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ABSTRACT

Background: Respiratory depression is a potentially fatal complication of opioid use, which may be exacerbated by simulta-
neous ethanol intake. In this three-way sequential crossover dose-escalating study, the influence of coadministration of oral
oxycodone and intravenous ethanol was assessed on resting ventilation, apneic events and the hypercapnic ventilatory response
in healthy young and older volunteers.

Methods: Twelve young (21 to 28 yr) and 12 elderly (66 to 77 yr) opioid-naive participants ingested one 20 mg oxyco-
done tablet combined with an intravenous infusion of 0, 0.5, or 1g/l ethanol. Resting respiratory variables and the primary
outcome, minute ventilation at isohypercapnia (end-tidal partial pressure of carbon dioxide of 55 mmHg or VE55), were
obtained at regular intervals during treatment.

Results: Oxycodone reduced baseline minute ventilation by 28% (£ < 0.001 vs. control). Ethanol caused a further decrease of
oxycodone-induced respiratory depression by another 19% at 1 g/l ethanol plus oxycodone (P < 0.01 vs. oxycodone). Ethanol
combined with oxycodone caused a significant increase in the number of apneic events measured in a 6-min window with
a median (range) increase from 1 (0 to 3) at 0g/l ethanol to 1 (0 to 11) at 1 g/l ethanol (P < 0.01). Mean (95% CI) VE55
decreased from 33.4 (27.9 to 39.0) /min (control) to 18.6 (15.6 to 21.6) I/min (oxycodone, P < 0.01 vs. control) and to 15.7
(12.7 to 18.6) I/min (oxycodone combined with ethanol, 1g/l; 2 < 0.01 vs. oxycodone).

Conclusions: Ethanol together with oxycodone causes greater ventilatory depression than either alone, the magnitude of which
is clinically relevant. Elderly participants were more affected than younger volunteers. (ANESTHESIOLOGY 2017; 126:534-42)

PIOIDS produce potentially life-threatening respi-
ratory depression through their action at p-opioid

receptors present in brainstem respiratory centers.!? e Many visit the emergency department because of misuse or
abuse of legally prescribed opioids that involve concomitant
ethanol consumption, suggesting that opioid-induced respiratory
decrease the ventilatory responses to hypercapnia and depression may be exacerbated by simultaneous ethanol intake

hypoxia, cause irregular breathing and at high dose cause What This Article Tells Us That Is New
the complete cessation of rhythmic respiratory activity.!”?

What We Already Know about This Topic

Numerous studies have shown that exogenous opioids

o o e Oxycodone (oral 20mg immediate release) significantly

Recent studies indicate that a large number of visits to the reduced baseline minute ventilation, the slope of the

emergency department are because of abuse or misuse of hypercapnic ventilatory response curve, and minute ventilation
at an end-tidal partial pressure of carbon dioxide of 55 mmHg
in healthy young and elderly opioid-naive volunteers

e Baseline minute ventilation and minute ventilation at an

opioid-naive individuals who are not pain patients) that end-tidal partial pressure of carbon dioxide of 55 mmHg were
further impaired by the concomitant administration of ethanol,
independent of dose

e FElderly subjects were especially likely to have repeated apneic

bined use of opioids and ethanol is a frequent observation events produced by the ethanol-oxycodone combination,

in postmortem blood analysis.s’(’ These data suggest a pos- resulting in frequent episodes of oxygen desaturation

sibly contributing role of ethanol in the deleterious respira-

legally prescribed opioids (e.g., the use of higher doses than
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prescribed, the use of prescription opioids in sometimes

involved concomitant ethanol consumption.>* Addition-
ally, data from the forensic literature indicate that the com-

tory effects of (prescription) opioids, possibly due to the Ethanol is a legal substance that affects various physiologic

7

enhancement of sedation. processes including arousal, cognition, and motor skills.”®
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Ethanol has a predominant depressant effect on the central
nervous system due to enhancement of y-aminobutyric acid—
mediated and reduction of glutamatergic neuronal transmis-
sion.”!% Since these receptor systems play an important role

in the generation of respiratory activity,'""!?

it is expected that
the combination of opioids and ethanol potentiates respi-
ratory depression. Somewhat surprisingly, just few studies
addressed the effect of ethanol and its combination with opi-
oids on breathing. Setnik e 2. observed a decrease in end-
tidal carbon dioxide concentration when 0.7 g/l ethanol was
administered on top of 80mg oral morphine. This suggests
a stimulatory effect of ethanol on opioid-induced respiratory
depression (OIRD). Studies on the effect of just ethanol are
equivocal with respect to its effect on breathing with stud-

117 ho effect,'® or a

ies showing a small stimulatory effect,
depressant effect.!20 We relate these divergent outcomes to
differences in doses, study methods, and populations tested.

