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Abstract

:

Implant surgery is a lengthy dental procedure, and sedation is often used to reduce discomfort. The effectiveness of sedation has traditionally been evaluated in terms of patient and surgeon satisfaction, but the most important goal is not to induce a deep sleep in the patient, but rather to ensure that the surgery is performed safely and as planned. Additionally, adequate pain control is a necessary requirement for patient and surgeon satisfaction. Most patients undergoing implant surgery are middle-aged or older, and a relatively large number of them have cardiovascular disease. Infiltration anesthesia using articaine or lidocaine in combination with adrenaline is widely used, but its use in patients with cardiovascular disease is limited because of adrenaline’s effects on the cardiovascular system. The use of long-acting local anesthetics and the potential efficacy of ultrasound-guided jaw nerve block have been investigated to enhance analgesia without resorting to adrenaline. Midazolam and propofol are usually used for sedation, but dexmedetomidine, which causes less respiratory depression, and the ultrashort-acting benzodiazepine remimazolam are emerging as potential alternatives. Monitoring of anesthetic depth using electroencephalography is effective in maintaining a constant level of sedation. In addition, sedation promotes the stabilization of heart rate and blood pressure, reducing the risks associated with adrenaline and allowing for safer management.
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1. Introduction


Implant surgery involves many different types of procedures in addition to simple placement. When extensive and lengthy surgery is required, sedation is often used to reduce discomfort. Even with sedation, the local anesthetic must be sufficiently effective to ensure patient satisfaction. Studies of patient and surgeon satisfaction with sedation have shown that longer treatment times tend to decrease patient satisfaction. A study of third molar extractions showed that the procedures took an average of 21 min, and both operators and patients reported high satisfaction levels (8–9 on a 0–10 scale) [1]. In third molar extractions with an average sedation time of less than 60 min, over 75% (75.9%) of dentists and 70% (71.2%) of patients rated their experience as “good” on a 4-point scale (good, fair, poor, or very poor) [2]. For implant procedures with an average sedation time of 90 min, 90% of surgeons reported “adequate sedation”, while only 34.4% of patients reported “agreeable” [3]. This may be related to the wearing-off of the effects of local anesthetics for a longer duration of operation.



Several anesthetics are currently used for sedation during implant surgeries. Each has its own characteristics, and combining the advantages of each anesthetic is considered to improve anesthesia management. Patients undergoing implant surgery are often at a relatively high age, and these patients have systemic diseases at a higher rate. Systemic disease, such as cardiovascular diseases, limits the use of vasoconstrictors added to local anesthetics [4,5,6]. The metabolism of some sedatives is affected by other drugs. Obesity affects the effects and body clearance of sedatives. The consideration for these factors of each operation in each patient is expected to lead to better management of pain and discomfort during implant surgery. This review focused on local anesthesia and sedation and the factors related to them.




2. Pain Control by Local Anesthesia for Implant Surgery


2.1. Consideration of Vasoconstrictors


It is essential to provide patients with pain-free surgery for which local anesthetic agents such as lidocaine, mepivacaine, prilocaine, and articaine are currently widely used. Adrenaline is often added as a vasoconstrictor to lidocaine and articaine cartridges, which enhances the effect of anesthetics, reduces the dose needed, prevents the rapid transfer of the anesthetic into the bloodstream, and clarifies the surgical area. A review reported that 4% articaine with 1:100,000 adrenaline was more effective than 2% lidocaine with 1:100,000 adrenaline [7,8]. Additionally, 2% lidocaine with 1:100,000 adrenaline was superior to 3% prilocaine with 0.03 IU felypressin [9]. A meta-analysis of the effects of local anesthetics on the extraction of mandibular third molars reported that 4% articaine was the most effective [10].



However, because of the adverse effects of local anesthesia, such as tachycardia and arrhythmia, which are caused by the activation of alpha-1 and beta-1,2 adrenaline receptors, prilocaine with felypressin is superior in controlling heart rate [11]. Therefore, prilocaine with felypressin may be better for patients with coronary artery disease, as tachycardia is an associated risk factor in such patients. The inclusion of methylparaben in prilocaine cartridges may induce allergic reactions at a higher rate than those without methylparaben [12], which may be a reason for the limited use of prilocaine with felypressin. Although mepivacaine is inferior in terms of strength, hemodynamic changes after injection are limited [13], indicating that mepivacaine without vasoconstriction is better for patients with cardiovascular diseases [14]. Methemoglobinemia is induced by prilocaine and benzocaine [15]. O-Toluidine, a metabolite of prilocaine, can oxidize ferrous (Fe2+) hemoglobin to ferric (Fe3+) hemoglobin, which cannot bind and transport oxygen. Therefore, 8 mg/kg prilocaine is generally accepted as the maximum dose to prevent methemoglobinemia [16].



The concentration of adrenaline added to local anesthetics is a significant factor that affects both anesthetic and side effects. In a randomized clinical trial (RCT) comparing the addition of adrenaline to articaine in inferior alveolar nerve block, the extraction of mandibular teeth could be performed without adrenaline, while a longer effect was obtained when using an anesthetic with adrenaline [17]. However, although adrenaline is added to enhance the effect of local anesthetics, it can be toxic to some patients with adrenaline sensitivity due to cardiovascular diseases and/or changes with aging [4,5,6]. In addition, since most patients undergoing implant surgery are older, sensitivity to adrenaline is considered to be higher. However, in a study that compared the dilution of adrenaline added to lidocaine at 1:80,000 with 1:200,000 in healthy adults scheduled for bilateral wisdom tooth extractions, no predominant change in heart rate or mean blood pressure was induced by using lidocaine with adrenaline at 1:200,000, while the anesthetic effects were comparable with lidocaine with adrenaline at 1:80,000 [18]. In addition, there was no statistically significant difference in success or failure in the effect of infiltration injection of local anesthesia at adrenaline concentrations of 1:50,000, 1:80,000, or 1:100,000 [19]. Therefore, the dilution of adrenaline is likely to be effective in controlling its adverse side effects.




2.2. Clues for Prolongation of the Effect of Local Anesthesia


The duration of local anesthesia is a crucial factor in dental procedures, and while it may not meet the requirements for caries and pulpal treatment, it is advantageous for implant surgery, which requires long-term pain management. Ropivacaine and bupivacaine are viable options for implant surgery as they have higher lipid solubility than lidocaine and possess inherent vasoconstrictive properties that allow for longer-lasting effects. In an RCT, ropivacaine was found to be more effective than lidocaine with adrenaline in terms of both duration and quality of anesthesia for implant surgery [20]. Additionally, a meta-analysis showed that 0.5% bupivacaine with 1:200,000 adrenaline had a longer duration of effect and a later onset than 2% lidocaine with 1:100,000 adrenaline [21].



In extensive procedures, there is a risk of local anesthetic overdose, especially in patients with compromised liver function [22]. This risk is further increased by the slow metabolism of lidocaine. However, over 90% of articaine is rapidly hydrolyzed by esterases to its inactive metabolite, articainic acid, in the plasma or tissues [23,24,25]. This property results in lower systemic toxicity owing to the rapid systemic excretion of articaine [24], making it safer for patients with hepatic dysfunction and procedures requiring increased doses of local anesthetics. Moreover, articaine has been demonstrated to have the same level of safety as lidocaine in routine dental treatment [26], indicating that it is likely to be more effective and safer than lidocaine.



Liposomal bupivacaine, in which bupivacaine is enclosed in the liposomal membrane, has been developed as a long-acting local anesthetic, and is reported to be effective compared with traditional pain management as a postoperative analgesia of mainly plastic surgery [27]. However, its superiority over the usual infiltrative injection for dental treatment has not yet been established [28,29]. In addition, a systematic review of liposomal bupivacaine for regional operations, mainly used for nerve blocks, could not reach a definitive conclusion regarding whether it is more effective than plain bupivacaine [30]. Thus, liposomal bupivacaine may be more effective for the management of postoperative pain than local anesthesia for implant surgery.



Conventional nerve block with inferior alveolar nerve block (IANB) using articaine with adrenaline has been reported to be effective against pain caused by drilling for implants in RCT [31], while it has also been reported to be ineffective [32]. The fact that the failure rate of conventional IANB is high [33] may be related to this discrepancy. A meta-analysis showed that intraosseous injection with buccal infiltration anesthesia is more effective than conventional IANB alone for mandibular molar pulpitis [34,35] and that the duration of anesthetic effect is shorter [36]. Thus, intraosseous anesthesia is likely to be effective within the mandible and may be effective for pain caused by drilling but not for prolongation of the anesthetic effect.



