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Abstract  

Anaesthesiologists and non-anaesthesiologist sedationists have a limited list of intravenous 

hypnotics, further reduced by the withdrawal of thiopental in the USA and its near disappearance in 

Europe. Meanwhile, demand for sedation increases and new clinical groups are using what were 

traditionally anaesthesiologist’s drugs. Improved understanding of the determinants of perioperative 

morbidity and mortality have spotlighted hypotension as a potent cause of patient harm and 

practice must be adjusted to respect this. High dose propofol sedation may be harmful and a critical 

reappraisal of drug choices and doses is needed. 

The development of remimazolam, initially for procedural sedation, allows reconsideration of 

benzodiazepines as the hypnotic component of a general anaesthetic even if their characterisation 

as intravenous anaesthetics is questionable. Early data suggest that a combination of remimazolam 

and remifentanil can induce and maintain anaesthesia. Further work is needed to define use-cases 

for this technique and to determine the effects (if any) on patient outcomes. 
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Intravenous hypnotics are deployed throughout the perioperative period, from premedication and 

procedural sedation through induction and maintenance of anaesthesia to intensive care sedation. 

This narrative review considers the pharmacological demands of these clinical tasks and the fit of 

current agents. A short acting benzodiazepine, remimazolam has recently been licensed for 

procedural sedation (USA & China, July 2020) and for induction and maintenance of anaesthesia 

(Japan, January 2020, South Korea, January 2021), further applications for approval have been 

submitted in Europe and are being prepared elsewhere. The history of benzodiazepine anaesthesia* 

is reviewed and the characteristics of remimazolam considered against contemporary requirements. 

Historic benchmarks1, 2 and European and USA product approvals were used as a starting point for 

comparisons of current compounds with clinical requirements.  Additional themes for analysis were 

identified from anaesthesia journals, conference topics and personal contacts. Literature searching 

(PubMed, Embase) began around key concepts (perioperative hypotension, anaesthetic 

neurotoxicity, perioperative neurocognitive disorders, cancer recurrence, benzodiazepine 

anaesthesia, remimazolam and flumazenil reversal) and extended through relevant citations. 

WHAT DO WE WANT FROM INTRAVENOUS HYPNOTICS? 

What are we trying to achieve? 

To evaluate current options and critique future possibilities we must first address the question 

‘What does good look like?’. In 1985, Dundee wrote: “Ideally one would like a water-soluble, non-

irritant, rapidly-acting, smooth induction agent, with no antalgesic action. Cardiovascular and 

respiratory depression should be minimal with normal dosage.” and “A slight delay in onset would 

not be a major obstacle, provided this is predictable…”.1  

The converse of good is bad and again we have a blueprint. Whitwam succinctly reviewed adverse 

reactions to i.v. induction agents2 and identified tissue irritation, pain, excitation, ‘respiratory upset’ 

 
* The use of a benzodiazepine as the hypnotic component of a balanced anaesthetic technique. 



Page 5 

(coughing/laryngospasm), cardio-respiratory depression, allergy and recovery issues (PONV, psychic 

phenomena) as areas for concern. Table 1 summaries the characteristics of injectable hypnotics 

licensed for anaesthesia or sedation in the USA or Europe. 

Table 1 near here 

Subsequently, new themes have emerged for consideration and (possibly) for concern. 

Maintaining arterial blood pressure 

Although both Dundee1 and Whitwam2 identified hypotension as an issue, recent data have 

highlighted its importance. Hypotension after induction of anaesthesia is common3 and associated 

with unfavourable outcomes.4, 5 A review of the relationship between arterial blood pressure and 

organ dysfunction identified that 10 minutes or more with mean arterial pressure below 80 mm Hg 

may represent a threshold for organ injury.6 Further understanding the differential consequences of 

various causes of perioperative hypotension remains a priority.7 Patients in whom perfusion is 

already compromised may be especially vulnerable to harm by hypnotic induced hypotension.8  

Propofol is particularly problematic, in addition to directly inducing hypotension, its hypotensive 

effects are exaggerated by haemorrhage9 with disturbed pharmacokinetics causing higher than 

anticipated blood concentrations.10 Etomidate11 and ketamine12 have a remarkable capacity for 

supporting and even sometimes improving blood pressure in compromised patients however, other 

shortcomings in these agents make them inferior choices to propofol in routine use. 

Maintaining arterial blood pressure therefore becomes a goal for developers of new anaesthetics 

and has already been claimed for alfaxalone reformulated in 7-sulfobutylether beta-cyclodextrin as 

PHAXANCD™.13, 14   

Maintaining ventilation 

Respiratory depression and airway obstruction are potentially life-threatening concomitants of 

anaesthesia and sedation. Whilst both are routinely addressed by anaesthesiologists, European,15 
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UK16 and US17 guidelines for sedation remind us that sedationists must demonstrate and maintain 

the competencies necessary to support their patient both in the target state and in the event of 

inadvertent progression to a deeper state. Respiration is less affected by etomidate, ketamine and 

dexmedetomidine than by propofol and all hypnotics interact with opioids with consequent 

increased hypnotic effect and at least some degree of respiratory depression. 

The antagonists naloxone and flumazenil can reverse respiratory depression caused by opioids and 

benzodiazepines respectively however this will also reverse analgesia or hypnosis. 