In the current proof-of-concept study, we examined the
effect of ethanol (0, 0.5, and 1g/l) on OIRD induced by
20 mg oral oxycodone. We studied healthy and opioid-naive
young adult and elderly volunteers. The main endpoint of
our study was ventilation at an end-tidal partial pressure of
carbon dioxide of 55 mmHg derived from the steady-state
ventilatory response to hypercapnia. Our study is a first to
study relatively high opioid and ethanol doses in opioid-
naive elderly healthy individuals. Since elderly individuals
display an increased sensitivity to opioids and ethanol,82!?
we used a dose-escalating, single-blind design, allowing us to
continuously evaluate the safety of participants and make an
informed decision on whether to continue to a next cohort
in case of specific issues such as low oxygen saturation or
long-term apneas. The relatively high opioid dose was cho-
sen to emphasize the magnitude of OIRD, but our approach
is not academic as various studies show the presence of
relatively high opioid doses on first prescriptions.”>** We
hypothesize that ethanol enhances OIRD and that particu-
larly the elderly population is at higher risk for respiratory
depression when oxycodone is combined with ethanol. In
this study, ethanol was measured in the exhaled air.

Materials and Methods
Subjects

This three-way crossover dose-escalating study (within each
age cohort) was performed from October 2013 to December
2014. The protocol was approved by the local Institutional
Review Board (IRB; Commissie Medische Ethiek, Leiden,
The Netherlands) and the Central Committee on Research
Involving Human Subjects (CCMO) in The Hague, The
Netherlands. Participants were recruited by advertisement
in the local newspaper and flyers posted within the facili-
ties of Leiden University (Leiden, The Netherlands). All sub-
jects gave written informed consent before enrollment in the
study. After receiving informed consent, the subjects gave
their medical history and received a physical examination;
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then blood chemistry (renal and liver functions) results were
obtained. An independent physician who was not part of the
research team performed the screening. The study was regis-
tered at trialregister.nl under number NTR4123.

Inclusion criteria were the absence of any medical (e.g,
current pulmonary, cardiac, renal, or metabolic), neurologic,
or psychiatric illness; age 20 to 30 yr (young participants) or
65 yr or older (elderly participants); and a body mass index
(BMI) of 18 to 35kg/m?. The BMI range was relatively
large to obtain a representative sample of individuals in the
population. Exclusion criteria were abnormalities on physical
examination or blood chemistry, a high risk of obstructive
sleep apnea as determined by the STOP-BANG question-
naire (score greater than 4),” pregnancy/lactation, weekly
ethanol intake of more than 3 units/day or more than 21
units/week, illicit drug use in 3 months before enrollment
or a positive urine dip-stick drug test during screening or on
the morning of the study (Alere Toxicology Plc., Oxfordshire,
United Kingdom; the stick tests for cocaine, amphetamine,
cannabinoids, phencyclidine, methadone, benzodiazepines,
tricyclic antidepressants, and barbiturates), current use of any
medication, and a Mini Mental State Examination less than
28. The latter exclusion criterion was to prevent that subjects
with some form of cognitive impairment participated.

Intervention
Subjects received oral oxycodone on three occasions with at
least 2 weeks between study days. On all three visits, the
subjects received an intravenous ethanol infusion that was
initiated before the 20 mg oxycodone immediate release tab-
let (Mundipharma Pharmaceuticals BV, The Netherlands)
intake but after baseline respiratory measurements. Treat-
ments were not assigned randomly. A dose escalation of
the ethanol dose was performed from placebo on visit 1 to
breath ethanol concentrations of 0.5 g/l on visit 2 and 1.0 g/l
on visit 3, as requested by the IRB. Participants and the
research nurses were not informed on the order of treatment.
A clamping method was used to achieve the target pseudo-
steady-state breath ethanol concentration.?® The clamping
method is based on the fact that after ethanol elimination is
fully saturated, the ethanol elimination is constant and inde-
pendent of concentration. As a result, a change in infusion
rate will result in a proportional change in steady-state blood
ethanol concentration within 30 min. Each subjects received
an intravenous infusion of 10% ethanol w/v in 5% glucose
diluted in 0.9% NaCl. Dilution was necessary to prevent
infusion site pain from the initially high infusion rates of etha-
nol. The initial infusion rate was based on the estimated body
water as derived from weight, age, and sex. After 10 min, the
infusion rates were adapted according to the measured breath
ethanol concentration (Alco Sensor IV meter; Honac Ned-
erland BV, The Netherlands). Once the target steady-state
measured breath ethanol concentration was reached and after
a set of respiratory measurements, the oxycodone tablet was
ingested with 100 ml noncarbonated water.

van der Schrier et al.
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The expired breath ethanol concentration of 0.5g/l cor-
responds to 1 unit/h ethanol in women and 3 units/h in
men, while 1g/l corresponds to 3 units/h in women and 5
units/h in men.