Recently, a novel technique of ultrasound-guided mandibular nerve block (MNB) has been developed, in which a local anesthetic is injected into the lateral pterygoid plate using an extraoral approach [37]. Ultrasound-guided MNB using 5–6 mL of 0.375% ropivacaine enabled the management of general anesthesia for mandibular sequestrectomy with a lower dose of opioid and decreased the need for analgesics for 3 days after surgery [38]. For fixation of mandibular fractures under general anesthesia, ultrasound-guided MNB using 10 mL of 0.5% ropivacaine has been reported to be effective both during and after surgery [39]. Besides, ultrasound-guided MNB has been reported to be safe to perform [40]. Therefore, ultrasound-guided MNB with long-acting local anesthetics is expected to be useful for pain management during and after implant surgery. However, inserting a needle from the inferior aspect of the zygomatic arch to its depth can be intimidating to patients. Therefore, it is crucial to understand their emotional state and provide information about various pain management techniques, allowing patients to make informed choices (Table 1).





3. Sedatives


Compared with other dental treatments, implant surgery is invasive and takes a longer time, resulting in stressful situations that people hope to avoid. This is partly why sedation is popular for implant surgery, and another reason is that sedation stabilizes vital signs even if the level is minimal [41]. Since implant surgery requires a higher dose of local anesthetics, including catecholamines, having stable vital signs contributes to safety in implant surgery. Propofol and midazolam are the two main anesthetics used [42]. Dexmedetomidine directly acts on the alpha 2 adrenaline receptor, contributing to the control of changes in vital signs brought about by implant surgery. Remimazolam, the newest ultrashort benzodiazepine sedative, is expected to be useful for sedation in implant surgery. The following paragraphs discuss the characteristics of each sedative and the factors affecting its efficacy.



3.1. Propofol


Propofol (2, 6-diisopropylphenol) is highly lipophilic, crosses the blood–brain barrier rapidly [43], and is a short-acting agent with a rapid metabolism, thus enabling rapid recovery from sedation, regardless of sedation depth or length [44]. However, the pharmacokinetic parameters of propofol vary depending on patient factors such as sex [45], obesity [46], cardiac output (CO) [47], and hepatic blood flow [48].



With respect to sex, the plasma concentration of propofol decreases more rapidly in females than in males [49], and females tend to recover faster from propofol anesthesia than males [50]. This may because of sex-dependent differences in the formation of liver cytochrome P450s (CYPs), the main metabolic enzymes for propofol [51,52], and UDP-glucuronosyltransferases (UGTs), the main enzymes that catalyze the glucuronidation of propofol [45,53]. To maintain the same level of sedation with propofol between males and females, higher doses are required in females because they metabolize propofol faster than males do [54].



Intravenous sedation in obese patients is relatively difficult to perform compared with that in non-obese patients because airway obstruction easily occurs in obese patients. As the relationship between obesity and sleep apnea is well documented [55], obese patients have a higher risk of respiratory depression during sedation. In addition, the induction time for the same target concentration of propofol is significantly shorter in obese patients [56], suggesting that a lower concentration of propofol is sufficient to sedate and/or that the pharmacokinetics in obese patients differ from those in non-obese patients.



Age has been shown to affect the efficacy of propofol. When the same dose of propofol is administered during induction of general anesthesia and its effect is examined by EEG changes, it has been shown that the depth of anesthesia is deeper in older patients and that a smaller dose of propofol is sufficient to maintain the depth of anesthesia in elderly patients [57,58].



Although propofol is largely metabolized by the liver [48] and kidneys [59], the size and capacity of both organs in obese patients are equal to those in nonobese patients. This indicates that the rate of propofol metabolism is lower in obese patients, especially when the propofol dose is determined based on the amount per body weight. In addition, obesity may cause fatty degeneration of the liver and/or glomerular injury of the kidneys, possibly leading to a reduction in propofol elimination [60]. Thus, the difficulty in performing sedation increases with increasing body mass index.



Systemic clearance of propofol decreased by up to 42% in the anhepatic phase in patients revived after reperfusion of the liver during living donor liver transplantation [48]. However, total body clearance was not significantly reduced in patients with liver cirrhosis compared with that in control patients [61,62], suggesting that patients with liver cirrhosis may be able to eliminate propofol via an extrahepatic mechanism. As one-third of the total body clearance of propofol is reportedly shared by the kidneys [63], they are relatively important for the extrahepatic elimination of propofol. In contrast, propofol has been reported to ameliorate liver dysfunction in animal experiments [64], suggesting that propofol may be favorable for sedation in patients with reduced liver function.



Liver blood flow, but not CO, is a predictive indicator of propofol clearance in critically ill patients [65]. Although liver blood flow changes in response to food intake [66], no relationship was observed between liver blood flow and CO in experiments using normal dogs that ate meals and exercised on a treadmill [67]. This indicates that liver blood flow affects the metabolism of propofol to some extent, independently of CO. Consequently, propofol can be eliminated in patients with deteriorated liver and normal kidney functions. Moreover, if the liver blood flow can be easily measured, it may enable a more accurate prediction of the rate of propofol metabolism.



As described above, the kidney is another organ responsible for propofol elimination. However, in an experiment involving the induction of general anesthesia in patients with end-stage kidney disease, the effect site concentration of propofol at the time of loss of consciousness was lower, but the difference was not statistically significant [68]. Therefore, a similar or lower dose of propofol is recommended for the induction of general anesthesia in patients with end-stage kidney disease [68]. This is partly because most propofol is metabolized in the liver and the metabolites do not have pharmacological effects. In contrast, another study recommended a higher dose of propofol for the same purpose [69], suggesting that propofol can be safely used in patients with kidney dysfunction. However, increased CO was shown to eliminate plasma propofol in pigs; thus, the lungs and muscles may also contribute to propofol elimination [47]. Therefore, propofol can be safely used in patients with decreased renal function; however, its elimination in patients with reduced liver and kidney function remains unclear. CO is considered to affect the metabolism of rather than renal function.




3.2. Midazolam


Although midazolam is a relatively short-acting benzodiazepine, its metabolism and elimination times are longer than those of propofol. The effects of midazolam can be reversed by flumazenil [70], and both respiratory and circulatory depression have been reported to be lower than with propofol [71]. Furthermore, midazolam exhibits a stronger amnesic effect than propofol and dexmedetomidine in healthy individuals [1]. Thus, although midazolam is not a new anesthetic, it still has some advantages and is useful for sedation during dental treatments without requiring a syringe pump.



Obese patients have a higher volume of distribution after midazolam administration than healthy subjects, which suggests the possibility of lower blood midazolam levels after administration and slower recovery [72,73]. The clearance and volume of distribution were similar between elderly and adolescent patients; however, pharmacodynamic data showed significant differences between the two groups, indicating that a lower dose is sufficient to achieve sedation in elderly patients [74,75].



Patients with liver cirrhosis showed a distribution and protein binding comparable to those in healthy controls. However, the elimination time is significantly delayed in patients with cirrhosis; therefore, a lower dose of midazolam is recommended for such patients [76]. In patients with chronic kidney disease, most parameters, such as the free fraction, volume of distribution, and clearance, were higher than those in healthy volunteers [77]. Although the elimination half-life of midazolam was almost identical when the parameters were corrected for protein binding, a lower dose of midazolam was proposed for patients with chronic kidney disease. If additional sedative administration is required, propofol should be recommended.



Midazolam is metabolized by CYP3A4 into several metabolites, including the active metabolite alpha-hydroxymidazolam [78,79]. Drug interactions can reduce or increase CYP3A4 activity; however, their effects on CYP3A4 vary depending on the medicine, rather than the category of medicines. For example, the area under the curve (AUC) of midazolam is 2.6–8 times that noted after itraconazole, and the AUC after changing itraconazole to rifampicin was only 2.3% of that during itraconazole treatment [80]. In a group of macrolides, pretreatment with clarithromycin increased the AUC of oral midazolam; however, no such effect was observed for azithromycin [81]. Calcium channel blockers are very popular for controlling blood pressure, and both diltiazem and verapamil increase the AUC of oral midazolam 3–4-fold compared with placebos [82]. As described above, midazolam is very sensitive to CYP3A4 and can be used as a probe to determine whether the investigated drug is an inhibitor or inducer of CYP3A4 [79].