Supraglottic airways, laryngoscopy and intubation without paralysis 

Surgical practice has shifted towards ambulatory care and a high proportion of patients are now 

managed with a supra-glottic airway rather than a tracheal tube. Propofol suppresses laryngeal 

responsiveness18 and induction of anaesthesia with propofol rather than thiopental is preferred 

when a supra-glottic airway is anticipated19  because insertion under propofol anaesthesia is quicker, 

less eventful and requires less supplementary does of hypnotic.20 The ability to support swift and 

atraumatic placement of supra-glottic airways is thus a necessary characteristic of modern 

anaesthetic induction agents. The use of benzodiazepine anaesthesia for facilitating supra-glottic 

airway placement has been reported21 but has not yet been formally evaluated. Propofol-opioid 

combinations are often used to support tracheal intubation without paralysis although the 

intubating conditions are consistently inferior to those achieved with paralysis.22 

Avoiding neurotoxicity 

Whether anaesthetics harm the developing brain is controversial.23 In pre-clinical systems, adverse 

effects have been demonstrated for NMDA receptor antagonists (ketamine) and GABA agonists 

(propofol, barbiturates, benzodiazepines).24 Whilst clinical trials continue, preliminary results are 

reassuring and experts recommend that we do not need to change our practice.24, 25 Appreciation of 
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the limitations of animal models and the biases of retrospective studies have recently downgraded 

the perceived risk to ‘negligible’.24  

Although ketamine enjoys some usage for induction of anaesthesia in the critically ill,26 concerns 

about possible perturbation of intracranial pressure and cerebral blood flow have precluded its 

consideration for patients with brain injury. Recently the recognition of an apparently favourable 

effect on EEG suggests ketamine deserves re-evaluation.27 

Post-operative delirium (correctly characterised as a perioperative neurocognitive disorder28) is 

distressing for patients and staff, associated with impaired outcomes and adds to costs.29 

Accordingly, its avoidance is a clinical priority although the downstream deterioration towards 

dementia may reflect an underlying trajectory of cognitive decline rather than the direct 

consequences of perioperative medication. The American Geriatrics Society ‘Beers criteria’ list drugs 

to be avoided in older patients including benzodiazepines.30 However, although ‘periprocedural 

anesthesia’ is mentioned, the examples cited all relate to chronic oral administration and midazolam 

is not mentioned at all. Further, although sedation and anaesthesia are achievable without 

benzodiazepines, their absence implies an alternative which may have undesirable effects i.e. 

propofol and hypotension which might contribute to perioperative neurocognitive disorders.31  

Nevertheless, if benzodiazepines are to be used in high doses or prolonged duration, especially in 

the elderly then we need data to understand their potential for postoperative delirium.  

Rapid onset and fast offset 

The ability to titrate to effect an hypnotic or opioid is valued by clinicians inducing sedation or 

anaesthesia. Likewise, predictability of effect duration and clear-headed recovery of cognitive 

function support patient throughput and (possibly) patient safety.  

Consequently, a major development axis of anaesthetic pharmacology has been the acceleration of 

drug effect and its offset. Whilst onset can be hastened by increased dose (albeit perhaps at the cost 
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of off-target effects), offset is determined by redistribution and elimination. Although redistribution 

can yield rapid recovery from bolus doses of propofol, thiopental and etomidate and reasonably 

swift emergence after well managed infusions of propofol,32 all these agents are prone to 

accumulation after prolonged administration. The advent of ‘soft’33 drugs whose effect is terminated 

by esterase metabolism to inactive metabolites brought us the ultra-short acting opioid remifentanil, 

and less usefully mivacurium and AZD-304334 as well as anaesthesia stalwarts succinylcholine and 

atracurium. Remimazolam, a novel short acting benzodiazepine now joins this disparate group and 

offers typical benzodiazepine effects with accelerated offset.  

Active metabolites prolong drug effect, often unpredictably and become a significant issue with 

extended administration. Thus alpha-hydroxy midazolam accumulates during ICU sedation with 

midazolam and morphine-6-glucuronide, and norpethidine extend opioid effect. 

The shift of most surgery and almost all investigations to an outpatient basis is challenged by 

residual effects of sedation and anaesthesia. Residual hypnotic effect or the fear of it precipitates 

minimum times before discharge, prohibition of driving and strictures against working, making 

decisions or operating machinery which adversely impact patients’ lives. In the UK, colonoscopy 

patients self-sedated with 50% nitrous oxide are considered safe to drive home 30 minutes later.35 If 

advances in anaesthetic pharmacology could achieve the same through ‘soft’ analgesia and hypnosis 

or improved titration and neuropsychological assessment,36 the effect would be usefully disruptive 

and of great health-economic benefit. 

Avoiding idiosyncratic reactions 

Current peri-operative hypnotics all have some propensity to off-target effects. These range in 

severity from inconvenient (extraneous muscle movements with etomidate) to catastrophic 

(anaphylaxis with thiopental) and from frequent (pain on injection with propofol) to rarity (green 

urine with propofol ICU sedation). None of the agents are exempt: etomidate causes adrenocortical 
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depression, ketamine causes hallucinations  and dexmedetomidine can cause bradycardia and 

hypotension.  

Idiosyncratic reactions have underpinned the failure of numerous candidate new hypnotics including 

pregnanolone37 (urticaria), ORG-2146538, ORG-2543539, AZD-304340 and ABP-70041 (excitation), and 

fospropofol42 (perineal pain). Whilst these events may not be predictable, rigorous monitoring of 

clinical trials and effective post-launch pharmacovigilance will facilitate their early identification 

thereby minimising risk to volunteers and patients whilst reducing development costs. 

Post-Operative Nausea and Vomiting,  PONV 

PONV is a frequent reason for unplanned hospital admission after day-surgery.  Propofol has direct 

anti-emetic properties43 and when used as an induction agent, lowers rates of PONV. Further benefit 

is demonstrated when Total Intra-Venous Anaesthesia, TIVA is used in place of volatile anaesthesia.44 

Perioperative midazolam also has a useful anti-emetic effect.45 Etomidate is associated with PONV46 

and it is this characteristic rather than extraneous muscle movements or adrenocortical depression 

that constrains its routine use. 

