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Background: Remifentanil infusion during emergence lowers cough. Effect-site concentration
(Ce) of remifentanil using target-controlled infusion (TCI) has been evaluated in previous
studies. Recent studies revealed the existence of sex-related differences in remifentanil Ce in
young and elderly patients. Thus, there was the need to re-evaluate the effect of age in single
sex. We investigated the remifentanil Ce for suppressing emergence cough in young and elderly
male patients and evaluated the age-related differences.

Patients and methods: In total, 25 young (ages between 20 and 50 years) and 24 elderly (ages
between 65 and 75 years) male patients undergoing laparoscopic cholecystectomy were enrolled.
Anesthesia was implemented with remifentanil using TCI and sevoflurane. The remifentanil Ce
for suppressing emergence cough was estimated for each group using Dixon’s up-and-down
method and isotonic regression method with a bootstrapping approach.

Results: The remifentanil Ce for suppressing emergence cough in 50% (EC,) and 95% (EC,,) of
the patients was comparable between the young and elderly patients. Isotonic regression demon-
strated that the EC, (83% confidence interval [CI]) of remifentanil was 2.56 (2.39-2.75) ng/mL
in the young patients and 2.15 (1.92-2.5) ng/mL in the elderly patients. The EC, (95% CI) of
remifentanil was 3.33 (2.94-3.46) ng/mL in the young patients and 3.41 (3.18-3.48) ng/mL in
the elderly patients. Dixon’s up-and-down method also demonstrated that the EC,, was com-
parable between the two groups (2.6910.32 ng/mL vs 2.39+0.38 ng/mL, P=0.132).
Conclusion: The remifentanil Ce for suppressing emergence cough following extubation during
general anesthesia was comparable between young and elderly male patients. It indicates that
age-related differences in remifentanil requirement for suppressing emergence cough did not
exist in male sex.

Keywords: age difference, cough, extubation, male patients, remifentanil

Introduction
Cough has been an important issue during the perioperative period. Cough during
emergence from general anesthesia is caused by anesthetic gas, secretion, or primarily
stimulation from the endotracheal tube.! Coughing that follows extubation on emer-
gence may lead to a number of potentially dangerous effects, including laryngospasm,
increased intraocular and intracranial pressures, wound disruption, and detrimental
hemodynamic changes such as tachycardia, myocardial ischemia, and arrhythmia.
The infusion of opioids during emergence may provide a smooth emergence by
reducing coughing, agitation, and deleterious hemodynamic changes.>? However, opioids
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can also lead to the depression of ventilation and delayed
awakening. Remifentanil, as an ultrashort-acting opioid, has
been recommended to supplement the emergence process due
to its short half time and easy controllability.* Remifentanil
provides a rapid awakening from anesthesia even after a
prolonged infusion during surgery, and its cough suppression
enables smooth extubation alongside less complications.**
Furthermore, it is affected minimally by the excessive age
or hepatic or renal dysfunction. Since a low-dose manually
controlled infusion of remifentanil was reported to reduce
the emergence cough,® target-controlled infusion (TCI) was
introduced to reach a defined target concentration without
a rapid change in drug levels or an increase beyond the
intended range.’

A number of studies have determined the optimal effect-
site concentration (Ce) of remifentanil for suppressing emer-
gence cough following extubation.®*'” However, the optimal
remifentanil Ce for suppressing emergence cough can vary
according to the characteristics of anesthesia and surgery.
In addition, the effect of opioid shows differences both in
quality and quantity according to age and sex.'®!° In 2014, the
existence of sex-related differences regarding the remifentanil
Ce for emergence cough suppression was demonstrated in
young patients (ages 20—46 years)."” In 2018, it was revealed
in elderly patients (ages 60—75 years)."” Recently, Yoo
et al reported no difference between adult patients (ages
20-60 years) and elderly patients (ages 65—80 years) in the
remifentanil Ce for suppressing emergence cough.'® How-
ever, they did not consider the sex-related differences of
opioid and enrolled both male and female subjects.'®

The purpose of this study was to compare the emergence
cough in 50% (EC,)) and 95% (EC,) of remifentanil in
effect-site TCI for suppressing emergence cough following
extubation in young male patients and elderly male patients
and to evaluate the existence of age-related differences.
We hypothesized that young male patients may require a
higher concentration of remifentanil for preventing cough
during anesthetic emergence than elderly male patients.

