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Abstract

Background Fiberoptic bronchoscopy is a complex procedure with the need for sufficient patient anesthesia/sedation while
maintaining safety. This trial aimed to evaluate the efficacy, safety, and pharmacokinetics of HSK3486 during fiberoptic
bronchoscopy.

Methods This multicenter, double-blind, randomized, non-inferiority, parallel-group phase 3 trial was conducted in patients
who underwent fiberoptic bronchoscopy. Patients randomly received HSK3486 0.4 mg/kg (N = 134) or propofol 2.0 mg/kg (N
= 133). The primary efficacy endpoint was the successful rate of fiberoptic bronchoscopy, and secondary efficacy endpoints
included successful induction of anesthesia/sedation, duration, time to being fully alert, and time to patient discharge. Safety
assessments and drug concentrations were also measured.

Results A total of 267 patients completed fiberoptic bronchoscopy, with a success rate of 100% and a 95% confidence interval
of — 2.8 to 2.8% for the difference between the groups, which met the predesigned criteria of > — 8%, confirming the non-
inferiority of anesthesia/sedation produced by HSK3486 compared to propofol. Among the secondary efficacy endpoints, only
time to full alertness (median 8.50 vs. 6.00 min, P = 0.012) and time to discharge (median 13.00 vs. 9.87 min, P = 0.002)
were slightly longer in the HSK3486 group. The incidence of adverse events was significant lower in the HSK3486 group
(52.6 vs. 76.5%, P < 0.001) mainly because of less pain on injection (4.4 vs. 39.4%, P < 0.001) compared to the propofol
group. HSK3486 had a similar terminal elimination half-life as propofol.

Conclusions HSK3486 exhibited non-inferiority anesthesia/sedation compared to propofol in patients undergoing fiberoptic
bronchoscopy, and had a good safety profile with a lower incidence of pain on injection.

Trial Registration Clinicaltrials.gov, NCT04111159, registered on 1 October 2019
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a high incidence of hypoxia, sedation has gradually been
developed for painless bronchoscopy [3-5]. Subsequent
studies have shown that sedation leads to better tolerance
[6] and higher physician satisfaction for the procedure [7].
Therefore, to ensure the safety and comfort of patients while
meeting the operational requirements of sharing the airway
is a major challenge for the successful implementation of
painless fiberoptic bronchoscopy [9, 8].

The British Thoracic Society states that patients undergo-
ing fiberoptic bronchoscopy should be sedated when there
are no contraindications [9] to facilitate patient comfort and
alleviate anxiety, coughing, and dyspnea, while reducing the
complications of the procedure [6, 10, 11]. Previous studies
have shown that propofol is often used to induce moderate
sedation or general anesthesia for a fiberoptic bronchos-
copy procedure because of its rapid onset, fast recovery,
high clearance rate, and good tolerance [12—14]. There is
improved patient perception of sedation and procedure tol-
erance, and an overall reduction in cough and the sensation
of asphyxiation when propofol is administered [6]. Propofol
used as monotherapy for sedation does not result in analge-
sia, so it is often combined with opiates or local anesthetics
to improve patient tolerance [14, 15], However, propofol has
a number of known limitations [16, 17], such as a narrow
therapeutic window, high incidence of hypotension, respira-
tory depression, pain on injection, and a lack of availability
of antagonists.

HSK3486 (Trade name: ciprofol, Haiso Pharmaceutical
Group Co., Ltd, Chengdu, China), a novel 2,6-disubstituted
phenol derivative, binds more effectively to the gamma-
aminobutyric acid-A (GABA ,) receptor than does propofol
[18]. After initial evaluations of absorption, distribution,
metabolism, and excretion (ADME) processes [19], the
maximum concentration (Cy,,,), time to C,,, (f,,.), terminal
elimination half-life (¢,,,), and mean residence time (MRT)
were similar between HSK3486 and propofol, while clear-
ance (CL), apparent volume of distribution (V,) and apparent
volume of distribution at steady state (V) were different in a
phase 1 trial [20]. In addition, a study on age-related effects
of HSK3486 revealed that a dose of 0.3 mg/kg was similarly
efficacious in the elderly compared with 0.4 mg/kg in non-
elderly patients [21].

