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Rationale: Opioids are commonly used to relieve dyspnea, but clin-
ical data are mixed and practice varies widely.
Objectives: Evaluate the effect of morphine on dyspnea and ventila-
tory drive under well-controlled laboratory conditions.
Methods: Six healthy volunteers received morphine (0.07 mg/kg)
and placebo intravenously on separate days (randomized, blinded).
We measured two responses to a CO2 stimulus: (1) perceptual re-
sponse(breathingdiscomfort;describedbysubjectsas“airhunger”)
induced by increasing partial pressure of end-tidal carbon dioxide
(PETCO2) during restricted ventilation, measured with a visual analog
scale (range, “neutral” to “intolerable”); and (2) ventilatory response,
measured in separate trials during unrestricted breathing.
Measurements andMainResults:Wedetermined thePETCO2 that pro-
duced a 60% breathing discomfort rating in each subject before
morphine (median, 8.5 mm Hg above resting PETCO2). At the same
PETCO2 after morphine administration, median breathing discomfort
was reducedby65%of its pretreatment value; P,0.001.Ventilation
fell 28% at the same PETCO2; P , 0.01. The effect of morphine on
breathingdiscomfortwas not significantly correlatedwith the effect
on ventilatory response. Placebo had no effect.
Conclusions: (1) A moderate morphine dose produced substantial
relief of laboratory dyspnea, with a smaller reduction of ventilation.
(2) In contrast to anearlier laboratorymodel of breathingeffort, this
laboratorymodel of air hunger established a highly significant treat-
ment effect consistent in magnitude with clinical studies of opioids.
Laboratory studies require fewer subjects and enable physiological
measurements that are difficult tomake in a clinical setting.Within-
subject comparison of the response to carefully controlled labora-
tory stimuli can be an efficientmeans to optimize treatments before
clinical trials.
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Dyspnea, the perception of breathing discomfort, is a powerfully
aversive sensation (1, 2). Dyspnea is one of the most troubling
symptoms in palliative care (3, 4), is common in mechanically
ventilated patients, and is probably connected to poor psycho-
logical outcomes (5, 6). The need for effective dyspnea pallia-
tion is acute.

Reviews conclude that no drugs other than opioids are effec-
tive for this purpose (7, 8). However, dyspnea palliation is not
a Food and Drug Administration–listed indication for opioids,
and their use is limited by concerns about respiratory depres-
sion and other side effects (e.g., Reference 9). Evidence sup-
porting the use of systemic opiates for dyspnea palliation includes
a meta-analysis of 9 clinical studies, each having 7 to 18 patients
(10). The authors concluded that opiates reduce dyspnea, but
several individual studies reported little or no benefit. A single
adequately powered study of slow-release opioid showed a statis-
tically significant but modest effect (11).

The clinical setting provides relatively noisy data because
both the underlying pathophysiology and treatment constantly
vary. The ability to employ a laboratory model in the testing
of palliative treatments for dyspnea could allow more certain
progress: dose escalation studies, drug comparison studies, and
placebo controls can be done within individuals, allowing paired
comparison; repeated laboratory tests are not subject to varia-
tions in pathophysiological state; physiological measurements
that are difficult in the clinical setting can be obtained easily
in the laboratory. A published laboratory model of respiratory
work did not show a treatment effect of opiates, in contrast to
published clinical studies (12). We sought to determine whether
a laboratory model of air hunger is more appropriate for pre-
dicting clinical effect.

The present study addresses several questions: Does morphine
relieve air hunger? Can laboratory-induced dyspnea in healthy
humans provide a useful model to assess potential clinical dyspnea
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AT A GLANCE COMMENTARY

Scientific Knowledge on the Subject

Clinical studies show that opioids reduce refractory dyspnea
(breathing discomfort), but individual studies vary from no
effect to strong effect, perhaps because of variability of
clinical conditions. There was a single previous attempt to
study the effect of opioids on dyspnea under controlled
laboratory conditions. In that study, opioids did not reduce
dyspnea produced by a laboratory challenge that evoked
a sense of increased breathing work and effort. Thus, lab-
oratory results did not match clinical outcomes.

