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Charité-Universitaetsmedizin Berlin,
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Abstract Purpose: To compare
the quality of analgesia provided by a
remifentanil-based analgesia regime
with that provided by a fentanyl-
based regime in critically ill patients.
Methods: This was a registered,
prospective, two-center, randomized,
triple-blind study involving adult
medical and surgical patients requir-
ing mechanical ventilation (MV) for
more than 24 h. Patients were ran-
domized to either remifentanil
infusion or a fentanyl infusion for a
maximum of 30 days. Sedation was
provided using propofol (and/or
midazolam if required). Results:
Primary outcome was the proportion
of patients in each group maintaining
a target analgesia score at all time
points. Secondary outcomes included
duration of MV, discharge times, and

morbidity. At planned interim analy-
sis (n = 60), 50% of remifentanil
patients (n = 28) and 63% of fenta-
nyl patients (n = 32) had maintained
target analgesia scores at all time
points (p = 0.44). There were no
significant differences between the
groups with respect to mean duration
of ventilation (135 vs. 165 h,
p = 0.80), duration of hospital stay,
morbidity, or weaning. Interim anal-
ysis strongly suggested futility and
the trial was stopped.
Conclusions: The use of remifenta-
nil-based analgesia in critically ill
patients was not superior regarding
the achievement and maintenance of
sufficient analgesia compared with
fentanyl-based analgesia.
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Introduction

Critically ill patients require analgesia for pain associated
with their underlying medical conditions and to facilitate
life support technology [1]. Pain assessment in mechani-
cally ventilated patients is independently associated with a
reduction in the duration of ventilator support and duration
of intensive care unit (ICU) stay [2]. Inadequate analgesia
causes serious long-term psychological complications
and has several known pathophysiological consequences
[3, 4]. On the other hand, excessive analgesia has been

associated with nosocomial pneumonia [5], delirium
[6], long-term psychological disorders [7], prolonged
mechanical ventilation, higher risk of requiring tracheos-
tomy, higher risk of requiring diagnostic imaging to clarify
abnormal neurological status [8], and ultimately unnec-
essarily prolonged ICU and hospital stays [5].

In critically ill patients the pharmacodynamics of
opioids are frequently altered by drug interactions and/or
hepatic and renal dysfunction [9]. Fentanyl is one of the
most widely used opioids in German ICUs for continuous
analgesia [1]. It is 80% plasma protein bound, has a high
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volume of distribution (400 l), has active metabolites, is
metabolized by the hepatic cytochrome P450 mixed-
function oxidase system (namely CYP3A4), and is pre-
dominantly renally eliminated. Consequently its half-life
ranges from 3 to 25 h depending on the context (‘‘context-
sensitive half-life’’) [10].

In contrast remifentanil is rapidly metabolized by non-
specific tissue and plasma esterases to a non-potent com-
pound [11]. Consequently its half-life remains at 4 min
even after a 4-h infusion (‘‘context-insensitive half-life’’).
Nevertheless there have been some negative reports
regarding remifentanil, specifically in relation to tolerance
and hyperalgesia after discontinuation of infusion [12, 13].

Therefore the focus of this study was to investigate a
possible difference between the use of fentanyl or rem-
ifentanil in achieving an analgesia target [defined with the
Behavioral Pain Scale (BPS) or the Visual Analog Scale
(VAS)] in critically ill patients.

Methods

Study sites and patients

This is a registered clinical trial (EudraCT number 2005-
001907-21). It was performed at two centers (Berlin, Ger-
many and Göppingen, Germany) and patients in this report
were recruited between December 2005 and June 2008.