Phase 2 [22] and phase 3 trials (clinicaltrials.gov,
NCT03674008, on submission) for gastrointestinal endos-
copy procedures demonstrated the efficacy and safety of
HSK3486 in patients undergoing endoscopy. The duration of
anesthesia/sedation in patients undergoing fiberoptic bron-
choscopy was similar to that of gastrointestinal endoscopy,
which is generally 10-30 min and the drug administration
methods are also similar, which is an initial intravenous (i.v.)
bolus injection followed by top-up doses if required. There-
fore, this multicenter, double-blind, propofol-controlled,
randomized, phase 3 trial was carried out to evaluate the
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efficacy and safety of HSK3486 in patients undergoing fiber-
optic bronchoscopy.

2 Material and Methods
2.1 Study Design and Procedure

This multicenter, double-blind, randomized, propofol-con-
trolled, non-inferiority prospective phase 3 trial was con-
ducted in ten study centers in China between 6 December
2019 and 19 June 2020 in accordance with the Declaration
of Helsinki. The study was approved by the ethics committee
of each participating hospital. The trial was prospectively
registered at clinicaltrials.gov (NCT04111159). Written
informed consent was obtained from all patients before they
were enrolled.

The intention of the trial was to enroll consecutively
260 eligible patients from each study center and randomly
allocate them to a HSK3486 0.4 mg/kg group or a propo-
fol 2.0 mg/kg group in a ratio of 1:1. The duration of the
trial included the screening period (within 7 days before
fiberoptic bronchoscopy), baseline period (the same day of
fiberoptic bronchoscopy), the observation period drug post-
administration and the follow-up post-procedure period
(within 2—4 days post fiberoptic bronchoscopy).

The patients enrolled were aged between 18 and 80 years,
male or female, with American Society of Anesthesiologists
(ASA) grade I-III, and were to receive diagnostic and/or
therapeutic fiberoptic bronchoscopy LMA assisted. Exclu-
sion criteria included patients allergic to egg and soybean
products, propofol, opioids, and their antidotes. Patients
with contraindications to deep sedation/general anesthe-
sia, or with a history of previous anesthesia/sedation acci-
dents, or who had undergone endotracheal intubation and/
or mechanical ventilation prior to fiberoptic bronchoscopy,
were also excluded. Detailed inclusion and exclusion crite-
ria are presented in the Electronic Supplementary Material
(ESM) Table 1.

Patients had baseline inclusion/exclusion criteria, weight,
vital signs, blood samples, pregnancy tests (urine human
chorionic gonadotropin for child-bearing aged female
patients), 12-lead electrocardiogram (ECG), and Modified
Observer Assessment of Alertness/Sedation (MOAA/S)
scores measured on the day of the procedure. Eligible
patients inhaled 2% lidocaine (10 mL) delivered by atomi-
zation within 1 h before the bolus doses of HSK3486 or
propofol were i.v. injected. Supplementary oxygen was
administered at a flow rate of > 6 L/min at least 3 min before
the first study dose was administered and until patients were
fully alert (the first time of MOAA/S =5 for three consecu-
tive measurements).
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All the researchers were divided into a blinded group
and an un-blinded group and the administrations of study
drugs were obscured. The anesthesiologist gave instructions
and an investigating nurse of the un-blinded group adminis-
tered the study drugs. Patients aged < 65 years were given
0.2 pg/kg sufentanil i.v. in advance and the initial dose of
HSK3486 or propofol was then injected i.v. after 3 min (+
5 s). Previous phase 2 [22] and phase 3 (NCT03674008, on
submission) studies on sedation for gastrointestinal endos-
copy procedures demonstrated that the initial dose of 0.4
mg/kg HSK3486 was comparable to 2.0 mg/kg propofol.
Because of the similar duration and administration method
during gastrointestinal endoscopy procedures, the HSK3486
0.4 mg/kg and positive control propofol 2.0 mg/kg doses
were also selected for patients undergoing fiberoptic bron-
choscopy in the present trial. The infused volumes of both
drugs were similar, comprising 0.4 mg/kg with a dilution of
2.5 mg/mL = 0.16 mL/kg for HSK3486 and 2 mg/kg with a
dilution of 10 mg/mL = 0.2 mL/kg for propofol. HSK3486
was initially administered i.v. at a dose of 0.4 mg/kg for
patients aged < 65 years, with top-up doses of 0.15 mg/kg
during the induction and maintenance phases if required.
Similarly, propofol was injected i.v. at 2.0 mg/kg in patients
aged < 65 years, with top-up doses of 0.75 mg/kg if required.
Top-up doses were allowed when inserting the laryngeal
mask and the fiberoptic bronchoscope, otherwise at intervals
> 2 min and at most five times during any 15-min window,
with propofol being the alternative rescue sedative. If seda-
tion was still insufficient, sufentanil (0.05-0.1 pg/kg) was
given up to a maximum dose of 0.4 pg/kg. Patients aged
> 65 years had their doses of sufentanil and the study medi-
cation reduced by 25%.