What This Study Adds to the Field

The present study showed that opioids profoundly reduced
dyspnea during a laboratory challenge that evoked a sense
of air hunger. Treatment effect was quantitatively similar to
clinical studies. This study strengthens confidence in the
laboratory model of air hunger dyspnea as an adjunct to
clinical trials of palliative treatments, focuses attention on
air hunger as the primary target of therapy, and reaffirms the
effectiveness of opiates for dyspnea palliation.
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treatments in a controlled environment? Is dyspnea relief by mor-
phine a simple outcome of brainstem respiratory depression, or
might opiate effects on perceptual processing contribute to relief?
We used a well-characterized laboratory model to induce dyspnea
in healthy subjects to test the effect of intravenous morphine and
placebo. A combination of mild hypercapnia with restricted min-
ute ventilation has been shown to evoke reports of “air hunger,”
“unsatisfied inspiration,” and, to some extent, “respiratory work”
(e.g., References 13–17). Although this not a perfect model of
clinical dyspnea, it evokes both the immediate unpleasantness
and the emotional responses reported by patients to a greater
degree than the other widely used model, external resistance (18).

Some of the results of these studies have been previously re-
ported in abstract form (19).

METHODS

The Committee on Clinical Investigations (Institutional Review Board,
IRB) at Beth Israel Deaconess Medical Center (Boston, MA) approved
this protocol, and written consent was obtained from all subjects. Exclu-
sion criteria included pregnancy, history of hypersensitivity to any opi-
ate, opiate use in the past month, unstable cardiac or vascular disease,
stroke, seizure disorder, severemigraine headaches, hepatic or renal dis-
ease, pheochromocytoma, peripheral neuropathies, known brain metas-
tasis, drug addiction, major psychiatric disorder, and panic disorder. In
addition, we excluded subjects not fluent in English. Fifteen subjects
were enrolled (i.e., signed consent forms), and full data sets were
obtained and analyzed for 6 subjects, as explained below.

Test Stimuli

We employed two stimuli, both with graded hypercapnia: (1) laboratory
dyspnea challenge, in which minute ventilation was limited; and (2)
hypercapnic ventilatory response (HCVR), in which breathing was un-
impeded. End-tidal PCO2 (PETCO2) was manipulated by altering inspired
PCO2 and holding each PETCO2 level for 3 minutes to permit steady state
response in both tests (20, 21).

Measurement of Dyspnea

Dyspnea challenge. The effects of morphine and placebo on dyspnea
were assessed from the dyspnea challenge tests, in which a system pre-
viously described was used to limit minute ventilation during hypercap-
nia to 0.13 L/minute/kg (13, 16, 18). (The breathing system is shown
in Figure E1 in the online supplement). We controlled inspired PCO2

to produce four to six stepwise PETCO2 increases and decreases of 2 to
8 mm Hg in unpredictable order; each step was held for approximately
3 minutes.

Breathing discomfort scale. Subjects were instructed to rate “Breathing
Discomfort.how unpleasant or bad your breathing feels” using a Breath-
ing Discomfort Visual Analog Scale (BDVAS) labeled neutral/unpleasant/
annoying/distressing/unbearable. They were encouraged to change their
rating whenever discomfort changed. The scale was implemented electron-
ically, with a linear LED visual readout that the subject adjusted by turning
a knob. An analog signal was provided for continuous recording. BDVAS
rating was the primary outcome measure for dyspnea challenge tests.
Instructions to the subject are given in the online supplement.

Multidimensional dyspnea profile. To enhance our understanding of the
action of morphine, subjects were also questioned immediately after each
dyspnea challenge trial regarding respiratory sensations, using the Multi-
dimensional Dyspnea Profile (MDP) (17, 18, 22, 23). Dyspnea is a multi-
dimensional perception (24), which can be viewed as having an
immediate sensory component comprising the intensity and duration of
several sensory qualities (SQs), an immediate affective discomfort or
unpleasantness (affective stage A1), and an evaluative emotional com-
ponent (affective stage A2) (see Reference 25). This instrument presents
a single scale for immediate unpleasantness of respiratory sensation, five
scales for the intensity of several qualities of respiratory sensation, and
five scales for the negative emotional response to respiratory discomfort;
individual items are listed in Table E2. Subjects were asked to focus on
the last 30 seconds of the trial when completing the MDP. Data from the

MDP were used as secondary outcome measures, not as primary tests of
the effect of morphine on dyspnea.

