (MAP) [17,18]. Sedation in NICU is complicated
due to many specific, and sometimes conflicting, indica-
tions. Conditions such as delirium, anxiety and pain may
all result in agitation, but need to be treated individually
[19,20]. One particular challenge is the inability to ade-
quately assess the sedation level, and to distinguish
between the indications for sedation and for pain relief,
due to the reduced level of consciousness. We suspected
that over-sedation and inadequate pain management
might be evident at our study site. The aim of the present
study was to describe sedation practice at a neurointen-
sive care unit and to assess the feasibility and efficacy of a
sedation protocol based on the principles of analgo-seda-
tion.

Material and methods
Design
The following was an interventional non-randomized
controlled single-center trial at a 14-bed NICU at a 1,082-
bed university hospital in Denmark. The study consisted
of an observational period of usual care, and an interven-
tional period using a multidisciplinary evidence-based
protocol for analgo-sedation. Usual care at our study site
consisted of non-protocolized sedation and mechanical
ventilation. We developed a 10-page sedation protocol
for the study, which was implemented during an eight-
month interim between the two study periods. The seda-
tion protocol was introduced to the participants after the
observational period to avoid contamination by prior
knowledge of the protocol. The flow-diagram from our
sedation protocol is shown in Figure 1. In order to obtain
adherence to the study, two nurses were allocated to
manage implementation of the sedation protocol
between the study periods, and facilitate data collection
throughout the study. The two nurses did not manage
sedation practice during the intervention period.

The primary outcomes were (1) a shift from sedation-
based to analgesia-based sedation (analgo-sedation),
assessed from the changes in the use of sedatives and
analgesic agents in each patient, and (2) improved pain
management, assessed daily in each patient using the
Pain Intensity scale [21]. The secondary outcomes were a
reduction in unplanned extubations and duration of con-
tinuous sedation or analgesia. Unplanned extubations

included deliberate (patient involvement) and accidental
extubations.

Participants
Participants were consecutively enrolled in the study dur-
ing two seven-month periods in January through July
2007 and April through October 2008; 106 participants
were recruited for the first study period and 109 new par-
ticipants were recruited for the second study period (215
participants recruited in total, Figure 2).

Inclusion criteria
The inclusion criteria were as follows: male and female
patients > 17 years of age admitted to NICU; patients
mechanically ventilated ≥ 48 hours; and patients receiv-
ing continuous infusions of sedatives and analgesics or
both.

Exclusion criteria
Patients excluded from the study were those transferred
intubated from other units to the NICU; patients receiv-
ing infusions of sedatives or analgesics < 48 hours;
patients intubated later than 24 hours after NICU admis-
sion; and potential organ donors or patients receiving ter-
minal care.

Intervention
The sedation protocol was developed by an interdisci-
plinary team consisting of nurses and physicians at the
study site, and the protocol was subsequently externally
evaluated by experts at other hospitals, who were asked
to assess and provide feed-back on the protocol. Concep-
tion of the protocol was inspired by the clinical practice
guideline developed by the Society of Critical Care Medi-
cine for general intensive care patients [16]. In addition to
this, the protocol was written in accordance with the
principles for analgo-sedation [4], and adjusted to meet
the specific indications for sedation in neurointensive
patients [22], for example, subarachnoid hematoma, trau-
matic brain injury, medullar injury, status epilepticus, and
neuromuscular disease. The 10-page analgo-sedation
protocol included the following general and specific rec-
ommendations, for example: Analgesics (fentanyl,
remifentanil, oxycodone) should be given before a seda-
tive; Sedatives (propofol or midazolam) should be admin-
istered only if necessary; Remifentanil should be
administered for short-term sedation only (less than
three to five days); Fentanyl (not remifentanil) should be
administered for patients with traumatic brain injury.