The laryngeal mask (LM), which is routinely used in our
hospitals, was inserted when the MOAA/S score was < 1
and a swivel adapter was connected to its breathing circuit.
Then the bronchoscope was inserted through a tunnel inside
the LM and pushed into the trachea. Physical monitoring
including continuous electrocardiography and pulse oxime-
try, and automated noninvasive blood pressure was recorded
every 2 min. Vital signs and adverse events (AEs) were con-
tinuously measured and recorded during the procedure. The
MOAA/S score was recorded within 30 s once the fiberop-
tic bronchoscope was extracted and then at 1-min intervals
until the patient was fully alert, followed by the modified
Aldrete score, assessed every 2 min until the score was > 9
for three consecutive measurements. A satisfaction evalua-
tion scale that ranged from O to 10 (sum of five items) was
used for patients and anesthesiologists before discharge, with
a higher score indicating better satisfaction (ESM Table 2).

2.2 Efficacy Assessments
2.2.1 Primary Efficacy Outcomes

The success rate of fiberoptic bronchoscopy was assessed
according to the following criteria: (1) completion of fiber-
optic bronchoscopy; (2) no requirement for any alternative
sedative/anesthetic, which means the top-up doses of the
experimental drugs were administered no more than five
times in any 15-min window from the initial administration
to the completion of the procedure.

2.2.2 Secondary Efficacy Outcomes

(1) Time to successful induction of anesthesia/sedation,
defined as the time from the start of study drug administra-
tion to MOAA/S < 1; (2) time to being fully alert, defined
as the time from the fiberoptic bronchoscope extraction or/
and the time from the last drug administration to a MOAA/S
score of 5 for three consecutive measurements; (3) time to
discharge, defined as the time from the fiberoptic broncho-
scope extraction or/and the time from the last drug adminis-
tration to the initial appearance of three consecutive Aldrete
measurements of 9; (4) the top-up frequency and dosage of
the study medications and sufentanil; (5) anesthesia/sedation
satisfaction scores of patients and anesthesiologists collected
when patients were ready for discharge.

2.3 Safety Assessments

AEs were evaluated for frequency, severity, association
to the study drug, relationship to the procedure, and out-
comes. The severity of AEs was graded based on the Com-
mon Terminology Criteria for Adverse Events (CTCAEs,
version 5.0) [23]. The causal relationship of an AE to the
investigated drug (HSK3486 or propofol) was assessed by
the investigator (or a medically qualified assistant) using the
classifications provided in ESM Table 3. AEs were consid-
ered to be severe if a patient's daily function was interfered
with or their life was threatened. If cough, physical activ-
ity, bronchospasm, wheezing, or other reactions caused by
operation irritation were observed in patients, they were
recorded as operational reactions of fiberoptic bronchoscopy.
Sedation-related AEs, including hypoxia, hypotension, and
bradycardia, were evaluated from the time of administra-
tion of bolus doses of the study drug until the discharge of
patients. Hypoxia was defined as pulse oxygen saturation
(Sp0O,) < 90% lasting for > 30 s; hypotension was defined
as systolic blood pressure (SBP) < 90 mmHg or a 20%
decrease from baseline lasting for > 2 min; bradycardia was
defined as a heart rate (HR) < 50 beats/min and lasting for
> 2 min. Laboratory tests (routine blood/urine and blood
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biochemistry), vital signs, and 12-lead ECG recordings were
also assessed throughout the study.

2.4 Blood Sampling and Plasma Concentration

A phase 1 study conducted in Chinese healthy subjects found
that the plasma concentration of HSK3486 had a three-
phase elimination characteristic and the f,,,, was 2 min after
administration [24]. Thus, four venous blood samples (3 mL)
were collected within 1 h before the initiation of lidocaine
atomization inhalation, 2 min + 10 s after the initial admin-
istration of the study drug, and at approximately 10 min and
within 1-6 h after extraction of the fiberoptic bronchoscope.
Plasma concentrations of HSK3486 and propofol were
measured by validated liquid chromatography tandem mass
spectrometry (LC-MS/MS) with a low limit of quantification
(LLOQ) of 5 ng/mL. A plasma concentration below LLOQ
was recorded as below the quantitation limit (BQL) [21].