Apparatus

Steps in end-tidal pressure of carbon dioxide (P co,) were
applied using the dynamic-end-tidal forcing technique. The
dynamic-end-tidal forcing technique enables changes in
P, co, while keeping the end-tidal oxygen concentration
constant. The technique is described in detail elsewhere.?”
In brief, subjects breathed through a mask over mouth and
nose that was attached to a pneumotachograph/pressure
transducer system (#4813; Hans Rudolph Inc., USA) and
to a set of mass flow controllers (Bronkhorst High Tech, The
Netherlands) for the delivery of oxygen, carbon dioxide,
and nitrogen. The mass flow controllers were controlled by
a computer running the custom-made RESREG/ACQ soft-
ware (Leiden University Medical Center, The Netherlands).
‘The software allows for the steering of the end-tidal gas con-
centrations (by varying the inspired concentration) and the
acquisition of respiratory variables. The inspired and expired
oxygen and carbon dioxide partial pressures were measured
at the mouth using a capnograph (Datex Capnomac, Fin-
land). Heart rate and arterial oxygen saturation measured
by pulse oximetry (Spo,; Masimo Corporation, USA) were
measured continuously.

Measurements
Respiratory measurements without inhalation of any
inspired carbon dioxide and hypercapnic ventilatory response
(HCVR) curves were obtained at four separate periods:
before any drug administration, after the measured steady-
state breath ethanol concentration was reached, and 60 and
120 min after oxycodone administration. Baseline variables
were minute ventilation, respiratory rate, tidal volume, Spo,.
Additionally, the number of apneic events was measured in
which an apneic event was defined as the absence of inspi-
ratory flow (as measured by the pneumotachograph) for at
least 10s measured in the 6 min before carbon dioxide inha-
lation. To obtain the HCVR, four steps in the end-tidal par-
tial pressure of carbon dioxide were applied with step sizes
of 4.5 mmHg (0.6 kPa), 9 mmHg (1.2 kPa), 13.5 mmHg
(1.8 kPa), and 18.0 mmHg (2.4 kPa) above resting P co,.
Each P co, step lasted 6 to 8 min, assuming at least 2 min
of steady-state ventilation. The order of the steps was arbi-
trarily set. Throughout each HCVR, the end-tidal oxygen
partial pressure was maintained at a normoxic level of 105
mmHg (14 kPa). Only in case of desaturations, supplemen-
tal inspired oxygen fraction was given (0.5 to 1.0).
Information on subjectively experienced sedation was
obtained at baseline and after drug administration. We used
a 100-mm visual analogue scale that represents the subjec-
tive feeling of alertness/drowsiness and that ranges from 0
(fully alert) to 100 (unable to keep the eyes open).*®
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Ethanol-Oxycodone Interaction

Safety

Stopping rules were applied when the subject indicated that
he or she wanted to discontinue the experiment or in case
of an adverse event. Adverse events were defined by loss of
respiratory activity for 90s or longer, despite active stimula-
tion of the subject, end-tidal partial pressure of carbon diox-
ide greater than 67.5 mmHg, Spo, less than 85% for ar least
2min, or any other situation or condition that may have
interfered with the health of the participant. Additionally,
the investigators were allowed to stimulate the subjects to
breathe or give supplemental oxygen in case they felt this
was needed to prevent any adverse event. In case of adverse
events, continuation into the next cohort was determined
in close cooperation with our department’s Data Safety and
Monitoring Board (Leiden, The Netherlands).

Data and Statistical Analysis

The placebo ethanol infusion before oxycodone intake was
defined as the control condition. The study was powered to
detect a reduction of the slope of the HCVR by 0.4 L - min™!
-mmHg! (SD 0.4) at the combination of oxycodone and a
breath ethanol concentration of 1g/l versus control. Assum-
ing similar variances of the slope before and after treatment,
a sample size of 12 per age group would lead to a power
greater than 90% to detect these effects at P < 0.05. The
sample size analysis was performed in SigmaPlot v12.0 (Sys-
tat Software Inc., USA). In the event of discontinuation or
withdrawal of informed consent, the data were discarded
and the participant was replaced. Independent study moni-
toring was performed. Data analysis was launched after the
monitor filed the final report, ensuring that all Good Clini-
cal Practice requirements were met.