Data collection
Baseline characteristics at inclusion were sex, age, weight,
APACHE II (Acute Physiology and Chronic Health Evalu-
ation), SAPS II (Simplified Acute Physiology Score),
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Figure 1 Flow-diagram for analgo-sedation protocol.
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SOFA (Sequential Organ Failure Assessment), and
admission diagnosis. The study protocol included daily
registration of medication doses (continuous infusions
and boluses of propofol, midazolam, fentanyl, remifenta-
nil, morphine, and oxycodone), sedation level (Ramsay
Sedation Scale), pain level (Pain Intensity Scale), and level
of consciousness (Glasgow Coma Scale, GCS). In addi-
tion, daily sedation interruption, duration of sedation
interruption, late pneumonia, and accidental extubations
were recorded. Sedation level was assessed by nurses
once on each shift (day, evening, night) on the six-point
Ramsay Sedation Scale (RSS): agitated/restless = 1, ori-
ented/cooperative = 2, responding to commands only = 3,
brisk response to light glabellar tap = 4, sluggish response
to light glabellar tap = 5, no response = 6 [23]. The target
sedation level was RSS 2 to 3 (in patients with increased
ICP, the target was 5 to 6). Pain was estimated during
each shift in conjunction with the sedation level on the
six-point Pain Intensity scale (PI): no pain = 1, mild pain
= 2, moderate pain = 3, severe pain = 4, very severe pain =
5, worst possible pain = 6 [21]. Pain estimation was deter-
mined by alterations in vital signs (blood pressure, heart
rate, respiratory frequency) and facial expression (gri-
macing), and behavior (agitation). Interrater reliability
was calculated prior to the study by 10 paired assess-
ments (weighted kappa = 0.62, P = .04). The target pain
level was PI score 1 to 2. GCS was assessed during daily

sedation interruption, and during each shift along with
the sedation new level. Daily sedation interruption was
not routine for all patients, but had to be ordered by the
physician on rounds. The sedation protocol reads: 'The
physician on rounds determines whether a wake-up call
is appropriate (...) Daily wake-up call should be avoided in
patients with elevated ICP or other neurosurgical con-
traindications.'

Statistical analysis
Comparisons between the observational and intervention
group were performed using the Chi-Square test or
Fisher's exact test for categorical variables, the Mann-
Whitney test for non-parametric variables, and Student's
t-test for comparing the means of normally distributed
independent-samples. A P value of ≤ .05 was considered
statistically significant. The data analysis was performed
using SPSS (Statistical Package for the Social Sciences
version 17, SPSS Inc., an IBM Company Headquarters,
Chicago, Illinois).

Ethical considerations
The study was conducted in accordance with Good Clini-
cal Practice and the guidelines of the Declaration of Hel-
sinki; it was acknowledged by the Danish Data Protection
Agency (J.nr.2006-41-7419) and the Danish National
Committee on Biomedical Research Ethics (J.nr.KF01-

Figure 2 Trial profile.
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2006-4507). There was no requirement of informed con-
sent because new drugs were not introduced.

Results
A total of 827 patients were admitted during the inclusion
periods, 604 were excluded, yielding 223 eligible patients.
Eight patients dropped out, while 215 (94% of the eligible
patients) completed the study (Figure 2). The baseline
characteristics in the two groups were similar (Table 1).
The main reasons for exclusion were intubation later than
24 hours after admission, terminal care, and organ dona-
tion. The reasons for dropout were intubation less than
48 hours, and organ donation.

Hospital stay, NICU stay, duration of mechanical venti-
lation, duration of sedation, and unplanned extubation
were unchanged. The relatively short hospital stay
reflects patient transfer to other facilities offering neuro-
rehabilitation. The small number of unplanned extuba-
tions does not permit evaluation with sufficient power.
NICU mortality decreased non-significantly from 30% to
24% (Table 2).

