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BACKGROUND: Properly titrated opiates decrease respiratory rate but do not affect tidal volume
or induce respiratory acidosis. OBJECTIVE: To determine whether remifentanil improves breath-
ing pattern or reduces inspiratory effort in patients with acute respiratory failure and tachypnea or
rapid shallow breathing. METHODS: We studied 14 patients who developed tachypnea and/or
rapid shallow breathing if the pressure support level was reduced. During pressure support ven-
tilation, each patient received 30-min infusions, separated by 30 min, of remifentanil and placebo.
Measurements were obtained before commencing and before stopping each infusion, and after
3 min of unassisted breathing. The main outcomes were rapid shallow breathing index and change
in pressure-time product. RESULTS: Remifentanil did not significantly affect tidal volume. During
pressure support ventilation, remifentanil infusion reduced respiratory rate, pressure-time product,
and cardiovascular double product (heart rate � systolic arterial pressure) without modifying the
sedation score. Mean PaCO2

showed a small and clinically negligible increase during remifentanil,
but PaCO2

increased more in the hypercapnic patients than in the normocapnic patients. Remifen-
tanil reduced the rapid shallow breathing index after 3 min of unassisted breathing. CONCLU-
SIONS: Remifentanil improved respiratory pattern and decreased inspiratory muscles effort in
patients with tachypnea or rapid shallow breathing, but did not affect oxygenation or sedation.
Though the acid-base balance did not show clinically relevant changes on average, we cannot
exclude the possibility that remifentanil might prolong weaning in hypercapnic patients. (Clinical-
Trials.gov registration NCT00665119) Key words: remifentanil; respiratory rate; work of breathing;
respiratory mechanics; conscious sedation; positive-pressure respiration; ventilator weaning; respiratory
insufficiency; analgesics; opioid. [Respir Care 2011;56(6):827–833. © 2011 Daedalus Enterprises]

Introduction

Rapid shallow breathing, characterized by high breath-
ing frequency and low tidal volume (VT), occurs both
during acute respiratory failure and unsuccessful attempts
to wean patients from mechanical ventilation.1-3 The rapid
shallow breathing index (RSBI, respiratory rate divided by

VT) predicts weaning outcome,4 extubation failure,5 and
time to wean.6

Rapid shallow breathing is associated with increased
ventilatory work load and/or reduction in respiratory mus-
cle strength, and therefore can lead to respiratory muscle
fatigue.7 Independent of its pathophysiological and clini-
cal importance, it also increases dead-space ventilation
and worsens hypercapnia. Tachypnea can generate or in-
crease dynamic hyperinflation, which both increases the
work load on the respiratory muscles and decreases their
strength, efficiency, and energy supply.8 In essence, tachy-
pnea and rapid shallow breathing can start a vicious circle
toward acute respiratory failure.

Respiratory depression from opiates is characterized by
decreased minute ventilation, which is related to respira-
tory rate reduction while VT increases.9 However, in pa-
tients with acute respiratory failure, respiratory acidosis
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and over-sedation do not occur if the opiates are properly
titrated.10,11 Among the opiates, remifentanil shows the
shortest context-sensitive half-life, and this feature makes
it an easily titratable drug during continuous intravenous
infusion.12,13

Given the effects of opiates on respiratory rate and VT,
we hypothesized that low-dose remifentanil could improve
respiratory pattern and decrease inspiratory muscle effort
by reducing respiratory rate in selected patients with acute
respiratory failure.

Our aim was to determine whether remifentanil improves
breathing pattern or reduces inspiratory effort, as mea-
sured by RSBI and pressure-time product (PTP), in pa-
tients with acute respiratory failure and tachypnea or rapid
shallow breathing.

Methods

This study was performed in our intensive care unit,
Unità di Terapia Intensiva Polifunzionale, Fondazione Po-
liambulanza Istituto Ospedaliero, Brescia, Italy, and was
approved by our institutional ethics committee. All sub-
jects or their next of kin gave informed consent. We stud-
ied 14 critically ill patients on pressure support ventilation
(PSV), who could not be weaned from mechanical venti-
lation because of onset or recurrence of tachypnea or rapid
shallow breathing if the pressure support was reduced or
discontinued. The inclusion criteria were respiratory rate
� 35 breaths/min or RSBI � 100 (breaths/min)/L during
PSV or during weaning-readiness assessment. Readiness
to wean was tested after 3 min at 5 cm H2O continuous
positive airway pressure and the same FIO2

used during
PSV.14-16 The exclusion criteria were: vasoactive drug in-
fusion (except dopamine at an infusion rate � 5 �g/kg/min),
Glasgow Coma Scale � 9, FIO2

� 0.6, PEEP � 10 cm H2O,
pH � 7.30, or concurrent administration of other sedatives
or analgesics.