All patients requiring intensive care therapy were
considered for enrolment. Additional inclusion criteria
were expected ventilation for more than 24 h, ventilation
for less than 48 h at the time of enrolment, age 18 years
or older, and written informed consent. Exclusion criteria
included known allergy to any of the study medications;
pregnancy; World Health Organization chronic pain grade
3 or above, i.e., regular use of potent opioids such as
morphine, recent opioid analgesia via a spinal catheter,
epidural or any other regional technique; American
Society of Anesthesiologists (ASA) classification 5
patients (moribund); participation in a clinical study
within the previous 30 days; and neurotrauma or organic
brain pathology. The study received final approval from
the ethical committee in Berlin and Göppingen (number
of ethical approval EA1/125/05).

Study protocol

Patients who met enrolment criteria were randomly allo-
cated in a 1:1 ratio to the fentanyl or remifentanil group.
The randomization list was created by using computer-
based block randomization by a biostatistician with no
patient contact. Allocation concealment was ensured by
pharmacy-controlled randomization: on the basis of the
randomization list, the pharmacies in the respective cen-
ters distributed patient-specific syringe pumps and bolus

syringes (morphine in the remifentanil group and saline in
the fentanyl group) that were identical in size, weight, and
appearance. The concentrations were designed so that
equal infusion rates were equipotent. All study investi-
gators, staff members, and patients were blinded to the
study medication (Fig. 1).

Remifentanil was infused at 0.1–0.4 lg/kg ideal body
weight/min and fentanyl at 0.02–0.08 lg/kg ideal body
weight/min. The intravenous infusion of both study agents
was titrated up to the analgesia target:

• VAS 4/5 or BPS 7/8: infusion rate of study agent ?
0.03 ml/kg/h

• VAS 5/6 or BPS 8/9: infusion rate of study agent ?
0.06 ml/kg/h

• VAS 7/8 or BPS 9/10: infusion rate of study
agent ? 0.09 ml/kg/h

• VAS 9/19 or BPS 10/11: infusion rate of study
agent ? 0.12 lg/kg/h

The study protocol did not allow any bolus application
of either fentanyl or remifentanil. If the patient was awake,
we used the VAS and if the patient was sedated we used
the BPS. The target scores were a VAS B3 and/or a BPS
B6 at rest. Sedation was delivered by using propofol (to a
maximum of 4 mg/kg ideal body weight/h), and midazo-
lam (0.01–0.18 mg/kg ideal body weight/h) could be
added if required. Sedation was titrated according to the
Richmond Agitation Sedation Scale (RASS). The target
RASS was 0 to -1. There were a few exceptions where
deeper sedation (up to RASS of -4) was allowed (e.g.,
patients requiring prone positioning). Unless contraindi-
cated, all patients could receive the following adjuvant
analgesics: metamizole (1 g four times daily enterally or
intravenously), and/or paracetamol (1 g four times daily
enterally or intravenously), and/or clonidine (0.32–1.3 lg/
kg/h intravenously). Patients in the remifentanil group
received a morphine bolus (0.1 mg/kg) 30 min before
ending the study medication. Patients in the fentanyl group
received a placebo bolus instead. Rescue pain therapy with
morphine boli was allowed at all time points for all
patients. Delirium diagnosis was performed by using the
Confusion Assessment Method for the ICU (CAM-ICU) in
all patients with a RASS[-3 [14].

Sedation was protocolized and patients were assessed
on a daily basis for suitability for weaning. Observation
time points were as follows: VAS and BPS every hour for
the first 6 h, then every 4 h up to 24 h after the start of the
study drug and thereafter every 8 h until the end of the
study (maximum 30 days).

Endpoints

The primary endpoint was the proportion of patients in
each group obtaining the target analgesia score range
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(VAS B3 and/or a BPS B6). Secondary outcome variables
were duration of mechanical ventilation, intercurrent
complications, and duration of ICU stay and in-hospital
stay.