The sedation level was unchanged in the two study
groups with a mean Ramsay score at 4.38/4.41 respec-
tively (Table 3). The proportion, however, of RSS 2 to 3
(oriented and cooperative) increased from 10% to 19%
and RSS 1 (agitated) decreased from 2% to 0.5% (P =
.035). The mean GCS during daily sedation interruption
was unchanged at 8.19/8.28 (Table 3), whereas the num-
ber of patients selected for daily awakening decreased
from 47 (44%) to 22 (20%) among the patients awakened.
Although the number of patients decreased, the fre-
quency of daily awakening among these patients

increased from 2.6 daily awakening trials to 6.7 (P = .003).
The mean duration of sedation interruption (delay before
GCS was assessed) decreased from 30 to 60 minutes to <
30 minutes (P = .001), with an increase from 48.0% to
69.1% of sessions lasting < 30 minutes (P = .001). The
pain intensity score was significantly reduced from 1.54
in the observational period to 1.24 in the intervention
period (P < .001).

The distribution of pain-level assessments is shown in
Table 4. The estimation of no pain increased from 56.8%
to 82.7% of the recordings (P < .001).

The medication pattern shifted from sedative to analge-
sic infusions. Table 5 shows a significant reduction in the
daily dose of propofol and midazolam, and a significant
increase in the daily dose of fentanyl and remifentanil.
The number of days morphine was used decreased signif-
icantly, while the use of oxycodone increased in accor-
dance with the protocol recommending a shift from
morphine to oxycodone. The use of remifentanil
increased as per protocol, but the agent was used beyond
the three to five consecutive days recommended. During
the observational period 18 cases lasted 6 to 16 days, and
during the intervention period 22 cases lasted 6 to 19
days.

Discussion
The aim of the study was to describe sedation practice at
a neurointensive care unit and to assess the feasibility and
efficacy of a sedation protocol based on the principles of
analgo-sedation. Current sedation practice at a Danish
NICU in 2007 (observation period) was non-protocolized
sedation and mechanical ventilation, using primarily con-

Table 1: Baseline characteristics at inclusion

Observational period
(n = 106)

Intervention period
(n = 109)

P Value

Male, n (%) 73 (69%) 65 (60%) .159

Female, n (%) 33 (31%) 44 (40%) .159

Age, mean years (SD) 55 (15) 52 (17) .100

Weight, mean kg (SD) 78 (14) 75 (16) .267

APACHE II, mean score (SD) 20 (4) 21 (5) .477

SAPS II, mean score (SD) 51 (10) 50 (11) .500

SOFA, mean score (SD) 8 (2) 8 (2) .707

Diagnosis, n (%) .186

SAH/ICH 50 (47%) 37 (34%)

SDH/TBI 37 (35%) 41 (38%)

Other 19 (18%) 30 (28%)

Sex and diagnosis (Chi-Square test); age, weight, APACHE II, SAPS II, SOFA (t-test); and P value ≤ .05 significant.
ICH: intracerebral hemorrhage; SAH: subarachnoid hemorrhage; SDH: subdural hematoma; TBI: traumatic brain injury. Other: Medullar lesion, 
status epilepticus, neuromuscular disease, tumors, infections.
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tinuous infusions of propofol and midazolam for sedation
and fentanyl and morphine for analgesia. This is consis-
tent with findings from general ICUs in Denmark in 2003
[2]. The primary outcomes were a shift from sedation-
based to analgesia-based sedation, and improved pain
management. Our study showed a significant reduction
in the use of propofol and midazolam and an increase in
the use of fentanyl and remifentanil, suggesting feasibility
of our protocol. The patients selected for daily sedation
interruption woke up faster, and more patients were esti-
mated to be pain free, supporting our suspicion and sug-
gesting efficacy of our protocol. The secondary outcomes
of fewer unplanned extubations and shorter duration of
sedation were unchanged, suggesting limited efficacy of
our protocol.