The slope of the HCVR was estimated in R (The R
Foundation for Statistical Computing, www.r-project.org,
accessed January 1, 2017). To that end, data analysis was
automated: (1) from the raw data, the medians of the 1-min

oxycodone end of ethanol
'/20 mg IR / infusion
1.24 —-— — -— —

0.8-
0.6-
04
0.2-.

measured breath
ethanol concentration (g/L)

0.0
60 0 60 120 180 240
TIME (min)
Fig. 1. Measured breath ethanol concentration profiles (mean
and 95% Cls) obtained during infusion of 0, 0.5, and 1.0g/I. At
t (time) = 0min, the infusion of ethanol started; at t = 80 min, a
20mg oxycodone immediate release (IR) tablet was ingested.
Respiratory measurements are indicated by the black bars.

van der Schrier et al.
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breath-to-breath minute ventilation were calculated; (2) all
measurements obtained without carbon dioxide stimulation
(baseline ventilation) and measurements during the final
2min of each hypercapnic step, representing steady-state
hypercapnic ventilation, were selected for further analysis;
(3) The HCVR data (V| vs. Py .co,) were fitted to obtain the
slope of the HCVR (fig. 1).

To get an indication on the effect of treatment on the
variability of breathing, the percentage coeflicient of varia-
tion (%CV) was calculated for tidal volume and the dura-
tion of one breath (inspiratory time plus expiratory time)
during the 6 min before carbon dioxide stimulation, without
taking the apneic events into account.

Three time points were included in the statistical analy-
sis: control, ethanol infusion (before oxycodone administra-
tion), and ethanol combined with oxycodone. For the latter
time point, we had two measurements (60 and 120 min after
oxycodone intake). We included the data point that dis-
played the greatest degree of depression of ventilation in the
analysis. We did so to take into account the large intersubject
variability in oxycodone pharmacokinetics.?’

Statistical analysis was performed on respiratory variables
without carbon dioxide inhalation (ventilation, respiratory
rate, tidal volume, P, co,, Spo,, number of apneas, and
%CV) and data obtained during carbon dioxide inhalation
(HCVR slope and primary endpoint VE55). VE55 is the
ventilation at 55 mmHg, which was extrapolated from the
HCVR, and takes both the slope and position of the HCVR
into account, hence gives a better reflection of the respira-
tory effect of the intervention.

Data analysis was on the total population, and subgroup
analysis was performed (young vs. elderly participants) as
a priori specified. The data were analyzed using a popula-
tion averaged model with infusion (expired breath ethanol
concentration 0, 0.5, and 1g/l), visit and infusion x visit as
fixed factors, subject as a repeated statement and baseline
values as covariate. For pairwise comparisons, a Bonferroni
correction was applied. A linear mixed model with a Poisson
distribution and log link was used to test whether significant
differences in the number of apneas were observed among
treatment levels. Data analysis was performed using SPSS
v23.0 for Windows (IBM Corporation, USA); P < 0.05 were
considered significant. Data are presented as mean (95% CI)
or median (range), unless otherwise stated.

Results

Participants and Adverse Events

Forty (13 young and 27 participants in the older age group)
subjects were screened, of whom 14 (1 young and 13 elderly)
subjects did not participate for logistic reasons (other com-
mitments on the day of the study) or because they did meet
exclusion criteria (BMI greater than 35kg/m?, mini-mental
state examination less than 28). Twenty-six subjects were
treated, of whom one young and one elderly female subjects
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terminated the study early due to discomfort. Twenty-four
participants (12 young and 12 elderly), all Caucasians,
completed all three sessions; their characteristics are given
in table 1. Mean (range) age of the young participants was
24 (21 to 28) yr and that of the participants in the elderly
group was 70 (66 to 77) yr. Mean measured breath ethanol
concentrations over time are given in figure 1. An example of
the effect of 1 g/l ethanol combined with oxycodone on the
HCVR obtained in one elderly participant is given in figure

Table 1. Participants’ Characteristics
Young Elderly
Participants Participants
Sex distribution (M/F) 6/6 6/6
Age, yr 24+2 (21-28) 70+4 (66-77)
Weight, kg 75+11 (59-89) 70+10 (61-81)
Height, cm 181+8 (170-193) 169+8 (162-186)
BMI, kg/m? 22.9+2.3 (18.6-26.5) 24.4+2.7 (21.7-31.6)
Weekly ethanol 10+4 (4-15) 9+7 (2-21)
intake (all)
Weekly ethanol 11+4 (10-15) 9+7 (2-21)
intake, men
Weekly ethanol 10+4 (4-8) 10+8 (2-21)

intake, women

Values are mean + SD (range). One unit of ethanol intake equals a con-
sumption of 250 ml of 5% alcohol.

BMI = body mass index; F = female; M = male.