According to a study [83], moderate-to-severe disinhibition was observed in 19.5% of patients undergoing bronchoscopy under midazolam sedation. The study also found that depression, endobronchial ultrasound-guided transbronchial needle aspiration (EBUS-TBNA), and high-dose midazolam administration were associated with disinhibition. However, it has been reported that EBUS-TBNA can be performed under conscious sedation with midazolam, with no complications and high patient satisfaction, using adequate surface anesthesia [84]. To avoid de-suppression during sedation, it is crucial to manage pain by providing sufficient local anesthesia.




3.3. Dexmedetomidine


Dexmedetomidine is an agonist of alpha 2 adrenergic receptors in the locus coeruleus and inhibits the activity of noradrenergic neurons in the central nervous system [85], which allows it to control fear and excitement and induce sedation with minimal respiratory depression. It is primarily used for intubated sedation in the ICU [86] and less commonly used for outpatient sedation because of its long elimination half-life [87]. However, combining dexmedetomidine with midazolam has also been studied to mitigate the disadvantages of dexmedetomidine [88]. Studies have also shown that dexmedetomidine can be used to provide sedation for implant surgery, resulting in lower pain levels and lower plasma levels of inflammatory cytokines than midazolam [89]. In a randomized controlled trial (RCT) comparing dexmedetomidine with midazolam, dexmedetomidine caused less anxiety at the same level of sedation [90]. Another RCT compared a combination of midazolam and dexmedetomidine to a combination of midazolam and propofol in terms of their effectiveness in preventing unexpected patient movements during dental surgery [91]. Therefore, dexmedetomidine is considered to provide stable and superior sedation during implant surgery. However, the long half-life of dexmedetomidine remains a concern for its use in sedation for dental treatment, as recovery time was not evaluated in these studies.



Owing to its “remarkably wide safety margins” [92], dexmedetomidine can be used in most dental patients. However, obesity can affect the effectiveness of sedatives, and although obesity itself does not affect the clearance of dexmedetomidine, obese patients tend to have higher plasma concentrations of the drug, suggesting that lean body mass should be used as a scaler for obese individuals [93]. Dexmedetomidine is metabolized in the liver through both glucuronidation and the cytochrome P450 system, and its clearance depends on hepatic blood flow, which can be impaired in patients with severe hepatic failure [94]. However, dexmedetomidine has also been suggested to exert a protective effect on the liver during hepatectomy [95]. Taken together, dexmedetomidine may safely provide stable sedation for implant surgery, although its long recovery time may be a concern for some patients and dentists.




3.4. Remimazolam


Remimazolam is a novel, ultra-short-acting intravenous benzodiazepine anesthetic [96]. According to a meta-analysis as a sedative for endoscopic procedures [97], remimazolam induces deeper sedation than midazolam but is slightly inferior to propofol. Additionally, it is safer to use than midazolam and propofol because of its minimal effects on respiratory and circulatory depression [97]. In a clinical study of patients with hepatic or renal impairment [98], the peak concentration after bolus intravenous injection of remimazolam was not affected by hepatic or renal impairment, the clearance of patients with severe hepatic impairment was reduced by 38.1%, and recovery was somewhat slower than in healthy subjects. In patients with renal impairment, plasma clearance was similar to that observed in healthy subjects. Remimazolam is metabolized by carboxylesterases 1A (CES-1A) in the hepatic metabolism, unlike other benzodiazepines, which are metabolized by the cytochrome p450 enzyme. Although CES-1A is known to be inhibited by alcohol, alcohol has reported to have no effect on remimazolam metabolism [99].



Furthermore, the effect of remimazolam can be reversed by flumazenil [100], a specific benzodiazepine receptor antagonist. A randomized controlled trial comparing the use of remimazolam with midazolam for sedation during oral surgery found that remimazolam resulted in a higher success rate and earlier recovery [101]. Despite limited published research on the use of remimazolam for sedation during implant surgery, it is expected to be a suitable sedative in clinical dental settings [102] (Table 2).





4. Practical Management


Patient satisfaction may be an ostensibly optimal indicator; however, it may simply reflect the depth of sedation attained. Conversely, surgeon satisfaction alone may not adequately reflect patient satisfaction. Both types of satisfaction are contingent on effective pain management.



There is the concern of increased cardiovascular effects due to increased doses of adrenaline. Initial infiltration anesthesia is often insufficient for prolonged surgeries. Furthermore, for postoperative pain management, it is desirable for local anesthetics to remain effective for some time after surgery. If the patient does not have severe cardiovascular disease, infiltration anesthesia with a local anesthetic and adrenaline for hemostatic effects should be performed. For a prolonged effect, nerve blockade with ropivacaine or bupivacaine in conjunction with infiltration anesthesia can be used. Ultrasound-guided MNB, which is more reliable [37,38], is likely to become increasingly popular for pain control in dental implant surgery compared with conventional IANB.



Sedation during implant surgery is intended to facilitate the procedure in a safe and efficient manner for both patients and surgeons rather than rendering the patient unconscious. For adult patients, adequate sedation is generally achieved when they achieve a score of 4 on the Observer’s Assessment of Alertness and Sedation (OAA/S) scale, indicating “lethargic responses to name spoken in normal tone” [90]. If a bispectral index (BIS) monitor is available, a BIS value of approximately 80 is generally considered to indicate adequate sedation for dental [90] and implant surgeries [54]. Combining BIS with target-controlled infusion (TCI) helps maintain a constant level of sedation during implant surgery [103]. A noteworthy suggestion is that “The sedation level was well-maintained within the range of conscious sedation in most cases” [2]. Thus, satisfactory sedation for patients and surgeons can be achieved with adequate local anesthetic effects and a stable level of conscious sedation.



Although adverse side effects are rare, extrapyramidal symptoms can be induced by midazolam injections intended for arousal sedation [104] and palliative care [105]. Acute dystonia has also been reported in a 6-year-old boy after midazolam injection for sedation [106]. Sexual hallucinations are a common issue associated with sedation [107]. Therefore, to prevent such occurrences and protect against potential patient complaints, it is recommended that extreme caution be exercised during any physical contact, and that one-on-one contact with patients be avoided.



Psychological stress caused by pain and discomfort during surgery can trigger physiological stress responses, including increases in the heart rate and blood pressure. Additionally, co-administration of adrenaline with local anesthetics can further activate adrenergic receptors. Moreover, co-administration of adrenaline with local anesthetics can further activate adrenergic receptors. Appropriate use of sedatives can effectively suppress these stress responses, promoting the stability of both heart rate and blood pressure, even with minimal doses of midazolam [41]. These findings suggest that sedation during implant surgery can improve safety by reducing stress responses, which may enhance the safety margin for vasoconstriction. Therefore, satisfactory sedation for both the patient and surgeon can also help ensure safety.




5. Conclusions


Comprehensive intraoperative pain management is necessary to ensure patient and surgeon satisfaction and safe implant surgery, which depends on the patient’s condition and the surgical procedure being performed. Maintaining a certain level of sedation under objective evaluation is necessary to reduce the discomfort associated with implant surgery. A more satisfactory management approach for both the patient and surgeon may result in safer implant surgery.







Author Contributions


T.I. mainly wrote the section on “Sedatives”; N.U. mainly wrote the section on “Pain Control with Regional Anesthesia in Implant Surgery”; Y.B. supported making Table 1; T.M. supported t making Table 2; R.W. was responsible for reviewing and editing; and S.M. conceived the concept of this review, mainly wrote the “Introduction” and “Practical management” sections, and polished the overall manuscript. All authors have read and agreed to the published version of the manuscript.