2.5 Statistical Analysis

Statistical analyses were carried out using SAS ver. 9.4 (SAS
Institute Inc, Cary, NC, US). The study was designed as a
non-inferiority study with a non-inferiority margin of 8%
with respect to the success rate [25-28]. At a power of 80%,
a one-sided type I error rate of 0.025 and assuming that
the success rates of fiberoptic bronchoscopy after HSK3486
and propofol administration were both 95%, a total of 260
patients needed to be enrolled in the study, considering an
anticipated dropout rate of 10%, with 130 patients in each
treatment arm.

For the primary efficacy outcome, the difference of suc-
cess rates of fiberoptic bronchoscopy between HSK3486
and propofol (HSK3486—propofol) and the corresponding
two-sided 95% confidence intervals (CIs) were calculated.
Non-inferiority between HSK3486 and propofol was con-
cluded if the lower boundary of the 95% CI of the difference
(HSK3486—propofol) of the success rate was > — 8%. The
success rates of fiberoptic bronchoscopy were compared
between the HSK3486 and propofol groups using Fisher's
exact method adjusted for age-stratification factors. For com-
parison of secondary efficacy outcomes, the Cochran—-Man-
tel-Haenszel (CMH) test or Fisher’s exact probability test
was used to compare the categorical variables between two
groups, while a ¢-test or Wilcoxon rank sum test was used
to compare continuous variables. The incidence of AEs and
drug-related AEs between the two groups was compared
using a chi-squared test or Fisher’s exact probability test.
Continuous variables are presented as the mean + standard
deviation (SD) or median with range (minimum, maximum),
while categorical variables are given as numbers with per-
centages. The study was designed to prove the non-inferior-
ity between HSK3486 and propofol, with respect to success
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rate (primary endpoint), and all other comparisons were only
of an exploratory nature (all P-values are two-sided and were
not adjusted for comparisons). The full analysis set (FAS)
included all patients randomly assigned to receive at least
one drug dose (HSK3486 or propofol) after randomization
according to the intention to-treat (ITT) principle and at least
one evaluable efficacy outcome was used for analysis of all
efficacy outcomes and baseline characteristics of patients.
The safety set (SS) and pharmacokinetics analysis set (PKS)
included all patients based on the “as treated” principle, was
used for the analysis of safety outcomes and plasma concen-
tration measurements, respectively.

3 Results

3.1 Patients’ Disposition and Baseline
Characteristics

A total of 302 patients were screened, of whom 267 met the
eligible criteria, and were randomized to receive HSK3486
(n = 134) or propofol (n = 133) (Fig. 1). Thus, all efficacy
outcomes were analyzed in the FAS (134 vs. 133, ITT). Due
to one patient being randomized to the propofol group ini-
tially, but who inadvertently was given HSK3486, there were
135 patients in the HSK3486 group and 132 patients in the
propofol group for safety and pharmacokinetic outcome (135
vs. 132, as treated) measurements. Overall, the demographic
and baseline characteristics were similar between the two
groups (Table 1). Of the patients, 49.4% were female and
89.1% were aged < 65 years. All patients had a MOAA/S
score of 5 at baseline and 263 (98.5%) patients were ASA
grade I-1II.

3.2 Efficacy
3.2.1 Primary Efficacy Outcome

All patients completed the fiberoptic bronchoscopy and no
patient received alternative sedative/anesthetic drugs, with
success rates of 100% in both the HSK3486 and the propofol
groups. The 95% CI of the difference (HSK3486—propofol)
of success rates was — 2.8 to 2.8%, which met the prede-
signed criteria of > — 8%, indicating that the non-inferiority
of HSK3486 compared to propofol with respect to the suc-
cess rate was confirmed (Table 2).

3.2.2 Secondary Efficacy Outcomes

The time course of the MOAA/S scores in the two groups
is shown in Fig. 2. Table 3 summarizes the secondary effi-
cacy endpoints of patients in the HSK3486 and propofol
groups. The median duration of fiberoptic bronchoscopy,
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Fig. 1 Enrolment flow diagram.
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median insertion duration, and the median time to success-
ful induction of anesthesia/sedation were similar in the two
groups (all P > 0.05). Patients in the HSK3486 group took
a longer time to regain full alertness and to be discharged
(all P < 0.05). More than half of the patients in both groups
completed fiberoptic bronchoscopy without requiring top-up
dosing, and the median times of top-up doses were nearly
the same between the two groups. HSK3486 produced com-
parable satisfaction scores for both patients (P = 0.341) and
anesthesiologists (P = 0.972) compared to the propofol
group. Three patients in each group received on one occa-
sion a top-up dose of sufentanil, due to cough and/or body
movements during the procedure.