The sedation level was measured by the Ramsay Seda-
tion Scale, which was chosen for pragmatic reasons. It is
the most commonly used sedation scoring system in
Denmark, where the scale is integrated with the comput-
erized Patient Data Management system at many hospi-
tals [2]. The Ramsay scale does not require patient
cooperation and is used at about 40% of Danish ICUs, as

compared to 38% in a study of North American hospitals
[2,24]. Other sedation scoring systems used in Denmark
are the Motor Activity Assessment Scale (MAAS) 15%,
the Riker Sedation-Agitation Scale (SAS) 12%, the Rich-
mond Agitation Sedation Scale (RASS) 9%, and the Cook
and Palma Scale (COOK) 7% [25]. Many of these sedation
scales have demonstrated validity and good inter-rater
reliability [26].

The mean sedation level in our study was Ramsay 4 to 5
(brisk to sluggish response), which is comparable to the
mean SAS score of 3 to 4 (difficult to rouse) found in sim-
ilar studies of neurointensive patients [21]. Although the
proportion of assessments at the target level of Ramsay 2
to 3 increased, it was unrealistic to reach this level in all
patients. One reason is that many patients were unre-
sponsive due to their neurologic condition or drug accu-
mulation. Another reason is that the protocol
recommended Ramsay 5 to 6 in patients with elevated
ICP. These issues demonstrate some of the challenges of
sedation management in neurointensive patients [27].

Many patients were sedated with remifentanil, which
should permit rapid awakening in the neurologically

Table 2: Length of stay, duration of treatment, complications, and mortality

Observational period
(n = 106)

Intervention period
(n = 109)

P Value

Hospital stay, n (mean days) SD 12 (1 to 34) 7.9 12 (2 to 42) 8.8 .861

NICU stay, n (mean days) SD 9 (1 to 28) 6.6 9 (1 to 33) 7.1 .526

Mechanical ventilation, mean 
days (range) SD

6 (1 to 24) 5.3 7 (1 to 25) 6.2 .346

Sedation, mean days (range) SD 5 (1 to 19) 3.9 5 (1 to 18) 4.0 .575

Unplanned extubation, n (%) 7 (1%) 8 (3%)

NICU mortality, n (%) 32 (30%) 25 (24%) .353

Length of stay and duration of treatment (t-test) and unplanned extubation (Chi-Square test).

Table 3: Level of sedation, consciousness, and pain (Ramsay, GCS, and PI)

Observational period
(n = 106)

Intervention period
(n = 109)

P Value

Ramsay score mean (SD) 4.38 (1.21) 4.41 (1.25) .651

GCS mean during sedation (SD) 7.49 (2.81) 7.42 (3.03) .688

GCS mean during sedation 
interruption (SD)

8.19 (2.92) 8.28 (2.79) .807

Duration of sedation 
interruption, n (%)
- mean minutes delay

47 (44%)

30 to 60

22 (20%)

<30

.001*

PI score mean (SD) 1.54 (.73) 1.24 (.61) <.001*

Ramsay Sedation Score & Glasgow Coma Score, GCS (t-test); Pain Intensity Score, PI (Mann-Whitney test);
* P value ≤ .05 significant.
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unimpaired. Due to the ultra-short duration of action, the
protocol did not recommend bolus remifentanil [21].
Also, due to lack of clinical evidence, the protocol did not
recommend using remifentanil more than five days con-
secutively. Although the similar baseline characteristics,
length of stay, and sedation scores in the before-after
study suggest that data were recorded accurately, the
extended continuous use of remifentanil shows that
adherence to the protocol was inadequate. More studies
are needed to determine the consequences of long-term
use of remifentanil.

The duration of mechanical ventilation remained
unchanged in the two groups in our study. Studies of gen-
eral ICU patients have demonstrated significantly shorter
median duration of mechanical ventilation using a nurse-
implemented sedation protocol [13,15,28]. Our findings
may, in part, be due to the consistently low level of con-
sciousness in our population. A GCS of 3 to 8 has been
used as an indication for intubation in trauma patients
[29]. The small number of unplanned extubations may be
attributed to over-sedation or reduced level of conscious-
ness. The NICU mortality and number of unplanned
extubations in our study are comparable to general ICUs,
as were the APACHE II and SAPS II scores [15,28].

