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Background: In practice, the optimal dose of alfentanil that should be used when painless bronchoscopy
is performed is unknown. The purpose of this study was to investigate the effective dose of alfentanil in
suppressing bronchoscopy responses to painless bronchoscopy with an i-gel supraglottic airway device.
Methods: Patients aged 18-70 years, with American Society of Anesthesiologists (ASA) physical status I-
II, who planned to undergo painless bronchoscopy were recruited for this study. Alfentanil was administered
intravenously 2 minutes before propofol administration. The response to bronchoscopy was measured,
including oxygen saturation (SPO,) and changes in respiratory rhythm. The median effective dose of
alfentanil (EDj,) required to alleviate responses to the bronchoscopy was calculated using Dixon’s up-and-
down method in the female and male groups. Probit analysis was used to generate a dose-response curve in
each group.

Results: A total of 48 patients were recruited for the study including 25 females and 23 males. The EDjy,
of alfentanil for suppressing responses to painless bronchoscopy in females and males was 13.68+4.75 and
17.96+3.45 pg/kg, respectively. The difference was not statistically significant between the two groups
(P=0.078). Probit analysis showed the EDj, of alfentanil in female bronchoscopy was 12.4 pg/kg [95%
confidence interval (CI): 4.5 to 17 pg/kg]. In men, the EDy, of alfentanil was 16.4 pg/kg (95% CIL: 12.1 to
20.1 pg/kg). According to the probit analysis, the 95% effective dose (EDy;) of alfentanil was 22.4 pg/kg (95%
CI: 17.5 to 67.3 pg/kg) in female bronchoscopy. In men, the EDy; of alfentanil was 23.3 pg/kg (95% CI: 19.8
to 46.2 pg/kg).

Conclusions: Our data suggest that there were no obvious differences between men and women in the

effective dose of alfentanil in painless bronchoscopy.
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Introduction

Bronchoscopy plays a vital role in the diagnosis and
treatment of lung disease (1). The British Thoracic
Society guideline for diagnostic flexible bronchoscopy
(FB) recommends that sedation be provided to all patients
undergoing bronchoscopy unless there are specific
contraindications to sedation (2). “Painless bronchoscopy”
can reduce perioperative stress, reduce the cough reaction,
and avoid intraoperative awareness, which may improve the
satisfaction of patients and operators (3). Although propofol
alone is safe and effective for bronchoscopy, it is more
effective in combination with analgesic drugs (4). The most
commonly used analgesic agents for general anesthesia are
opioids (5). Alfentanil is known to be a p-opioid receptor
agonist, causing analgesia, sedation, and suppression of
the cough reflex. It also has the most rapid analgesic onset
and time to peak effect, as well as the shortest distribution
and elimination half-life (6). The effects of alfentanil have
favorable pharmacological profiles for bronchoscopy.

Alfentanil combined with propofol produces synergistic
sedation in patients with FB. A recent study demonstrated
that the combination of alfentanil and propofol achieved
fast onset and quick recovery, and may therefore be ideal
for FB sedation, providing good physician satisfaction
and patient tolerability (7). Conversely, other research
has suggested that induction with alfentanil immediately
before propofol target-controlled infusion (TCI) sedation
for bronchoscopy is unsafe, particularly for hypoxemia (8).
Furthermore, the dose of 5 pg/kg alfentanil could only
achieve sedation of the patient, and was insufficient for the
anesthesia intubation and endoscopic operation. Another
study reported that 10 pg/kg alfentanil with 2.5 mg/kg
propofol is an optimum dose for inserting an i-gel (9).
Further studies are warranted to determine the effective
dose of alfentanil required during fiberoptic bronchoscopy
under laryngeal mask general anesthesia.

This trial determined the EDs, and the EDy; of an intravenous
(IV) bolus of alfentanil that, when combined with propofol,
could effectively blunt the bronchoscopy reaction to painless
bronchoscopy. We present the following article in accordance
with the TREND reporting checklist (available at https://jtd.
amegroups.com/article/view/10.21037/jtd-22-412/rc).

Methods
Ethics statement and study design

This study was an Up-and-Down Sequential Allocation

© Journal of Thoracic Disease. All rights reserved.