Protocol

Each patient received sequential 30-min infusions of
remifentanil and placebo (NaCl 0.9%), separated by 30 min
to ensure no remaining clinical effect from the remifenta-
nil. We randomized the order of the remifentanil and pla-
cebo with a computer-generated randomization table. The
infusion rate started at 5 mL/h, which could be reduced to
2.5 mL/h if the patient developed a Richmond Agitation-
Sedation Scale of � �3 (moderate sedation: movement or
eye-opening to voice, but no eye contact).17 Remifentanil
dilution was individualized to each patient’s body weight
to deliver 0.05 �g/kg/min of drug at an infusion rate of
5 mL/h. The placebo and remifentanil were contained in
similar syringes, and the physician conducting the study
was blinded to the sequence of remifentanil and placebo.

The study protocol was interrupted if any of the follow-
ing conditions occurred and lasted � 3 min: respiratory
rate � 10 breaths/min or � 35 breaths/min with a 20%
increase over enrollment respiratory rate; SpO2

� 90%,
systolic arterial pressure � 80 mm Hg or � 200 mm Hg;
heart rate � 50 beats/min or � 140 beats/min; agitation or
anxiety; diaphoresis; Richmond Agitation-Sedation Scale
of � �4 (deep sedation: no response to voice, but move-
ment or eye-opening to physical stimulation).

Throughout the study we maintained all patients on the
PSV settings they had at enrollment. Before and after each
infusion of remifentanil or placebo, each patient under-
went an unassisted breathing test similar to the above de-
scribed weaning-readiness assessment.

Measurements and Calculations

We continuously monitored electrocardiography, arte-
rial blood pressure, SpO2

, capnography, airway pressure
and flow at the airway opening (CS/3 Critical Care Mon-
itor, Datex-Engstrom Division, Instrumentarium, Helsinki,
Finland), and Pes, via balloon catheter (Micritek Medical,
Zutphen, Holland) connected to a pressure transducer (Ed-
wards Lifesciences, Irvine, California). Positioning and
assessment of correct placement of esophageal balloon
were performed as previously described.18

Arterial blood samples were analyzed (OMNI 1-9 Mod-
ular System, AVL LIST Medizintechnik, Graz, Austria)
and Richmond Agitation-Sedation Scale score was col-
lected before commencing and before stopping infusion of
remifentanil or placebo, during PSV. Immediately before
arterial blood sampling and during unassisted breathing
tests we measured heart rate and arterial blood pressure
(measured every 10 s), and recorded airway pressure, Pes,
and air flow waveforms (sampling rate 100 Hz) for 3 min
and converted the recordings to ASCII files (S/5 Collect,
Datex-Ohmeda Division, Instrumentarium, Helsinki, Fin-
land). Data were imported to a worksheet (Excel 2003,
Microsoft, Redmond, Washington) for calculations.

We recorded the mean values of heart rate, mean arterial
pressure, and systolic arterial pressure. Data below the
10th percentile or above the 90th percentile were not in-
cluded in the mean calculations. Cardiovascular double
product was calculated as heart rate � systolic arterial
pressure.19,20

We selected the last recorded minute free from swal-
lowing artifacts on the Pes tracings for waveform analysis.
The following variables were measured or calculated in-
dependently by three of us (ADM, AR, and PF) for any
breath: VT (as integration of the flow signal); respiratory
rate; inspiratory change in Pes (�Pes, difference between
the end-expiratory pressure and the lowest inspiratory pres-
sure); dynamic intrinsic PEEP; and PTP (see below). The
3 authors who analyzed the data were blinded to the se-
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quence of remifentanil and placebo infusion, and we an-
alyzed the means of the calculations.