Fewer patients in the intervention period were slow to
awake, which might be ascribed to decreased use of
midazolam (long-acting sedative) and less drug accumu-
lation. Although the use of fentanyl increased, the prob-
lem of drug accumulation is less severe than in
midazolam [30]. The shift from fentanyl to remifentanil
(short acting opiate) also led to a shorter delay in awaken-
ing. The shift to analgo-sedation might explain why fewer
patients were estimated to be in pain. Fewer patients were
selected for daily awakening, but the frequency increased,
suggesting that the selection of patients was more appro-
priate in the intervention period, and was a sign of adher-
ence to the protocol. Sedation was not interrupted in
patients that required deeper sedation, but among

patients requiring less sedation, fewer were over-sedated,
even prior to awakening.

Our study had several limitations. This was a single-
center study, which means that the results may not trans-
late to other units. Due to the small population of the
country, the volume of neurointensive patients is limited,
but a multicenter study would have been a stronger
design. The choice of a before-after design was not opti-
mal, but a randomized study was not feasible at the unit
due to risk of control group contamination. The Pain
Intensity scale is inherently subjective as it depends on
the estimate of the clinician. In the future, a more accu-
rate scoring system for pain in the unresponsive patient
needs to be developed and validated. The similar GCS in
the observational and intervention periods in the study
increased the internal validity. Also, the mean GCS was
similar to other studies, thus increasing the external
validity of our findings [19]. The study design would have
been stronger if intracranial pressure, cerebral perfusion
pressure and mean arterial pressure had been recorded
on relevant patients. Finally, the extended use of remifen-
tanil suggests that the period of implementation should
have been longer, ensuring better adherence to the proto-
col. We have seen a positive effect of the protocol on
management of sedation and pain, but the sample is
small, and more attention needs to be directed towards
sedation issues in the NICU population in general and
the needs of sub-groups of patients in particular.

Conclusions
This pilot study showed feasibility and partial efficacy of
our protocol. Some neurointensive patients might not
benefit from protocolized practice because the duration
of mechanical ventilation is more influenced by level of
consciousness related to underlying illness, and the ongo-
ing need for airway protection, and less influences by sed-
atives and analgesics. We recommend an
interdisciplinary effort to target patients requiring less

Table 4: Distribution of pain-level scores (PI)

Observational period Intervention period

PI-assessments Count % Count %

No pain 288 56.8 420 82.7

Mild pain 171 33.7 68 13.4

Moderate pain 44 8.7 12 2.4

Severe pain 2 0.4 5 1.0

Very severe pain 1 0.2 2 0.4

Worst possible pain 0 0.0 1 0.2

507 100.0 508 100.0

PI, pain intensity
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sedation, as issues of over-sedation and inadequate pain
management in neurointensive patients still need more
attention.

Key messages
• Sedation protocols for neurointensive patients are
needed
• Neurointensive patients are difficult to assess for
degree of pain and sedation due to reduced level of
consciousness
• Validated instruments for assessment of pain and
sedation levels in patients unable to self-report are
needed

• The presented analgo-sedation protocol resulted in
more pain free patients and in shorter delays in daily
awakening of selected patients

Abbreviations
APACHE II: acute physiology and chronic health evaluation; COOK: Cook and
Palma scale; CPP: cerebral perfusion pressure; GCS: Glasgow coma scale; ICH:
intracerebral hemorrhage; ICP: intracranial pressure; ICU: intensive care unit;
MAAS: motor activity assessment scale; MAP: mean arterial pressure; NICU:
neurointensive care unit; PI: pain intensity scale; RASS: Richmond agitation
sedation scale; RSS: Ramsay sedation scale; SAH: subarachnoid hemorrhage;
SAPS II: simplified acute physiology score; SAS: Riker sedation-agitation scale;
SD: standard deviation; SDH: subdural hematoma; SOFA: sequential organ fail-
ure assessment; SPSS: statistical package for the social sciences; TBI: traumatic
brain injury; VAP: ventilator-associated pneumonia.