Alignment with existing practice: non-physicians, non-anaesthesiologists and medical politics 

Anaesthesiologist provided sedation of fit patients for endoscopy is expensive.47, 48 Protocols for 

Non-Anaesthesiologist Administration of Propofol (NAAP) are evidence based49 and safe50, 51  but 

unacceptable to many national societies.52 Indeed, anaesthesiologist administered deep sedation 

with propofol may impose avoidable risks.53 Attempts to develop alternatives have not gone well. 

The propofol pro-drug fospropofol42 received “…a person trained in general anesthesia…” only 

labelling leaving it without users given anaesthesiologists preference for propofol. An editorial in 

Chest advised “It should be kept in mind that fospropofol is a different drug than propofol and that 

fospropofol is not a general anesthetic. Based on the available data, fospropofol appears to be safe 
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for moderate sedation and should not require anesthesia monitoring.”54 How things would have 

transpired had non-anaesthesiologist labelling been permitted remains unknown.  

The semi-autonomous Sedasys® system55 was demonstrably safe and effective but lost out to in-

person care delivered by an anaesthesiologist and failed commercially. The etomidate derivative 

ABP-700 was aimed at non-anaesthesiologist sedationists but failed in development due to 

excitatory effects.41  

Reducing the environmental impact of anaesthesia 

Although the environmental impact of anaesthesia has been highlighted for decades56, 57 its reach 

into clinical decision making has been limited. Life Cycle Assessment58 shows inhalational agents are 

considerably more destructive than propofol and the abandonment of desflurane has been 

recommended.59 Presumably intravenous agents also sit within a hierarchy of impact/virtue and 

further work is needed to characterise current and developmental injectable hypnotics. 

Can we improve outcomes from cancer surgery through anaesthetic choice? 

The potential for anaesthetic agents to influence outcomes after cancer surgery has been 

suggested.60 In a large non-randomised series at a major UK cancer centre, mortality was lower after 

anaesthesia maintained with propofol than with sevoflurane or isoflurane.61 However, this and other 

reports are based on retrospective analysis of routinely collected data, accordingly they can only be 

considered hypothesis generating. Properly designed randomised controlled trials are required and 

some are underway. Recently, differential effects of intravenous hypnotics on cancer cell biology 

have been demonstrated with dexmedetomidine but not midazolam promoting cancer cell survival 

and midazolam suppressing cancer cell migration.62 Equally, the entire question of whether putative 

effects on cancer biology are meaningful to clinical practice remains unresolved.63  

HOW WELL DO AVAILABLE HYPNOTICS MEET OUR NEEDS? 

Flexibility and coverage of the perioperative workspace 
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Each step of the perioperative journey imposes distinct requirements for sedation/anaesthesia. In 

addition to procedural sedation for pre-operative investigations, hypnotics are used for 

premedication and induction and maintenance of anaesthesia. A minority of patients may also 

require sedation during transport and intensive care.  The required therapeutic scope of hypnotics 

can be demonstrated by considering how propofol might be used at multiple stages of trauma care.  

Thus, a patient might require tracheal intubation in the emergency department, sedation for 

transport and scans, undergo surgery followed by further transport then ICU ventilation. 

Appropriate hypnosis for all of these can be provided with propofol albeit with caveats about 

haemodynamic control. Although midazolam is licensed for all these indications, Table 2, its use 

during induction of anaesthesia is uncommon and clinicians seeking to avoid propofol typically 

prefer etomidate or ketamine. 

Table 2 near here 

The challenge of induction 

The start of anaesthesia seeks to deliver a safe transition to unconsciousness, in order to undertake 

surgery or deliver critical care. The highest priority is to sustain life by securing the airway and 

maintaining circulation whilst avoiding inappropriate haemodynamic responses, conscious 

awareness and adverse reactions. 

Propofol has been used to induce anaesthesia in all manner of clinical circumstances. Its propensity 

to haemodynamic disturbance may be attenuated by judicious administration of reduced doses at 

slower than usual rates64 and by co-administration of fluids, vasopressors or ketamine. Nevertheless, 

many anaesthesiologists look to alternative induction agents, notably etomidate65 or ketamine,66 for 

compromised patients or in emergencies. Etomidate depresses adreno-cortical function, even when 

used in single doses and argument persists regarding the possible adverse consequences for 

patients.67-69 This anxiety comes in addition to etomidate’s propensity to extraneous muscle 

movements and postoperative nausea and vomiting. A systematic review of ketamine in rapid 
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sequence induction found no important differences in comparison with other agents and the 

authors concluded that clinically relevant benefit or harm cannot be excluded.66 However, a large 

study which randomised critically ill patients requiring intubation to ketamine 2mg kg-1 or etomidate 

0.3mg kg-1 found intubation conditions were comparable but adrenocortical depression much more 

frequent with etomidate (Odds Ratio 6.7, 95%CI 3.5-12.7).26  

In obstetric anaesthesia, induction of general anaesthesia for caesarean section has traditionally 

been based on thiopental because propofol was linked to slightly inferior Apgar scores in the 

neonate.70 Thiopental has been removed from the World Health Organisation Model List of Essential 

Medicines and is no longer available in the USA following physician and pharmaceutical industry 

rejection of its use in judicial killing. In Europe and elsewhere, thiopental remains available and 

locally popular but repeated accidental syringe swaps71 for antibiotic or local anaesthetic and 

clinician unfamiliarity have driven obstetric anaesthesiologists towards propofol.  

The shortcomings of etomidate and ketamine plus clinician reluctance to use propofol in challenging 

cases provides a rationale to look for alternatives. 

PERIOPERATIVE BENZODIAZEPINES –EXPERIENCE BEFORE REMIMAZOLAM 

Benzodiazepine history 

Since the introduction of chlordiazepoxide in 1960, the benzodiazepines have been used as 

sedatives, anxiolytics, anticonvulsants, antispasmodics and to a limited degree as anaesthetics.  

