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Abstract

Background Remimazolam (RM) is a novel ultra-short acting benzodiazepine. This study evaluates the safety of
using RM for procedural sedation in the emergency department (ED) comparing its administration by registered
nurse anaesthetists versus house officers in 1st year residency in emergency medicine and emergency medicine
physicians without previous anaesthesiologic specialisation. Secondary aims were patient satisfaction and proportion
of successful procedures.

Methods This prospective study was performed at the ED at Aalborg University Hospital from 10 May through 20
August 2024. Five emergency medicine physicians (group 1) started administering RM to patients after completion

of training and direct supervision. Results were compared to patients sedated by two registered nurse anaesthetists
(group 2) who had been administering RM more than 50 times before study start. Time was recorded during sedation
and a questionnaire filled out immediately after the patient had awakened. T-tests or Mann-Whitney U tests were
used to compare groups. Proportions were calculated with chi-square (x?) tests of proportion.

Results In group 1, 53 patients were sedated by emergency medicine physicians, and in group 2, 50 patients were
sedated by registered nurse anaesthetists. No or mild respiratory adverse effects were observed in 97% of patients in
group 1 versus 100% in group 2. Procedural amnesia was 93% in group 1 versus 90% in group 2. Patients were safe to
be left unsupervised after a median of 15 min in both groups. Procedural success was 92% in group 1 versus 100% in
group 2.

Conclusions Severe respiratory adverse effects after sedation were rare in both groups. Most patients had amnesia
and adequate pain relief for the procedure. The use of RM by physicians without anaesthesiologic specialisation is
considered a safe and effective alternative for procedural sedation in the ED.

Trial registration The study was registered and approved as a quality study (ID 2017-011259) by the hospital
administration.

Keywords Deep sedation, Benzodiazepines, Anaesthesia, Analgesia: emergency service, Hospital, emergency
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Background
Procedural sedation for therapeutic and diagnostic pur-
poses has had an increase in demand in the Emergency
Department (ED) [1]. Procedural sedation aims to induce a
state, where the patient can tolerate unpleasant procedures,
as well as maintaining adequate cardiorespiratory function
and protective airway reflexes [2]. Such sedatives and anal-
gesics are mostly used by physicians and nurses with anaes-
thesiologic specialisation but are also in use by physicians
without previous anaesthesiologic specialisation perform-
ing brief and moderate sedation in the ED [1] and in ambu-
latory settings [3—6]. Commonly used sedatives in such
settings are Midazolam, Propofol, Ketamine, Dexmedeto-
midine and Remifentanil, each with their pros and cons [7].
Remimazolam (RM) is a novel ultra-short acting benzodiaz-
epine. It has an onset of action of 1-3 min and has a plasma
half-life of 10 min. It is an ester-based benzodiazepine and
is rapidly hydrolysed into inactive metabolites. These meta-
bolic qualities give a moderate sedation for a short duration
of time and rapid recovery [8, 9]. Recent studies comparing
RM with Propofol and Midazolam outside of the operat-
ing room show no difference in sedation efficacy, but faster
recovery and shorter stay in the hospital for patients receiv-
ing RM [7-9]. Studies investigating safety find RM to be as
safe as Midazolam and Propofol when applied for proce-
dural sedation and general anaesthesia [10]. Similar to other
benzodiazepines, potential side-effects of RM are hypoten-
sion, hypoventilation, bradycardia, and risk of aspiration.
This prospective observational clinical cohort study
aimed to investigate the safety of using RM for sedation
in the ED, comparing its administration by health pro-
fessionals with or without specialisation in anaesthesia.
Secondary aims included patient satisfaction and effec-
tiveness of sedation and procedure.

Methods

This clinical prospective cohort study was conducted
from 10 May to 20 August 2024, at the ED at Aalborg
University Hospital, North Denmark Region. Approxi-
mately 58,000 patients enter the ED annually (2023),
including 23,000 orthopaedic surgery patients and 35,000
from other specialties. Around 550 trauma calls are han-
dled annually.