Patients and methods

Patients

After approval by the Ajou University Hospital Institutional
Review Board (protocol number: AJIRB-MED-OBS-16-
146, 1st June 2016) and registration at http://cris.nih.go.kr
(registration number: KCT0002353), data were collected
from June 2016 to December 2017. Twenty-five young male

patients (ages between 20 and 50 years) and 24 elderly male
patients (ages between 65 and 75 years) with an American

Society of Anesthesiologists (ASA) physical status I-II,
who were scheduled for laparoscopic cholecystectomy,
were enrolled in this study. Patients were excluded if the
following criteria were present; recent upper respiratory
infection, history of difficult intubation, Mallampati class 3
or 4, uncontrolled hypertension and diabetes mellitus, current
smoker, coronary artery disease, and a body mass index of
more than 30 kg/m?. Written informed consent was acquired
from all patients.

Anesthesia

None of the patients were administered any pre-medication.
Upon arrival at the operating room, monitoring such as
electrocardiography, pulse oximetry, automatic noninvasive
arterial pressure measurement, end-tidal carbon dioxide
(EtCO,), and bispectral index (BIS™ Quatro Sensor;
Covidien, Boulder, CO, USA) were performed. Anesthesia
was induced with 1.5-2.5 mg/kg of intravenous (IV) propofol
and 1-5 ng/mL target concentration of remifentanil (Ultiva;
GlaxoSmithKline, Brentford, UK) using TCI, via a com-
mercial anesthesia infusion pump (Orchestra® Base Primea;
Fresenius Vial, Brezins, France) based on Minto’s pharma-
cokinetic model.* After consciousness loss, 0.8 mg/kg of IV
rocuronium was administered. Oral tracheal intubation was
conducted using a tracheal tube with an internal diameter of
7.5 mm. Cuff pressure was adjusted to 20-25 mmHg using
a hand pressure gauge.

Anesthesia was maintained with a sevoflurane vol%
of 1.5-2.5 and a remifentanil Ce of 1-5 ng/mL in order to
target a BIS value of 40-55 and heart rate (HR) and mean
arterial pressure (MAP) that were within 20% of baseline.
Rocuronium was continuously infused to maintain 1 or 2
of train-of-four count using nerve stimulator. Ventilation
was maintained mechanically with an air/oxygen mixture
of FiO, 0.5 and 3 L/min gas flow, targeting EtCO, at
3540 mmHg.

Approximately 15 minutes prior to the end of surgery,
sevoflurane was modulated to a BIS level of approximately 60,
and the remifentanil Ce was set at the pre-determined Ce.
At the end of surgery, sevoflurane was stopped, and fresh gas
flow was changed to 5 L/min. After confirming the train-of-
four count >2, 3 mg/kg of IV Bridion® (sugammadex) was
administered to reverse a neuromuscular block, which was
re-checked as more than 90% response of train-of-four ratio.
Thirty mg of IV ketorolac and 0.3 mg of ramosetron were
administered for postoperative analgesics and antiemetics.
Mechanical ventilation was then switched to manual venti-
lation while maintaining EtCO, of 35-40 mmHg. After the
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patients opened the eyes, and the spontaneous ventilation
with an adequate respiratory frequency and tidal volume
was confirmed, the trachea was extubated. Immediately after
extubation, remifentanil infusion was stopped and 100%
oxygen was supplied by a facemask. After observation for
5 minutes, patients were transferred to the post-anesthesia
care unit (PACU).