Chen et al. Alfentanil inhibit the bronchoscopy reaction

Trial approved by the Hospital Ethics Committee of
Taizhou Hospital of Zhejiang Province (No. K20200780).
The study was registered at The Chinese Clinical Trial
Registry (trial registration number: ChiCTR 2000035855,
date of registration: August 18, 2020). The study was
conducted in accordance with the Declaration of Helsinki
(as revised in 2013). Patients who underwent a fiberoptic
bronchoscopy at the Taizhou Hospital of Zhejiang Province,
from January 1, 2021 to July 30, 2021, were included in this
study. All patients signed informed consent forms prior to
the trial. The following inclusion criteria were applied: (I)
patients underwent fiberoptic bronchoscopy under general
anesthesia; (II) patients were designated with American
Society of Anesthesiologists (ASA) physical status I-II; and
(III) patients were aged 18-70 years. The following exclusion
criteria were applied: (I) patients with contraindications to
bronchoscopy; (IT) patients with opioid allergies; (III) patients
with severe airway stenosis and acute infections; (IV) patients
with arrhythmia, presenting with (i) sinus bradycardia with
ventricular rate <45 beats/min and a negative atropine test;
(ii) atrioventricular block or ventricular block of grade II
or above; or (iii) other arrhythmias with a high risk of sinus
arrest, such as sick sinus syndrome (SSS); (V) patients with
severe cardiac insufficiency classified as New York Heart
Association (NYHA) class III or above; (VI) patients with
liver dysfunction characterized by abnormal biochemical
indexes of liver function; (VII) women in labor, childbirth,
or lactation period; (VIII) patients whose preoperative state
of consciousness was difficult to determine independently
or accurately; (IX) patients with a history of psychotropic
drug use; and (X) patients who met any other conditions
considered by the researchers as unsuitable for inclusion in
this study.

Introduction and anesthetic management

Prior to fiber bronchoscopy under general anesthesia, all
patients were fasted for no less than 8 hours and did not
receive any premedication. Electrocardiography, pulse
oximetry [oxygen saturation (SPO,)], and noninvasive
blood pressure (NBP) assessments were performed to
monitor all patients. In the stable period of 5 minutes after
entering the operating room, heart rate (HR) and NBP
were measured twice, and the average was taken as the
baseline (T0). The lactate ringer’s solution was infused
with a 22-gauge IV cannula placed in the arm. Each patient
was preoxygenation for 3 minutes. A trained physician
administered the TCI sedation (Injectomat TIVA Agilia,
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Fresenius Kabi, France), monitored the sedation and vital
signs, and provided supportive interventions when necessary.
Alfentanil (5-25 pg/kg, Yichang, China) was administered
2 minutes before propofol administration. After induction of
anesthesia, the i-gel was positioned and the correct position
was verified with chest auscultation and capnography.
During the induction period, the state entropy (SE) value
was maintained between 40 and 60. If the patient remained
apneic for more than 30 seconds after i-gel O, insertion,
the lungs were manually ventilated via the i-gel to maintain
SPO, above 95% and end-tidal carbon dioxide tensions
between 40 and 50 mmHg, until spontaneous ventilation was
achieved. Blood pressure (BP) and HR were immediately
recorded after induction of general anesthesia (T1),
before the i-gel laryngeal mask was positioned (12), and
immediately after the i-gel laryngeal mask was positioned
(T3). An experienced endoscopist performed the procedures
using a flexible bronchoscope with an insertion tube outer
diameter of 4.8 mm (Olympus Q290) (T4). BP and HR were
assessed again at 1 minute after the fiberoptic bronchoscopy
entered the airway (T5). A second anesthesiologist, who
was blinded to the dose of alfentanil, administered the
anesthesia. The bronchoscopy feasibility was assessed
using the bronchoscopy score, which was computed by
combining the following three variables that were graded
from 1-4: movement of the vocal cords, cough occurrence,
and limb movement. The final bronchoscopy score varied
between 3 and 12, where 3 represented the optimal score
and 12 represented the worst score. The primary objective
was the bronchoscopy score, which refers to a reaction
that ultimately influences the FB procedure and requires
an additional administration of alfentanil or propofol. The
bronchoscopy reaction was defined as the bronchoscopy
score >6. A bronchoscopy score >6 suggested an obvious
reaction to the FB, and a bolus dose of alfentanil (10-20 pg)
was intravenously administered. A bronchoscopy score <6
suggested a negative reaction to the bronchoscopy. The
conditions of the FB insertion were only assessed at the first
attempt. During the FB procedure, 10-20 pg alfentanil could
also be administered intravenously if necessary. Patients with
BP below 60 mmHg or HR below 45 beats/min during the
procedure were excluded from this study. In patients whose
HR decreased to <45 beats/min, 0.5 mg of atropine was
administered.