Measurement of Respiratory Drive (HCVR)

The effects of morphine and placebo on respiratory drive were assessed
from the steady state HCVR test, in which subjects were free to breathe
spontaneously (15). Four to six stepwise PETCO2 elevations were applied
by raising inspired PCO2 in steps of 2 to 4 mm Hg to achieve PETCO2

levels equivalent to those used in the prior dyspnea challenge test.
Minute ventilation derived from a calibrated pneumotachometer signal
was the primary outcome measure from HCVR tests.

Blinding and Randomization

The physician providing medical coverage randomized the order of pre-
sentation of morphine and saline injections. The first two subjects were
informed that on a given day they would receive either drug or saline
placebo. Because an early subject reported detecting drug side effects,
we increased subterfuge to reduce the chance likelihood that subjects
might discern treatment condition from side effects. We informed sub-
jects 3–15 that they would get either morphine or a benzodiazepine
tranquilizer (but the “benzodiazepine” was actually saline). Experi-
menters were blinded to whether the drug was morphine or saline, with
the exception of the attending physician, who had no involvement in
stimulus administration or dyspnea measurement.

An additional blinding measure was added to prevent subjects from
discerning which treatment reduced dyspnea (especially important in the
case of the investigator-subject): PETCO2 was elevated if necessary to
achieve the same maximal level of BDVAS during the dyspnea challenge
after treatment as had been observed during predrug baseline. Thus, if
treatment was effective, the subject experienced higher PETCO2 after treat-
ment during both the dyspnea challenge and the following HCVR.

Protocol

On arrival for a laboratory session, the subject’s resting PETCO2 was
measured with an unobtrusive nasal sampling catheter during quiet
undisturbed reading of interesting but nonemotive material.

Each subject underwent one or two sessions of familiarization with
both dyspnea challenge and HCVR, which included a stimulus strength
that produced intolerable discomfort during the dyspnea challenge.
These sessions stabilize the relationship between stimulus and rating.
At this stage we identified and excluded one subject whose ratings were
correlated poorly with PETCO2 as per the a priori criterion (r2 , 0.5;
see Reference 15).

Test days: After measuring resting PETCO2, we placed an intravenous
catheter. We then performed one or two predrug baseline assessments
of the dyspnea challenge response and a steady state HCVR. Each dysp-
nea challenge assessment comprised three to five steps of end-tidal
PETCO2 delivered in an assessment trial lasting 10 to 20 minutes. Our goal
was to achieve BDVAS ratings ranging from zero to approximately 75%
of full scale (%FS) before and after treatment. To reduce the influence
of subject expectation, each trial was started at a different PETCO2 than
the prior trial, and each trial included both increasing and decreasing
PETCO2 steps in varied order. Examples of time traces are shown in
Figure E2.

We then infused morphine sulfate (0.07 mg/kg) or saline placebo
over the course of 5 minutes (separate days, order randomized). This
dose is in the range of the suggested starting dose when morphine is
given for acute pain. Resting ventilation was measured for at least
5minutes after the end of drug infusion; we then commenced alternating
trials of dyspnea challenge and HCVR. All subjects completed at least
two trials of each type after drug infusion. Two subjects (1 and 13) un-
derwent a second experiment at a higher dose (180 and 145% of the
standard dose, respectively) at least 10 days after the initial experiment.

Subjects were also questioned about side effects that might be
expected with the drug.

Analysis

Analyses were based on a “steady state” epoch of data beginning at
least 100 seconds after a step change in PETCO2 and lasting at least 30
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seconds (20, 21). Because the analgesic effect of intravenous morphine
lasts several hours, and because initial analysis showed no difference
between the first two dyspnea challenge trials postdrug, data from these
trials were combined for analysis (the first trial commenced 9–15 min
after the end of drug infusion, and the second commenced 49–73 min
after drug infusion).

By a priori design, we used a “response feature” analysis to provide
a single number for treatment effect in each subject (see Figure E3).
This approach uses the data collected in repeated measures over
a range of stimulus values, thus minimizing the effect of “noise” in
the psychophysical ratings. It does not require exact matching of stim-
uli before and after treatment, eliminating noise in the independent
variable. The single response feature enabled statistical testing using
a two-tail paired t test. On the basis of linear regression we interpolated
the PETCO2 at which the BDVAS rating was 60% full scale (%FS)
before treatment. This level is typical of patients entered in clinical
studies using morphine for palliation of dyspnea, and allows sufficient
scope to enable measurement of a large treatment effect. Treatment
response was defined as the fall in BDVAS rating at the same PETCO2

after treatment with morphine, and was compared with mean placebo
effect. We examined the change in HCVR by a similar approach, mea-
suring change in ventilation at the same PETCO2 as used for each subject
in the analysis of BDVAS.