Attempts at benzodiazepine anaesthesia commenced with diazepam in the 1960’s.72 McClish 

induced anaesthesia with diazepam and 50% nitrous oxide in 88 unselected vascular cases (n= 9, 26 

and 53 for ASA grades 3, 4 and 5 respectively) including 30 requiring extracorporeal circulation and 

referred to “the absence of side-effects on respiratory, circulatory and autonomic nervous systems”. 

The favourable descriptions were backed up by data with mean arterial blood pressures of 130 and 

128 mmHg before and after induction.73 However, prior to the introduction of the contemporary 
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lipid formulation, diazepam injection was associated with pain and thrombophlebitis.74 The use of 

(water soluble) midazolam as an anaesthetic was explored at an early stage in its development and 

the lack of venous irritation and phlebitis combined with cardiovascular stability were considered 

attractive. Investigators focussed on identifying the correct induction dose of midazolam and its 

haemodynamic characteristics. 

In 1978 Reves gave thirty unpremedicated patients midazolam 0.1, 0.15 or 0.2mg kg-1 and reported 

induction of anaesthesia, defined as loss of eyelash reflex AND loss of response to commands in 

30%, 50% and 100% of patients respectively.75 A further ten patients received diazepam 0.3mg kg-1 

of whom nine became anaesthetised. Reves described midazolam as “…a promising drug for 

induction of anaesthesia”. In the same year, Fragen reported a blinded comparison of midazolam, 

diazepam and thiopental for induction of anaesthesia.76 Initial doses were  0.15, 0.3, and 3mg kg-1 

respectively with supplementary doses of 25% of the initial dose if required. Midazolam produced 

“…cardiovascular stability (and) mild transient respiratory depression…” in contrast, thiopental 

caused apnoea in 14/26 patients despite the relatively small dose.  Further investigation in patients 

with cardiovascular disease was recommended.76 

Foster gave midazolam 0.15mg kg-1 as an induction agent in 20 unpremedicated volunteers. Whilst 

all experienced drug effects including amnesia, only 17 ceased counting and ten lost eyelash 

reflexes.77 Eisenkraft and Miller recommended midazolam 0.3 mg kg-1 to be a realistic dose of 

midazolam to consistently induce anaesthesia in unpremedicated patients and noted that loss of the 

eyelash reflex was (in contrast to thiopental) an unreliable indicator of induction.78 

By 1982 a critical evaluation of available benzodiazepines as candidate anaesthetics identified 

diazepam, flunitrazepam and midazolam as offering induction within 1-2 minutes whilst commenting 

that great individual variation in induction doses and long acting residual effects were problematic.79 

The authors concluded “Generally these anxiolytics and sedatives should be considered as adjuvants 

to general anaesthesia, but not primarily as routine induction agents. The major reasons for this 
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limitation are a high variability in drug response, a relatively slow onset of action and long-lasting 

residual effect.”79 In 1988, Nilsson80 rehearsed the problem of post-operative drowsiness advocating 

the judicious use of flumazenil whilst recognising the problem of resedation.81 Subsequently, interest 

in benzodiazepine maintenance of anaesthesia waned, presumably reflecting the lack of any 

compelling use-cases.  

How benzodiazepines are used today 

Problems with dependency have substantially reduced prescriptions for anxiety/depression 

(lorazepam and diazepam) and for night sedation (temazepam). Currently, intravenous 

benzodiazepine use mainly comprises procedural, perioperative or intensive care midazolam 

sedation, with diazepam reserved for the treatment of seizures. Low doses of oral diazepam may be 

prescribed for anxiety or the relief of muscle spasm. 

Midazolam is the dominant hypnotic used for procedural sedation by non-anaesthesiolgists.82 Small 

IV doses of midazolam are commonly given as premedication to surgical patients after initial venous 

access has been achieved. In addition to anxiolysis, midazolam has synergistic interactions with both 

propofol and the fentanyl series opioids, thereby facilitating subsequent anaesthesia – especially if 

due attention is given to the time to peak effect of each drug.83  

Midazolam still enjoys limited use for induction of anaesthesia in patients with haemodynamic 

compromise. Midazolam maintenance of anaesthesia has not been adopted. Recently, the use of 

remimazolam with remifentanil, to induce and maintain anaesthesia was reported.84 

The lack of haemodynamic depression is a welcome characteristic of benzodiazepines and in 

consequence their use to sedate critically ill patients has been common for decades. Whilst 

midazolam has superseded lorazepam and diazepam in the ICU, it was initially considered inferior to 

propofol.85 Midazolam infusion on ICU may be associated with slow recovery – perhaps due to 
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altered kinetics86  or accumulation of active metabolites. Tolerance and tachyphylaxis to midazolam 

sedation is well recognised.87 

When compared with midazolam, propofol provides superior titration of ICU sedation and faster 

recovery when sedation is discontinued.85 However concerns over hypotension, lipid accumulation 

and the propofol infusion syndrome limit its applicability to unstable patients and those requiring 

long term sedation. Dexmedetomidine is non-inferior to midazolam for on-target sedation but 

causes more hypotension.88 

Slow recovery of consciousness following prolonged sedation of intensive care patients with 

midazolam led to consideration of volatile anaesthetics as an alternative89 however equipment 

issues and the need for scavenging have limited uptake. In addition, sedation with sevoflurane has 

been associated with diabetes insipidus.90 Accordingly, IV sedation is preferred. 

Are benzodiazepines anaesthetics? 

The 1963 definition of MAC91 relied on the ability of a single inhaled agent to produce immobility 

that persists without response to a surgical incision. With the exception of ketamine, this 

characteristic is not shared by intravenous hypnotics except at inappropriate doses with 

consequential cardiorespiratory depression or protracted recovery. Accordingly, it may be argued 

that none of propofol, etomidate, the barbiturates or the benzodiazepines are truly anaesthetics. 