If the mean BP (MBP) was <60 mmHg for 30 seconds,
6 mg of ephedrine was administered. Patients with
tachycardia or hypertension [defined as HR and systolic BP
(SBP)/diastolic BP (DBP) >20% of the baseline values] after
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FB were treated with esmolol or additional propofol. After
the FB procedure, all of the patients were transferred to the
post-anesthesia recovery room for close observation until
the standards of exiting the Operating Room were satisfied.

Dixon’s up-and-down

The EDj, of alfentanil was calculated using the modified
Dixon’s up-and-down method (10). Given our previous
experience and pre-experimental data, the initial dose of
alfentanil was set at 20 pg/kg. The next patient received an
increased dose of alfentanil (5 pg/kg) if the patient had a
positive response, or a reduced dose (5 pg/kg) if there was
no positive response. After seven inflection points had been
obtained, patient recruitment was terminated. The patients
were divided into two groups based on gender, namely, a
male group and a female group.

Statistical methods

Clinical data was expressed as count (percentage), or as
mean =+ standard deviation (mean = SD). Normality for
continuous variables was assessed using the Shapiro-Wilk
test (P value >0.05). Between-group comparisons were made
using Student’s ¢-test or a corrected #-test for normally
distributed continuous variables. Two-sided P values <0.05
were considered statistically significant. ED;, values were
compared between groups using the #-tests. The dose-
response curve was calculated by probit regression analysis.
All of statistical analyze were performed with GraphPad
Prism 8.0 and SPSS 26.0 software.

Results

A total of 48 adult patients were recruited into the study
from January 1, 2021 to July 30, 2021, including 25 females
and 23 males. No patients were excluded from the study due
to BP readings below 60 mmHg or HR below 45 beats/min.
The demographic data of the patients are shown in Zable 1.
The median age was 54 years (range, 25-70 years) (1able I).
There was no significant difference in patient characteristics
[such as age, ASA, and body mass index (BMI)] between
males and females (P>0.05; Tible 1). The total dosage of
alfentanil administered was 15.1+4.9 pg/kg during the FB
procedure. The i-gel was successfully positioned in all
patients. No failed positioning was recorded.

Figure 1 shows that each group reached 7 crossover
points. The EDj, of alfentanil for blunting the FB reaction
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Table 1 Baseline characteristics between male and female groups
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Characteristic Overall (n=48) Male (n=23) Female (n=25) P
Age, years, mean + SD 54.2+10.0 55.5+6.9 53.0+12.2 0.380
Weight, kg, mean + SD 60.8+8.1 63.4+6.0 58.5+9.1 0.031
Height, cm, mean + SD 161.9+7.5 167.4+5.1 156.8+5.5 0.000
BMI, kg/m’, mean + SD 23.3+3.1 22.8+2.5 23.8+3.6 0.290
ASA physical status, n (%) 0.057

ASA | 23 (47.9) 5(21.7) 18 (78.3)

ASA Il 15 (31.3) 12 (48.0) 13 (52.0)
HR (T0), B/M, mean + SD 80.2+11.5 77.2+9.2 83.0+13.0 0.076
RR (T0), B/M, mean + SD 17.0£1.3 17.2£1.3 17.0£1.3 0.270
MAP (T0), mmHg, mean + SD 95.3+10.0 94.2+8.1 96.3+11.5 0.470
HR (T1), B/M, mean + SD 75.4+10.7 74.6+8.8 76.2+12.3 0.612
RR (T1), B/M, mean + SD 10.7£14.3 8.7+6.0 12.4+£19.0 0.382
MAP (T1), mmHg, mean + SD 87.7+12.5 87.7+11.1 87.6+13.9 0.961
Bronchoscopy score (T4), median (IQR) 5.5 (4.0-7.0) 6.0 (4.0-7.0) 5.0 (3.0-7.0) 0.478
Bronchoscopy score (T5), median (IQR) 3.0 (3.0-4.0) 4.0 (3.0-5.0) 3.0 (3.0-4.0) 0.116
Alfentanil dose, pg/kg, mean + SD 15.1+4.9 16.7+4.4 13.6 4.9 0.025