Competing interests
The authors declare that they have no competing interests.

Table 5: Continuous sedative and analgesic infusions

Observational period
(n = 106, days = 553)

Intervention period
(n = 109, days = 556)

P Value

Propofol days (% of total days) 307 (56%) 283 (51%) .006*

Mean dose/day (mg) ± SD 2,592 ± 1,623 2,074 ± 1,308 < .001*

Range (mg) 550 to 7,910 510 to 7,070

Midazolam days (% of total 
days)

49 (9%) 80 (14%) .078

Mean dose/day (mg) ± SD 238 ± 152 157 ± 122 .001*

Range (mg) 3 to 485 0 to 425

Fentanyl days (% of total days) 137 (25%) 114 (21%) .171

Mean dose/day (mcg) ± SD 2,303 ± 1,606 4,919 ± 3,588 < .001*

Range (mcg) 80 to 8,000 100 to 16,000

Remifentanil days (% of total 
days)

297 (54%) 420 (76%) .281

Mean dose/day (mcg) ± SD 6,888 ± 5,373 8,233 ± 6,384 .003*

Range (mcg) 1,000 to 18,000 1,000 to 19,000

Morphine days (% of total 
days)

41 (7%) 7 (1%) .009*

Mean dose/day (mg) ± SD 16 ± 9 10 ± 0 .077

Range (mg) 7 to 40 10 to 10

Oxycodone days (% of total 
days)

67 (12%) 74 (13%) .199

Mean dose/day (mg) ± SD 25 ± 22 20 ± 14 .079

Range (mg) 5 to 100 3 to 69

Number of days (t-test), medication dose (Mann-Whitney), and * P value ≤ .05 significant. Range was calculated within limits of adequate 
sedation.



Egerod et al. Critical Care 2010, 14:R71
http://ccforum.com/content/14/2/R71

Page 9 of 9
Authors' contributions
All authors contributed to the conception and design of the study and revision
and final approval of the manuscript. IE conducted analysis and interpretation
and wrote the first draft of the manuscript. MBJ and SFH managed data acqui-
sition, and KLW wrote the first draft of the sedation protocol.

Acknowledgements
We would like to thank Sarah Colette Fishstrom for data management 
throughout the study.

Author Details
1Copenhagen University Hospital, Rigshospitalet, Department 7331, UCSF, 
Blegdamsvej 9, 2100 Copenhagen O, Denmark, 2Neurointensive unit 2093, 
Department of Neuroanaesthesiology, The Neuroscience Centre, Copenhagen 
University Hospital, Rigshospitalet, DK-2100 Copenhagen O, Denmark and 
3Orthopedic department T, Herlev Hospital, DK-2730 Herlev, Denmark

References
1. Mehta S, Burry L, Martinez-Motta JC, Stewart TE, Hallett D, McDonald E, 

Clarke F, Macdonald R, Granton J, Matte A, Wong C, Suri A, Cook DJ: A 
randomized trial of daily awakening in critically ill patients managed 
with a sedation protocol: a pilot trial.  Crit Care Med 2008, 36:2092-2099.

2. Egerod I, Christensen BV, Johansen L: Trends in sedation practices in 
Danish intensive care units in 2003: a national survey.  Intensive Care 
Med 2006, 32:60-66.

3. Strøm T, Martinussen T, Toft P: A protocol of no sedation for critically ill 
patients receiving mechanical ventilation: a randomised trial.  Lancet 
2010, 375:475-480.