Statistics

The sample size calculation was based on an estimated
effect size of 25% (remifentanil superior to fentanyl, based
on existing literature and clinical relevance) a type I risk of
5%, a power of 80%, and an expected dropout rate of 15%.
The minimum case number was estimated to be 80 per
group (160 patients in total) (Fisher’s exact test, nQuery
Advisor" Release 6.0, Stat. Solutions Ltd. & South Bank,
Crosse’s Green, Cork, Ireland). It was decided a priori to
perform an interim analysis after 60 patients in total.
Stopping rules for significant efficacy and futility were
specified in advance. A successful unblended v2 test for
the primary endpoint with an adjusted (two-sided) type 1
error of 0.5% at interim analysis was to trigger termination
of the study for significant efficacy [15]. Otherwise the
independent data monitoring committee (IDMC) was to
base its decision on whether to continue the study upon a
new sample size calculation after completion of the sta-
tistical component of the interim analysis.

For the primary outcome analysis, the exact Fisher test
was used to compare the two groups. With respect to the
secondary outcome variables, time-to-event data were
compared by using the (exact) Wilcoxon–Mann–Whitney
test and event data were compared by using Fisher’s exact
test. All statistical tests for the secondary outcome
variables should be interpreted in a descriptive manner
only.

Results

A total of 784 patients were screened for admission (577
in Berlin and 207 in Göppingen). Consent was obtained
from 65 patients who fulfilled the inclusion criteria. Five
patients were excluded following recruitment and so this
interim analysis is based on a total of 60 patients (41
from Berlin and 19 from Göppingen). In total 60
patients were analyzed. There were 28 patients in the
remifentanil group and 32 patients in the fentanyl group
(Fig. 2). In the remifentanil group there were 16 viola-
tions to the protocol versus 11 in the fentanyl group
(p = 0.34).

The demographics and baseline clinical characteristics
of the two groups are shown in Table 1.

Fig. 1 Outline of study protocol
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Primary outcome measure

Including 100% of the observation time points, there was
no significant difference regarding the proportion of
patients in each group obtaining the target analgesia score
range (50% of 28 remifentanil patients versus 63% of 32
fentanyl patients, p = 0.44). Nor did we find a significant
difference between the two groups with respect to main-
tenance of target analgesia levels for either 90% (75% of
28 remifentanil patients versus 75% of 32 fentanyl
patients, p[ 0.99) or 80% (82% of 28 remifentanil
patients versus 97% of 32 fentanyl patients, p = 0.09) of
the time points (Table 2).

At interim analysis we performed a new power cal-
culation based on the fentanyl and remifentanil group
proportions that were observed in the first 60 patients
(63% of fentanyl patients vs. 50% of remifentanil patients
were in the target analgesia score ranges at all time
points). On the basis of these new proportions, a type I
error of 5% (two-sided), and 80% power, it was calculated
that 530 patients (160 had originally been planned)
would be required to demonstrate a significant effect.
On the basis of this, the IDMC decided in April 2009
that it was extremely unlikely that the trial, should it
continue, would reach its objectives and that the
required financial and scientific resources could be
better utilized elsewhere.

Secondary endpoints

With respect to the secondary endpoints there were no
statistically significant differences between the two
groups (Table 3).

Reason for screening failure n 
Neurologic or psychiatric disease, patients with intracranial surgery or traumatic 
brain injury 

188 

Expected mechanical ventilation for less than 24 hours 106 
Mechanical ventilation for more than 48 hours 079 

450noitaticsuseRyranomlupoidraC
Chronic pain 037 
American Society of Anaesthesiologists Classification 5 patients (moribund) 029 

700sraey81<egA
Pregnancy 003 

101tnesnocdemrofnioN
010ydutslacinilcrehtonanidetapicitraP
870ffatsfonoitatimilecruosseR
800latipsohrehtootegrahcsiD
910noitidnocelbatsnI

