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Abstract
Despite improvement in cardiopulmonary resuscitation (CPR) performance, 
cardiac arrest (CA) is still associated with poor prognosis. The high mortality rate 
is due to multi-organ dysfunction caused by cerebral ischemia and reperfusion 
injury (I/R). The guidelines for CPR suggest the use of therapeutic hypothermia 
(TH) as an effective treatment to decrease mortality and the only approach 
confirmed to reduce I/R injury. During TH, sedative agents (propofol) and 
analgesia agents (fentanyl) are commonly used to prevent shiver and pain. 
However, propofol has been associated with a number of serious adverse effects 
such as metabolic acidosis, cardiac asystole, myocardial failure, and death. In 
addition, mild TH alters the pharmacokinetics of agents (propofol and fentanyl) 
and reduces their systemic clearance. For CA patients undergoing TH, propofol 
can be overdosed, leading to delayed awakening, prolonged mechanical venti-
lation, and other subsequent complications. Ciprofol (HSK3486) is a novel anes-
thetic agent that is convenient and easy to administer intravenously outside the 
operating room. Ciprofol is rapidly metabolized and accumulates at low concen-
trations after continuous infusion in a stable circulatory system compared to 
propofol. Therefore, we hypothesized that treatment with HSK3486 and mild TH 
after CA could protect the brain and other organs.

Key Words: HSK3486; Therapeutic; Cerebral ischemia-reperfusion injury; Hypothesis
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Core Tip: Ciprofol (HSK3486) is a novel anesthetic agent that is convenient and easy to administer 
intravenously outside the operating room. Ciprofol is rapidly metabolized and accumulates at low concen-
trations after continuous infusion in a stable circulatory system compared to propofol. We hypothesize that 
HSK3486 can improve survival rates and achieve good neurological outcomes in cardiac arrest patients 
who receive therapeutic hypothermia.

Citation: Wang YC, Wu MJ, Zhou SL, Li ZH. Protective effects of combined treatment with ciprofol and mild 
therapeutic hypothermia during cerebral ischemia-reperfusion injury. World J Clin Cases 2023; 11(3): 487-492
URL: https://www.wjgnet.com/2307-8960/full/v11/i3/487.htm
DOI: https://dx.doi.org/10.12998/wjcc.v11.i3.487

INTRODUCTION
Cardiac arrest (CA) is associated with poor prognosis. CA accounts for approximately 15% of all deaths 
and 50% of all cardiac deaths worldwide[1]. Survival rates with good neurological outcomes are low, in 
the range between 2% and 23%, depending on a variety of regional, social, and medical factors[2,3]. 
From a pathophysiology perspective, post-CA myocardial injury and brain injury are induced by 
ischemia/reperfusion injury (I/R injury)[4,5]. The guidelines for cardiopulmonary resuscitation (CPR) 
suggest that therapeutic hypothermia (TH) is an effective treatment to decrease mortality, and CPR is 
the only approach confirmed to reduce I/R injury[6,7].

During TH, sedative agents (propofol) and analgesia agents (fentanyl) are commonly used to prevent 
shiver and pain[6]. However, studies have shown that propofol has been associated with a number of 
serious adverse effects such as metabolic acidosis, cardiac asystole, myocardial failure, rhabdomyolysis, 
and death[7-9]. Low-grade myotoxicity can be associated with prolonged (weeks) exposure to propofol 
in the intensive care unit (ICU), especial in children. Several studies reported that prolonged propofol 
sedation of coronavirus disease 2019 (COVID-19) patients with long-term mechanical ventilation 
contributed to critical illness myopathy[8-10]. In addition, it has been shown that mild TH alters the 
pharmacokinetics of propofol and fentanyl and reduces their systemic clearance in rats after the return 
of spontaneous circulation (ROSC)[11,12]. For CA patients who have undergone TH, propofol can be 
overdosed, leading to delayed wakening, prolonged mechanical ventilation, and other subsequent 
complications, often referred to as propofol syndrome[12].

Ciprofol (HSK3486) (Figure 1), which is a 2,6-disubstituted alkylphenol phenol derivative, is a novel 
propofol analogue formulated in an injectable emulsion of medium- and long-chain triglycerides[13]. Its 
pharmacokinetics and distribution indicate that HSK3486 is rapidly metabolized and has low accumu-
lation after continuous infusion[14]. One study reported that HSK3486, like propofol, exerts its sedative 
effects through binding to gamma-aminobutyric acid type A (GABAA) receptors, but showed higher 
liposolubility and potency than propofol[15]. Furthermore, to achieve the same level of anesthesia, 
fewer lipids from the HSK3486 emulsion enter into the circulatory system compared to propofol 
emulsion[16]. HSK3486 at a maintenance dose of 3-4 mg/kg/h showed good efficacy and safety in the 
treatment of long-term mechanically ventilated patients in the ICU[16,17]. However, whether HSK3486 
can improve survival rates in CA patients who receive TH remains unclear.