Funding


This work was supported by JSPS KAKENHI grant Number JP22K10142.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


Not applicable.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Cheung, C.W.; Ying, C.L.A.; Chiu, W.K.; Wong, G.T.C.; Ng, K.F.J.; Irwin, M.G. A Comparison of Dexmedetomidine and Midazolam for Sedation in Third Molar Surgery. Anaesthesia 2007, 62, 1132–1138. [Google Scholar] [CrossRef]

	



Masuda, R.; Nonaka, M.; Nishimura, A.; Gotoh, K.; Oka, S.; Iijima, T. Optimal and Safe Standard Doses of Midazolam and Propofol to Achieve Patient and Doctor Satisfaction with Dental Treatment: A Prospective Cohort Study. PLoS ONE 2017, 12, e0171627. [Google Scholar] [CrossRef] [PubMed]

	



Bovaira, M.; Babiloni, A.; Jovaní, M.; Peñarrocha-Diago, M.; González-Lemonnier, S.; Peñarrocha-Oltra, D. Preoperative Anxiety and Its Influence on Patient and Surgeon Satisfaction in Patients Receiving Dental Implant Surgeries Performed Under Intravenous Conscious Sedation. Int. J. Oral Maxillofac. Implants 2017, 32, 912–918. [Google Scholar] [CrossRef] [PubMed]

	



Becker, D.E.; Reed, K.L. Local Anesthetics: Review of Pharmacological Considerations. Anesth. Prog. 2012, 59, 90–102. [Google Scholar] [CrossRef] [PubMed]

	



Gandy, W. Severe Epinephrine-Propranolol Interaction. Ann. Emerg. Med. 1989, 18, 98–99. [Google Scholar] [CrossRef] [PubMed]

	



Mask, A.G. Medical Management of the Patient with Cardiovascular Disease. Periodontol. 2000 2000, 23, 136–141. [Google Scholar] [CrossRef] [PubMed]

	



Katyal, V. The Efficacy and Safety of Articaine versus Lignocaine in Dental Treatments: A Meta-Analysis. J. Dent. 2010, 38, 307–317. [Google Scholar] [CrossRef]

	



Nagendrababu, V.; Duncan, H.F.; Whitworth, J.; Nekoofar, M.H.; Pulikkotil, S.J.; Veettil, S.K.; Dummer, P.M.H. Is Articaine More Effective than Lidocaine in Patients with Irreversible Pulpitis? An Umbrella Review. Int. Endod. J. 2020, 53, 200–213. [Google Scholar] [CrossRef]

	



St George, G.; Morgan, A.; Meechan, J.; Moles, D.R.; Needleman, I.; Ng, Y.-L.; Petrie, A. Injectable Local Anaesthetic Agents for Dental Anaesthesia. Cochrane Database Syst. Rev. 2018, 7, CD006487. [Google Scholar] [CrossRef]

	



Camps-Font, O.; Figueiredo, R.; Sánchez-Torres, A.; Clé-Ovejero, A.; Coulthard, P.; Gay-Escoda, C.; Valmaseda-Castellón, E. Which Is the Most Suitable Local Anaesthetic When Inferior Nerve Blocks Are Used for Impacted Mandibular Third Molar Extraction? A Network Meta-Analysis. Int. J. Oral Maxillofac. Surg. 2020, 49, 1497–1507. [Google Scholar] [CrossRef]

	



Kyosaka, Y.; Owatari, T.; Inokoshi, M.; Kubota, K.; Inoue, M.; Minakuchi, S. Cardiovascular Comparison of 2 Types of Local Anesthesia With Vasoconstrictor in Older Adults: A Crossover Study. Anesth. Prog. 2019, 66, 133–140. [Google Scholar] [CrossRef] [PubMed]

	



Kajimoto, Y.; Rosenberg, M.E.; Kyttä, J.; Randell, T.; Tuominen, M.; Reunala, T.; Rosenberg, P.H. Anaphylactoid Skin Reactions after Intravenous Regional Anaesthesia Using 0.5% Prilocaine with or without Preservative—A Double-Blind Study. Acta Anaesthesiol. Scand. 1995, 39, 782–784. [Google Scholar] [CrossRef] [PubMed]

	



Replogle, K.; Reader, A.; Nist, R.; Beck, M.; Weaver, J.; Meyers, W.J. Cardiovascular Effects of Intraosseous Injections of 2 Percent Lidocaine with 1:100,000 Epinephrine and 3 Percent Mepivacaine. J. Am. Dent. Assoc. 1999, 130, 649–657. [Google Scholar] [CrossRef]

	



Su, N.; Liu, Y.; Yang, X.; Shi, Z.; Huang, Y. Efficacy and Safety of Mepivacaine Compared with Lidocaine in Local Anaesthesia in Dentistry: A Meta-Analysis of Randomised Controlled Trials. Int. Dent. J. 2014, 64, 96–107. [Google Scholar] [CrossRef]

	



Hall, D.L.; Moses, M.K.; Weaver, J.M.; Yanich, J.P.; Voyles, J.W.; Reed, D.N. Dental Anesthesia Management of Methemoglobinemia-Susceptible Patients: A Case Report and Review of Literature. Anesth. Prog. 2004, 51, 24–27. [Google Scholar]

	



Wilburn-Goo, D.; Lloyd, L.M. When Patients Become Cyanotic: Acquired Methemoglobinemia. J. Am. Dent. Assoc. 1999, 130, 826–831. [Google Scholar] [CrossRef] [PubMed]

	



Kämmerer, P.W.; Palarie, V.; Daubländer, M.; Bicer, C.; Shabazfar, N.; Brüllmann, D.; Al-Nawas, B. Comparison of 4% Articaine with Epinephrine (1:100,000) and without Epinephrine in Inferior Alveolar Block for Tooth Extraction: Double-Blind Randomized Clinical Trial of Anesthetic Efficacy. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. 2012, 113, 495–499. [Google Scholar] [CrossRef] [PubMed]

	



Managutti, A.; Prakasam, M.; Puthanakar, N.; Menat, S.; Shah, D.; Patel, H. Comparative Analysis of Local Anesthesia with 2 Different Concentrations of Adrenaline: A Randomized and Single Blind Study. J. Int. Oral Health JIOH 2015, 7, 24–27. [Google Scholar] [PubMed]

	



Dagher, F.B.; Yared, G.M.; Machtou, P. An Evaluation of 2% Lidocaine with Different Concentrations of Epinephrine for Inferior Alveolar Nerve Block. J. Endod. 1997, 23, 178–180. [Google Scholar] [CrossRef]

	



Kalath, R.N.; Kulal, R.; Gopinath, S. Comparison of Clinical Efficacy of Ropivacaine and Lignocaine with Adrenaline for Implant Surgery Anesthesia: A Split-Mouth Randomized Controlled Clinical Trial. J. Dent. Anesth. Pain Med. 2021, 21, 337. [Google Scholar] [CrossRef]

	



Su, N.; Wang, H.; Zhang, S.; Liao, S.; Yang, S.; Huang, Y. Efficacy and Safety of Bupivacaine versus Lidocaine in Dental Treatments: A Meta-Analysis of Randomised Controlled Trials. Int. Dent. J. 2014, 64, 34–45. [Google Scholar] [CrossRef]

	



De Martin, S.; Orlando, R.; Bertoli, M.; Pegoraro, P.; Palatini, P. Differential Effect of Chronic Renal Failure on the Pharmacokinetics of Lidocaine in Patients Receiving and Not Receiving Hemodialysis. Clin. Pharmacol. Ther. 2006, 80, 597–606. [Google Scholar] [CrossRef] [PubMed]

	



Vree, T.B.; Simon, M.A.M.; Gielen, M.J.M.; Booij, L.H.D.J. Regional Metabolism of Articaine in 10 Patients Undergoing Intravenous Regional Anaesthesia during Day Case Surgery. Br. J. Clin. Pharmacol. 1997, 44, 29–34. [Google Scholar] [CrossRef] [PubMed]

	



Oertel, R.; Rahn, R.; Kirch, W. Clinical Pharmacokinetics of Articaine. Clin. Pharmacokinet. 1997, 33, 417–425. [Google Scholar] [CrossRef]

	



Vree, T.B.; Gielen, M.J.M. Clinical Pharmacology and the Use of Articaine for Local and Regional Anaesthesia. Best Pract. Res. Clin. Anaesthesiol. 2005, 19, 293–308. [Google Scholar] [CrossRef] [PubMed]

	



Malamed, S.F.; Gagnon, S.; Leblanc, D. Articaine Hydrochloride: A Study of the Safety of a New Amide Local Anesthetic. J. Am. Dent. Assoc. 2001, 132, 177–185. [Google Scholar] [CrossRef]

	



Vyas, K.S.; Rajendran, S.; Morrison, S.D.; Shakir, A.; Mardini, S.; Lemaine, V.; Nahabedian, M.Y.; Baker, S.B.; Rinker, B.D.; Vasconez, H.C. Systematic Review of Liposomal Bupivacaine (Exparel) for Postoperative Analgesia. Plast. Reconstr. Surg. 2016, 138, 748e–756e. [Google Scholar] [CrossRef]

	