3.3 Safety

A total of 172 (64.4%) patients experienced 286 AEs. There
were no > grade 3 AEs in the HSK3486 group, all being
grade 1 or grade 2. Most AEs were self-curing and self-
limited. No patients withdrew from the study because of AEs
and no serious adverse events (SAEs) occurred (Table 4).

A total of 66 drug-related AEs occurred in 50 (37.0%)
patients treated with HSK3486 and 123 occurred in 93
(70.5%) patients treated with propofol (P < 0.001). The
higher incidence of AEs in the propofol group can be mainly
attributed to the higher incidence of pain on injection (P <
0.001) (Table 5).

Sedation-related AEs occurred in the two groups, being
40 (29.6%) and 42 (31.8%), respectively (P = 0.698)
(Table 4). The incidence of hypoxia was a little higher in

the HSK3486 patient group than that in the propofol group,
but the duration was similar in the two groups. The incidence
of hypotension and mean duration in the HSK3486 group
were lower than in the propofol group. Although the mean
duration of bradycardia was slightly longer in the HSK3486
group, the incidence of bradycardia was similar to that in the
propofol group. AEs related to operant reaction of fiberoptic
bronchoscopy occurred in both groups, with three patients
(one case of wheezing and two cases of bronchospasm) in
the HSK3486 group and four patients (two cases of bron-
chospasm and two cases of body movement) in the propofol
group (Table 4).

Vital signs of patients in the HSK3486 and propofol
groups during the procedure are presented in Fig. 3. The
blood pressure of both groups showed a downward trend
4 min after initial drug administration, with a decrease
range within 10.92%, which gradually recovered to the
baseline value. HSK3486 induced a smaller decreas-
ing trend in mean arterial blood pressure (MAP) from
baseline than did propofol (P = 0.002), with maximum
mean percentage decreases of — 20.00% (SD 10.99%) and
—24.00 (SD 9.91%), respectively. The respiratory rate in
both groups showed a decreasing trend within 2 min of
drug administration. HR in both groups fluctuated around
baseline after administration, with a maximum fluctua-
tion of 10%, while SpO, changed slightly after admin-
istration, within a range of 1.88%. Laboratory tests and
12-lead ECG recordings showed no clinically meaningful
differences.
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Table 1 Demographic and baseline characteristics of patients (full analysis set)
HSK3486 (n = 134) Propofol (n = 133) P-value
Age, years 46.60 + 15.31 46.90 + 13.98 0.849
Age range, n (%) 1.000
> 18 and < 65 years 119 (88.8) 119 (89.5)
> 65 and < 80 years 15(11.2) 14 (10.5)
Gender, n (%) 0.159
Male 62 (46.3) 73 (54.9)
Female 72 (53.7) 60 (45.1)
Height (m) 1.61 +0.08 1.63 +0.08 0.073
Weight (kg) 60.60 + 9.47 61.13 £9.18 0.642
BMI (kg/m?) 23.20 +2.64 22.92 +2.60 0.374
ASA classification, n (%) 0.151
Grade I 63 (47.0) 50 (37.6)
Grade I1 68 (50.7) 82 (61.7)
Grade III 3.2 1(0.8)
MOAA/S 5.0 (0.00) 5.0 (0.00) 1.000
Diagnostic and therapeutic category, n (%) 1.000
General diagnostic 122 (91.0) 121 (91.0)
Advanced diagnostic 10 (7.5) 10 (7.5)
Therapeutic 2(1.5) 2(1.5)
Modified Mallampati score, n (%) 0.417
Grade I 90 (67.2) 83 (62.4)
Grade II 44 (32.8) 50 (37.6)

Data are given as the mean + SD or numbers with percentages in parentheses
ASA American Society of Anesthesiologists, BMI body mass index, MOAA/S Modified Observer Assessment of Alertness/Sedation, SD Standard

deviation

Table 2 Achievement of fiberoptic bronchoscopy (full analysis set)

HSK3486 (n = 134)

Propofol (n = 133)

Completion of fiberoptic bronchoscopy
Success rates of fiberoptic bronchoscopy
Difterence (HSK3486—propofol)

95% CI

134
100.0%
0.0

(-2.8%, 2.8%)

CI confidence interval

3.4 Plasma Concentration

HSK3486 had a similar terminal elimination half-life to
propofol. The average plasma concentrations of both drugs
reached maximal values at 2 min + 10 s after initial admin-
istration, and decreased rapidly between 10 min and 6 h after
extraction of the fiberoptic bronchoscope. The plasma con-
centration during the first 6 h followed first-order kinetics
(Fig. 4).