HYPOTHESIS
We hypothesize that HSK3486 can improve survival rates and achieve good neurological outcomes in 
CA patients who receive TH.

RATIONALE FOR THE HYPOTHESIS
The high mortality rate of CA is attributed to whole-body I/R induced multi-organ dysfunction that is 
referred to as post-cardiac arrest syndrome (PCAS)[18-20]. Post-CA myocardial dysfunction, macrocir-
culatory dysfunction, and brain injury are the main clinical features of this complex pathophysiological 
process. Myocardial dysfunction after CA commonly results in death and hemodynamic instability[19]. 
Increased heart rate and blood pressure after ROSC are attributed to medications and catecholamine 
release. These effects cause a global stunning of the myocardium that usually resolves and returns to 

https://www.wjgnet.com/2307-8960/full/v11/i3/487.htm
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Figure 1 The chemical structure of Ciprofol. Ciprofol introduces cyclopropyl on the basis of the chemical structure of propofol to form a chiral structure, which 
increases the steric effect and enhances the affinity for gamma-aminobutyric acid type A receptors. Ciprofol is a new type of intravenous anesthetic drug with rapid 
onset of action, rapid recovery, high potency, and less injection pain.

normal after 72 h[20].
Studies have shown that propofol is associated with a number of serious adverse effects such as 

metabolic acidosis, cardiac asystole, myocardial failure, rhabdomyolysis, and death[7-10]. Low-grade 
myotoxicity can be associated with prolonged (weeks) exposure to propofol in the ICU[11]. In both 
clinical and experimental studies where patients and animals have been exposed to long-term (10 d) 
controlled mechanical ventilation, patients and animals developed critical illness myopathy[8-12]. Thus, 
for CA patients, propofol infusion syndrome should be reduced to maintain a stable circulatory system, 
especial when TH treatment has been used.

Ciprofol (HSK3486), which is a 2,6-disubstituted alkylphenol phenol derivative, is a novel propofol 
analogue formulated in an injectable emulsion of medium- and long-chain triglycerides[13-15]. 
HSK3486 acts against the α1β2γ2 subtype of GABAA receptors and inhibits a wide range of CYP450 
isozymes in mammalian species. Its pharmacokinetics and distribution indicate that HSK3486 is rapidly 
metabolized and has low accumulation after continuous infusion. One study reported that HSK3486 
showed better anesthesia potency over propofol, with an 83% lower ED50. Furthermore, fewer lipids 
from the HSK3486 emulsion enter into the stable circulatory system compared to a propofol emulsion. 
Thus, HSK3486 can achieve the same sedative depth during TH after CA and may improve survival 
rates compared to propofol.

EVALUATION OF THE HYPOTHESIS
This hypothesis can be tested in two ways using rat models of CA. First, we could compare the 
protective effects of HSK3486 and propofol directly, and second we could test whether the combination 
of HSK3486 and TH confers greater protection that either HSK3486 or propofol alone.

The CA animal model was established in our previous study[11,21]. Here we would adapt it as 
follows. After anesthesia, we will induce CA by applying six minutes of asphyxia. We will then use CPR 
with mechanical ventilation of 100% oxygen, at a frequency of 80 breaths/min, tidal volume of 10 
ml/kg, and sternal compressions (with two fingers) at a rate of 200 times/min (attempting to generate 
systolic arterial pressure peaks > 50 mmHg). We will continue CPR until return of spontaneous 
circulation (ROSC), defined as achieving a spontaneous mean arterial pressure (MAP) of 60 mmHg, that 
is maintained for more than 10 min[13,21]. We will simultaneously administer epinephrine (0.02 mg/kg 
i.v.) with the sternal compressions every 3 min if necessary, and 5% NaHCO3 (1 mmol/kg i.v.) can also 
be provided if needed. If overall CPR attempts exceed 5 min, the experiment will be stopped. After 
ROSC, rats will be divided randomly into four groups: S group (sham-operate group), CPR group 
(infusion with saline 4 ml/kg for 30 min), HSK3486 group (infusion with HSK3486 at 0.4 mg/kg for 30 
min), and propofol group (infusion with 2 mg/kg emulsion for 30 min). Survival conditions, behavioral 
evaluations, echocardiogram, and histopathologic analysis (including TUNEL staining of neurons and 
cardiomyocytes and Nissl staining of neurons) in each group will be evaluated on days 1 and 7 after 
ROSC. We will then compare the protective effects of HSK3486 and propofol post-conditioning. In the 
second set of experiments we will also evaluate the effects of TH. The CA model will be established as 
described above, but rats will be randomly divided into five groups after ROSC: CPR group, HSK3486 
group (infusion with HSK3486 at 2 mg/kg for 30 min), TH group (maintaining rectal temperature at 33 
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± 0.5℃ for 2 h), HSK3486-TH group (TH will be initiated with HSK3486 infusion at 33 ± 0.5℃ for 2 h), 
and propofol-TH group (TH will be initiated with propofol infusion at 33 ± 0.5℃ for 2 h). We will 
conduct the same evaluations at days 1 and 7 as described for first set of experiments. However, during 
these experiments, the left femoral artery and vein will be separately cannulated with catheters to 
measure blood pressure and for drug administration. The rectal temperature will be controlled 
throughout the experiment with the aid of a lamp or ice bag. Rectal temperature, MAP, electrocar-
diogram, and blood gas levels will be continuously monitored during the experiment.