Fig. 2 Consort diagram and
reasons for screening failure

Table 1 Demographics and baseline clinical characteristics

Parameter on admission Remifentanil Fentanyl p values

Total number 28 32
Age (years) 64 ± 15 63 ± 12 0.78
Female to male ratio 8:20 5:27 0.35
Surgical patients 26 (92%) 31 (97%) 0.59
Emergency patients 11 (42%) 15 (48%) 0.61
Orthopedic/trauma surgery 4 (15%) 3 (7%) 0.70
General/vascular surgery 10 (38%) 12 (39%) C0.99
ENT/maxillofacial surgery 4 (15%) 4 (13%) C0.99
Cardiothoracic surgery 8 (31%) 12 (39%) 0.59
BMI (kg/m2) 27 ± 5 26 ± 4 0.40
APACHE II 24 ± 8 26 ± 9 0.37
SOFA 8 ± 4 10 ± 4 0.06
TISS-28 43 ± 9 44 ± 8 0.65

Data are presented as mean ± standard deviation or frequencies
(%). p\ 0.05 is considered significant
BMI body mass index; ENT ear, nose, and throat; APACHE acute
physiology and chronic health evaluation; SOFA sequential organ
failure assessment; TISS-28 therapeutic intervention scoring system
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Administration of additional analgesics and sedatives

RASS values between both groups did not differ signifi-
cantly during the first 24 h of study inclusion (fentanyl
-3.25 vs. remifentanil -4.00, p = 0.68) and during the
whole study period (fentanyl-2.25 vs. remifentanil-2.88,
p = 0.94). Moreover the median duration of both admin-
istered study agents was not significantly different between
groups (fentanyl 49.00 h vs. remifentanil 71.00 h,
p = 0.13). Furthermore the calculations in Table 4 reveal
no statistical significance regarding the duration and the
median amount of administered propofol (fentanyl 2.24 mg/
kg/h vs. remifentanil 2.14 mg/kg/h, p = 0.66). Even though
there was a difference in administered midazolam between
both groups (fentanyl 0.09 mg/kg/h vs. remifentanil
0.21 mg/kg/h) this difference did not reach statistical sig-
nificance (p = 0.36) (Table 4). A conspicuous higher
median amount of administered haloperidole in the remif-
entanil group did not reach statistical significance either
(fentanyl 15 mg versus remifentanil 47 mg, p = 0.71).

Discussion

The study results reveal that the use of a remifentanil-
based analgesia regime in the critically ill is not

superior regarding the achievement and maintenance of
sufficient analgesia compared with a fentanyl-based
analgesia.

Remifentanil has previously been compared with other
opioids in the management of critically ill patients
requiring mechanical ventilation. A meta-analysis by Tan
and colleagues identified a total of 11 randomized con-
trolled trials that compared remifentanil with another
opioid or hypnotic agent in 1,067 critically ill adult
patients. Formal meta-analysis demonstrated no remifen-
tanil-associated benefits with respect to mortality,
duration of mechanical ventilation, length of ICU stay,
and risk of agitation. Even so, the use of remifentanil was
associated with a reduction in the time to extubation after
cessation of sedation [16]. However there was significant
heterogeneity in the studies grouped for formal meta-
analysis. Particularly we do not consider the following
four studies in this meta-analysis to be comparable to our
study: a randomized controlled trial (RCT) from Belhadj
Amor performed on critical care patients who all addi-
tionally had renal impairment [17], an RCT from Carrer
comparing morphine with morphine plus remifentanil
[18], an RCT by Rauf that examined only the first 12
postoperative hours in off-pump cardiac bypass patients
[19], and the RCT from Karabinis that included only
neurosurgical patients [20].