McCann, M.E. Liposomal Bupivacaine. Anesthesiology 2021, 134, 139–142. [Google Scholar] [CrossRef]

	



Lieblich, S.E.; Danesi, H. Liposomal Bupivacaine Use in Third Molar Impaction Surgery: INNOVATE Study. Anesth. Prog. 2017, 64, 127–135. [Google Scholar] [CrossRef]

	



Jin, Z.; Ding, O.; Islam, A.; Li, R.; Lin, J. Comparison of Liposomal Bupivacaine and Conventional Local Anesthetic Agents in Regional Anesthesia: A Systematic Review. Anesth. Analg. 2021, 132, 1626–1634. [Google Scholar] [CrossRef]

	



Garcia-Blanco, M.; Gualtieri, A.; Puia, S. A Randomized Controlled Trial Comparing Nerve Block and Mandibular Infiltration Techniques in Posterior Mandible Implant Surgeries. J. Clin. Exp. Dent. 2018, 10, e1003. [Google Scholar] [CrossRef]

	



Esteve-Pardo, G.; De-Larriva, E.; Salgado, A.; Bernabeu-Esclapez, A.; Bardaji, J.A.; Esteve-Colomina, L. Is Inferior Alveolar Nerve Block Needed to Perform Implant Surgery in the Posterior Mandible? A Randomized Controlled Trial. J. Oral Maxillofac. Surg. 2022, 80, 490–500. [Google Scholar] [CrossRef] [PubMed]

	



Potočnik, I.; Bajrović, F. Failure of Inferior Alveolar Nerve Block in Endodontics. Dent. Traumatol. 1999, 15, 247–251. [Google Scholar] [CrossRef] [PubMed]

	



de Lima Dias-Junior, L.C.; Bezerra, A.P.; Schuldt, D.P.V.; Kuntze, M.M.; de Luca Canto, G.; da Fonseca Roberti Garcia, L.; da Silveira Teixeira, C.; Bortoluzzi, E.A. Effectiveness of Different Anesthetic Methods for Mandibular Posterior Teeth with Symptomatic Irreversible Pulpitis: A Systematic Review and Meta-Analysis. Clin. Oral. Investig. 2021, 25, 6477–6500. [Google Scholar] [CrossRef] [PubMed]

	



Zanjir, M.; Lighvan, N.L.; Yarascavitch, C.; Beyene, J.; Shah, P.S.; Azarpazhooh, A. Efficacy and Safety of Pulpal Anesthesia Strategies during Endodontic Treatment of Permanent Mandibular Molars with Symptomatic Irreversible Pulpitis: A Systematic Review and Network Meta-Analysis. J. Endod. 2019, 45, 1435–1464.e10. [Google Scholar] [CrossRef] [PubMed]

	



Kumar, K.C.; Bhattarai, B.P.; Subedi, S. Comparison of Anesthetic Efficacy of Intraosseous Injection with Conventional Inferior Alveolar Nerve Block in Mandibular Third Molar Surgery: A Systematic Review and Meta-Analysis. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. 2022, 133, e33–e42. [Google Scholar] [CrossRef]

	



Kampitak, W.; Tansatit, T.; Shibata, Y. A Novel Technique of Ultrasound-Guided Selective Mandibular Nerve Block With a Lateral Pterygoid Plate Approach. Reg. Anesth. Pain Med. 2018, 43, 763–767. [Google Scholar] [CrossRef] [PubMed]

	



Kojima, Y.; Murouchi, T.; Akiba, M.; Oka, T. Ultrasound-Guided Inferior Alveolar Nerve Block for Postoperative Analgesia after Mandibular Sequestrectomy: A Single-Center Retrospective Study. J. Clin. Anesth. 2020, 60, 39–40. [Google Scholar] [CrossRef]

	



Venkatraman, R.; Karthik, K.; Belinda, C.; Balaji, R. A Randomized Observer-Blinded Controlled Trial to Compare Pre-Emptive with Postoperative Ultrasound-Guided Mandibular Nerve Block for Postoperative Analgesia in Mandibular Fracture Surgeries. Local Reg. Anesth. 2021, 14, 13–20. [Google Scholar] [CrossRef]

	



Kojima, Y.; Murouchi, T.; Okayama, N.; Asano, K.; Akiba, M.; Hamasaki, J. Postoperative Complications of Ultrasound-Guided Inferior Alveolar Nerve and Maxillary Nerve Blocks: A Retrospective Study. JA Clin. Rep. 2022, 8, 42. [Google Scholar] [CrossRef]

	



Watanabe, Y.; Higuchi, H.; Ishii-Maruhama, M.; Honda, Y.; Yabuki-Kawase, A.; Yamane-Hirano, A.; Tomoyasu, Y.; Maeda, S.; Miyawaki, T. Effect of a Low Dose of Midazolam on High Blood Pressure in Dental Patients: A Randomised, Double-Blind, Placebo-Controlled, Two-Centre Study. Br. J. Oral Maxillofac. Surg. 2016, 54, 443–448. [Google Scholar] [CrossRef] [PubMed]

	



Kapur, A.; Kapur, V. Conscious Sedation in Dentistry. Ann. Maxillofac. Surg. 2018, 8, 320. [Google Scholar] [CrossRef] [PubMed]

	



Shafer, A.; Doze, V.A.; Shafer, S.L.; White, P.F. Pharmacokinetics and Pharmacodynamics of Propofol Infusions during General Anesthesia. Anesthesiology 1988, 69, 348–356. [Google Scholar] [CrossRef] [PubMed]

	



Qadeer, M.A.; Vargo, J.J.; Khandwala, F.; Lopez, R.; Zuccaro, G. Propofol Versus Traditional Sedative Agents for Gastrointestinal Endoscopy: A Meta-Analysis. Clin. Gastroenterol. Hepatol. 2005, 3, 1049–1056. [Google Scholar] [CrossRef]

	



Choong, E.; Loryan, I.; Lindqvist, M.; Nordling, Å.; el Bouazzaoui, S.; van Schaik, R.H.; Johansson, I.; Jakobsson, J.; Ingelman-Sundberg, M. Sex Difference in Formation of Propofol Metabolites: A Replication Study. Basic Clin. Pharmacol. Toxicol. 2013, 113, 126–131. [Google Scholar] [CrossRef]

	



Cortínez, L.I.; De la Fuente, N.; Eleveld, D.J.; Oliveros, A.; Crovari, F.; Sepulveda, P.; Ibacache, M.; Solari, S. Performance of Propofol Target-Controlled Infusion Models in the Obese. Anesth. Analg. 2014, 119, 302–310. [Google Scholar] [CrossRef]

	



Kurita, T.; Morita, K.; Kazama, T.; Sato, S. Influence of Cardiac Output on Plasma Propofol Concentrations during Constant Infusion in Swine. Anesthesiology 2002, 96, 1498–1503. [Google Scholar] [CrossRef]

	



Takizawa, D.; Sato, E.; Hiraoka, H.; Tomioka, A.; Yamamoto, K.; Horiuchi, R.; Goto, F. Changes in Apparent Systemic Clearance of Propofol during Transplantation of Living Related Donor Liver. Br. J. Anaesth. 2005, 95, 643–647. [Google Scholar] [CrossRef]

	



Hoymork, S.C.; Raeder, J. Why Do Women Wake up Faster than Men from Propofol Anaesthesia? Br. J. Anaesth. 2005, 95, 627–633. [Google Scholar] [CrossRef]

	



Gan, T.J.; Glass, P.S.; Sigl, J.; Sebel, P.; Payne, F.; Rosow, C.; Embree, P. Women Emerge from General Anesthesia with Propofol/Alfentanil/Nitrous Oxide Faster than Men. Anesthesiology 1999, 90, 1283–1287. [Google Scholar] [CrossRef]

	



Mastrogianni, O.; Gbandi, E.; Orphanidis, A.; Raikos, N.; Goutziomitrou, E.; Kolibianakis, E.M.; Tarlatzis, B.C.; Goulas, A. Association of the CYP2B6 c.516G&gt;T Polymorphism with High Blood Propofol Concentrations in Women from Northern Greece. Drug Metab. Pharmacokinet. 2014, 29, 215–218. [Google Scholar] [CrossRef] [PubMed]

	



Yamazaki, H.; Shimizu, M.; Nagashima, T.; Minoshima, M.; Murayama, N. Rat Cytochrome P450 2C11 in Liver Microsomes Involved in Oxidation of Anesthetic Agent Propofol and Deactivated by Prior Treatment with Propofol. Drug Metab. Dispos. 2006, 34, 1803–1805. [Google Scholar] [CrossRef]