A\ Adis

4 Discussion

Various classes of anesthetic drugs have been used in
fiberoptic bronchoscopy, such as benzodiazepines and
opioids, or fospropofol and dexmedetomidine. Benzodi-
azepines with sedative, hypnotic, anxiolytic, anti-convul-
sant, and anterograde amnesia properties [29] have been
proven to be helpful during bronchoscopy [30]. Mida-
zolam was commonly used in bronchoscopy because
of its pharmacokinetic characteristics, but can produce
long recovery times. Opioids were frequently used for
bronchoscopy in combination with benzodiazepines
because of their analgesic and sedative properties, and
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Fig.2 The time course of
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the reduction in the amount of other sedatives required
[3]. However, this approach reduced the respiratory rate,
resulting in ventilatory depression. Fospropofol is a
water-soluble prodrug of propofol, which has been dem-
onstrated to be safe and efficacious in patients undergoing
bronchoscopy in a phase 3 randomized controlled trial
[28], but fospropofol has risks similar to propofol [2].
Dexmedetomidine is a selective o,-agonist with sedative
and analgesic properties. It has been shown to be safe and
effective to use with flexible bronchoscopy [31] without
eliciting sympathomimetic vagolytic actions, which may
cause bradycardia and hypotension [32].

In the present study, HSK3486 induced, similar to propo-
fol, a sedative/anesthetic effect with a success rate of 100%.
Patients treated with HSK3486 completed the fiberoptic
bronchoscopy without the requirement for an alternative
anesthetic/sedative and the lower boundary of 95% CI for
the difference (HSK3486—propofol) of success rates was
— 2.8%, which met the predesigned criteria of > — 8%. In
our study, HSK3486 had a similar duration of action and
a rapid onset of anesthesia/sedation compared to propofol,
both groups reaching a level of deep sedation or general
anesthesia (MOAA/S < 1), which met the ideal sedation pro-
files as previously reported [27, 28]. More than half of the
patients completed fiberoptic bronchoscopy without needing
top-up doses in both groups. The above results indicated that
the efficacy of HSK3486 0.4 mg/kg was similar to that of
propofol 2.0 mg/kg.

HSK?3486 had similar terminal elimination half-life char-
acteristics to propofol, but with a potency about five times
greater, and HSK3486 patients exhibited slightly longer
recovery durations. The reason for this is probably the very
short initial distribution half-life and high clearance rate of
propofol. However, though the fully alert and recovery times
were significantly longer in the HSK3486 group, it was still
within 10—15 min, and the clinical implications of this delay
are likely to be irrelevant. Nevertheless, a comparison of
the pharmacological properties of HSK3486 and propofol
will require further studies. More than half of the patients
completed the fiberoptic bronchoscopy without top-up dos-
ing, which indicated that overall anesthesia/sedation and
recovery potency of HSK3486 were comparable to propofol.