Measurements
Remifentanil Ce was measured by up-and-down sequential
allocation design. The initial Ce of remifentanil was 2 ng/mL
for the first patient of each group; and the pre-determined Ce
of the next patient was determined by the cough response
of the previous patient. If the patient did not cough during
emergence, the extubation was defined as smooth extubation
(success), and the pre-determined concentration for the next
patient was reduced by 0.5 ng/mL. Ifthe patient coughed any-
time, it was considered as failed smooth extubation (failure),
and the pre-determined Ce was increased by 0.5 ng/mL.
Hemodynamic data, which include HR and MAP, during
perioperative period were recorded at 5 time points — before
induction, at the end of operation, before, immediately after,
and 3 minutes after extubation. In all, 0.5 mg of IV atropine
and 4 mg ephedrine were administered for bradycardia of
HR <40 beats/min and hypotension of MAP <60 mmHg.
Cough was defined as the strong and sudden cough developed
during 5 minutes after extubation. The time to extubation
was defined as the time from discontinuing sevoflurane until
extubation. The sevoflurane concentration at eye opening
was recorded. Complications including bradypnea of respira-
tory rate <<8 bpm, laryngospasm, and desaturation of SpO,
below 95% despite oxygen supplementation were recorded.
The sedation and overall pain scores were assessed for each
patient upon arrival at the PACU. In the PACU, sedation
was scored using the Ramsay Sedation Scale (six levels; 1,
Anxious and agitated or restless or both; 6, No response to
a light glabellar tap or loud auditory stimulus), and pain was
scored by an 11-point numerical rating scale (NRS; 0, no
pain; 10, worst pain). In all, 0.5 pg/kg of IV fentanyl was
given for an NRS score of 5 or greater.

Statistics

For estimating EC,  and EC, of remifentanil, which were the
primary outcomes, Dixon’s up-and-down method and isotonic
regression method were used. Referring previous study,'” EC, |
by the Dixon’s up-and-down method needs at least 6 pairs of
success-failure and at least 20 patients to get stable estimates.?!
In this study, 25 young and 24 elderly patients in each group

were enrolled based on Dixon’s method. The EC, of remifen-
tanil was defined as the mean at the mid-point of the cross-
over concentration for each group (ie, success-failure). They
were compared using independent #-tests. The remifentanil
Ce also was analyzed by isotonic regression method using a
pooled-adjacent-violators algorithm in order to interpolate the
EC,, (83%) and the EC, (95%) of remifentanil alongside the
confidence intervals (CIs). The CI was calculated through a
bootstrapping approach.”! If the EC, and EC,, estimates did
not overlap at the 83% CI and 95% CI, each, the hypothesis
was rejected at an a~value of 0.05.22

Among the secondary outcomes, categorical variables were
analyzed using the chi-squared test or Fisher’s exact test. Con-
tinuous variables were tested for normality using Kolmogorov-
Smirnov test. Then, the variables showing normality were
analyzed using Student’s #-test and the variables not showing
normality were analyzed using Mann-Whitney test. The repeated
measured variables were analyzed using a linear mixed model.

Data were presented as mean * standard deviation (SD),
median (range), or number. Statistical significance was
defined as a P-value of less than 0.05. The SPSS package (ver-
sion 23.0, IBM Corporation, Armonk, NY, USA) including R
(version 3.2.5, The R foundation for Statistical Computing;
https://www.r-project.org) was used for statistical analyses.

Results

A total of 50 patients were enrolled, but 1 patient was
eliminated from the data collection due to an incorrect
pre-determined Ce of remifentanil (Figure 1). Ultimately,
25 young and 24 elderly male patients completed the study.
Patient and operative characteristics are presented in Table 1.
The mean age of the young patients was lower than that of
the elderly patients (3917 vs 7024 years). Because of the
age-related difference, height and weight were significantly
higher among the young patients; however, the body mass
index was not significantly different.