To estimate the effect of morphine throughout a range of dyspnea,
we also calculated mean regression lines for both BDVAS and HCVR,
using the mean slope and mean x intercept, with each subject weighted
equally; we did not use these for statistical tests.

RESULTS

Subjects

We studied six opiate-naive healthy volunteers (see Table 1). We
enrolled 15 subjects, but 7 subjects were dropped between en-
rollment and drug testing for the following reasons: 4 were
excluded based on a priori medical criteria (medical histories
were taken only after the consent form was signed); 1 failed to
show an adequate correlation between the CO2 stimulus and
BDVAS; 2 were dropped because contact was lost.

In addition, one subject failed to complete the morphine
study due to strong nausea, and one subject was dropped during
data analysis because we had not been able to induce the
prescribed baseline dyspnea within the IRB-agreed limit for
PETCO2.

Effect of Morphine on Dyspnea

Breathing Discomfort Visual Analog Scale. After morphine,
breathing discomfort fell 39%FS (median) at the same PETCO2

that had induced a pretreatment BDVAS of 60%FS (P , 0.001);
see Figure 1. This is a relative decrease of 65% of the prevailing
level of pretreatment dyspnea (see ALTERNATE STATISTICAL TEST

in the online supplement). Morphine produced a parallel right-
ward shift in breathing discomfort versus PETCO2, such that breath-
ing discomfort at any given PETCO2 was substantially less, as shown
in Figure 2 (top). Placebo produced no effect (median change,
0%FS; P ¼ 0.31).

The higher dose given to subjects 1 and 13 on a second occa-
sion produced no discernable improvement in dyspnea com-
pared with the initial dose given to these subjects.

Multidimensional Dyspnea Profile. The affective response to
dyspnea (and pain) can be viewed as having an immediate un-
pleasantness component (A1) and an evaluative emotional com-
ponent (A2) (25). The instruction given for BDVAS rating
corresponds closely to immediate unpleasantness; thus, to verify
the performance of the MDP, we tested the correlation of im-
mediate unpleasantness rated just after the trial to the online
BDVAS rating during the focus period, using all 50 MDP
responses collected from all 6 subjects on morphine or placebo
administration days (18 predrug trials, 14 postsaline trials, and
18 postmorphine trials). The mean online BDVAS for these
periods was 60%FS (SD, 26%FS). VAS and immediate unpleas-
antness were highly correlated (r2 ¼ 0.84, P , 0.0001).

The descriptor group “air hunger, not getting enough air,
smothering” was selected by subjects as the best description
of the dyspnea challenge. In the 50 MDP responses after dysp-
nea challenge, the overall average BDVAS rating was 59%FS.
The average rating for air hunger was 61%FS, followed closely
by the essentially synonymous descriptor groups “want more
air, not breathing enough, breaths don’t satisfy,” both at 60%
FS. The second most highly rated descriptor group was “breath-
ing requires mental effort or concentration,” averaging 43%FS.
The descriptors “chest and lungs feel tight or constricted” and
“breathing requires muscle work or effort” were rated 32%FS
and 31%FS, respectively. There was no difference in the rank
order of these descriptors before versus after morphine.

TABLE 1. SUBJECT CHARACTERISTICS

Subject (Sex)

Height

(cm)

Weight

(kg)

Age

(yr)

PETCO2 at

Rest (mm Hg)

HCVR Slope

(L/min/mm Hg)

HCVR Intercept

(mm Hg)

BDVAS Slope

(%FS, mm Hg)

BDVAS Intercept

(mm Hg)