	



Saito, Y.; Sai, K.; Maekawa, K.; Kaniwa, N.; Shirao, K.; Hamaguchi, T.; Yamamoto, N.; Kunitoh, H.; Ohe, Y.; Yamada, Y.; et al. Close Association of UGT1A9 IVS1+399C>T with UGT1A1*28, *6, or *60 Haplotype and Its Apparent Influence on 7-Ethyl-10-Hydroxycamptothecin (SN-38) Glucuronidation in Japanese. Drug. Metab. Dispos. 2009, 37, 272–276. [Google Scholar] [CrossRef] [PubMed]

	



Maeda, S.; Tomoyasu, Y.; Higuchi, H.; Honda, Y.; Ishii-Maruhama, M.; Miyawaki, T. Female Patients Require a Higher Propofol Infusion Rate for Sedation. Anesth. Prog. 2016, 63, 67–70. [Google Scholar] [CrossRef] [PubMed]

	



Romero-Corral, A.; Caples, S.M.; Lopez-Jimenez, F.; Somers, V.K. Interactions Between Obesity and Obstructive Sleep Apnea. Chest 2010, 137, 711–719. [Google Scholar] [CrossRef]

	



Wu, Z.; Gong, J.; He, X.; Wu, Z.; Shen, J.; Shang, J. Body Mass Index and Pharmacodynamics of Target-controlled Infusion of Propofol: A Prospective Non-randomized Controlled Study. J. Clin. Pharm. Ther. 2022, 47, 662–667. [Google Scholar] [CrossRef]

	



Schnider, T.W.; Minto, C.F.; Shafer, S.L.; Gambus, P.L.; Andresen, C.; Goodale, D.B.; Youngs, E.J. The Influence of Age on Propofol Pharmacodynamics. Anesthesiology 1999, 90, 1502–1516. [Google Scholar] [CrossRef]

	



Schultz, A.; Grouven, U.; Zander, I.; Beger, F.A.; Siedenberg, M.; Schultz, B. Age-Related Effects in the EEG during Propofol Anaesthesia. Acta Anaesthesiol. Scand. 2004, 48, 27–34. [Google Scholar] [CrossRef]

	



Takizawa, D.; Hiraoka, H.; Goto, F.; Yamamoto, K.; Horiuchi, R. Human Kidneys Play an Important Role in the Elimination of Propofol. Anesthesiology 2005, 102, 327–330. [Google Scholar] [CrossRef]

	



Han, P.Y.; Duffull, S.B.; Kirkpatrick, C.M.J.; Green, B. Dosing in Obesity: A Simple Solution to a Big Problem. Clin. Pharmacol. Ther. 2007, 82, 505–508. [Google Scholar] [CrossRef]

	



Servln, F.; Desmonts, J.M.; Haberer, J.P.; Cockshott, I.D.; Plummer, G.F.; Farinotti, R. Pharmacokinetics and Protein Binding of Propofol in Patients with Cirrhosis. Anesthesiology 1988, 69, 887–891. [Google Scholar] [CrossRef] [PubMed]

	



Servin, F.; Cockshott, I.D.; Farinotti, R.; Haberer, J.P.; Winckler, C.; Desmonts, J.M. Pharmacokinetics of Propofol Infusions in Patients with Cirrhosis. Br. J. Anaesth. 1990, 65, 177–183. [Google Scholar] [CrossRef] [PubMed]

	



Hiraoka, H.; Yamamoto, K.; Miyoshi, S.; Morita, T.; Nakamura, K.; Kadoi, Y.; Kunimoto, F.; Horiuchi, R. Kidneys Contribute to the Extrahepatic Clearance of Propofol in Humans, but Not Lungs and Brain. Br. J. Clin. Pharmacol. 2005, 60, 176–182. [Google Scholar] [CrossRef] [PubMed]

	



Tsao, C.-M.; Ho, S.-T.; Chen, A.; Wang, J.-J.; Tsai, S.-K.; Wu, C.-C. Propofol Ameliorates Liver Dysfunction and Inhibits Aortic Superoxide Level in Conscious Rats with Endotoxic Shock. Eur. J. Pharmacol. 2003, 477, 183–193. [Google Scholar] [CrossRef]

	



Peeters, M.Y.M.; Aarts, L.P.H.J.; Boom, F.A.; Bras, L.J.; Tibboel, D.; Danhof, M.; Knibbe, C.A.J. Pilot Study on the Influence of Liver Blood Flow and Cardiac Output on the Clearance of Propofol in Critically Ill Patients. Eur. J. Clin. Pharmacol. 2008, 64, 329–334. [Google Scholar] [CrossRef]

	



Burggraaf, J.; Schoemaker, H.C.; Cohen, A.F. Assessment of Changes in Liver Blood Flow after Food Intake--Comparison of ICG Clearance and Echo-Doppler. Br. J. Clin. Pharmacol. 1996, 42, 499–502. [Google Scholar] [CrossRef]

	



Hopkinson, B.R.; Schenk, W.G. The Electromagnetic Measurement of Liver Blood Flow and Cardiac Output in Conscious Dogs during Feeding and Exercise. Surgery 1968, 63, 970–975. [Google Scholar]

	



Jun, M.R.; Kim, M.G.; Han, K.S.; Park, J.E.; Cho, H.B.; Park, S.Y.; Song, S.; Yoo, J.H.; Chung, J.W.; Kim, S.H. Potency of Propofol for Inducing Loss of Consciousness in End-Stage Kidney Disease Patients. PLoS ONE 2021, 16, e0254520. [Google Scholar] [CrossRef]

	



Goyal, P.; Puri, G.D.; Pandey, C.K.; Srivastva, S. Evaluation of Induction Doses of Propofol: Comparison between Endstage Renal Disease and Normal Renal Function Patients. Anaesth. Intensive Care 2002, 30, 584–587. [Google Scholar] [CrossRef]

	



Halim, B.; Schneider, I.; Claeys, M.A.; Camu, F. The Use of Midazolam and Flumazenil in Locoregional Anaesthesia: An Overview. Acta Anaesthesiol. Scand. 1990, 34, 42–46. [Google Scholar] [CrossRef]

	



Grendelmeier, P.; Tamm, M.; Jahn, K.; Pflimlin, E.; Stolz, D. Propofol versus Midazolam in Medical Thoracoscopy: A Randomized, Noninferiority Trial. Respiration 2014, 88, 126–136. [Google Scholar] [CrossRef] [PubMed]

	



Greenblatt, D.J.; Abernethy, D.R.; Locniskar, A.; Harmatz, J.S.; Limjuco, R.A.; Shader, R.I. Effect of Age, Gender, and Obesity on Midazolam Kinetics. Anesthesiology 1984, 61, 27–35. [Google Scholar] [CrossRef] [PubMed]

	



Gade, C.; Sverrisdóttir, E.; Dalhoff, K.; Sonne, J.; Johansen, M.Ø.; Christensen, H.R.; Burhenne, J.; Mikus, G.; Holm, J.C.; Lund, T.M.; et al. Midazolam Pharmacokinetics in Obese and Non-Obese Children and Adolescents. Clin. Pharmacokinet. 2020, 59, 643–654. [Google Scholar] [CrossRef]

	



Albrecht, S.; Ihmsen, H.; Hering, W.; Geisslinger, G.; Dingemanse, J.; Schwilden, H.; Schüttler, J. The Effect of Age on the Pharmacokinetics and Pharmacodynamics of Midazolam. Clin. Pharmacol. Ther. 1999, 65, 630–639. [Google Scholar] [CrossRef] [PubMed]

	



Jacobs, J.R.; Reves, J.G.; Marty, J.; White, W.D.; Bai, S.A.; Smith, L.R. Aging Increases Pharmacodynamic Sensitivity to the Hypnotic Effects of Midazolam. Anesth. Analg. 1995, 80, 143–148. [Google Scholar] [CrossRef]

	



Pentikäinen, P.J.; Välisalmi, L.; Himberg, J.-J.; Crevoisier, C. Pharmacokinetics of Midazolam Following Intravenous and Oral Administration in Patients with Chronic Liver Disease and in Healthy Subjects. J. Clin. Pharmacol. 1989, 29, 272–277. [Google Scholar] [CrossRef] [PubMed]

	



