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Abstract
BACKGROUND
Donepezil is an acetylcholinesterase inhibitor used to improve cognition and delay disease progression in dementia patients by increasing acetylcholine levels. This drug may potentially interact with neuromuscular blocking agents (NMBAs) that act on muscular acetylcholine receptors during general anesthesia. Herein, we present a case of inadequate neuromuscular blockade with rocuronium, a nondepolarizing NMBA, in a dementia patient who had taken donepezil.

CASE SUMMARY
A 71-year-old man was scheduled for laparoscopic gastrectomy. He had been taking donepezil 5 mg for dementia. General anesthesia was induced with propofol and remifentanil. The depth of neuromuscular blockade was monitored by train-of-four (TOF) stimulation. After the administration of rocuronium, the TOF ratio decreased at an unusually slow rate, and a TOF count of 0 was detected 7 min later. After intubation, a TOF count of 1 was detected within 1 min, and a TOF ratio of 12% was detected within 2 min. The TOF count remained at 4 even with an additional bolus and continuous infusion of rocuronium, suggesting resistance to this NMBA. Instead of propofol, an inhalation anesthetic was administered alongside another NMBA (cisatracurium). Then, the quality of neuromuscular blockade improved, and the TOF count remained at 0-1 for the next 70 min. No further problems were encountered with respect to surgery or anesthesia.

CONCLUSION
Donepezil may be responsible for inadequate neuromuscular blockade during anesthesia, especially when total intravenous anesthesia is used.
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Core Tip: In the present case of a 71-year-old patient taking donepezil for dementia, we collected peripheral nerve stimulation data that showed objective evidence of inadequate neuromuscular blockade during total intravenous anesthesia. The goal of this case report is to draw attention to the need to carefully review potential drug interactions between donepezil and neuromuscular blocking agents during general anesthesia. As the number of elderly patients with dementia is increasing and total intravenous anesthesia has become more popular, there is a possibility that this drug interaction may be observed more frequently in the future.

INTRODUCTION
As a result of an increasing life expectancy, it is likely that anesthesiologists will encounter an increasing number of elderly patients with dementia in the operating room. As most types of dementia are associated with profound cholinergic deficits, acetylcholinesterase inhibitors have been used to improve cognition and delay disease progression in dementia patients by increasing cerebral acetylcholine levels[1]. Due to this mechanism, these anti-dementia drugs may potentially interact with neuromuscular blocking agents (NMBAs), which act on muscular nicotinic acetylcholine receptors during general anesthesia. Donepezil is an acetylcholinesterase inhibitor approved by the United States Food and Drug Administration for the treatment of Alzheimer’s disease. A few case reports have described donepezil-related resistance to nondepolarizing NMBAs, rocuronium and atracurium, through subjective observations of train-of-four (TOF) stimulation or respiratory effort[2-5]. Herein, we present a case of inadequate neuromuscular blockade with rocuronium during total intravenous anesthesia (TIVA) with propofol-remifentanil in a dementia patient who had taken donepezil. Furthermore, we demonstrate the objective time course of TOF responses. In this case, adequate neuromuscular blockade was achieved with the subsequent administration of an inhalational anesthetic (desflurane) and another NMBA (cisatracurium). Written informed consent was obtained from the patient for the publication of this case.

CASE PRESENTATION
Chief complaints
A 71-year-old man (55 kg, 149 cm) was admitted to the hospital for total laparoscopic distal gastrectomy under general anesthesia. During surgery, insufficient muscle relaxation was reported repeatedly by surgical team. 

History of present illness
General anesthesia was induced and maintained with 2% propofol and remifentanil using target-controlled infusion. When the patient became unconscious, TOF stimulation of the right ulnar nerve was initiated using a peripheral nerve stimulator (NMT module of the Carescape monitor B850; GE Healthcare, Madison, WI, United States). The initial TOF ratio was 0.98, and the patient then received a bolus injection of rocuronium 50 mg (0.9 mg/kg). According to routine practice, we waited to perform intubation until a TOF count of 0 was observed. The TOF ratio decreased at an unusually slow rate, and a TOF count of 0 was detected approximately 7 min after the administration of rocuronium (Figure 1). After successful endotracheal intubation, however, a TOF count of 1 was detected within 1 min, and a TOF ratio of 12% was detected within 2 min. Rocuronium 5 mg was then injected followed by a continuous infusion at a rate of 9 µg/kg/min for deep neuromuscular blockade (post-tetanic count of 1-2). However, a TOF count of 4 (TOF ratio < 10%) was continuously recorded and visually detected. The surgical team noted insufficient muscle relaxation 20 min after the start of the laparoscopic procedure.