Experience Relevant to

Respiratory Testing

1 (M) 178 78 57 40 1.9 35.9 9.4 42.8 Ph.D. in physiology, participating

investigator

3 (M) 163 68 34 41 0.9 17 6.7 41.1 College, no biology. Mouthpiece

experience, breathing exercises

in martial arts

6 (M) 188 80 21 42 2.0 38.2 6.9 41.3 Some college, no biology, no

controlled breathing experience

11 (M) 168 70 26 41 1.4 34.8 5.9 38.1 College, biology major. No

controlled breathing experience

13 (M) 183 77 20 45 1.4 40.6 5.3 50.3 High school. Some scuba

experience

14 (F) 183 64 23 39 1.2 33.7 10.7 38.7 College (premed), emergency

room aide

Mean 177.2 72.8 30.2 41.3 1.5 33.4 7.5 42.1

Median 180.5 73.5 24.5 41 1.4 35.3 6.8 41.2

SD 9.7 6.4 14.1 2.1 0.4 8.4 2.1 4.4

Coefficient

of variation

5% 9% 47% 5% 29% 25% 28% 10%

Definition of abbreviations: BDVAS ¼ Breathing Discomfort Visual Analog Scale; F ¼ female; FS ¼ full scale; HCVR ¼ hypercapnic ventilatory response; M ¼ male;

PETCO2 ¼ partial pressure of end-tidal carbon dioxide.

Note: Subject numbers were assigned in recruitment order; missing numbers reflect dropout as explained in text.
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Our measurement of negative emotional response comprised
rating scales for “depressed,” “anxious,” “frustrated,” “angry,”
and “afraid.” The most prominent emotional response in the
control state was anxiety, with a mean rating of 21%FS, followed
by frustration (mean, 15%FS); the other emotions averaged 3%
FS or less. To determine whether morphine had a differential ef-
fect on the affective dimension of dyspnea (as proposed for pain),
we selected one MDP response pair that was matched to have the
same immediate unpleasantness pre- versus posttreatment in
each of the six subjects. (To obtain equal unpleasantness PETCO2

was on average 5 mmHg higher after morphine.) Anxiety ratings
fell disproportionately after morphine: anxiety fell significantly
from 0.63 to 0.22 (P ¼ 0.025). Placebo had no effect on the ratio
of anxiety to unpleasantness.

Effect of Morphine on Ventilation

The mean regression for HCVR showed a parallel rightward
shift of 5 mm Hg after morphine; that is, it required greater
PETCO2 to produce the same ventilation (see Figure 2, bottom).
The median fall in minute ventilation at the PETCO2 identified for
response feature analysis was 29% (P , 0.05). The median

increase in PETCO2 needed to restore ventilation to the premor-
phine level was 3.0 mm Hg (range, 2–7 mm Hg). This is lower
than the 5.2–mm Hg increase needed to restore the same
BDVAS (P ¼ 0.07). The fall in HCVR was not correlated with
the reduction of dyspnea across subjects (r2 ¼ 0.18).

Resting ventilation measured 5 minutes after the end of mor-
phine infusion was 106 ml/kg/minute, not different from the rest-
ing ventilation after placebo (110 ml/kg/min). Respiratory rate
was also similar (16.5/min after morphine, 17.7/min after pla-
cebo). There was no significant change in resting PETCO2 (mean
PETCO2 was 1 mm Hg higher after morphine).

Adverse Effects

Side effects of morphine were minimal in all but one subject.
Two subjects reported mild nausea; a third, subject 7, experi-
enced strong nausea that required discontinuance of the exper-
iment, and that later evolved to vomiting (subject 7 was not
included in analysis). Six subjects reported mild fatigue, three
subjects reported lightheadedness or difficulty concentrating
(two of these reported similar effects after placebo), one subject
reported itching and dizziness, and one subject reported tingling
and dry mouth. No subject experienced urinary retention. We
did not assess constipation, a clinically important adverse effect
of morphine, because the short duration of the study would not
have produced meaningful results.