Vinik, H.R.; Reves, J.G.; Greenblatt, D.J.; Abernethy, D.R.; Smith, L.R. The Pharmacokinetics of Midazolam in Chronic Renal Failure Patients. Anesthesiology 1983, 59, 390–394. [Google Scholar] [CrossRef] [PubMed]

	



Wilkinson, G.R. Drug Metabolism and Variability among Patients in Drug Response. N. Engl. J. Med. 2005, 352, 2211–2221. [Google Scholar] [CrossRef]

	



Huang, S.-M.; Temple, R.; Throckmorton, D.C.; Lesko, L.J. Drug Interaction Studies: Study Design, Data Analysis, and Implications for Dosing and Labeling. Clin. Pharmacol. Ther. 2007, 81, 298–304. [Google Scholar] [CrossRef]

	



Backman, J.T.; Kivistö, K.T.; Olkkola, K.T.; Neuvonen, P.J. The Area under the Plasma Concentration-Time Curve for Oral Midazolam Is 400-Fold Larger during Treatment with Itraconazole than with Rifampicin. Eur. J. Clin. Pharmacol. 1998, 54, 53–58. [Google Scholar] [CrossRef]

	



Yeates, R.A.; Laufen, H.; Zimmermann, T. Interaction between Midazolam and Clarithromycin: Comparison with Azithromycin. Int. J. Clin. Pharmacol. Ther. 1996, 34, 400–405. [Google Scholar] [PubMed]

	



Backman, J.; Olkkola, K.; Aranko, K.; Himberg, J.; Neuvonen, P. Dose of Midazolam Should Be Reduced during Diltiazem and Verapamil Treatments. Br. J. Clin. Pharmacol. 1994, 37, 221–225. [Google Scholar] [CrossRef] [PubMed]

	



Matsumoto, T.; Kaneko, A.; Fujiki, T.; Kusakabe, Y.; Noda, A.; Tanaka, A.; Yamamoto, N.; Tashima, M.; Tashima, N.; Ito, C.; et al. Prevalence and Characteristics of Disinhibition during Bronchoscopy with Midazolam. Respir. Investig. 2022, 60, 345–354. [Google Scholar] [CrossRef] [PubMed]

	



Steinfort, D.P.; Irving, L.B. Patient Satisfaction during Endobronchial Ultrasound-Guided Transbronchial Needle Aspiration Performed under Conscious Sedation. Respir. Care 2010, 55, 702–706. [Google Scholar] [PubMed]

	



Khan, Z.P.; Ferguson, C.N.; Jones, R.M. Alpha-2 and Imidazoline Receptor Agonists. Their Pharmacology and Therapeutic Role. Anaesthesia 1999, 54, 146–165. [Google Scholar] [CrossRef] [PubMed]

	



Venn, R.M.; Grounds, R.M. Comparison between Dexmedetomidine and Propofol for Sedation in the Intensive Care Unit: Patient and Clinician Perceptions. Br. J. Anaesth. 2001, 87, 684–690. [Google Scholar] [CrossRef]

	



Venn, R.M.; Karol, M.D.; Grounds, R.M. Pharmacokinetics of Dexmedetomidine Infusions for Sedation of Postoperative Patients Requiring Intensive Care. Br. J. Anaesth. 2002, 88, 669–675. [Google Scholar] [CrossRef]

	



Wakita, R.; Kohase, H.; Fukayama, H. A Comparison of Dexmedetomidine Sedation With and Without Midazolam for Dental Implant Surgery. Anesth. Prog. 2012, 59, 62–68. [Google Scholar] [CrossRef]

	



Li, S.; Yang, Y.; Yu, C.; Yao, Y.; Wu, Y.; Qian, L.; Cheung, C.W. Dexmedetomidine Analgesia Effects in Patients Undergoing Dental Implant Surgery and Its Impact on Postoperative Inflammatory and Oxidative Stress. Oxid. Med. Cell. Longev. 2015, 2015, 1–11. [Google Scholar] [CrossRef]

	



Fan, T.W.V.; Ti, L.K.; Islam, I. Comparison of Dexmedetomidine and Midazolam for Conscious Sedation in Dental Surgery Monitored by Bispectral Index. Br. J. Oral Maxillofac. Surg. 2013, 51, 428–433. [Google Scholar] [CrossRef]

	



Togawa, E.; Hanamoto, H.; Maegawa, H.; Yokoe, C.; Niwa, H. Dexmedetomidine and Midazolam Sedation Reduces Unexpected Patient Movement During Dental Surgery Compared With Propofol and Midazolam Sedation. J. Oral Maxillofac. Surg. 2019, 77, 29–41. [Google Scholar] [CrossRef] [PubMed]

	



Litovitz, T.L.; Klein-Schwartz, W.; Rodgers, G.C.; Cobaugh, D.J.; Youniss, J.; Omslaer, J.C.; May, M.E.; Woolf, A.D.; Benson, B.E. 2001 Annual Report of the American Association of Poison Control Centers Toxic Exposure Surveillance System. Am. J. Emerg. Med. 2002, 20, 391–452. [Google Scholar] [CrossRef] [PubMed]

	



Rolle, A.; Paredes, S.; Cortínez, L.I.; Anderson, B.J.; Quezada, N.; Solari, S.; Allende, F.; Torres, J.; Cabrera, D.; Contreras, V.; et al. Dexmedetomidine Metabolic Clearance Is Not Affected by Fat Mass in Obese Patients. Br. J. Anaesth. 2018, 120, 969–977. [Google Scholar] [CrossRef] [PubMed]

	



Wagner, D.S.; Brummett, C.M. Dexmedetomidine: As Safe as Safe Can Be. Semin. Anesth. Perioper. Med. Pain 2006, 25, 77–83. [Google Scholar] [CrossRef]

	



Soleimanpour, H.; Shahsavari Nia, K.; Sanaie, S.; Ghojazadeh, M.; Alavian, S.M. Use of Dexmedetomidine in Liver Disease: A Systematic Review and Meta-Analysis. Hepat. Mon. 2019, 19, e98530. [Google Scholar] [CrossRef]

	



Schüttler, J.; Eisenried, A.; Lerch, M.; Fechner, J.; Jeleazcov, C.; Ihmsen, H. Pharmacokinetics and Pharmacodynamics of Remimazolam (CNS 7056) after Continuous Infusion in Healthy Male Volunteers. Anesthesiology 2020, 132, 636–651. [Google Scholar] [CrossRef]

	



Zhu, X.; Wang, H.; Yuan, S.; Li, Y.; Jia, Y.; Zhang, Z.; Yan, F.; Wang, Z. Efficacy and Safety of Remimazolam in Endoscopic Sedation-A Systematic Review and Meta-Analysis. Front. Med. 2021, 8, 655042. [Google Scholar] [CrossRef]

	



Stöhr, T.; Colin, P.J.; Ossig, J.; Pesic, M.; Borkett, K.; Winkle, P.; Struys, M.M.R.F.; Schippers, F. Pharmacokinetic Properties of Remimazolam in Subjects with Hepatic or Renal Impairment. Br. J. Anaesth. 2021, 127, 415–423. [Google Scholar] [CrossRef]

	



Pesic, M.; Stöhr, T.; Ossig, J.; Borkett, K.; Donsbach, M.; Dao, V.-A.; Webster, L.; Schippers, F. Remimazolam Has Low Oral Bioavailability and No Potential for Misuse in Drug-Facilitated Sexual Assaults, with or Without Alcohol: Results from Two Randomised Clinical Trials. Drugs R&D 2020, 20, 267–277. [Google Scholar] [CrossRef]

	



Chen, X.; Sang, N.; Song, K.; Zhong, W.; Wang, H.; Jiang, J.; Huang, Y.; Hu, P. Psychomotor Recovery Following Remimazolam-Induced Sedation and the Effectiveness of Flumazenil as an Antidote. Clin. Ther. 2020, 42, 614–624. [Google Scholar] [CrossRef]

	



Guo, Z.; Wang, X.; Wang, L.; Liu, Y.; Yang, X. Can Remimazolam Be a New Sedative Option for Outpatients Undergoing Ambulatory Oral and Maxillofacial Surgery? J. Oral Maxillofac. Surg. 2023, 81, 8–16. [Google Scholar] [CrossRef] [PubMed]

	



Oka, S.; Satomi, H.; Sekino, R.; Taguchi, K.; Kajiwara, M.; Oi, Y.; Kobayashi, R. Sedation Outcomes for Remimazolam, a New Benzodiazepine. J. Oral Sci. 2021, 63, 209–211. [Google Scholar] [CrossRef]