Rather, they are the hypnotic component of a balanced anaesthesia technique. However, this 

nuanced approach is at odds with common parlance and chapters on ‘Intravenous Anesthetics’ are 

standard in major textbooks.92, 93 Further, use of the terms ‘induction of anaesthesia’ and 

‘anaesthesia’ with regard to intravenous hypnotics (with or without concomitant opioid) is well 

established in clinical practice and in medical literature. 

Do benzodiazepines induce an anaesthetic state? Certainly, their EEG effects differ from those of 

inhaled anaesthetics. Volatile agents94 and propofol95 progressively delay and flatten the mid-latency 
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auditory evoked response, an effect that is reversible by surgical stimulation.96 In contrast, 

midazolam,97 diazepam and flunitrazepam have lesser effects with persistence of the evoked 

response during apparently satisfactory anaesthesia.98 In patients undergoing cardiac surgery, 

evoked potentials were preserved in those anaesthetized with flunitrazepam and fentanyl whereas 

they were abolished when anaesthesia was maintained with isoflurane or propofol.99  When a 

combination of midazolam and alfentanil was used to anaesthetize women for major gynaecological 

surgery there was a high level of responsiveness (72%) as determined by the Isolated Forearm 

Technique and 3/32 had some recall of intra-operative events.100 

Midazolam produces a moderate depression of the Bispectral Index, BIS.101 This likely reflects 

optimisation for benzodiazepines of the proprietary BIS algorithm rather than implying a common 

effect on the EEG with volatile anaesthetics. When adult patients were dosed with midazolam 0.2 or 

0.3mg kg-1, BIS values remained around 60 and there was no correlation between BIS and predicted 

effect site midazolam concentration.102 The EEG effects of benzodiazepines are predominantly a 

monotonic beta-activation,103, 104 especially in frontal areas and these effects map to higher BIS 

values.102 In rats, the EEG response to benzodiazepines in the 11.5-30 Hz frequency range correlates 

with benzodiazepine receptor affinity confirming it as a direct measure of  GABAergic inhibitory 

effect.105 Deeper BIS levels relate to EEG burst-suppression106 which is not a common 

benzodiazepine effect. Remimazolam also depresses BIS and the effect is synergistic with that of 

remifentanil.107 In contrast, the BIS is little affected by ketamine, nitrous oxide or xenon - 

anaesthetics with atypical EEG effects. 

CAN REMIMAZOLAM MEET OUR STATED GOALS? 

Remimazolam is an archetypal ‘soft’33 drug, structurally similar to midazolam with an added ester 

linkage, Figure 1. The activity of remimazolam is terminated by esterase hydrolysis.   

Figure 1 near here 
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Limited data is available to characterise this new hypnotic. Volunteer studies and clinical trials 

suggest that remimazolam pharmacodynamics are broadly similar to midazolam.  

Maintaining arterial blood pressure 

When 54 volunteers received single doses of remimazolam up to 0.35 mg kg-1, there were no reports 

of hypotension.108 Modest increases in heart rate occurred in some individuals in the higher dose 

groups. In patients sedated with remimazolam for colonoscopy,109 upper GI endoscopy110 and 

bronchoscopy,111 arterial blood pressure and heart rate were stable in the remimazolam treatment 

groups.  

Maintaining ventilation 

In comparison to propofol, benzodiazepines produce minimal respiratory depression112 although 

diazepam and midazolam can cause increased PaCO2 when given in large doses. Further, if 

midazolam is dosed inappropriately in combination with fentanyl, severe respiratory depression and 

apnoea may occur.113 When volunteers received midazolam (0.05 mg kg-1) and fentanyl (2.0 mcg kg-

1) or the same doses of midazolam or fentanyl alone, minute ventilation and the ventilatory 

response to carbon dioxide were unchanged after midazolam alone but profoundly depressed by 

fentanyl, with or without midazolam.114 Early clinical experience with midazolam was characterised 

by multiple deaths, typically in elderly patients. In 2008 the UK National Patient Safety Agency 

reviewed 1,529 patient safety incident reports and identified failure to properly titrate midazolam, 

the use of high strength midazolam formulations and reliance on routine reversal with flumazenil as 

areas in which practice could be improved.115 

Perhaps in consequence, smaller doses are typically selected in contemporary sedation practice. In a 

UK snapshot survey of 360 patients sedated in 6 hospitals the most frequent sedative combination 

was midazolam and fentanyl with median doses of fentanyl 50mcg and midazolam 2mg.82  

Importantly, apnoea and airway obstruction are less common with midazolam than with propofol.116  
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In volunteers given remimazolam,108 respiration was maintained and only two episodes of 

desaturation were noted and both managed with simple measures. In studies of remimazolam 

sedation for colonoscopy,109 upper GI endoscopy110 and bronchoscopy,111 there were few episodes 

of respiratory depression or hypoxia and the incidence was similar to or less than with midazolam. 

Avoiding neurotoxicity 

Remimazolam binds with high affinity to the GABAA receptor whilst having no measurable affinity for 

any of a panel of 40 other receptors and ion channels.117 Patch clamping experiments demonstrated 

remimazolam enhancement of GABA effect similar to that caused by midazolam with marginally 

greater potency and maximum effect.117 Remimazolam’s principal metabolite CNS-7054 binds with 

410 times lower affinity than its parent and is considered inactive.117 There is therefore, to date, no 

pharmacological reason to expect remimazolam’s effects to be qualitatively different from those of 

midazolam.  

As a development compound, basic science investigation of remimazolam has necessarily focussed 

on regulatory requirements. Future work could usefully consider remimazolam’s profile with regard 

to the possible cellular determinants of neonatal neurotoxicity, delirium, postoperative cognitive 

impairment and cancer cell behaviours.  