History of past illness
The patient had previously been diagnosed with dementia and mild parkinsonism with tremor and had been taking donepezil 5 mg, quetiapine 25 mg, and pregabalin 75 mg twice a day for 16 mo. He had been taking anti-hypertensive medication for 11 years and had undergone diaphragm surgery in our hospital 7 and 10 years prior. During these two surgeries, he required rocuronium 50 mg during 195 min of balanced anesthesia with sevoflurane-remifentanil and rocuronium 60 mg during 225 min of TIVA with propofol-remifentanil. No specific events or comments regarding insufficient muscle relaxation were identified from a review of his anesthesia records of previous surgeries. 

Personal and family history
The patient had no history of smoking or alcohol abuse. He had no family history of cancer or any other hereditary diseases.

Physical examination
During general anesthesia, vascular access for intravenous anesthetics and NMBAs was well secured, and the patient’s vital signs and state entropy (Entropy module of the Carescape monitor B850; GE Healthcare, Madison, WI, United States) were within the normal ranges, which indicated adequate depth of anesthesia. Using forced-air warming blankets, the central core temperature and skin temperature over the adductor pollicis muscle were maintained above 35.5 °C and 32 °C, respectively. The preoperative physical examination was unremarkable.

Laboratory examinations
The results of preoperative laboratory tests and electrocardiography were normal.

Imaging examinations
The preoperative chest X-ray showed elevation of the left diaphragm, which was considered evidence of previous diaphragm surgeries.

FINAL DIAGNOSIS
The etiology was considered donepezil-related resistance to nondepolarizing NMBAs based on donepezil’s mechanism and previous case reports.

TREATMENT
An additional bolus injection of rocuronium 10 mg (0.18 mg/kg) from different batches of drug product was administered, but the TOF count remained at 1-2 for the next 15 min, and the surgical team requested additional relaxation for optimal surgical conditions. We decided to use an inhalational anesthetic (desflurane) instead of propofol. Therefore, we administered desflurane at an end-tidal concentration of 4-6 vol% while stopping the infusion of propofol and rocuronium. We also administered a bolus dose of cisatracurium 6 mg (0.1 mg/kg) instead of rocuronium.

OUTCOME AND FOLLOW-UP
Adequate neuromuscular blockade was achieved with the subsequent administration of desflurane and cisatracurium. The TOF count remained at 0-1 for the next 70 min without further complaints from the surgical team. At the end of surgery, the TOF ratio was 0.78, and spontaneous respiratory efforts returned soon after all anesthetic drugs were stopped. Residual neuromuscular blockade was reversed with neostigmine 2.5 mg and glycopyrrolate 0.4 mg. When the TOF ratio increased to 0.91 and consciousness returned, extubation was performed successfully. There were no significant problems with the patient’s vital signs in the operating room or recovery room. The patient was transferred to the ward 1 h after the end of surgery. He was discharged from the hospital after 9 d without any complications.