Intrinsic PEEP was calculated as the negative change in
Pes from the onset of inspiratory effort to the onset of
inspiratory flow.21 We calculated inspiratory muscle effort
during the respiratory cycle by the area subtended by Pes

and chest-wall static recoil pressure-time curve over in-
spiratory time, taking into account the intrinsic PEEP.22

Chest-wall elastance was assumed to be 9.4 cm H2O/L.23

PTP was calculated as the sum of all inspiratory muscle
efforts performed in 1 min. We partitioned PTP into its VT

and intrinsic PEEP components, as previously de-
scribed.21,22

Outcomes

The main outcomes were PTP and RSBI variations as-
sociated with remifentanil infusion. We measured PTP and
RSBI after 30 min of drug or placebo infusion during PSV.
Secondary outcomes were changes in cardiovascular dou-
ble product, intrinsic PEEP, arterial pH, and Richmond
Agitation-Sedation Scale score. We also recorded adverse
effects and events. Breathing pattern, inspiratory effort,
and cardiovascular variables also were measured during
the unassisted breathing tests.

Statistical Analysis

Data are shown as mean � SD, for quantitative, con-
tinuous, normally distributed variables, or as median and
IQR. In a previous study, patients with acute respiratory
failure had a mean RSBI of 140 � 25 (breaths/min)/L.2

From that datum we calculated that 14 patients were suf-
ficient to detect RSBI changes of � 20% with a power of
80% and a significance level of .05. We first compared the
3 conditions without remifentanil (ie, before infusion of
placebo, after infusion of placebo, and before infusion of
remifentanil) with repeated-measure analysis of variance
or the Friedman test, as appropriate. This approach tested
the hypothesis that the placebo had no effect and that the
patients were stable throughout the study, thereby avoid-
ing several multiple comparisons between study groups.
Second, we evaluated the effects of remifentanil by com-
paring data from before and after remifentanil infusion
with the paired t test or Wilcoxon test, as appropriate.
P � .05 was considered significant.

Results

At recruitment, 4 patients had both respiratory rate
� 35 breaths/min and RSBI � 100 (breaths/min)/L, 7 had
RSBI � 100 (breaths/min)/L and respiratory rate
� 35 breaths/min, and 3 had RSBI � 100 (breaths/min)/L
and respiratory rate � 35 breaths/min. Six patients were

male and 8 were female. Median and IQR values included:
age 78 (73–82) years, body mass index 25 (22–26) kg/m2,
pressure support 9 (6–10) cm H2O, PEEP 7 (5–10) cm H2O,
and FIO2

0.5 (0.41–0.52). Acute respiratory failure was
due to trauma in 4 patients, exacerbation of COPD in 3
patients, pneumonia in 3 patients, stroke in 2 patients,
status epilepticus in one patient, and peritonitis in one
patient. Predicted mortality, based on Simplified Acute
Physiology Score II was 25% (16–72%). Patients were on
mechanical ventilation for 5 (2–12) days before the study.
Six patients were tracheotomized, 4 had orotracheal intu-
bation, and 4 had nasotracheal intubation. No patients met
the criteria for protocol interruption, and all patients com-
pleted the study. Two patients needed reduction of remifen-
tanil infusion because of Richmond Agitation-Sedation
Scale score of � �3.

Table 1 shows the respiratory variables data without
remifentanil. None of the variables showed any significant
differences before placebo infusion, during placebo infu-
sion, or before remifentanil infusion.

Table 2 shows the respiratory variables data before and
after 30 min of remifentanil infusion. During remifentanil
infusion, respiratory rate decreased, but VT was unaffected.
RSBI did not change during PSV, but RSBI decreased
during unassisted breathing during remifentanil. During
both PSV and unassisted breathing test, remifentanil de-
creased �Pes, intrinsic PEEP, VT-related PTP, intrinsic-
PEEP-related PTP, heart rate, arterial blood pressure, and
cardiovascular double product. Remifentanil also slightly
decreased pH and slightly increased PaCO2

, although not to
the point of respiratory acidosis, on average. Nevertheless
before remifentanil, 5 patients had PaCO2

� 45 mm Hg
(median and IQR PaCO2

52 [48–62] mm Hg), and 9 were
normocapnic (PaCO2

36 [32–38] mm Hg) (P � .01). Dur-
ing remifentanil infusion, PaCO2

increased in the hypercap-
nic patients more than in the normocapnic patients (7 [6–
11] mm Hg vs 4 [3–4] mm Hg, respectively, P � .03).
One patient, who had compensated respiratory acidosis
before remifentanil, developed respiratory acidemia dur-
ing remifentanil (PaCO2

68 mm Hg, pH 7.31). Remifentanil
did not affect oxygenation. There were no significant
changes in sedation status, but there was a trend toward a
mild increase in sedation. No patient had diaphoresis, ag-
itation, anxiety, or Richmond Agitation-Sedation Scale
� �4 during unassisted breathing test. There were no
other adverse effects associated with remifentanil.