Rapid onset and fast offset 

Initial pharmacodynamic modelling of remimazolam’s hypnotic effect was developed using 

Bispectral Index and Modified Observer’s Assessment of Alertness/Sedation (MOAA/S) as measures 

of effect.118 The authors concluded that the population pharmacodynamic parameters, ke0, IC50, and 

Hill coefficient, were broadly comparable with midazolam. Subsequently the original recirculatory 

and weight independent pharmacokinetic model has been superseded by a conventional mamillary 

model.107 Simulations of time to peak effect and context sensitive half-time illustrate the swifter 

onset and offset of remimazolam effect in comparison to midazolam. Briefly, onset of remimazolam 
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effect is slightly slower than propofol but materially faster than midazolam, Figure 2. Swift hydrolysis 

of remimazolam is reflected in its context-sensitive half-time, offset is faster than midazolam but 

more like propofol than remifentanil, Figures 2 & 3. 

Figure 2 near here 

Figure 2 presents simulations of CNS effect of the common opioids fentanyl,119 alfentanil120 and 

remifentanil121 and hypnotics currently indicated for procedural sedation - midazolam122 

remimazolam107 and propofol.123 In each case the time to peak effect site concentration (and 

therefore peak effect) of a bolus is presented together with its subsequent diminution due to 

redistribution and metabolism. Figure 3 presents simulated Context Sensitive Half Times.  

Figure 3 near here 

Alignment with existing practice 

The USA licence for procedural sedation with remimazolam does not reserve the drug for 

anaesthesiologists. Although the safety of midazolam (when used appropriately) for procedural 

sedation is now well established, that experience is not automatically transferrable to remimazolam 

whose safety envelope requires demonstration on its own merits rather than as an entitlement of all 

benzodiazepines. The USA labelling for remimazolam in procedural sedation includes Boxed 

Warnings regarding staff training, equipment availability and the risks of interaction with opioids and 

other hypnotics. Remimazolam provides quicker onset and offset of sedation than midazolam,109 

however, comparisons with propofol are awaited. If proceduralist and patient satisfaction with non-

anaesthesiologist remimazolam sedation is close that achieved by anaesthesiologist provided 

propofol then a significant change in practice might ensue.48 Crucially, respect for patient safety 

demands a cautious introduction of the new hypnotic. 

Procedural sedation with remimazolam. 
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When Rex compared midazolam and remimazolam for procedural sedation in patients undergoing 

colonoscopy,109 the midazolam was administered in accordance with the published (FDA approved) 

prescribing information. The initial dose of remimazolam was 5 mg over 1 min followed if necessary 

by top-up doses of 2.5 mg. Onset of sedation (time to MOAA/S score of 3) was shorter with 

remimazolam (5.1 (3.82) min) than for midazolam (16.9 (6.31) min), mean (SD). Recovery (time from 

end of procedure to fully alert) was earlier with remimazolam (7.35 (5.78) min) than with midazolam 

(15.84 (11.57) min). A third group received placebo followed by (if necessary) midazolam doses at 

clinician preference. These patients received more midazolam (4.30 (1.62) mg) with quicker onset 

and slower recovery than those receiving the approved dosing scheme (1.75 mg initial/1 mg top-up 

dose for a patient aged <60 years, and 1.0 mg/0.5 mg for those aged 60 years, debilitated, or 

chronically ill) maximum three doses.  

Remimazolam based anaesthesia 

The development of remimazolam offers the opportunity to revisit benzodiazepine based 

anaesthesia. Doi84 compared total intravenous anaesthesia based on remimazolam (no bolus, 

infusion started at 6 or 12 mg kg-1 hr-1) or propofol (2.0-2.5 mg kg-1 then  4-10 mg kg-1 hr-1) in 375 

patients of ASA Physical Status 1-2. Propofol was injected over 1 min (i.e. compliant with the 

licensed prescribing information) whereas the remimazolam was infused more slowly (up to 2.5 

min). All patients received remifentanil 0.25-0.5 mcg kg-1 min-1. Mean (SD) times for loss of 

consciousness were slower for patients receiving TIVA with remimazolam (6 or 12 mg kg-1 hr-1) than 

for propofol (102.0 (26.6), 88.7 (22.7) vs 78.7 (38.4) sec) respectively. Hypotensive events were more 

frequent with propofol than with remimazolam during all phases of the anaesthetic. The 

requirement for pressors was 64% (propofol) vs 40%/43% (two remimazolam groups). PONV was 

infrequent in all groups. A subsequent study enrolled 67 patients of ASA Physical Status 3 using the 

same remimazolam dosing for induction of anaesthesia and concluded “…clear evidence of an 

excellent safety and tolerability of remimazolam in a vulnerable patient population”.124 Both studies 
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used the Brice Questionnaire to elicit incidents of awareness however none were reported. A 

recently completed randomised controlled trial comparing propofol/remifentanil and 

remimazolam/remifentanil anaesthesia (ClinicalTrials.gov Identifier: NCT03661489) in 424 patients, 

ASA 3-4 at 20 European sites is currently unpublished. This and future studies will clarify the role of 

remimazolam in the maintenance of general anaesthesia. Looking ahead we need data to 

understand its impact, if any, on key clinical indicators: infection, stroke, death, ICU admission, 

readmission to hospital and length of stay.125 

To date, remimazolam has not been evaluated for induction of anaesthesia prior to inhalational 

maintenance. Since remimazolam can provide the hypnotic underpinning of total intravenous 

anaesthesia, its use as an induction agent might be presumed. However, consideration of the onset 

of an inhaled agent and the offset of an IV induction agent implies the possibility of an interim 

period of inadequate anaesthesia unless proper attention is given to the transition. Thus, we need a 

properly conducted clinical investigation to demonstrate that the technique is practicable, reliable 

and safe. If the basic safety of using remimazolam in this way can be established then further work 

to refine the technique for rapid sequence induction, patients with significant co-morbidities and in 

emergencies is needed. 