DISCUSSION

Main Finding

Morphine produced a substantial and consistent reduction of
laboratory-induced air hunger, while placebo had no effect.
We saw a disproportionately large reduction of dyspnea-related
anxiety, and a more modest reduction of ventilation. Consistent
with this finding, remifentanil has been shown to significantly re-
duce the discomfort of a short breath hold in concert with reduced
activation of cerebral areas previously associated with air hunger
(26). The overall evidence shows opioids are efficacious for dysp-
nea in the clinical setting. The largest treatment effects seen in
published clinical studies are comparable to the effect seen in this
study, but some studies have shown no change in the mean level
of dyspnea (10, 11, 27). The present study reinforces positive

Figure 2. Regression lines showing average perceptual

and ventilatory responses. Top: Breathing discomfort ver-
sus partial pressure of end-tidal carbon dioxide (PETCO2)

while minute ventilation was held constant at 0.13 L $

minute21 $ kg21. Bottom: Minute ventilation versus PETCO2

during unrestricted breathing. Dashed lines depict same-
day baseline values before drug or placebo (because

placebo had no effect, pre- and postinjection Breathing

Discomfort Visual Analog Scale [BDVAS] regressions are

superimposed). Average regression was obtained by aver-
aging the slopes and intercepts for individual subjects’

regressions.

Figure 1. Change in “response feature”: bar labels refer to individual
subject codes, as shown in Table 1. Bars depict change in breathing

discomfort at the partial pressure of end-tidal carbon dioxide (PETCO2)

that elicited a 60% rating on the Breathing Discomfort Visual Analog

Scale (BDVAS) under baseline conditions on that day; thus, the maxi-
mal possible decrease would be 60%. IV ¼ intravenous.
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clinical findings, and suggests that a substantial treatment effect is
possible. Tests of the dose–response relationship and other treat-
ment variables are difficult to carry out against the background of
constantly varying clinical condition. Basic laboratory work can
narrow the range of possibilities for clinical testing, as well as
provide a model useful for testing the neurophysiological mech-
anisms that underlie treatments.

Relationship of Dyspnea Relief to Ventilatory Drive

There are two reasons to assess the relationship of dyspnea relief
to ventilatory drive: (1) concern about ventilatory depression in
patients; and (2) a leading mechanistic hypothesis that suppres-
sion of brainstem respiratory drive is the mechanism through
which opioids reduce dyspnea; air hunger is thought to arise
from awareness of brainstem drive (28).

1. Most clinical studies have reported respiratory depression
to be absent or minimal (e.g., Reference 29), but the mea-
sures used—respiratory rate, pulse oximetry, or reported
clinical incident—are relatively insensitive. Our data sup-
port the idea that, at least in waking subjects, morphine
sufficient to relieve dyspnea has little effect on resting
ventilation. The parallel shift of the HCVR to higher
PCO2 would have predicted a small rise in PETCO2 (30,
31); however, resting breathing is also influenced by the
“wakefulness drive to breathe,” which produces a plateau
in the HCVR below resting PCO2. This may explain the
absence of measurable ventilatory depression in our study,
and in many clinical studies. The shift in HCVR has more
relevance to breathing during sleep; our finding suggests
that care should be taken in patients with a history of sleep
apnea (32).

2. Opiates act to suppress pain at nearly every level from
initial spinal synapse to cortex. Given the similarity in
cortical structures activated by pain and air hunger (33,
34), it is reasonable to ask whether opiates act on central
pathways subserving the perception of air hunger. Our
surrogate measure for brainstem drive is provided by
the HCVR test. The mean rightward shifts of the HCVR
and BDVAS lines were not significantly different, but the
individual HCVR shift did not predict that individual’s
BDVAS shift. Although the latter may suggest that mor-
phine is also acting at cortical synapses to alter dyspnea
perception, we cannot rule out decreased ventilatory
drive as the sole mechanism for dyspnea relief.

Critique of This Study

Analysis approach. The “response feature” analysis approach
we employed provides an outcome measure that is useful in
thinking about clinical effect. This analysis does depend on the
assumption of linearity in the stimulus–response characteristic,
but this has been repeatedly demonstrated for the air hunger–
PETCO2 relationship during limited ventilation (e.g., References 15
and 16). The response feature described here is a robust ap-
proach. The median correlation coefficient between PETCO2 stim-
ulus and BDVAS response for all three conditions (pretreatment,
postplacebo, and postmorphine) in this selected group of subjects
was high (r¼ 0.87). However, in 6 of 28 trials subjects had a single
“bad trial” (i.e., r2 , 0.49, i.e., less than half the variation in
BDVAS was explained by PETCO2). We included these trials in
the analysis, and the results nonetheless showed a consistent treat-
ment response and high statistical significance with only six subjects.