	



Sakaguchi, M.; Higuchi, H.; Maeda, S.; Miyawaki, T. Dental Sedation for Patients with Intellectual Disability: A Prospective Study of Manual Control versus Bispectral Index-Guided Target-Controlled Infusion of Propofol. J. Clin. Anesth. 2011, 23, 636–642. [Google Scholar] [CrossRef] [PubMed]

	



McConn, M.M.; Gundy, J.T.; Karan, S.B.; Lindenmuth, D.M. Adverse Drug Reaction: Midazolam-Induced Extrapyramidal Symptoms: A Case Report. A&A Pract. 2020, 14, e01248. [Google Scholar] [CrossRef] [PubMed]

	



Brown, D.J.F.; McArthur, D.; Moulsdale, H. Subcutaneous Midazolam As a Cause of Extrapyramidal Side Effects in a Patient with Prostate Cancer. J. Pain Symptom Manag. 2007, 34, 111–113. [Google Scholar] [CrossRef] [PubMed]

	



Komur, M.; Arslankoylu, A.; Okuyaz, C. Midazolam-Induced Acute Dystonia Reversed by Diazepam. J. Anaesthesiol. Clin. Pharmacol. 2012, 28, 368. [Google Scholar] [CrossRef]

	



Balasubramaniam, B.; Park, G.R. Sexual Hallucinations during and after Sedation and Anaesthesia. Anaesthesia 2003, 58, 549–553. [Google Scholar] [CrossRef]








[image: Table] 





Table 1. Circumstances in which the unique properties and methods of each local anesthetic can be employed. A: adrenaline, O: octapressin, IANB: inferior alveolar nerve block.
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Short Duration

	
Wide and Long

Duration

	
Cardiovascular

Diseases






	
Articaine+A [7,8,10]

Lidocaine+A [9]

	
✔

	
✔

	
Dilution [18,19]




	
Propitocaine+O [11]

Mepivacaine [13,14]

	
-

	
-

	
✔




	
Ropivacaine [20]

Bupivacaine [21]

	
-

	
✔

	
✔




	
Intraosseous [34,35,36]

	
✔

	
-

	
-




	
Conventional IANB [31,32,33]

	
-

	
-

	
-




	
Echo-guided IANB using ropivacaine [37,38,39,40]

	

	
✔

	
✔




	
The main outcomes of the references are as follows:

[7] Articaine is more effective than lidocaine in the first molar region during routine dental procedures. The side effects of both drugs appear to be similar (systematic review);

[8] Articaine is more effective than lidocaine for local anesthesia for the treatment of pulpitis. Alticaine injections are less painful, more immediate, and have fewer adverse events when compared with lidocaine (umbrella review);

[9] Four percent articaine 1:100,000 adrenaline was superior to two percent lidocaine, 1:100,000 adrenaline. Two percent lidocaine, 1:100,000 adrenaline was superior to three percent prilocaine, 0.03 IU ferypressin (systematic review);

[10] The most effective local anesthetic for mandibular wisdom tooth extraction was 4% articaine, which was significantly more effective than 2% lidocaine, 0.5% bupivacaine, and 1% ropivacaine (meta-analysis);

[11] Propitocaine with felypressin increased blood pressure, and lidocaine with adrenaline increased the heart rate;

[13] Intraosseous injection of 2% lidocaine–adrenaline increased the heart rate but did not significantly increase the heart rate with intraosseous injection of 3% mepivacaine;

[14] Compared with adrenaline-added lidocaine, 3% mepivacaine without vasoconstrictor had a significantly weaker local anesthetic effect, but it was better for patients with cardiac disease;

[18] The effects of 2% lidocaine with 1:200,000 adrenaline were at the same level as that of 1:80,000 adrenaline, but 2% lidocaine with 1:80,000 adrenaline increased heart rate and blood pressure significantly;

[19] The effects of anesthesia with 2% lidocaine and adrenaline concentrations of 1:50,000, 1:80,000, and 1:100,000 in the inferior alveolar nerve block were at the same level of success and failure;

[20] Ropivacaine 0.75% resulted in a significantly longer duration of anesthesia and less intraoperative and postoperative analgesia than 2% lidocaine with adrenaline for implant surgery;

[21] Bupivacaine with adrenaline is superior to lidocaine with adrenaline in relatively prolonged dental procedures, especially those requiring endodontic treatment or postoperative pain management (meta-analysis);

[31] Both IANB and infiltration anesthesia are safe and effective for implant placement in the posterior mandible; however, IANB provides deeper analgesia than mandibular infiltration (RCT);

[32] IANB may not be necessary for standard implant surgery in the posterior mandible, and infiltration with 4% articaine and 1:100,000 adrenaline may be sufficient (RCT);

[33] IANB has been shown to fail in approximately 30% to 45% of cases, even when properly performed (review);

[34] The combination of infiltration anesthesia, IANB, Vazirani–Akinosi nerve block, and IOI was more effective than IANB (meta-analysis);

[35] Intraosseous injection with 2% lidocaine with adrenaline, 4% articaine with adrenaline, or buccal and lingual infiltration anesthesia with 4% articaine with adrenaline was significantly more effective for treatment of pulpitis in mandibular molars (meta-analysis);

[36] For mandibular wisdom tooth extractions, intraosseous injection had significantly shorter anesthesia time than inferior alveolar nerve block (meta-analysis);

[37] The mandibular nerve and its branches were stained with methylene blue in all cases of ultrasound-guided MNB via the lateral pterygoid approach in cadavers. No accidental injections into the facial nerve or maxillary artery were observed;

[38] Ultrasound-guided alveolar nerve block (IANB) was effective for postoperative analgesia after osteomyelitis curettage for advanced drug-induced osteonecrosis of the jaw (MRONJ);

[39] The efficacy of ultrasound-guided MNB compared with that of postoperative mandibular nerve block during mandibular fracture repair showed significant intraoperative and postoperative analgesia;

[40] Ultrasound-guided MNB was performed in 217 patients who underwent maxillofacial surgery, with no reported complications.
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Table 2. Advantages of each sedative.
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Short-Acting

	
Antagonist

	
Less Respiratory Depression






	
Propofol [43,44]

	
✔✔

	
-

	
✔




	
Midazolam [1,70,71]

	
✔

	
✔

	
✔




	
Dexmedetomidine [85,86,87]

	
-

	
-

	
✔✔




	
Remimazolam [96,97,100]

	
✔✔

	
✔

	
✔




	
The main outcomes of the references are as follows:

[1] Intraoperative heart rate and blood pressure decreased in the dexmedetomidine group during sedation for wisdom tooth extraction. Midazolam was associated with greater amnesia;

[43] The pharmacokinetics of propofol were studied in 50 cases of general anesthesia. The mean systemic clearance rate of propofol was 2.09 ± 0.65 1/min (mean ± SD) and the elimination half-life was 116 ± 34 min;

[45] The probability of cardiopulmonary complications was lower in sedation with propofol compared with conventional agents for colonoscopy (meta-analysis);

[70] Flumazenil antagonizes the sedative effects of midazolam and has little effect on hemodynamic or respiratory kinetics (review);

[71] Minimal oxygen saturation was significantly lower in the propofol group than in the midazolam group during sedation for thoracoscopy. Hypoxemia and hypotension were more common in the propofol group (RCT);

[85] Dexmedetomidine is a selective α2-receptor agonist with sedative, analgesic, hypotensive, and bradycardic properties. Respiratory depression was minimal (review);

[86] Dexmedetomidine significantly reduced the amount of concomitant alfentanil required for sedation in the ICU compared with propofol;

[87] The pharmacokinetics of dexmedetomidine in patients managed in the postoperative ICU were similar to those previously observed in volunteers, with the exception of steady-state volume of distribution;

[96] The pharmacokinetics of remimazolam showed that it had a rapid onset of effect and recovery, with some hemodynamic effects;

[97] The sedative efficiency of remimazolam was significantly higher than that of midazolam but slightly lower than that of propofol. Inhibitory effects of remimazolam on respiration and circulation were weaker than midazolam and propofol (meta-analysis);

[100] The recovery after remimazolam was much faster than that after midazolam administration. After flumazenil injection, the median awake time was reduced to 3.5 min, effectively restoring psychomotor and cardiovascular dysfunction.








✔; applicable, ✔✔; strongly applicable.
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