Recovery from anaesthesia and reversal with flumazenil 

Reversibility by flumazenil is a class characteristic of all benzodiazepines and flumazenil reversal of 

midazolam sedation/anaesthesia has been useful after short procedures including cardioversion.126 

Flumazenil reversal is typically in response to overdosage whether self-administered or iatrogenic. 

The UK Summary of Product Characteristics for flumazenil (www.medicines.org.uk) includes 

hypertension, tachycardia, convulsions and anxiety as possible adverse events which might be 

precipitated by flumazenil reversal of benzodiazepine action. However, the same guidance also 

notes “Any side-effects associated with flumazenil usually subside rapidly without the need for 

special treatment” and mentions that anxiety and convulsions typically relate to long-term exposure 
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to benzodiazepines and previous epilepsy respectively.  A synthesis of data from thirteen placebo 

controlled studies of flumazenil treatment for the management of suspected benzodiazepine 

intoxication identified that flumazenil caused significantly more adverse events than placebo and 

concluded “Flumazenil should not be used routinely, and the harms and benefits should be 

considered carefully in every patient”.127 However this work was criticised because of the very large 

flumazenil doses administered with smaller and titrated doses described as safer.128 

Routine use of flumazenil to reverse hypnotic effect at the end of midazolam anaesthesia lasting 

over 90 minutes was associated with some instances of re-sedation and recovery scores were 

inferior to those after propofol anaesthesia.129 In practice therefore, concerns about re-sedation 

have deterred routine midazolam general anaesthesia with flumazenil reversal.  

To date, human experience of flumazenil reversal of remimazolam is confined to a few volunteers 

and some rescues during clinical trials. Consequent from its susceptibility to esterase hydrolysis and 

inactive metabolite, remimazolam is short acting. Certainly it is shorter acting than midazolam. 

Nevertheless, Doi84 reported significantly slower median (range) times for extubation (15.5 (3-104), 

18.0 (2-58) and 12.0 (3-42) min) and recovery room discharge (25.0 (4-144), 25.0 (5-125) and 16.0 (5-

87) min) for patients receiving TIVA with remifentanil and remimazolam (6 or 12 mg kg-1 hr-1) than 

for propofol respectively. Flumazenil was administered to 9% of the remimazolam group who then 

awoke within two minutes. Resedation was not reported. Thus, in comparison with propofol, the 

relative haemodynamic stability of remimazolam comes at a cost of (minimally) delayed loss of 

consciousness but materially slower recovery. Further work may determine whether the latter 

constraint can be diminished by judicious use of routine or semi-routine flumazenil. 

Intensive care sedation  

The potential application of remimazolam to intensive care sedation has already been identified130 

and it has been used to sedate pigs for 28 days.131 A bioreactor study using human hepatocytes 

showed no adverse changes in remimazolam metabolism over a five day period.132 However there 
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remains a need for it to be assessed in proper randomized clinical trials against the present standard 

drugs such as propofol, midazolam, and dexmedetomidine.  

When a short-acting compound is used for long periods the cost of drug acquisition becomes a 

major obstacle and this will likely hinder development of remimazolam as an ICU sedative, at least in 

the first instance. Further, the successful (licensed) use of dexmedetomidine for the same indication 

at a time when there is great pressure to reduce sedation of ventilated patients may inhibit 

exploration of this role. Delirium is a recognised and unwelcome adverse outcome from intensive 

care sedation with midazolam/morphine and dexmedetomidine may be preferable.133, 134 However, 

dexmedetomidine precipitates more adverse events, notably hypotension and bradycardia.135 

Recently ketamine has been re-evaluated as an ICU sedative and its use may reduce the incidence of 

delirium.136 The relevance of remimazolam’s rapid elimination to benzodiazepine induced delirium 

remains to be determined. 

Dependency, abuse and inappropriate use 

Regulators are sensitised to patients becoming dependent on prescribed medication and the US 

Food and Drug Administration recently issue a cautionary notice (Boxed Warning) for all 

benzodiazepines.137  Emphasising “…the serious risks of abuse, addiction, physical dependence, and 

withdrawal reactions…” they now advise prescribers to “Limit the dosage and duration of each 

medicine to the minimum needed to achieve the desired clinical effect”.137 Clearly driven by adverse 

experiences from long-term prescribing, the relevance of this to procedural sedation and 

perioperative use is unclear. 

Anaesthetic drugs are subject to abuse by anaesthesiologists and others. Hypnotics (20%) are second 

only to opioids (55%) as abused by staff with propofol, ketamine and benzodiazepines all 

implicated.138 Cumulative incidence of abuse is 1.6% over 30 years amongst graduates of US 

anaesthesia residency programmes.138 Propofol abuse is very dangerous because of the drugs steep 

dose-response relationship. Individuals have both committed suicide and been murdered using 
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propofol.139  Nasally administered remimazolam is absorbed and effective but both powdered drug 

and its solution caused unpleasant local effects (severe pain, burning, irritation)140 so self-

administration by this route seems unlikely. It may be anticipated that those who abuse midazolam 

by injection may be drawn to inject remimazolam injection. Remimazolam undergoes high first-pass 

metabolism with consequentially near zero oral bioavailability rendering it ineffective for oral 

maladministration in drug-facilitated sexual assaults.141 

Pre-hospital administration of hypnotics, especially ketamine, is a valued component of emergency 

care142 however increasing use of ketamine for restraint, often at the behest of police,  has been 

criticised143 but may be safe.142 Although the hypnotic effects of remimazolam occur sooner and 

have a briefer duration that those of midazolam, these differences should not imply licence for 

inappropriate pharmacological improvisation. The unpredictability of midazolam effect is illustrated 

by its association with adverse events when used as a chemical restraint.144 In contrast midazolam 

was the chosen hypnotic in bungled judicial killings where it formed part of a supposedly lethal 

cocktail of IV injections.145 In general terms, clinical use of remimazolam may sensibly be restricted 

to those who have received proper training in its use, possess the necessary competencies to 

manage its effects and do so in an appropriate environment. 