4. Mattia C, Savoia G, Paoletti F, Piazza O, Albanese D, Amantea B, Ambrosio 
F, Belfiore B, Berti M, Bertini L, Bruno F, Carassiti M, Celleno D, Coluzzi F, 
Consales G, Costantini A, Cuppini F, De Gaudio RA, Farnia A, Finco G, 
Gravino E, Guberti A, Laurenzi L, Mangione S, Marano M, Mariconda G, 
Martorano PP, Mediati R, Mercieri M, Mondello E, et al.: SIAARTI 
recommendations for analgo-sedation in intensive care unit.  Minerva 
Anestesiol 2006, 72:769-805.

5. Sessler CN, Varney K: Patient-focused sedation and analgesia in the ICU.  
Chest 2008, 133:552-565.

6. Burchardi H: Aims of sedation/analgesia.  Minerva Anestesiol 2004, 
70:137-143.

7. Egerod I: Cultural changes in ICU sedation management.  Qual Health 
Res 2009, 19:687-696.

8. Guldbrand P, Berggren L, Brattebo G, Malstam J, Ronholm E, Winso O: 
Survey of routines for sedation of patients on controlled ventilation in 
Nordic intensive care units.  Acta Anaesthesiol Scand 2004, 48:944-950.

9. Mehta S, Burry L, Fischer S, Martinez-Motta JC, Hallett D, Bowman D, 
Wong C, Meade MO, Stewart TE, Cook DJ: Canadian survey of the use of 
sedatives, analgesics, and neuromuscular blocking agents in critically 
ill patients.  Crit Care Med 2006, 34:374-380.

10. Payen JF, Chanques G, Mantz J, Hercule C, Auriant I, LeGuillou JL, Binhas M, 
Genty C, Rolland C, Bosson JL: Current practices in sedation and 
analgesia for mechanically ventilated critically ill patients: a 
prospective multicenter patient-based study.  Anesthesiology 2007, 
106:687-695.

11. Samuelson KA, Larsson S, Lundberg D, Fridlund B: Intensive care sedation 
of mechanically ventilated patients: a national Swedish survey.  
Intensive Crit Care Nurs 2003, 19:350-362.

12. Soliman HM, Melot C, Vincent JL: Sedative and analgesic practice in the 
intensive care unit: the results of a European survey.  Br J Anaesth 2001, 
87:186-192.

13. Arias-Rivera S, Sanchez-Sanchez MM, Santos-Diaz R, Gallardo-Murillo J, 
Sanchez-Izquierdo R, Frutos-Vivar F, Ferguson ND, Esteban A: Effect of a 
nursing-implemented sedation protocol on weaning outcome.  Crit 
Care Med 2008, 36:2054-2060.

14. Marshall J, Finn CA, Theodore AC: Impact of a clinical pharmacist-
enforced intensive care unit sedation protocol on duration of 
mechanical ventilation and hospital stay.  Crit Care Med 2008, 
36:427-433.

15. Quenot JP, Ladoire S, Devoucoux F, Doise JM, Cailliod R, Cunin N, Aube H, 
Blettery B, Charles PE: Effect of a nurse-implemented sedation protocol 
on the incidence of ventilator-associated pneumonia.  Crit Care Med 
2007, 35:2031-2036.

16. Jacobi J, Fraser GL, Coursin DB, Riker RR, Fontaine D, Wittbrodt ET, Chalfin 
DB, Masica MF, Bjerke HS, Coplin WM, Crippen DW, Fuchs BD, Kelleher RM, 
Marik PE, Nasraway SA Jr, Murray MJ, Peruzzi WT, Lumb PD: Clinical 
practice guidelines for the sustained use of sedatives and analgesics in 
the critically ill adult.  Crit Care Med 2002, 30:119-141.

17. Citerio G, Cormio M: Sedation in neurointensive care: advances in 
understanding and practice.  Curr Opin Crit Care 2003, 9:120-126.

18. Rhoney DH, Parker D Jr: Use of sedative and analgesic agents in 
neurotrauma patients: effects on cerebral physiology.  Neurol Res 2001, 
23:237-259.