The sequence of smooth emergence (success) and failed
smooth emergence (failure) is provided in Figure 2, and the
isotonic regression curve of the probability of no cough is dis-
played in Figure 3. The EC, and EC,, values of the remifen-
tanil Ce for abolishing cough during emergence calculated
by Dixon’s method or isotonic regression are shown in
Table 2. By Dixon’s method, the EC, of remifentanil Ce
was comparable as 2.69+0.32 ng/mL in the young patients
and 2.3910.38 ng/mL in the elderly patients (P=0.132). By
isotonic regression, the EC_ of remifentanil Ce was 2.56
(83% CI, 2.39-2.75) ng/mL in the young patients and 2.15
(83% CI, 1.92-2.50) ng/mL in the elderly patients. The EC,,
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| Assessed for eligibility (n=50)

. Excluded (n=1)

e Incorrect predetermined Ce (n=1)

Randomized (n=49)

Young group (n=25)
* Received allocated intervention (n=25)

v Allocation A

Elderly group (n=24)
* Received allocated intervention (n=24)

A 4 A
Analyzed (n=25) m Analyzed (n=24)

Figure | Consort flow diagram.
Abbreviation: Ce, effect-site concentration.

of remifentanil Ce was 3.33 (95% CI, 2.94-3.46) ng/mL in
the young patients and 3.41 (95% CI, 3.18—3.48) ng/mL in the
elderly patients. Since both EC, and EC,, values overlapped
at the each CI level, the Ce of remifentanil for suppressing
cough during emergence was comparable between the two
groups.

The emergence and recovery outcomes are shown in
Table 3. During anesthetic emergence, bradypnea occurred
in 1 young patient with 3 ng/mL of remifentanil Ce and in
2 elderly patients with 2 ng/mL and 3 ng/mL of remifentanil
Ce. As shown in Figure 4, the MAP and HR were comparable
between the two groups throughout perioperative period.

Discussion

This study demonstrated that the required concentration of
remifentanil for suppressing emergence cough associated
with extubation is comparable between young and elderly
male patients. The EC, values of remifentanil Ce for

Table | Patients characteristics and operation details

Variables Young group Elderly group
(n=25) (n=24)

Age (years) 3947 70+4

Height (cm) 171.9£5.8 166.5£5.2

Weight (kg) 72.248.1 67.1£7.0

BMI (kg/m?) 244422 24.2+1.9

Operation time (min) 55 (25-150) 45 (25-100)

Anesthesia time (min) 85 (60-190) 90 (55-135)

Sevoflurane vol% at eye opening 0.1 (0-0.4) 0.1 (0-0.3)

Note: Values are mean =+ standard deviation or median (range).
Abbreviation: BMI, body mass index.

suppressing emergence cough following extubation were
2.56 ng/mL in the young male patients and 2.25 ng/mL in
the elderly male patients.

The cough reflex is associated with opioid action.?
Opioids block the peripheral C-fiber as a nociceptor to
reduce the amount of coughing, and act at the brain stem to
reduce a reflexive cough.? Remifentanil, as an opioid most
commonly used for anesthesia, is known to lead to faster
recovery and lower respiratory depression than other short-
acting opioids.? Since a low-dose infusion of remifentanil,
compared to a bolus dose, reduced the emergence cough from
general anesthesia,®?® remifentanil infusion with the use of
TCI demonstrated reduced incidence and severity of anes-
thetic emergence cough.”!1 The optimal Ce of remifentanil
for suppressing emergence cough was evaluated in various
anesthetic conditions.»'*'® However, a great part of these
studies has overlooked sex- or age-related differences when
using opioid.

A literature in 2016 revealed that age-related difference
did not appear in the remifentanil Ce for suppressing emer-
gence cough.'® However, the sex-related differences were not
considered and both sexes were enrolled simultaneously. The
existence of sex-related differences regarding the remifen-
tanil Ce for suppressing emergence cough were determined
both in young and elderly patients.'>'” Therefore, there
was a need to confirm the effect of age on the remifentanil
concentration for suppressing emergence cough when being
investigated in single male sex. Consequently, in this study,
age did not affect the remifentanil requirement for smooth
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Ce of remifentanil (ng/mL)
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Ce of remifentanil (ng/mL)
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Figure 2 Sequences of Ce of remifentanil for suppressing emergence cough following extubation by Dixon’s up-and-down method.