House officers in 1st year residency in emergency and
medicine Emergency medicine physicians without pre-
vious anaesthesiologic specialization, but well trained in
handling airway management were qualified to admin-
ister RM after a three-step training program. (The two
groups of doctors are hereafter referred to as emergency
medicine physicians)

1. Emergency medicine physicians received a thorough
oral and written introduction to RM administration,
including pre-sedative and sedative procedure,
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pharmacodynamic properties of RM and handling
of potential adverse effects from a registered nurse
anaesthetist, and observed experienced nurse
anaesthetists performing RM sedation.
2. Emergency medicine physicians administered
RM under direct supervision of registered nurse
anaesthetists and were qualified to administer RM
unsupervised after three successful administrations.
3. Emergency medicine physicians performed sedation
with RM unsupervised with experienced staff
present.

In- and exclusion criteria

Patients were included if they were (1) aged>12 years,
(2) American Society of Anaesthesiologist physical status
classification (ASA) score I-1ll or IV with the approval of
the on-call anaesthesiologist, and (3) in need of a proce-
dure expected to cause pain or anxiety.

Exclusion criteria were ABCDE instability prior to pro-
cedure or had a known medication allergy for benzodi-
azepines, were influenced by alcohol or had myasthenia
gravis.

Outcome measures

The sedation was performed by emergency medicine phy-
sicians without previous anaesthesiologic specialisation
(group 1) and compared with procedures performed by reg-
istered nurse anaesthetists with experience in RM sedation
(group 2). Outcome measures were (1) safety; occurrence
of respiratory problems graded as mild/moderate if the
respiratory problem was corrected by turning up the oxy-
gen flow, performing jaw lift or inserting a naso/pharyngeal
airway. If the patient had bag-valve-mask ventilation per-
formed or were given an antidote, the respiratory problem
was defined as severe. (2) patient and provider satisfaction;
proportion of patients having amnesia for the procedure,
exhibiting no signs of pain during the procedure (waking
up, moaning, facial expressions of pain) and the procedure
sedation subjectively evaluated as a success by the provider.
(3) sedation and procedural effectiveness; reported as time
from first dosage administered to the procedure could be
started and proportion of patients sleeping when the proce-
dure started, were safe to leave alone within 20 min. Based
on clinical experience, it was also noted whether we would
previously have booked an operating room (OR) for general
anaesthesia, such as in patients with hip dislocations, where
it is rarely possible to sufficiently relax the patient with mid-
azolam to reduce the hip.

Data collection

Demographics and medical data included: age, gen-
der, height, weight, body mass index (BMI), ASA score,
and opioids given up to 60 min before sedation. Type of
procedure (e.g., reduction of dislocated joint, fracture
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manipulation, pleuracentesis), administration of relevant
drugs (RM, alfentanil, fentanyl and morphine) and dos-
age was registered. Dosages were reported in milligrams
(mg) or micrograms (pg).

Procedure

Preprocedural assessments

According to local guidelines [11], we evaluated patients’
ASA score, BMI, neck mobility and inspected for pres-
ence of large tongue. History concerning sleep apnoea
and prior difficult airway was investigated. We performed
preoxygenation 3 L/min and used continuous monitoring
of SpO,, blood pressure every fifth minute and continu-
ous heart rhythm. Opioids were administered after initia-
tion of sedation for fracture manipulations or correction
of dislocated joints, as well as other procedures where
intraprocedural pain was expected.