BMI, body mass index; ASA, American Society of Anesthesiologists; HR, heart rate; RR, respiratory rate; B/M, beats/min; MAP, mean

arterial pressure.

in the 23 males and the 25 females was 17.96+3.45 pg/kg
(Figure 1A4) and 13.68+4.75 yng/kg (Figure 1B), respectively.
The EDy, of alfentanil for blunting the FB reaction was
comparable between males and females (P=0.078>0.05).

Figure 2 shows the dose-response curve from the probit
analysis of the alfentanil dose and the probability of no FB
reaction. The EDy, of alfentanil in female bronchoscopies
was 12.4 pg/kg (95% CI: 4.5 to 17 pg/kg). In men, the EDsy,
of alfentanil was 16.4 pg/kg (95% CI: 12.1 to 20.1 pg/kg).
According to the probit analysis, the ED,; of alfentanil
in females and males was 22.4 pg/kg (95% CI: 17.5 to
67.3 pg/kg) and 23.3 pg/kg (95% CI: 19.8 to 46.2 pe/ke),
respectively.

Discussion

Bronchoscopy is a highly stimulating clinical operation, and
patients feel a strong sense of discomfort during the diagnosis
and treatment process, and a small number of patients
may interrupt the examination due to intolerance (11).
Painless technology can eliminate the discomfort and fear of
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patients during the diagnosis and treatment of bronchoscopy,
effectively suppressing the patient’s choking reflex, reducing
the risk of injury and accidents during diagnosis and
treatment, and creating improved diagnosis and treatment
conditions for endoscopists (12). However, a standardized
anesthesia plan for painless bronchoscopy is still lacking
(13,14). The painless protocol for this study involved a
laryngeal mask under administration of propofol combined
with alfentanil. Alfentanil has been proven to reduce the
amount of isobaric propofol required for anesthesia induction
in a synergistic manner. None of the patients in this study
suffered severe adverse events, such as chest rigidity, difficulty
laryngeal mask placement, or cyanosis, after the alfentanil
injection. Both BP and HR changed after alfentanil injection,
but largely remained within the clinical range. The ED;, of
alfentanil required to blunt the FB reaction was 13.68+4.75
and 17.96+3.45 pg/kg in women and men, respectively.
In a randomized, double-blinded, controlled trial of using
alfentanil in the induction of propofol infusion for inserting
an i-gel, the optimum dose for alfentanil was determined to be

10 pg/kg, when coadministered with 2.5 mg/kg propofol (9).
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Figure 2 A dose-response curve from the probit analysis of the
alfentanil dose and the probability of no bronchoscopy reaction. The

EDj of alfentanil in the male and female groups was compared.

"This was lower than the dose obtained in our study, and may
be due to more intense airway irritation associated with the
FB compared to the laryngeal mask.

Animal and human studies have suggested that there

© Journal of Thoracic Disease. All rights reserved.

are gender differences in opioid-induced analgesia and
associated adverse events (15-17). Clinicians need to be
aware of the sex differences when administering opioids (18).
There is ample literature demonstrating sex differences
in morphine analgesia. However, it was unclear whether
increased efficacy of certain opioid agonists in women
is also observed with alfentanil, a widely used selective
opioid agonist. Our current study demonstrated that
there was no gender difference in the EDj, of alfentanil
required for blunting the FB reaction. The previous study
has been shown that alfentanil analgesia is an absence of
sex differences (19). A previous study has shown that the
pharmacokinetics of remifentanil were influenced by BMI
and age, but gender did not affect any pharmacokinetic
nor pharmacodynamic parameters (20). Future studies are
needed to investigate the analgesic effects of alfentanil at
different doses and in the different genders.
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In summary, the ED;, of alfentanil required for successful
bronchoscopy under i-gel laryngeal mask general anesthesia
was 17.96+3.45 pg/kg in males and 13.68+4.75 pg/kg
in females. There were no obvious differences between
the genders in the effective dose of alfentanil in painless
bronchoscopy. The doses of alfentanil found in this study
may provide a reference for clinicians.
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