Notes: Horizontal bars represent crossover midpoints (ie, success to failure). The mean EC, of remifentanil Ce for suppressing emergence cough was calculated from
cross-over pairs of successes (closed circle) and failures (open circle) in (A) 25 young and (B) 24 elderly male patients. The optimal remifentanil Ce were 2.69+0.32 ng/mL in
young patients and 2.39£0.38 ng/mL in elderly patients. EC, is defined as effective concentration for suppressing emergence cough in 50% of patients.

Abbreviation: Ce, effect-site concentration.

extubation during emergence and age-related differences in
male patients were confirmed not to exist.

Effect of aging on cough reflex remains controversial.?’ 3!
Cough reflexes to inhaled ammonia or distilled water gas were
reduced in elderly subjects compared to younger subjects.?’?
On the other hand, the cough reflex threshold to citric acid
was not reduced with advanced aging.? Recently, in human
brain imaging, the cortex was revealed to have a primarily
critical role in controlling cough,* which the sensory cortex
becomes prone to aging; motor cortex is relatively resistant
to aging.*® In 2011, Ebihara et al investigated the effect of
aging on the cognitive aspect of cough reflex,*' wherein the
elderly had a reduced cognition to urge-to-cough compared
with the younger, but the cough reflex threshold was similar

in both. It means that the sensory regions are degenerated
by aging, and the net performance of the cough reflex is
compensated in the elderly.’!

Effect of aging on the pharmacokinetics of opioids also
remains controversial. A simulation study demonstrated that
elimination half-time, volume distribution and clearance
were significantly higher in the elderly, which suggested that
the time required for a decrease in remifentanil Ce would
be more variable in the elderly.** In a pharmacodynamic
research by Xu et al, there was no age-related difference
in 405 Chinese patients who were less than 65 years old.**
In a research by Yang et al, the remifentanil Ce required at
loss of response for a standard noxious painful stimulus was
similar between the younger and the elderly.*® These findings
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12 Table 3 Emergence and recovery outcomes
—*= Young Variables Young group Elderly group P-value
101 --O-- Elderly (n=25) (n=24)
During emergence
@ Time to extubation (min) 11£5.0 12.8+6.6 0.286
‘E 0.8 Respiratory complications 0.826
8 Bradypnea | (4%) 2 (8%)
c 0.6 1 Laryngospasm 0 0
8_ Desaturation 0 0
3 04 At recovery room
ox - Sedation score (1/2) 2/23 3/21 0.667
K NRS 4 (2-8) 4 (0-8) 0.861
0.2 1 /; Patients receiving fentanyl 7 (28%) 6 (25%) 0.812

0.0 + o

10 15 20 25 30 35 40 45
Remifentanil dose (ng/mL)

Figure 3 Pooled-adjacent-violators algorithm response rates in young (closed
circle) and elderly (open circle) patients.

Notes: The EC, values (83% ClI) of remifentanil Ce for suppressing emergence cough
were 2.56 (2.39-2.75) ng/mL in young patients and 2.15 (1.92-2.50) ng/mL in elderly
patients. The EC,; values (95% Cl) of remifentanil Ce were 3.33 (2.94-3.46) ng/mL
in young patients and 3.4 (3.18-3.48) ng/mL in elderly patients. Both EC, and EC,;
were comparable between the two groups. EC is defined as effective concen-
tration for suppressing emergence cough in 50% of patients. EC, is defined
as effective concentration for suppressing emergence cough in 95% of patients.
Abbreviations: Ce, effect-site concentration; Cl, confidence interval.

are consistent with the results of this study, where the young
male patients needed similar concentration of remifentanil
for suppressing emergence cough compared with the elderly
male patients (2.56 and 2.15 ng/mL in young and elderly
patients, respectively).