Discussion

Remifentanil reduced PTP during PSV, reduced both
PTP and RSBI during short unassisted breathing, and re-
duced the double product, a marker of myocardial oxygen
consumption, independent of the ventilation mode. These
changes were not associated with acidosis, over-sedation,
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or other adverse effects. RSBI was not significantly re-
duced by remifentanil during PSV, but RSBI reduction
was relevant after only 3 min of unassisted breathing test.
Despite the short duration of the unassisted breathing tests,
we are confident that the RSBI improvement reached its
steady-state value, as it was previously shown that RSBI
did not significantly change after the first 2 min of unas-
sisted breathing.24 In unassisted breathing tests, RSBI was
111 � 33 (breaths/min)/L before remifentanil, and it de-
creased to 83 � 36 (breaths/min)/L during remifentanil.
There is consensus that RSBI � 105 (breaths/min)/L
and respiratory rate � 35 breaths/min are required as
indicators of weaning readiness.14 At recruitment, all of
our study patients did not meet at least one of those con-
ditions, whereas 7 out of the 14 patients had both
RSBI � 105 (breaths/min)/L and respiratory rate
� 35 breaths/min when the weaning readiness test was
repeated during remifentanil infusion.

PTP and �Pes were dramatically reduced by remifenta-
nil during both PSV and unassisted breathing. In most

patients, Pes requires as long as 15 min to stabilize during
a spontaneous breathing trial,24 so �Pes and PTP probably
stabilized only during PSV, not during unassisted breath-
ing. Nevertheless, despite its possible underestimation, the
PTP decrease during spontaneous breathing may be clin-
ically relevant. It has been suggested that a threshold PTP
value of 125 cm H2O � s/min differentiates acceptable from
excessively high inspiratory effort.25,26 During unassisted
breathing in our 14 patients the mean PTP was
145 � 89 cm H2O � s/min before remifentanil, and
89 � 44 cm H2O � s/min during remifentanil. It is intrigu-
ing that remifentanil shifted the mean PTP from excessive
to acceptable inspiratory effort. In particular, 4 patients
(29%) had PTP � 125 cm H2O � s/min before remifenta-
nil, and � 125 cm H2O � s/min during remifentanil.

Irrespective of ventilation mode, both the VT-related
and intrinsic-PEEP-related components of PTP decreased.
Our patients had intrinsic PEEP similar to that in mechan-
ically ventilated patients without flow limitation,27 but de-
spite the low intrinsic PEEP, the respiratory-rate reduction

Table 1. Respiratory Variables Without Remifentanil*

Pressure Support Ventilation Unassisted Breathing

Placebo T0 Placebo T1 Remifentanil T0 P Placebo T0 Placebo T1 Remifentanil T0 P

Respiratory rate
(breaths/min)

26 (24–301) 29 (27–30) 29 (25–32) .88 30 � 7 31 � 5 30 � 5 .92

VT (L) 0.35 (0.31–0.41) 0.34 (0.30–0.41) 0.34 (0.3–0.43) .26 0.32 � 0.08 0.29 � 0.08 0.3 � 0.1 .21
RSBI (breaths/L/min) 76 � 30 78 � 27 75 � 32 .64 92 (80–108) 112 (88–128) 109 (90–137) .53
Intrinsic PEEP (cm H2O) 1.3 (0.8–2.6) 1 (0.6–1.5) 1.2 (0.5–1.7) .93 1.9 (0.9–2.3) 1.3 (0.9–2.2) 1.5 (0.7–2.7) .53
Inspiratory �Pes

(cm H2O)
2.4 (1.2–3.2) 1.4 (0.9–3.7) 1.7 (1.2–2.6) .53 6.1 � 3.5 5.7 � 3.5 6.1 � 3.9 .57

TI/TTOT 0.39 (0.33–0.45) 0.38 (0.33–0.43) 0.38 (0.35–0.45) .05 0.44 (0.35–0.45) 0.39 (0.34–0.44) 0.41 (0.33–0.43) .20
PTP (cm H2O · s/min) 60 (52–78) 77 (45–114) 71 (49–98) .61 152 � 75 137 � 72 145 � 89 .44
PTP-intrinsic PEEP

(cm H2O · s/min)
25 (16–42) 29 (16–44) 43 (16–53) .75 49 (27–66) 35 (24–63) 37 (19–82) .61

PTP-VT (cm H2O · s/min) 36 (16–48) 32 (22–73) 38 (26–47) .26 97 � 43 88 � 48 88 � 50 .38
Heart rate (beats/min) 80 � 8 81 � 10 81 � 8 .65 82 � 9 84 � 11 85 � 7 .34
Mean arterial pressure