Is remimazolam an ideal intravenous anaesthetic? 

Remimazolam development has proceeded slowly since we asked whether it is simply a “Me-

Too”.130 In addition to use for procedural sedation,109 Doi and colleagues84 have demonstrated its 

potential as a flexible intravenous anaesthetic and identified areas for future development. 

However, for a new agent, safety and efficacy is not enough. If clinicians are to adopt a method (in 

this instance a new hypnotic), they need a clear reason to do so, typically in terms of patient 

outcomes, patient safety, quality of patient experience or health economics. At present, the 

possibility of reduced perioperative hypotension may be the most rational reason for considering 

remimazolam (with opioid) for induction and maintenance of anaesthesia. 
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IS THERE ANYTHING ELSE ON THE HORIZON? 

Adaptation of the propofol molecule remains a focus for drug discovery.  Ciprofol (HSK3486) is a propofol 

analogue formulated in an oil-in-water emulsion. Its general characteristics are similar to those of 

propofol146 with a decreased frequency of pain on injection,147 possibly due to reduced concentrations of 

free drug in plasma. Ciprofol is currently undergoing late stage clinical trials for procedural sedation148 

and trial registries indicate studies in general  anaesthesia however none are yet reported. Given that 

pain on injection of propofol may be attenuated by co-administration of lidocaine, the case for ciprofol 

remains unproven given the continued use of lipid formulation and a similar adverse haemodynamic 

impact to that of propofol. 

Alfaxalone is an established IV hypnotic which has been reformulated in 7-sulfobutylether beta-

cyclodextrin as PHAXANCD™.149 In volunteers, PHAXANCD™ produced an hypnotic effect comparable to 

propofol with less haemodynamic disturbance.13 Preliminary reports of a small (15 patient) double-

blinded comparison with propofol in patients undergoing hip replacement suggest that the favourable 

characteristics described in volunteers are repeated in patient care.150  

Conclusion 

A great deal has changed since the overviews of Whitwam and Dundee in 1978 and 1985 respectively. 

Our patients are older and frailer and our surgeons more ambitious. Anaesthesia has morphed into 

perioperative medicine and new priorities have emerged.  Our mainstream hynotics – propofol, 

midazolam, etomidate and ketamine continue to serve us well but fall short of ideal. Revisiting 

benzodiazepine anaesthesia (if it exists…) seems logical but we need to define its merits and boundaries 

with robust evidence. 
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 Propofol Thiopental Methohexital Etomidate Dexmedetomidine Ketamine *Diazepam Lorazepam Midazolam Remimazolam 
Ready to use 
injectable 
presentation 

          

Formulation does 
not support 
bacterial growth 

          

Free from lipid 
accumulation with 
long infusions 

          

Free from pain on 
injection 

          

Rapid onset           

Free from 
extraneous muscle 
movements 

          

Airway obstruction 
unlikely 

          

Minimal 
hypotension 

          

No active 
metabolite 

          

Rapid offset          ? 
Reversal with 
flumazenil 

          

No adrenocortical 
depression 

          

           
Table 1. Characteristics of injectable hypnotics licensed for anaesthesia or sedation in the USA or Europe. Ticks and crosses indicate the presence or absence of the relevant 

characteristic. *Lipid emulsion formulation. 
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Propofol Thiopental *Methohexital Etomidate Dexmedetomidine Ketamine Diazepam Lorazepam Midazolam **Remimazolam 

Premedication           

Procedural 
sedation 

         

Induction of 
§anaesthesia 

         **

Maintenance 
of 
§anaesthesia 

         **

ICU sedation           

 

Table 2. Licensed (USA or Europe) and developmental perioperative uses of injectable hypnotics. Ticks and crosses indicate the presence or absence of a licensed indication. 
*USA only. **Remimazolam is licenced for procedural sedation in the USA and for general anaesthesia in Japan, Russia and Korea, a European licensing application for 
procedural sedation is under evaluation. §Includes use as the hypnotic component of an intravenous anaesthetic technique but not (except ketamine) as a single agent able 
to maintain a general anaesthetic state. 
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Legends for figures 

Figure 1.  Structures of remimazolam (left) and midazolam (right). Remimazolam undergoes hydrolysis by Carboxylesterase 

1 (CES1)  to an inactive metabolite. Midazolam is converted to an active metabolite alpha-1 hydroxy-midazolam. 

 

Figure 2. Effect site opioid and hypnotic concentrations over time as a proportion of the peak effect site concentration. 

Midazolam122 (heavy brown dashes), fentanyl119 (thin blue dashes), remimazolam107 (heavy black line), alfentanil120 (thin 

dotted line), propofol123 (large green dots) and remifentanil121 (thin blue line). Onset and offset of remimazolam is 

intermediate between propofol and fentanyl and faster than midazolam. Simulated using STANPUMP. STANPUMP is freely 

available from the author at opentci.org/code/stanpump.  

 

Figure 3. Context-sensitive half-times of the plasma hypnotic concentrations over time. Midazolam122 (heavy brown 

dashes), remimazolam107 (heavy black line), propofol123 (large green dots) and remifentanil121 (thin blue line). Offset of 

remimazolam is intermediate between propofol and midazolam. Simulated using PK/PD tools for Excel. PK/PD tools is 

freely available from pkpdtools.com. 
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freely available from pkpdtools.com. 

 

 

 

 

 