25; Breath ethanol

— conc. 0 g/L
c
£ 20
S
c 15'
o Oxycodone 20 mg
H 10 _8 + ethanol 1 g/L
= g
S ‘ ol.% 0o
> 5 o

0

30 40 50 60 70
End-tidal PCO, (mm Hg)

Fig. 2. Ventilatory response to hypercapnia of an elderly par-
ticipant under placebo conditions (breath ethanol concentra-
tion of 0g/l infusion) and during coadministration of ethanol
(breath concentration of 1g/l) and 20mg oxycodone imme-
diate release. Squares denote resting data points without
added inspired carbon dioxide; circles denote data obtained
at added inspired carbon dioxide. All data points are 1-min
median values obtained at steady-state ventilation. The line
through the data is the data fit. The horizontal part of the data
fit represents the estimation of resting ventilation, the linear
ramp is the hypercapnic ventilatory response curve. The con-
tinuous vertical gray line depicts VE55 or the extrapolated
minute ventilation at an end-tidal partial pressure of carbon
dioxide (Pco,) of 55 mmHg; the continuous gray arrow is the
decline in VE55 due to oxycodone and 1g/I ethanol. The bro-
ken gray arrow is the decline in resting ventilation due to oxy-
codone and 1g/l ethanol.

van der Schrier et al.
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2. All young subjects completed the study without any seri-
ous adverse effects. Two elderly subjects required supportive
care because of Spo, levels of less than 80%. They were stim-
ulated to take several deep breaths upon which their oxy-
gen saturation increased to values greater than 90% within
2min. Hence, their actual decline in oxygen saturation is
partly masked by these per-protocol interventions. No other
adverse events occurred in the elderly population.

Sedation

Ethanol had no effect on the sedation visual analogue scale
(max. score 21 mm on the 100-mm scale; 2 > 0.05 us.
control); however, the intake of oxycodone did result in
significant sedation (sedation range 45 to 47 mm among
treatments; 2 < 0.001 vs. control), which was independent
of the measured breath ethanol concentration (table 2).

Apnea

Apneic events were observed in 11 (of the 12) young partici-
pants (total number of events 68), with more than two events
occurring in at least one measurement window in four sub-
jects. In this subpopulation, we counted 42 apneic events of
which 8 occurred during the combination of oxycodone and
ethanol 1 g/l (table 3; fig. 3). In the elderly group, 11 (of 12)
participants had at least one apneic episode (total number of
events 120). In nine participants, there were more than two
events in at least one of the measurement windows. In this
subpopulation, there were 118 apneas, with 54 occurring
when oxycodone was combined with ethanol 1 g/l. Compar-
ing the two age groups showed a greater number of apneic
events in the older subjects with respect to total events and
those occurring during oxycodone plus ethanol 1g/l (P =
0.02, Fisher exact test). In all subjects, apneic events were
preceded by irregular breathing (increase in %CV, see the
Variability subsection below) and reduced respiratory rates.

Oxygen Saturation, Ventilation, and End-tidal Pco,

Ethanol infusion alone had just a modest effect on Spo,
(reduction by 2 and 1% at 0.5 and 1.0g/l ethanol, respec-
tively; table 2; fig. 4) without affecting any of the other
variables. Oxycodone had a significant depressant effect on
ventilation. Combining oxycodone with ethanol produced a
significant additional increase in respiratory depression, which
was reflected by the further decrease in ventilation, with the
lowest ventilation observed during the combined treatment of
1 g/l ethanol and oxycodone (mean ventilation 4.7 [4.1 to 5.2]
I/min; table 2; fig. 4). At this treatment level, a significant age
effect was detected with greater depression of ventilation in
the elderly group (young, 5.4 [4.6 to 6.2] /min vs. elderly 4.1
[3.2 to 5.0] I/min; P = 0.04). Additional signs of respiratory
depression from the ethanol oxycodone combination were the
increase in Pp .
at the two ethanol levels (mean increase in Py co, 5, 8, and 8
mmHg and decrease in Spo, by 5, 8, and 8% at breath ethanol
concentrations of 0, 0.5, and 1 g/l, respectively; table 2; fig. 4).

co, and reduction in Spo,, with similar effects

Anesthesiology 2017; 126:534-42

Ethanol-Oxycodone Interaction

Table 2. Influence of Ethanol at Target Breath Concentrations
of 0, 0.5, and 1g/l, 20 mg oxycodone, and Their Combination on
Respiratory Variables and Sedation Score

Alcohol 20mg Oxy-
Concen- codone Plus
tration Baseline Ethanol Infusion Ethanol Infusion

Number of apneic events lasting > 10 s

0g/l 0 (0-5) 0 (0-5) 1 (0-3)*

0.59/1 0 (0-4) 0 (0-5) 1(0-8)t

1.0g/l 0 (0-5) 0(0-3) 1 (0-11)t
Ventilation, I/min

0g/l 8.0 (7.4-8.5) 8.0 (7.5-8.5) 5.8 (5.4-6.2)t

0.5¢g/I 8.2 (7.5-8.9) 7.5 (6.9-8.1) 5.1 (4.4-5.7)