Intraprocedural assessments

Initial dosage of RM was 2.5-5.0 mg, followed by refrac-
tory dosages of 2.5 mg RM until the patient was in a state
sedation where the procedure could be performed. Ini-
tial dosage depended on patients age, weight, comorbid-
ity and preprocedural pain [12]. In case of insufficient
sedation and analgesia, additional dosages of 2.5 mg RM
and/or alfentanil 0.25-1.00 mg could be administered.
The following equipment was readily available in case of
complications: nasopharyngeal airway, suction catheter,
ventilation bag and antidotes (Naloxone and Flumazenil)
and atropine for bradycardia. In case of decreased blood
oxygen saturation<92%, the following standard actions
should be done: Talking to the patient, gently shaking
their shoulder, increasing oxygen flow, initiation of the
planned painful procedure, jaw thrust, insertion of a
naso- or oropharyngeal airway, administration of an anti-
dote, or bag-valve-mask ventilation.

Postprocedural assessments

Patients were monitored by the provider until fully awake
and habitual blood oxygenation and respiratory fre-
quency. Ten minutes after waking up, the patients were
asked if they had any experience of pain or remembered
the procedure, as well as their satisfaction level with the
sedation and procedure.

Statistical analyses

Descriptive statistics were reported as medians and inter
quartile ranges. T-tests or Mann-Whitney U tests were
used to compare groups as appropriate. Proportions
were calculated out of all participating patients in each
group unless otherwise stated and compared using the
Chi-squared test of proportion. Data were collected and
stored in REDCap, an electronic data capture software
(REDCap, Version 9.5.6, Vanderbilt University) [13, 14].
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SAS enterprise was used for data analyses (SAS Institute
Inc., Cary, NC, USA). A p-value<0.05 was considered
statistically significant.

Results

Descriptive characteristics of the 103 included patients
are shown in Table 1. Five individuals emergency medi-
cine physicians sedated 53 of the patients (52%), while
the remaining 50 patients were sedated by two registered
nurse anaesthetists. The most frequent procedures were
joint reductions and fracture manipulations (Table 1).

Remimazolam was safe to use, and severe respiratory
adverse effects were rare

Total dosage interval of RM was 2.5-53.5 mg (Table 2).
Sedation was performed without any respiratory adverse
effects in most patients across both provider groups
(total 78%) (Fig. 1).

In the 20% (n=21) of patients where respiratory chal-
lenges did occur, all but two were short-lasting and mild
to moderate in character (Table 2). Both patients with
respiratory adverse effects were scored as ASA II, nei-
ther had had any respiratory symptoms prior to the seda-
tion, and both had been sedated with a low dosage of RM
(7.5-10 mg) by a physician without anaesthesiologic spe-
cialisation. For Patient A, no previous opioids had been
given. The patient had a BMI > 30 but no history of snor-
ing or sleep apnoea. 1 mg alfentanil was administered
concurrent to the RM. After the joint had been relocated,
the patient relaxed in the pharynx to a degree where a
nasopharyngeal airway was necessary, and a single dose
of Naloxone was administered. The patient woke up
immediately.

Patient B had a normal BMI and had received 100 pg
fentanyl in the prehospital setting. 1 mg alfentanil was
administered right before RM was administered. After
the dislocated fracture had been set, the patient relaxed
to a degree where a nasopharyngeal airway and bag-
valve-mask ventilation was necessary. The patient woke
up a few minutes, before an antidote was administered.

Patient and provider satisfaction was high
Most patients had amnesia for the procedure (96%), how-
ever among those who did remember the procedure, all
were satisfied with the sedation (Table 3).

Overall, 100% of the procedures were subjectively eval-
uated by the provider as a “success for all of the involved”.
The provider had observed an objective pain response in
41% of all patients, however, all but two patients reported
that they did not remember having felt any pain during
the procedure.
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Table 1 Patient characteristics by provider group, N= 103

Physicians without
anaesthesiological
specialisation
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Registered nurse
anaesthetists
(group 2, n =50)

{group 1, n = 53)