Table 2 Results—primary outcome variables

Remifentanil
(n = 28)

Fentanyl
(n = 32)

p values

Number (%) of subjects maintaining the target analgesia scores
(VAS of B3 and BPS B6) at 100% of the time points

14 (50%) 20 (63%) 0.44

Number (%) of subjects maintaining the target analgesia scores
(VAS of B3 and BPS B6) at 90% of the time points

21 (75%) 24 (75%) [0.99

Number (%) of subjects maintaining the target analgesia scores
(VAS of B3 and BPS B6) at 80% of the time points

23 (82%) 31 (97%) 0.09

VAS Visual Analog Scale, BPS Behavioral Pain Scale

Table 3 Results—secondary outcome variables

Outcome Values Remifentanil (n = 28) Fentanyl (n = 32) p values

Depth of sedation % (total number) of RASS observations within target 39% (of 796 scores) 40% (of 899 scores) 0.80
Duration of ventilation Median 73 95 0.98

Mean (95% confidence intervals) in hours 136 (79–192) 162 (96–228)
Duration of ICU stay Median 12 21 0.68

Mean (95% confidence intervals) in days 23 (14–32) 26 (17–35)
Duration of hospital stay Median 27 29 0.36

Mean (95% confidence intervals) in days 33 (24–42) 39 (29–48)
Delirium % of patients 29% 22% 0.57
Pneumonia % of patients 21% 16% 0.74
Ileus/sub-ileus % of patients 11% 6% 0.66
Renal failure % of patients 21% 25% 0.77
Wound infections % of patients 14% 16% [0.99
Reflux/vomiting % of patients 11% 13% [0.99
Weaning % of patients eligible for SBT at least once 89% 94% 0.66

ICU intensive care unit
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The seven ‘‘comparable’’ studies included in this
review and in our study differ in some important respects.
Firstly, whereas previous studies in this field have chosen
sedation scores or duration of mechanical variation as the
primary outcome variable, we chose validated pain
scores. It is well known from previous studies that care-
givers underestimate pain in the ICU [4, 21]. Our
approach was novel in that we used only validated,
patient-determined pain scores. However, all studies in
this meta-analysis were based on sedation and, to the best
of our knowledge, did not include analgesia-based, vali-
dated scoring as target monitoring.

Secondly, in all of the previous positive studies, the
control groups were sedated with midazolam. In the nega-
tive study [22] and in our study, the control groups were
sedated primarily with propofol. The benefit attributed to
remifentanil in some of the above studies could have been
either a surrogate of the harmful effect of midazolam or
dependent upon an interaction between the choice of opioid
andmidazolam. A recent study reported the harmful effects
of lorazepam when compared with dexmedetomidine in a
mixed surgical and medical ICU population [23].

Thirdly, we chose fentanyl as the comparator. There are
differences across the world regarding choice of opioid for
critically ill patients. Fentanyl and sufentanil are the opioids
of choice in Germany [1, 24, 25]. In the four studies where
the control group receivedmorphine [26–29] the result was
significantly in favor of remifentanil. Studies comparing
fentanyl and remifentanil have, on the other hand, yielded
mixed results [22, 30]. It may be that remifentanil is
superior to morphine but not to fentanyl.

Fourthly, our study and three previous studies [22, 26,
30] were performed principally on surgical patients. We
note that the studies performed on mixed medical/surgical
populations have yielded positive results in favor of
remifentanil [27, 28, 31]. Furthermore the mean duration
of ventilation in our remifentanil group (5.6 days) was

considerably longer than those of the three other studies
on surgical patients (14, 13, and 20 h respectively).
Intuitively, longer ventilation times in surgical patients
reflect higher-risk patients and more complicated post-
operative courses. It may be that the beneficial effects of
remifentanil are moderate and not as easy to demonstrate
in patients with multiple morbidities and complicated
postoperative courses.