(mm Hg)
95 � 15 89 � 12 92 � 13 .23 97 � 15 92 � 12 97 � 12 .34

Double product
(mm Hg · beats/min)

11,148 � 1,956 11,101 � 1,888 11,668 � 1,897 .73 12,158 � 2,053 11,893 � 2,258 12,789 � 1,767 .36

pH 7.46 (7.45–7.52) 7.48 (7.45–7.5) 7.48 (7.46–7.51) .35 NA NA NA NA
PaCO2

(mm Hg) 43 � 12 44 � 14 42 � 11 .09 NA NA NA NA
PaO2

(mm Hg) 98 (92–127) 90 (88–104) 103 (87–114) .44 NA NA NA NA
Richmond Agitation-

Sedation score
–0.5 (–1 to 0) –1 (–1 to 0) 0 (–1 to 0) .78 NA NA NA NA

* � values are mean � SD. Other values are median (IQR).
T0 � before commencement of infusion
T1 � during infusion
RSBI � rapid shallow breathing index
Intrinsic PEEP � dynamic intrinsic positive end-expiratory pressure
�Pes � change in esophageal pressure
PTP � pressure-time product
PTP-intrinsic PEEP � PTP component related to intrinsic PEEP
PTP-VT � PTP component related to tidal volume
NA � not applicable because we did not take these measurement during unassisted breathing
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during remifentanil approximately halved the intrinsic
PEEP value. Flow limitation and acute respiratory failure
of pulmonary origin generate intrinsic PEEP higher than
that observed in the present study.27 In those patients
remifentanil should reduce the intrinsic-PEEP-related com-
ponent of PTP, and consequently overall PTP, more than
we observed in our study, which could facilitate weaning
by increasing the strength and efficiency of the respiratory
muscles and reducing their work load.8

During remifentanil infusion, PaCO2
increased and pH

decreased. Despite the fact that these changes were clini-
cally negligible on average, in hypercapnic patients
remifentanil should be considered with caution. Remifen-
tanil increased PaCO2

more in hypercapnic than normocap-
nic patients. We cannot exclude the possibility that remifen-
tanil could unfavorably impact weaning in hypercapnic
patients.

Remifentanil mildly to moderately reduced heart rate
and arterial pressure. The final effect was a reduction of
the double product, which is strongly related to cardiac
oxygen consumption.19,20 Occult cardiac ischemia should
be suspected in patients who repeatedly fail weaning, es-
pecially patients with coronary artery disease.28 Moreover,
myocardial ischemia was accompanied by an excessive
increase in the double product and increased the risk of
first-day weaning failure by 110%.29 We speculate that
remifentanil could help modulate the cardiovascular re-
sponse during weaning in patients with coronary artery
disease.

Limitations

The main limitations of this study were that we did not
titrate the remifentanil dose on an individual basis, and we

Table 2. Respiratory Variables Before and During Remifentanil Infusion*

Pressure Support Ventilation Unassisted Breathing

T0 T1
Difference
(95% CI)

P T0 T1
Difference
(95% CI)

P

Respiratory rate
(breaths/min)

27 � 7 19 � 5 8 (4–12) .002 31 (27–33) 20 (18–23) 9 (6–13) .002

VT (L) 0.34 (0.3–0.43) 0.32 (0.29–0.44) 0 (–0.04 to 0.40) .80 0.25 (0.22–0.37) 0.24 (0.22–0.38) 0 (–0.03 to 0.02) .95
RSBI (breaths/L/min) 75 � 32 62 � 33 13 (–10 to 35) .26 111 � 33 83 � 36 28 (10–46) .005
Intrinsic PEEP

(cm H2O)
1.2 (0.5–1.7) 0.6 (0.5–1.2) 0.5 (0.1–1.1) .04 1.5 (0.7–2.7) 0.9 (0.5–1.3) 1 (0.3–1.7) .009

Inspiratory �Pes

(cm H2O)
1.7 (1.2–2.6) 1.1 (0.8–1.8) 0.7 (0.1–2) .04 6.1 � 3.9 4.3 � 2.5 1.9 (0.4–3.3) .01

TI/TTOT 0.38 (0.35–0.45) 0.31 (0.24–0.34) 0.05 (0.01–0.15) .02 0.41 (0.33–0.43) 0.34 (0.29–0.36) 0.06 (0.01–0.1) .03
PTP (cm H2O · s/min) 71 (49–98) 37 (26–62) 39 (17–64) .004 145 � 89 89 � 44 56 (20–92) .005
PTP-intrinsic PEEP