A total of 172 (64.4%) patients experienced 286 AEs,
with 71 (52.6%) patients in the HSK3486 group and 101
(76.5%) in the propofol group. There was no grade 3 or
above AEs in the HSK3486 group, and most were self-
curing or self-limited, findings similar to other anesthetics/
sedatives [27, 28, 33]. The types of AEs and drug-related
AEs were similar in both the HSK3486 and propofol
groups. The most remarkable difference in drug-related
AEs between the two groups was pain on injection, where
the incidence in patients in the HSK3486 group was signifi-
cantly lower than in the propofol group. Injection pain is a
common adverse reaction to propofol, which produces an
uncomfortable experience for patients and increases their
nervousness and anxiety. It can even elicit body move-
ments that are not conducive to diagnosis and therapy using
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Table 3 Summary of secondary efficacy outcomes (full analysis set)
HSK3486 (n = 134) Propofol (n = 133) P-value
Time to successful induction of anesthesia/sedation, min
Median (range) 1.00 (0.50, 3.50) 1.00 (0.45, 8.00) 0.059
Time to fiberoptic bronchoscope insertion, min
Median (range) 3.00 (1.12, 12.02) 2.88(0.97, 11.80) 0.342
Duration of fiberoptic bronchoscopy, min
Median (range) 5.78 (2.12, 62.40) 5.78 (1.67, 63.67) 0.972
Time to being fully alert
From extraction of fiberoptic bronchoscope, min
Median (range) 8.50 (0.10, 27.90) 6.00 (0.00, 29.00) 0.012
From the last drug administration, min
Median (range) 14.33 (4.82,30.27) 11.93 (4.53, 35.82) 0.001
Time to discharge
From extraction of fiberoptic bronchoscope, min
Median (range) 13.00 (4.00, 46.00) 9.87 (3.98, 33.00) 0.002
From the last drug administration, min
Median (range) 18.82 (8.82, 55.17) 15.93 (8.50, 39.82) < 0.001
Experimental drugs and alternative drugs
Total times of top-up dosing
Median (range) 0(0,7) 0(0,9) 0.910
Number of patients with total times of top-up dosing, n (%)
0 71 (53.0) 70 (52.6)
1 37 (27.6) 38 (28.6)
2 14 (10.4) 15 (11.3)
3 9(6.7) 7(5.3)
4 1(0.7) 2(1.5)
5 0(0.0) 0(0.0)
Times of top-up dosing during the induction phase
Median (range) 0@, 1) 0(0,2) 0.652
Maximum times of top-up dosing in any 15-min period
Median (range) 0(0, 3) 0(0,3) 0.665
Total dosage of top-up dosing, mg
Median (range) 0.00 (0.00, 57.75) 0.00 (0.00, 423.00) < 0.001
Total dosage of experimental drugs, mg
Median (range) 26.75 (14.75, 79.50) 142.00 (26.75, 549.00) < 0.001
No requirement for alternative drugs, n 134 (100.0) 133 (100.0) -
(%)
Anesthesia/sedation satisfaction scores
Patients
Median (range) 10 (6, 10) 10 (4, 10) 0.341
Anesthesiologists
Median (range) 10 (0, 10) 10 (1, 10) 0.972
Sufentanil and lidocaine
Top-up dosing times for sufentanil
Median (range) 0(@,1) 0,1 0.993
Total dosage of sufentanil, mg
Median (range) 11.80 (7.50, 19.50) 11.90 (6.00, 20.50) 0.686
Total dosage of lidocaine, mg
Median (range) 0.36 (0.20, 0.70) 0.36 (0.14, 0.60) 0.927

Data are presented as the median with range (minimum, maximum) or numbers with percentages in parentheses
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Table 4 Summary of adverse events (AEs) (safety set)
HSK3486 (n = 135) Propofol (n = 132) P-value
Any AEs 71 (52.6) 101 (76.5) < 0.001
Grade 1 (mild) 61 (45.2) 86 (65.2) 0.001
Grade 2 (moderate) 20 (14.8) 30 (22.7) 0.098
Grade 3 (severe) 0 (0.0) 4 (3.0) 0.125
Drug-related AEs 50 (37.0) 93 (70.5) < 0.001
Grade 1 (mild) 37 (27.4) 74 (56.1) < 0.001
Grade 2 (moderate) 19 (14.1) 26 (19.7) 0.220
Grade 3 (severe) 0(0.0) 4(3.0) 0.125
Any SAEs 0(0.0) 0(0.0) -
Sedation-related AEs 40 (29.6) 42 (31.8) 0.698
Hypoxia 8(5.9) 3(2.3) 0.133
Duration (s) 0.609
Mean + SD 180.80 + 172.93 180.70 + 103.35
Median (range) 142.00 (32,555) 122.00 (120, 300)
Hypotension 28 (20.7) 36 (27.3) 0.211
Duration (s) 0.520
Mean + SD 462.80 & 379.78 646.30 + 830.31
Median (range) 390.00 (120, 1620) 360.00 (120, 4800)
Bradycardia 8(5.9) 9 (6.8) 0.765
Duration (s) 0.656
Mean + SD 687.00 + 540.84 591.80 + 304.93
Median (range) 566.00 (143, 1560) 567.00 (124, 1080)
AE:s related to operant reactions to fiberoptic 3(12.2) 4(3.0) 0.976
bronchoscopy
Data are given as numbers with percentages in parentheses
SAEs serious AEs, SD standard deviation
Table 5 Summary of drug-related adverse events (AEs) (safety set)
HSK3486 (n = 135) Propofol (n = 132) P-value
Increased serum bilirubin 2 (L.5) 3(2.3) 0.9798
Somnolence 2 (L.5) 3(2.3) 0.9798
Dizziness 6(4.4) 8 (6.1) 0.5536
Hypoxia 8(5.9) 3(2.3) 0.1332
Hiccups 0(0.0) 1(0.8) 0.494
Erythematous rash 0(0.0) 1(0.8) 0.494
Rash 1(0.7) 0(0.0) 1.000
Pruritus 0(0.0) 2(1.5) 0.244
Cry 1(0.7) 0(0.0) 1.000
Pain on injection 6(4.4) 52 (39.4) < 0.001
Vomiting 0(0.0) 1(0.8) 0.494
Bradycardia/sinus bradycardia 10 (7.4) 11 (8.3) 0.823
Hypotension 30(22.2) 37 (28.0) 0.323