Patients in the remifentanil group received a 0.1 mg/
kg morphine bolus 30 min before the infusion was stop-
ped. The calculations in Table 4 show that the number of
administered morphine boli per patient in both groups was
only minor [fentanyl 1.00 (0–4.75); remifentanil 1.00
(0–3)] and did not reach statistical significance
(p = 0.65). On the basis of this result it is unlikely that
the administered morphine boli could have confounded
possible benefits of remifentanil and led to a false nega-
tive result. The primary reason for using the morphine
bolus was reports of rebound hyperalgesia after discon-
tinuation of remifentanil in peri-operative patients [12,
13]. In light of these we felt ethically obliged to include
this in our protocol. Dahaba and colleagues [27] took a
slightly different approach to this problem. At the start of
the weaning process they gave both their study groups a
0.05 mg/kg piritramide bolus (a synthetic opioid with a
potency 0.75 times that of morphine and a plasma half-
life of 3–12 h). We decided against this design because
we were concerned that such a study would not accurately
reflect clinical practice. Specifically, in our normal prac-
tice we would not routinely give a long-acting opioid after
stopping a fentanyl or morphine infusion [4].

As described in the ‘‘Methods’’ section, analgesia and
sedation was performed according to a specific protocol in
both groups. A protocolized ICU management of sedation
and analgesia (including evaluation of sedation, analgesia,
and delirium with a therapeutic intervention score) is
associated with improved outcome compared with a pre-

Table 4 Study agents, additional analgesics, and sedatives

Fentanyla Remifentanila pc

RASS first 24 h -3.25 (-4.00 to -3.00)b -4.00 (-4.00 to -3.00)b 0.68
RASS whole study period -2.25 (-3.50 to -1.56)b -2.88 (-3.44 to -1.50)b 0.94
Study agents, duration of perfusion (h) 49.00 (25.00–115.75)b 71.00 (41.50 to 169.00)b 0.13
Propofol, duration of perfusion (h) 43.60 (25.00–90.13)b 57.36 (26.50–100.00)b 0.44
Propofol (mg-1 kg-1 h-1) 2.24 (1.86–2.96)b 2.14 (1.65–2.82)b 0.66
Clonidine (lg) 3,158 (480–8,940)b 8,100 (4,293–14,408)b 0.06
Midazolam (mg-1 kg-1 h-1) 0.09 (0.03–0.22)b 0.21 (0.10–0.22)b 0.36
Lorazepam (mg) 3 (1–46)b 3 (1–42)b 0.89
Haloperidole (mg) 15 (6–129)b 47 (12–227)b 0.71
Morphine, rescue medication (mg) 7 (0–22)b 7 (0–15)b 0.95
Morphine, rescue medication (n = boli) 1 (0–5)b 1 (0–3)b 0.65

Intergroup analysis: Mann–Whitney U test, Fisher’s exact test
RASS Richmond Agitation Sedation Scale
a Values are presented as medians

b Interquartile range (25th–75th) in parentheses
c p\ 0.05 is considered significant
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protocol management. In a study by Skrobik and col-
leagues [32] the cohort receiving protocolized ICU
management had superior analgesia while receiving sig-
nificantly lower mean doses of opiates. Therefore we
cannot exclude that comparing remifentanil and fentanyl
in an observational study setting might reveal differences
in patients’ outcome.

One major limitation of this study is that this trial was
stopped early due to futility. Stopping studies at interim
analysis due to futility is controversial [33]. Our protocol
stipulated interim analysis at 60 patients and this interim
analysis suggested that over 300% more patients than orig-
inally planned would be required to demonstrate an effect.
Consequently the IDMC recommended stopping. There are
compelling ethical reasons to publish interim results [34].
Interim analyses are very relevant to data safety monitoring
boards, principal investigators, recruiters, and potential
participants of other trials addressing the same question. One
further limitation of this study derives from the results that
even after the first 24 h of patient enrollment the median
RASS values did not match the target RASS (0 to-1). Even
though median RASS values as well as median duration of
propofol infusion did not differ significantly between groups
we cannot exclude that ‘‘oversedation’’might havemasked a
possible outcome benefit.

Conclusion

The use of a remifentanil-based analgesia regime in
critically ill patients was not superior regarding the
achievement and maintenance of sufficient analgesia
compared with a fentanyl-based analgesia.
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