(cm H2O · s/min)
41 � 30 18 � 13 22 (8–37) .006 37 (19–82) 21 (11–27) 28 (8–59) .004

PTP-VT

(cm H2O · s/min)
38 (26–47) 18 (15–45) 17 (7–35) .009 88 � 50 67 � 31 21 (3–39) .02

Heart rate (beats/min) 81 � 8 77 � 8 5 (2–8) .005 85 � 7 79 � 8 5 (3–8) .001
Mean arterial pressure

(mm Hg)
91 (85–97) 80 (71–89) 9 (3–20) .01 97 � 12 88 � 15 9 (3–16) .009

Double product
(mm Hg · beats/min)

11,668 � 1,897 9,305 � 2,208 2,255
(1,056–3,456)

.001 12,789 � 17,67 10,512 � 1,823 2,089
(1,148– 3,030)

� .001

pH 7.48 � 0.05 7.44 � 0.06 0.04 (0.02–0.05) � .001 NA NA NA NA
PaCO2

(mm Hg) 42 � 11 47 � 14 –5 (–8 to –3) � .001 NA NA NA NA
PaO2

(mm Hg) 103 (87–114) 108 (99–148) –2 (–20 to –10) .8 NA NA NA NA
Richmond Agitation-

Sedation score
0 (–1 to 0) –1 (–1 to –1) 1.5 (0–3) .09 NA NA NA NA

* � values are mean � SD. Other values are median (IQR).
T0 � before commencement of infusion
T1 � before stopping of infusion
RSBI � rapid shallow breathing index
Intrinsic PEEP � dynamic intrinsic positive end-expiratory pressure
�Pes � change in esophageal pressure
PTP � pressure-time product
PTP-intrinsic PEEP � PTP component related to Intrinsic PEEP
PTP-VT � PTP component related to tidal volume
NA � not applicable because we did not take these measurement during unassisted breathing
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used a short infusion period. The remifentanil infusion rate
(0.05 �g/kg/s) was chosen because it reduced respiratory
rate without causing respiratory acidosis in patients with
acute respiratory failure.10 The clinical effects of remifen-
tanil change within a few minutes of infusion-rate change,
because of remifentanil’s ultra-short context-sensitive half-
life,12,13 so if we had titrated the remifentanil infusion rate
on, for instance, RSBI or Richmond Agitation-Sedation
Scale, more patients might have had RSBI � 105 (breaths/
min)/L and respiratory rate � 35 breaths/min, without
over-sedation. Nevertheless, a 0.05 �g/kg/s remifentanil
infusion rate was a safe starting dosage, considering that
our subjects were mostly elderly. Finally, a 30-min infu-
sion period did not ensure that remifentanil had reached its
peak effect on minute ventilation, which could occur later,30

but, again, the short context-sensitive half-life of remifen-
tanil should allow fast adjustment of dosage in case of
excessive respiratory depression.

Remifentanil seems to be preferable to propofol or ben-
zodiazepines when sedation is required in difficult-to-wean
patients. In fact, propofol was associated with develop-
ment of rapid shallow breathing in patients preparing to
wean from mechanical ventilation.31 Moreover, analgesia-
based sedation with remifentanil reduced the duration of
mechanical ventilation and improved the weaning process,
compared to benzodiazepine-based sedation.32 Further clin-
ical trials should evaluate whether the effects of remifen-
tanil on respiratory and cardiovascular variables can be
exploited in the clinical management of patients with im-
pending respiratory failure or during weaning. It is prob-
able that other opiates share remifentanil’s respiratory and
cardiovascular effects during acute respiratory failure. In
fact, fentanyl showed efficacy and safety similar to remifen-
tanil in mechanically ventilated patients when both drugs
were administered with an algorithm requiring frequent
monitoring and adjustment on a sedation scale.33

Conclusions

Remifentanil decreased inspiratory muscle effort and
improved ventilatory pattern in mechanically ventilated
patients with tachypnea or rapid shallow breathing.
Remifentanil, and probably other opiates, could be used in
patients who remain tachypneic despite pressure support
titration. Moreover, they should be considered as an ef-
fective choice for patients requiring sedation during wean-
ing. Further clinical trials should evaluate whether remifen-
tanil and other opiates reduce the need for mechanical
ventilation or support the weaning process in this type of
patient.
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