Method of adjusting for placebo effect. Measurement of subjec-
tive sensations is inherently noisy, especially when the subject is

rating an unfamiliar internal sensation. The result of our placebo
intervention indicates the level of noise one can expect in such
circumstances—the standard deviation of placebo effect was
10.9%FS. Because subtracting the individual placebo effect from
the individual treatment effect would simply increase measure-
ment noise, we compared morphine effect with mean placebo
effect. To provide assurance that this approach was valid, we
also performed the analysis in a more usual manner (see the
online supplement: RESULTS, ALTERNATE STATISTICAL TEST).

Subject selection and dropout. Subjects were self-selected, as
they responded to posted advertisements; this may have biased
the sample toward those who have less fear of respiratory dis-
comfort. It is difficult to see how it would bias the sample toward
those who have an atypical response to morphine. We dropped
two subjects from analysis after data were collected; however,
the available data on both these subjects indicated a strong treat-
ment effect of morphine. See the online supplement (RESULTS,
DROPPED SUBJECTS).

Multiple Dimensions of Dyspnea

Our main outcome measure was a unidimensional VAS rating of
“breathing discomfort,” which has been widely validated for
dyspnea. This electronically implemented VAS was chosen be-
cause it allows moment-to-moment ratings, and thus permits
measurement of several steady state data points at different
stimulus levels within the same trial (i.e., without interrupting
the subject’s task for questioning). As mentioned, the correla-
tion between VAS and stimulus was high in the individuals
tested. We also employed the Multidimensional Dyspnea Pro-
file, which required about 2 minutes to complete at the end of
each trial. This questionnaire was focused on the final 30 sec-
onds of each trial. The extremely high correlation between
BDVAS during the last 30 seconds and MDP unpleasantness
rating substantiates the validity of the MDP immediate unpleas-
antness scale.

Morphine did not alter the ratio between ratings of unpleas-
antness and ratings of air hunger intensity. Although some reports
suggest that opioids reduce the immediate unpleasantness of pain
relative to the sensory intensity of pain (35), other reports suggest
that pain unpleasantness is not differentially lowered (36, 37).
Our results are comparable to these latter studies.

We did observe a strong differential effect of morphine on the
dyspnea-related anxiety reported by five subjects. At a matched
level of unpleasantness, anxiety fell in all five subjects. Placebo
had no effect on anxiety. This differential effect on anxiety sug-
gests that morphine acts on synapses above the brainstem in-
volved in perceptual processing, as it does with pain.

Relationship to Clinical Studies

Relevance of the limited ventilation dyspnea challenge to clinical
situations. We chose the dyspnea challenge model used in this
study because we believe it has several characteristics in common
with many cases of clinical dyspnea: (1) many dyspneic patients
are unable to ventilate their lungs in proportion to the existing
level of medullary respiratory center drive. This failure to meet
demand can arise from diseased lungs or weakened respiratory
muscles. The most probable neurophysiological mechanism is
that air hunger arises from medullary drive that is dispropor-
tionate to feedback from mechanoreceptors such as the pulmo-
nary stretch receptors (38); (2) descriptors related to air hunger
are prominent in the language used by patients to describe their
dyspnea. Smith and colleagues (39) reported that terms related
to air hunger explained the great majority of the variance in dys-
pnea reported by patients (their components 1 and 2). O’Donnell
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and coworkers reported that the prominent sensation in patients
with chronic obstructive pulmonary disease (COPD) when dysp-
nea limits exercise is “unsatisfied inspiration,” a descriptor group
that includes mainly terms related to air hunger (40, 41); and (3)
air hunger is the most unpleasant quality of dyspnea, and as such
gives rise to the strongest emotional response (18). This would
seem to make it a logical target of efforts to palliate dyspnea.

There are several ways to produce elevatedmedullary drive in
modeling dyspnea. Hypercapnia is convenient and safe, and pro-
duces the same sensation as hypoxia (16). If ventilation is not
restricted, high levels of PaCO2

are needed to produce strong air
hunger (15), presumably because stretch receptor feedback from
larger tidal volume minimizes air hunger (14). At these high
levels of PaCO2

side effects such as headache and autonomic
sequelae often limit the exposure. In addition, the resultant high
minute ventilations are not typical of most patients with cardio-
pulmonary disease. Restriction of ventilation during hypercap-
nia, using present methods or using inspiratory resistance (e.g.,
Reference 42), avoids the problems of high PCO2, and better
approximates clinical situations. Although no model is a perfect
representation of disease, present results show that the current
model can simulate clinical outcomes (see the following).