19. Keegan MT: Sedation in the neurologic intensive care unit.  Curr Treat 
Options Neurol 2008, 10:111-125.

20. Matta B, Menon D: Severe head injury in the United Kingdom and 
Ireland: a survey of practice and implications for management.  Crit 
Care Med 1996, 24:1743-1748.

21. Karabinis A, Mandragos K, Stergiopoulos S, Komnos A, Soukup J, 
Speelberg B, Kirkham AJ: Safety and efficacy of analgesia-based 
sedation with remifentanil versus standard hypnotic-based regimens 
in intensive care unit patients with brain injuries: a randomised, 
controlled trial [ISRCTN50308308].  Crit Care 2004, 8:R268-R280.

22. Rozendaal FW, Spronk PE, Snellen FF, Schoen A, van Zanten AR, Foudraine 
NA, Mulder PG, Bakker J: Remifentanil-propofol analgo-sedation 
shortens duration of ventilation and length of ICU stay compared to a 
conventional regimen: a centre randomised, cross-over, open-label 
study in the Netherlands.  Intensive Care Med 2009, 35:291-298.

23. Ramsay MA, Savege TM, Simpson BR, Goodwin R: Controlled sedation 
with alphaxalone-alphadolone.  Br Med J 1974, 2:656-659.

24. Patel RP, Gambrell M, Speroff T, Scott TA, Pun BT, Okahashi J, Strength C, 
Pandharipande P, Girard TD, Burgess H, Dittus RS, Bernard GR, Ely EW: 
Delirium and sedation in the intensive care unit: survey of behaviors 
and attitudes of 1384 healthcare professionals.  Crit Care Med 2009, 
37:825-832.

25. Egerod I, Rissom SS: Monitoring sedation practice via FSAIO.NET.  
Dråben 2009, 24:16-23.

26. De Jonghe B, Cook D, Appere-De-Vecchi C, Guyatt G, Meade M, Outin H: 
Using and understanding sedation scoring systems: a systematic 
review.  Intensive Care Med 2000, 26:275-285.

27. Bullock R, Chesnut RM, Clifton G, Ghajar J, Marion DW, Narayan RK, Newell 
DW, Pitts LH, Rosner MJ, Wilberger JW: Guidelines for the management 
of severe head injury. Brain Trauma Foundation.  Eur J Emerg Med 1996, 
3:109-127.

28. Bucknall TK, Manias E, Presneill JJ: A randomized trial of protocol-
directed sedation management for mechanical ventilation in an 
Australian intensive care unit.  Crit Care Med 2008, 36:1444-1450.

29. Duncan R, Thakore S: Decreased Glasgow Coma Scale Score Does Not 
Mandate Endotracheal Intubation in the Emergency Department.  J 
Emerg Med 2009 in press.

30. McKenzie CA, McKinnon W, Naughton DP, Treacher D, Davies G, Phillips 
GJ, Hilton PJ: Differentiating midazolam over-sedation from 
neurological damage in the intensive care unit.  Crit Care 2005, 
9:R32-R36.

doi: 10.1186/cc8978
Cite this article as: Egerod et al., Effect of an analgo-sedation protocol for 
neurointensive patients: a two-phase interventional non-randomized pilot 
study Critical Care 2010, 14:R71

Received: 21 October 2009 Revised: 16 January 2010 
Accepted: 19 April 2010 Published: 19 April 2010
This article is available from: http://ccforum.com/content/14/2/R71© 2010 Egerod et al.; licensee BioMed Central Ltd. This is an open access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.Critical Care 2010, 14:R71

http://ccforum.com/content/14/2/R71
http://creativecommons.org/licenses/by/2.0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18552687
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16283160
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=20116842
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17006417
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18252923
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15173687
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19380504
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15315610
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16424717
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17413906
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14637295
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11493487
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18552689
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18091554
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17855817
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11902253
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12657974
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11320605
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18334134
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8874315
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15312228
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18949456
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4835444
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19237884
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10823383
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9028756
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18434914
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19272743
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15693964


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