1.09/l 8.1 (7.6-8.6) 8.0 (7.5-8.5) 4.7 (4.1-5.4)t

Tidal volume, ml
0g/l 734 (641-827)
0.5g/1 722 (619-825)
1.0g/ 691 (602-780)
Respiratory rate, min-'

684 (611-757)
638 (573-702)
642 (562-722)

529 (469-590)f
504 (455-552)
468 (408-527)

0g/l 12 (10-13) 13 (11-14) 11 (10-11)*

0.59/1 12 (11-13) 12 (11.3-14) 10 (9-11)

1.09/1 13 (11-14) 13 (11-14) 9 (8-10)
End-tidal Pco,, mmHg

0g/l 37 (35-38) 37 (35-38) 41 (39-44)t

0.5g/l 36 (35-38) 37 (35-38) 44 (42-45)t

1.09/1 37 (35-38) 36 (34-38) 44 (42-46)t
Oxygen saturation, %

0g/l 98 (98-99) 98 (97-99) 94 (92-95)%

0.5g/1 98 (97-99) 96 (96-97)% 90 (87-92)

1.09/1 98 (97-98) 97 (96-98)% 89 (86-93)T
Slope of the HCVR, | - min~' - mmHg~’

0g/l 2.0 (1.7-2.3) 2.0 (1.6-2.4) 1.4 (1.2-1.6)*

0.5g/1 2.1 (1.7-2.5) 2.0 (1.6-2.4) 1.4 (1.2-1.6)

1.09/1  2.0(1.7-2.4) 1.8 (1.5-2.0) 1.3(1.0-1.5)

VES55, I/min
0g/l 33.2 (28.1-38.2) 33.4 (27.9-39.0) 18.6 (15.6-21.6)t
0.5g/I 33.9(28.4-39.4) 33.5(28.3-38.7) 16.3 (13.3-19.3)t
1.0g/l 34.6(29.5-39.8) 33.4(29.4-37.4) 15.7 (12.7-18.6)t
Sedation score, mm

0g/l 8 (4-12) 12 (7-17) 47 (38-56)f
0.5g/l 5 (3-7) 12 (8-17) 45 (36-54)
1.0g/l 4 (3-6) 16 (12-21) 46 (36-55)

Values are mean (95% Cl), except for number of apneas, which are median
(range); VE55 is the extrapolated ventilation at an end-tidal partial pressure
of carbon dioxide of 55 mmHg and is derived from the estimated slope of
the hypercapnic ventilatory response slope.

*P < 0.01 vs. control (0 g/l ethanol infusion without oxycodone). TP < 0.01 vs.
oxycodone and 0g/l concomitant ethanol infusion. P < 0.001 vs. control.

HCVR = the hypercapnic ventilatory response; Pco, pressure of carbon
dioxide.

Hypercapnic Ventilatory Response

Ethanol had no effect on the slope of the HCVR curve
(table 2). Oxycodone did reduce the slope by 30 to 40%
with no further effect from concomitant ethanol administra-
tion. The VE55 or the ventilation at an extrapolated end-
tidal carbon dioxide concentration of 55 mmHg takes both
the HCVR slope and its position into account, and hence
gives a better reflection of the respiratory effect of the inter-
vention. Oxycodone but not ethanol affected VE55 signifi-
cantly with a 44% reduction relative to baseline values 60
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Table 3. Number of Apneic Events in the Young Participants and Participants in the Elderly Group at the Three Breath Alcohol

Concentrations Observed in Visits 1-3

Oxycodone Plus Ethanol

Baseline Ethanol Infusion Infusion

Target breath alcohol concentration, g/l 0 0.5 1.0 0 0.5 1.0 0 0.5 1.0

Young participants (21-28 yr)
Participant 1 0 1 2 1 4 1 0 1 0
Participant 2 0 0 0 0 0 1 0 0 0
Participant 3 0 0 2 0 0 0 0 0 0
Participant 4 1 4 1 0 0 0 0 0 0
Participant 5 0 1 0 1 0 0 0 0 0
Participant 6 0 0 0 0 0 1 0 0 0
Participant 7 0 0 2 0 1 1 0 2 1
Participant 8 0 0 0 0 1 8 0 1 7
Participant 9 0 0 1 0 5 3 0 0 1
Participant 10 0 0 1 0 0 1 0 0 0
Participant 11 0 0 0 0 1 0 0 0 0
Participant 12 0 0 0 0 0 0 0 0 1
Range 0-1 0-4 0-2 0-1 0-4 0-8 0-0 0-2 07
No. of subjects with > 2 apneic events 0 1 0 0 2 2 0 0 1