Comparison of model results with existing clinical studies. The
intravenous dose we used is in the lower range of starting intra-
venous doses recommended by the American Thoracic Society
panel on palliative care (43). Because the bioavailability of oral
doses is variable among individuals, our results can best be
compared with clinical studies using parenteral administration.
We therefore searched for all prospective studies using paren-
teral opiates and scalar measures of dyspnea that can be com-
pared with our outcome. We identified five studies; it happened
that all used subcutaneous administration of morphine or dia-
morphine for relief of dyspnea at rest (four in cancer, one in
pulmonary fibrosis), and all used some form of visual analog
scale to assess dyspnea (44–48). Doses were similar to the dose
we used (except in some cases investigators adjusted individual
dose to compensate for prior opiate use by that individual). The
mean initial level of dyspnea in these five clinical studies was
59.8%FS (range, 30–83%FS; means weighted by number of
patients studied), and the mean fall in dyspnea after morphine
or diamorphine was 50.5% of the initial value (range, 40–66%).
These results are similar to the 60%FS initial value and the
65.0% mean fall from initial value obtained in the present study.
(There were no studies of intramuscular opioids for dyspnea,
and the single study of intravenous infusion was limited to a bi-
nary measure of dyspnea relief vs. no relief—seven of eight
patients experienced relief [49].)

A systematic review identified three clinical studies that failed
to find a positive effect of opiates on dyspnea—all of these
negative studies employed oral dosing to treat dyspnea in am-
bulatory patients with COPD (27, 50, 51). However, other stud-
ies in similar patients with COPD found a positive effect of oral
dihydrocodeine (52–54). Oral morphine and hydromorphone
have shown a significant and sizable positive effect in patients
with cancer (11, 29, 55, 56), amyotrophic lateral sclerosis (57),
and congestive heart failure (58). Oral administration is conve-
nient for clinical use, but doses require titration to account for
wide individual variability in bioavailability of enteral drug.

Comparison of the present limited ventilation dyspnea challenge
with a respiratory work dyspnea challenge. Supinski and col-
leagues assessed the effect of 90 mg of oral codeine on dyspnea,
using a laboratory model that produced high ratings of respira-
tory effort: voluntary hyperventilation against a large inspiratory
threshold load (12). This challenge is unlikely to have produced
much air hunger because ventilation was high (14 L/min), tidal
volume was high (1 L), and no CO2 was added to the inspired

air. This breathing pattern is expected to produce hypocapnia
(low medullary drive) and elevated traffic from pulmonary
stretch receptors, both minimizing air hunger. Codeine pro-
duced no change in respiratory discomfort in this loaded breath-
ing model (although it did produce effective analgesia in all
subjects). Results from this mechanical loading model differ
sharply from most clinical results, including several studies that
used similar drugs in similar or smaller doses (52–54, 58). We
suggest that the reason for this difference is that mechanical
loading with voluntary hyperventilation does not replicate some
essential features of clinical dyspnea: it does not involve med-
ullary respiratory drive in excess of achieved ventilation; rather,
ventilation is voluntarily driven by the cortex in excess of med-
ullary demand. A similar respiratory work stimulus has been
shown to be less unpleasant than the limited ventilation chal-
lenge and it evoked less emotional response (18).

Conclusions

We found that morphine is effective in relieving dyspnea in a lab-
oratory model of dyspnea that predominantly evokes air hunger
sensation. Our study is in good quantitative agreement with the
clinical studies that used parenteral doses of morphine. A pre-
viously published study of opioid in a laboratory model of dysp-
nea that predominantly evokes work/effort sensation failed to
agree with clinical findings. These findings provide some mutual
reassurance that the laboratory approach is relevant, and that the
clinical results are valid. We found no measurable depression of
resting ventilation, consistent with clinical reports. Although the
results of laboratory studies must always be verified in particular
patient populations, laboratory models such as this can enable
efficient performance of studies that could be technically difficult
(e.g., functional brain imaging) or require large sample sizes if
done in patients (e.g., comparison of different doses or different
treatments). Laboratory studies can also allow us tomeasure var-
iables such as minute ventilation that would be difficult in a clin-
ical study of patients with intractable dyspnea.
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