Data are given as numbers with percentage in parentheses

fiberoptic bronchoscopy. The rate of occurrence of injection
pain with propofol has been reported to be about 70% [34].
Besides other discussed causes, the drug concentration has

been proposed to be a major factor for this side effect, with
reduced drug concentrations leading to less pain on injection
[35, 36], which might explain the lower incidence compared
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Fig.3 Vital signs over time. A Systolic blood pressure (SBP), B diastolic blood pressure (DBP), C mean arterial pressure (MAP), D heart rate,

E respiratory rate and F oxygen saturation (SpO,)

to HSK3486 administered in a fivefold lower concentration.
Previous studies have noted that propofol is associated with
an increased risk of hypertriglyceridemia [37], with an inci-
dence of 27.9% in patients after propofol applications for a
median time of 47 h [38]. However, hypertriglyceridemia
after HSK3486 infusions is less likely to occur since the
lipid content in essentially lower than with propofol since a
1% HSK3486 solution includes 5% soybean oil, 2.25% glyc-
erol, and 1.2% purified egg phosphatide versus 10% soybean
oil, 2.25% glycerol and 1.2% purified egg phosphatide for a
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1% propofol solution [39], but further studies are necessary
to evaluate the effects of HSK3486 on hypertriglyceridemia.
Another aspect might be less environmental pollution of
HSK3486 compared to propofol, since propofol has been
recognized as a contributor to environmental contamination
[40]. The most common sedation-related AEs, including
hypoxia, hypotension, and bradycardia, occurred within 10
min after the initial administration of HSK3486 or propo-
fol, with 40 (29.6%) in the HSK3486 group and 42 (31.8%)
in the propofol group. HSK3486 patients exhibited a lower
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incidence of hypotension and bradycardia and an equivalent
duration of hypoxia (180.80 s in the HSK3486 group vs.
180.70 s in the propofol group), similar to reported stud-
ies for other sedatives [41]. Hypotension is a common AE
produced by anesthesia/sedation, and the underlying mech-
anisms still remain to be elucidated. Studies have shown
that propofol inhibits myocardial contraction by reducing
the concentration of free calcium ions in cardiomyocytes
through a protein kinase C-dependent pathway [42]. It has
also been suggested that part of the reason for hypotension
caused by propofol during induction and maintenance of
anesthesia is inhibition of vascular tone [43]. Vital signs and
laboratory tests of patients were all stable, with no clinically
significant differences between the HSK3486 and propofol
groups. There was a good trend of efficacy and safety of
HSK3486 in elderly patients, although the number of elderly
patients in each group was small, and further studies need
to be conducted to establish the routine use of HSK3486 in
older patients who will undergo fiberoptic bronchoscopy.

Taken together, the present non-inferiority trial showed
that HSK3486 is a useful alternative sedative drug for
fiberoptic bronchoscopy with less side effects, particularly
injection pain, compared to propofol. The limitations of the
present study are: (1) The large proportion of patients aged
< 65 years, with 119 patients in each group, leading to a
lack of guidelines for older patients, although the results
are very promising. Prospective comparative studies with a
larger cohort of patients aged > 65 years will be conducted
in the near future. (2) Pre-administration of sufentanil prior
to fiberoptic bronchoscopy may have had an additional effect
on anesthesia/sedation. To avoid this potential problem, fol-
low-up studies will be conducted in the absence of sufentanil
administration.

2 min * 10s after
the first admistration
of study drug

Within 1-6 h after
pulling out the
fiberopic bronchoscope

Within 10 min after
pulling out the
fiberoptic bronchoscope

5 Conclusions

HSK3486 induced comparable anesthesia/sedation in
patients undergoing fiberoptic bronchoscopy and exhibited
non-inferiority to propofol, with a success rate of 100%.
HSK3486 had a good safety profile and a lower incidence
of AEs were reported, all of severity grade 1 or 2.
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