Participants in the elderly group (66-77 yr)
Participant 13 0 0 0 0 0 0 0 0 0
Participant 14 0 0 1 0 1 1 1 1 5
Participant 15 0 0 3 0 0 3 0 0 2
Participant 16 0 0 1 0 0 0 0 0 1
Participant 17 1 0 2 0 1 3 0 0 11
Participant 18 1 0 1 0 1 6 0 2 3
Participant 19 0 0 0 0 0 1 0 0 0
Participant 20 0 0 1 0 0 1 0 0 5
Participant 21 0 0 2 0 0 3 0 0 2
Participant 22 0 0 3 0 0 1 0 3 4
Participant 23 0 0 1 1 1 8 0 0 11
Participant 24 0 0 1 1 0 8 0 0 11
Range 0-1 0-0 0-3 0-1 0-1 0-8 0-1 0-3 0-11
No. of subjects with > 2 apneic events 0 0 2 0 0 6 0 1 7

to 120 min after oxycodone intake (P < 0.001 vs. control).
Adding ethanol further reduced VE55 to 52% (0.5 g/1) and
55% (1.0g/l) of baseline values (P < 0.01 vs. control; fig. 4).

Variability

The variability data are given in fig. 5, A and B, which show
that for tidal volume the mean %CV increased significantly to
55% (47 to 63%) at the combination of oxycodone and 1g/l
ethanol (2 < 0.01 zs. oxycodone and oxycodone plus ethanol
0.5g/l). Similar observations were made for breath time (the
sum of inspiratory time and expiratory time) with the high-
est variability observed during the combination of oxycodone

and 1 g/l ethanol (49% [41 to 57%], P < 0.05 vs. oxycodone).

Age Effect
Apart from number of apneic events and ventilation, no age
effects were observed for any of the respiratory variables.

Discussion

We performed a proof-of concept trial on the coadministra-
tion of immediate release 20 mg oxycodone and two levels

Anesthesiology 2017; 126:534-42 539

of ethanol (breath concentrations of 0.5 and 1.0g/l) on the
control of breathing in a mixed population of young and
elderly opioid-naive participants. We observed that 20 mg
oxycodone significantly reduced minute ventilation, the
slope of the HCVR, and VES55. Baseline ventilation and
VE55 were further impaired by the concomitant adminis-
tration of ethanol, independent of dose. Especially, but not
exclusively, in the elderly population, the ethanol oxycodone
combination produced repeated apneic events (table 3)
resulting in frequent episodes of oxygen desaturation.
Except for some small drops in Spo,, we did not observe
major effects of 0.5 and 1.0 g/l ethanol on ventilatory con-
trol. In contrast, when combined with oxycodone, ethanol
enhanced the OIRD. Although our study was not mechanis-
tic in nature, it is important to discuss possible underlying
mechanisms. The lack of major effects on ventilatory con-
trol from ethanol (despite the occurrence of mild sedation)
is in close agreement with previous observations, showing
either no effect of ethanol on the control of breathing or
some small stimulatory effects.!*'® This may be related to
a persistent rise in brain network activity, observed at low
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Fig. 3. Effect of 0, 0.5, 1g/I ethanol (breath concentration),
20 mg oxycodone immediate release tablet, and their combi-
nation on apneic events. Open circles are the data from the
young subject population, closed gray circles from the elderly
population. Blue data points are median values + interquartile
range (IQR) at a breath ethanol concentration of 0g/l; red data
points are median values + IQR at a breath ethanol concen-
tration of 0.5g/l; green data points are median values = IQR
at a breath ethanol concentration of 1 g/I.

ethanol concentrations.?® The interactive effect on OIRD is
likely due to an effect of ethanol on oxycodone pharmacoki-
netics or pharmacodynamics: (1) possibly ethanol increased
the oxycodone concentration in plasma as is observed for
other opioids although this is reported mostly after oral
ethanol ingestion®; (2) ethanol may have increased the
level of sedation induced by the opioid.” Although this did
not seem the case in our study, as the level of self-reported
sedation was not further increased by ethanol (table 2), the
reliability of self-assessment may be diminished at higher
ethanol levels with a false overoptimistic perception of func-
tional ability commonly observed in young and older etha-
nol users.®?? Animal studies do indicate the enhancement of

Ethanol-Oxycodone Interaction

sedation as cause of ethanol-opioid interaction on OIRD’;
(3) ethanol may have interacted with oxycodone at the level
of the p-opioid receptor.’® Possible scenarios are the rapid
sensitization of [l-opioid receptors by ethanol and/or etha-
nol-induced increase in density of opioid receptors in areas
of the brain involved in the control of breathing; (4) finally,
the negative effect of ethanol and oxycodone on ventilatory
control may be due to the combination of ethanol-induced
enhanced Yy-aminobutyric acid-mediated and inhibited
glutamatergic neurotransmission and opioid-induced opioi-
dergic neuronal inhibition within the respiratory networks
of the brainstem.">>!0 All of these mechanisms remain
speculative at present, and further studies are required to
understand the complex interaction of opioids and ethanol
on the control of breathing in young and elderly humans.
We relate the observation that the elderly population shows
greater respiratory depression than our younger participants
to the higher sensitivity of the elderly to opioids and etha-
nol, to their lesser resilience and physiologic reserve, and
possibly to greater oxycodone plasma concentrations.®""*