DISCUSSION
Surgical patients sometimes exhibit resistance to nondepolarizing NMBAs during anesthesia. This manifests as an increased NMBA dose required to abolish the twitch response, a prolonged time to maximum effect, and a shortened duration of neuromuscular blockade after the administration of a bolus[6], as seen in this case.
Resistance to NMBAs has been reported in patients with burns[7,8] and cerebral palsy[9], immobilized patients[10], and patients taking anticonvulsants[11,12]. However, all of these conditions were excluded in this patient. Moreover, no specific problems were described in his anesthesia records from two diaphragm surgeries performed 7 and 10 years prior. During these two surgeries, he required rocuronium 50 mg during 195 min and rocuronium 60 mg during 225 min. In the present case, however, the dose of rocuronium administered during the first 60 min of anesthesia (83 mg) was higher than that administered during two previous surgeries. Therefore, individual variability in NMBA sensitivity may not explain the inadequate neuromuscular blockade observed in this case.
We suspected the existence of a drug-drug interaction between the NMBA and the patient’s current medications. Donepezil was considered to be the drug most likely to be responsible for the observed inadequate neuromuscular blockade, as it is an acetylcholinesterase inhibitor and thus theoretically antagonizes the effects of nondepolarizing NMBAs. We also identified four case reports (two in English) of donepezil-related resistance to nondepolarizing NMBAs. Baruah et al[2] reported that four twitches were continuously observed in response to TOF stimulation after the administration of a single intubating dose of atracurium 30 mg and a supplemental dose of 10 mg in an Alzheimer’s disease patient who had been taking donepezil for 14 mo. Bhardwaj et al[3] reported the case of an Alzheimer’s disease patient who had been taking donepezil (5 mg daily) for 4 mo. Spontaneous respiratory efforts reappeared while attempting intubation after the administration of a single intubation dose of rocuronium 0.6 mg/kg, and repeated administrations of rocuronium and vecuronium could not inhibit the return of spontaneous respiratory efforts. Inadequate neuromuscular blockade with atracurium or rocuronium in Alzheimer’s disease patients taking donepezil (10 mg daily) was also described in the abstracts of two non-English articles[4,5]. In addition, donepezil is known to produce prolonged neuromuscular blockade with depolarizing NMBAs such as succinylcholine[5,13].
Donepezil is a new generation of acetylcholinesterase inhibitors that are considered the first-choice drugs for the pharmacological treatment of dementia, usually of the Alzheimer type[14]. This therapy targets elevated acetylcholine levels in the brain. However, acetylcholine levels at the neuromuscular junction may also increase, resulting in potential interactions between donepezil and NMBAs. The manufacturer of this drug and a few previous articles have recommended that donepezil should be discontinued 2-4 wk before elective surgery due to its long half-life (70 h in heathy volunteers and even longer in elderly patients)[2,13,15]. However, this long withdrawal period may cause irreversible cognitive decline such that cognitive function becomes even worse than that before treatment was initiated[16]. To date, there are no clear guidelines on whether this drug should be discontinued before elective surgery.
In this case, inadequate neuromuscular blockade was noted even at doses higher than those indicated for the patient's weight. The quality of neuromuscular blockade improved when desflurane inhalation was initiated and a single bolus of cisatracurium was administered. Inhalation anesthetics such as desflurane and sevoflurane cause a slight reduction in neuromuscular transmission and enhance the neuromuscular blocking effects of nondepolarizing NMBAs[17,18]. Therefore, the improved muscle relaxation might be associated with the use of desflurane. 
Meanwhile, we could not exclude the possibility that cisatracurium might also have contributed to the observed improvement of neuromuscular blockade. Although cisatracurium is a commonly used, intermediate duration, nondepolarizing NMBA just like as rocuronium, the chemical structures of cisatracurium and rocuronium are quite different (benzylisoquinolinium vs steroidal). Mixtures of structurally different NMBAs are considered to produce a synergistic response[19,20]. Thus, the additional administration of cisatracurium might have enhanced the quality of neuromuscular blockade synergistically. In addition, further studies are required to investigate whether cisatracurium has a relatively weak interaction with donepezil.

CONCLUSION
As the number of elderly patients with dementia is increasing, it is essential that anesthesiologists carefully review the current medications of these patients prior to surgery. In situations when an acetylcholinesterase inhibitor is not discontinued sufficiently long before surgery, the use of a peripheral nerve stimulator and inhalation anesthetics may help achieve adequate neuromuscular blockade for surgery and avoid residual neuromuscular blockade after surgery.
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[bookmark: _Hlk53063334]Figure 1 Progress of the train-of-four ratios and counts from the start of total intravenous anesthesia with propofol and remifentanil. After a bolus injection of rocuronium 50 mg (0.9 mg/kg), the train-of-four (TOF) ratio decreased at an unusually slow rate. When a TOF count of 0 was detected approximately 7 min later, endotracheal intubation was performed. A TOF count of 1 was detected within 1 min, and a TOF ratio of 12% was detected within 2 min. A TOF count of 4 was continuously detected even with an additional bolus and continuous infusion of rocuronium. A TOF count of 0 was achieved after the conversion of total intravenous anesthesia to inhalation anesthesia with cisatracurium 6 mg. Solid black lines represent TOF count (0-4); red dots represent TOF ratio (%). Roc: Rocuronium; Cis: Cisatracurium; TOF: Train-of-four; OP: Operation.
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