CONSEQUENCES AND DISCUSSION OF HYPOTHESIS
Despite the advances in treatment of PCAS, a significant proportion of patients still have a poor 
prognosis. The pathophysiological processes that occur after whole-body I/R injury following CA lead 
to multi-organ dysfunction. The subsequent reperfusion injury after ROSC causes cardiac and brain 
dysfunction. HSK3486, as an intravenous anesthetic, has advantages such as rapid metabolism and low 
accumulation in the circulation compared to propofol.

HSK3486 is a GABAA receptor agonist that has been shown to have an improved anesthetic profile 
and less injection pain compared to propofol in pre-clinical studies. HSK3486 is formulated in a 10% oil-
in-water emulsion with a drug concentration of 10 mg/mL. Compared with lipophilic drugs, such as 
midazolam, HSK3486 is metabolized at faster rate and reduces the deepening of sedation. HSK3486 has 
been used for clinical endoscopy, but it has also been recommended for adult patients who may need 
general anesthesia for fiberoptic bronchoscopy. In a previous trial, Teng et al[22] demonstrated the 
safety of HSK3486 during colonoscopy with good tolerance. In addition, HSK3486 has shown good 
tolerance in some unpublished studies (NCT03698617, NCT03808844, NCT04048811, and 
NCT04511728). Furthermore, based on available data, HSK3486 causes less potential damage to 
cardiovascular and cerebrovascular function, as evidenced by stable hemodynamics and its reported 
safety profile[23]. Glucuronidation, oxidation, and sulfation are the major metabolic pathways targeted 
by HSK3486, and its glucuronidation metabolites are generally considered to be nonhypnotic, nontoxic, 
and rapidly cleared in from the plasma[14]. In summary, HSK3486 may become a promising anesthetic 
agent.

The available studies provide some useful guidance regarding the appropriate dose for post-
conditioning and HSK3486 adaptation. Teng et al[22] reported that HSK3486 could be administered at a 
range of 0.1-0.5 mg/kg during colonoscopy. The study by Li et al[23] showed that a sedative effect could 
be achieved at 0.3 mg/kg in the elderly compared to 0.4 mg/kg in the non-elderly. Thus, 0.4 mg/kg of 
HSK3486 would be the chosen dose to test in combination with TH. However, due to the lack of 
research on the appropriate dose of HSK3486 for intravenous administration in CA, more studies are 
needed to test our hypothesis.

We hypothesize that HSK3486 in combination with TH would confer cardio-protective effects and 
less risks compared to propofol. The combination of HSK3486 and TH may synergistically prevent 
neuronal injuries caused by I/R following CA, due to the fact that HSK3486 can be rapidly metabolized. 
Additionally, this combination could potentially ameliorate the side effects of hypothermia. Therefore, 
HSK3486 treatment in combination with TH could be a novel treatment for CA patients.

Testing our hypothesis would provide new insight about the treatment of CA, providing a promising 
prevention strategy for post-arrest myocardial and neuronal reperfusion injury.

LIMITATIONS
Here we propose one hypothesis for using a combined TH treatment after CA, but more experimental 
data is needed to test our hypothesis, and further studies are needed to elucidate the cardio-protective 
mechanism of ciprofol in the future.

CONCLUSION
Based on the experimental laboratory data, we hypothesize that HSK3486 administered with TH after 
CA would improve patient survival rates and lead to good neurological outcomes.
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