We studied a single dose of oxycodone in opioid-naive
individuals and therefore cannot predict the effect of ethanol
on OIRD in chronic opioid users and abusers from our data.
However, recent animal work indicates that tolerance to opi-
oid analgesia is not associated with tolerance to the respi-
ratory effects of opioids.** Moreover, ethanol interacts with
synaptic transmission in opioid pathways and inhibits or
reverses the development of tolerance to OIRD due to sen-
sitization of p-opioid receptors expressed on neurons in the
respiratory centers of the brainstem.?® Additionally, forensic
studies show that ethanol is associated in a high percentage
of opioid mortality cases.”® We may assume that many of
these fatalities were not naive to opioid consumption.®> All
together, these findings suggest that our experimental clini-
cal study may be applicable to individuals who regularly con-
sume opioids for medical or hedonistic reasons.

In common with previous observations in rodents

and humans,?*¥ we observed an increase in respiratory
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Ethanol Oxycodone + B Baseline Ethanol Oxycodone +
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Fig. 4. Effect of 0, 0.5, 1 g/l ethanol (measured breath concentration), 20 mg oxycodone immediate release tablet, and their com-
bination on minute ventilation (A), VE55 (B), and oxygen saturation (C). Open circles are the data from the young subject popula-
tion, closed gray circles from the elderly population. Blue data points are mean values + SD at a breath ethanol concentration of
09/l; red data points are mean values + SD at a breath ethanol concentration of 0.5 g/I; green data points are mean values + SD
at a breath ethanol concentration of 1g/l. Spo, = oxygen saturation measured by pulse oximetry.
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immediate release and the combination of 20mg oxycodone and 0.5 and 1.0g/I ethanol. Values are mean + 95% CI. CV = coef-

ficient of variation.

variability with oxycodone (fig. 5). Ethanol further increased
the variability in tidal volume and breath time (the sum of
inspiratory and expiratory times) with the greatest variability
observed at the combination of oxycodone and 1 g/l ethanol.
Importantly, the increase in respiratory variability preceded
apneas in all volunteers independent of age. This indicates
that variability may be an important predictor of the severity
of OIRD and possibly also of imminent respiratory adverse
events.

Study Limitations

The design of our study was dose escalating and single
blind as requested by our IRB. The committee was most
concerned with the safety of the elderly participants. We
observed frequent apneic episodes in nine (i.e., more than
two events) elderly volunteers and episodes of low Spo,
below 85% in two of these subjects. Due to our rapid
intervention with supplemental oxygen and verbal stimu-
lation, the drops in Spo, were short-lived. Therefore, it
was decided, after consultation with the data safety mon-
itoring board, to keep the subjects in the study and/or
have them proceed to the next cohort. This chain of deci-
sion-making was the reason for nonrandomization. How
much the absence of randomization and double blinding
affected the outcome of our study remains unknown. We
may assume that our safety interventions caused underes-
timation of the true respiratory depressant effects of oxy-
codone and ethanol treatment, especially in the elderly
population.

We did not measure oxycodone concentrations in
plasma. The pharmacokinetics of oral oxycodone is highly
variable.” To take into account some of this variability, we
measured the respiratory effects at multiple time points
after oxycodone ingestion and report peak effect, which
we associate with the peak concentration of the opioid at
its target site. Further pharmacokinetic—pharmacodynamic
modeling studies will enable the full characterization of
the interactive effects of ethanol and oxycodone on the

Anesthesiology 2017; 126:534-42 541

ventilatory control system. Our current study suggests an
additive interaction of ethanol on OIRD; however, our
data were obtained over a rather restrictive concentration
range for obvious safety reasons. At higher ethanol and
opioid concentrations, greater respiratory effects will occur
due to a further increase in central nervous system depres-
sion (from both ethanol and opioids), loss of upper airway
patency and further depression of respiratory centers in
the brainstem. Given the safety issues observed, we do not
believe that studies outside the concentration ranges tested
by us in the current study, in especially elderly volunteers,
are desirable.

In conclusion, our studies in healthy volunteers provide
evidence that combining prescription opioids with ethanol
leads to significant and clinically relevant levels of respiratory
depression and increases the risk of toxicity through a phar-
macologic interaction, an effect that is more pronounced in
elderly individuals.
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