The main result of this study is the disappearance of age-
related difference in male patients. Several possibilities may
explain this. First, a factor affecting pharmacokinetics with
increased age is the reduction in the volumes of distribution
for drugs. It results from the changes of body composition

Table 2 Effect-site concentration of remifentanil for suppressing
emergence cough following extubation

Variables Young group Elderly group  P-value
(n=25) (n=24)
Dixon’s method
EC,, of remifentanil ~ 2.69+0.32 2.39+0.38 0.132
Ce (ng/mL)
Isotonic regression method
EC,, of remifentanil ~ 2.56 (2.39-2.75)  2.15 (1.92-2.50)
Ce (ng/mL)
EC,, of remifentanil ~ 3.33 (2.94-3.46) 3.41 (3.18-3.48)
Ce (ng/mL)

Notes: Values are mean + standard deviation determined by Dixon’s method and
the EC,; (83% Cl) and EC,; (95% CI) were determined by the isotonic regression
method. EC, is defined as effective concentration for suppressing emergence
cough in 50% of patients. EC is defined as effective concentration for suppressing
emergence cough in 95% of patients.

Abbreviations: Ce, effect-site concentration; Cl, confidence interval.

Note: Values are mean + standard deviation, median (range) or number (%).
Abbreviation: NRS, numerical rating scale.

following age; for example, a decrease in water content or
an increase in fat content, and alterations in terms of protein
binding.*® In general, these changes lead to higher initial
plasma levels after opioid administration. However, con-
sidering a previous study, in which age-related increases in
maximum plasma concentrations were shown not for a single
dose but only after multiple repeat doses,”’ remifentanil seems
to be closer to single dosing administration despite infusion
in the elderly patients, due to no in vivo accumulative char-
acteristics and short context sensitive half-time (approxi-
mately 3 min). Second, although the relationship between
perioperative pain and aging remains controversial,*® a study
of approximately 500 cancer patients found that the elderly
had similar pain levels to the younger.*® The elderly tended
to choose lower pain scores and request less opioid analge-
sia compared to the younger.*® Moreover, the sensitivity to
mechanical pain increased with age, mostly for men.** The
densities of opioid receptor decrease with aging, but the
affinity between opioid and opioid receptor increases with
aging, although the final effects regarding opioid analgesia
is controversial yet.>® Third, TCI for remifentanil infusion
was performed using the Minto model, which accounts for
some co-variables such as height, weight, and age.** Minto
et al identified age as an influencing factor on the pharma-
cokinetics of remifentanil, postulating that this results from a
reduction of central volume of distribution in the elderly.?

There are some limitations. First, because the in-room
outcome assessor was not blinded to pre-determined remifen-
tanil Ce, the in-room outcome measurement might have been
biased. Second, biological aging often does not correlate
with actual age. It results in considerable physiological,
pharmacodynamic, and pharmacokinetic differences, which
may contribute to large variations in responses. Third,
only patients with an ASA physical status I-1I were chosen
as part of the elderly group; thus, results may be limited in
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Figure 4 The (A) mean arterial pressure and (B) heart rate during perioperative period.
Notes: Data are expressed as mean * standard deviation. Both mean arterial pressure and heart rate were comparable between the two groups. TO: before induction;
TI: end of operation; T2: just before extubation; T3: just after extubation; T4: 3 min after extubation.

generalizability for patients with poor ASA status due to
coexisting diseases. Fourth, females differ from males in basal
pain perception or opioid sensitivity, and the gonadal hormone
influences the opioid sensitivity. The results may have a pos-
sibility to change if females were enrolled. Finally, although
the remifentanil Ce for abolishing emergence cough did not
show significant difference, there was the tendency of higher
remifentanil concentration in young patients, and the results
may be altered when a large volume study is performed.

Conclusion

The Ce of remifentanil for suppressing emergence cough
following extubation from general anesthesia was com-
parable between young and elderly male patients, which
indicates no existence of age-related differences in the Ce of
remifentanil. Therefore, the clinicians do not need to consider
age when adjusting the Ce of remifentanil to suppress anes-
thetic emergence cough in male patients.
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