Age, median (IQR) 60 (38;76) 65 (34,;76)
BMI, mg/cm2, median (IQR) 25 (23;29) 24 (21;26)
Gender: women/men (%) 53%/47% 64%,/36%
ASAL %, n 26%, 14 20%, 10
ASA I, %, n 49 %, 26 40 %, 20
ASA NI, %, n 23 %, 12 38 %, 19
ASA IV, %, n 19%,1 2.0%, 1
Potential airway risks: %, n
None expected: 76 %, 40 78 %, 39
Risk factors present': 24%,13 22 %, 11
'Large tongue (1.9%), decreased movement of
jaw (1.9%) or neck (3.9%), obesity (6.8%),
history of sleep apnoea (9.7%)
Procedures: %, n
Reduction procedure of hip joint 21 %, 11 29 %, 14
Reduction procedure of other joint 21 %, 11 16 %, 8
Fracture manipulation 42 %, 22 31 %, 15
Lumbar puncture 19%,1 6.1%, 3
Anxiety during a procedure 57%, 3 2.0%,1
Painful movements 1.9%, 1 2.0%,1
Other procedure, e.g. diagnostic imaging 9.4 %, 5 14 %, 7

Abbreviations: IQR; Interquartile range, BMI; Body Mass Index, ASA; The American Society of
Anaesthesiologists (ASA) physical status classification system score, ED; Emergency department.

*Signifies p<0.05

Effectiveness of sedation and procedural success

Effective sedation occurred within a median of 1 min
(IQR 1;2 min) in both groups, and the patient was awake
and safe to leave unsupervised after a short period of
time (Table 4; Fig. 3). Across both groups, 94% of proce-
dures were successful (97/103), and 53% of patients that
would previously have been transferred to the operating
room for general anaesthesia, were instead successfully
treated in the ED under sedation with RM.

Discussion
During procedural sedation with RM administered by
emergency medicine physicians or nurse anaesthetists,
two out of 103 patients experienced severe respiratory
adverse effects that could be effectively treated in the
emergency department. Patients were safe to leave unsu-
pervised after a median of 15 min in both groups, and
procedural success was high in both groups.

In this pragmatic clinical study, the incidence of any
adverse events is reported. Many patients received opi-
oids during the procedural sedation with RM (26% in

group 1/emergency medicine physicians and 18% in
group 2/nurse anaesthetists).

Only two patients developed severe respiratory adverse
effects, and in both patients, symptoms could be resolved
in the emergency department by simple airway manoeu-
vres, bag-valve-mask ventilation for a short period of
time and/or administration of an antidote. These proce-
dures are all well known by the staff in E.Ds. The propor-
tion of patients requiring a manual airway manoeuvre is
lower than in a recent prospective observational study of
adult patients receiving RM in an ED in the Netherlands
[15].

Amnesia was reported in most patients which is desired
for patients undergoing painful procedures. While most
patients showed objective signs of pain during the pro-
cedure, this had minimal impact on their overall satisfac-
tion, as nearly all patients had amnesia for the procedure.
These findings are consistent with those of Yao et al., who
also reported a high patient satisfaction after sedation
with RM during colonoscopy [16].
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Table 2 Adverse effects and required dosages of Remimazolam for procedural sedation in the ED by provider group, N= 103

Physicians without
anaesthesiological
specialisation
(group 1, n=53)

Registered nurse
anaesthetists
(group 2, n =50)

Without any respiratory adverse effects during
sedation:
%, n
Respiratory adverse effects: %, n
Severe': Solved with a combination of actions
Mild/moderate: Solved by one of the following:
Talking to or gently shaking the patient’s shoulder
Starting the painful procedure
Oxygen max 10 L/min (nasal/oral)
Jaw thrust or nasopharyngeal airway
‘Patient A: Solved by an NPA and Naloxone.

‘Patient B: Solved by an NPA and bag-valve-mask ventilation for a few minutes.

63 %, 33 98 %, 49 "
37 %, 20 20%,1 ::
2.9%, 2 0.0%,0
34 %, 18 2.0%, 1
7.6%, 4 0.0%,0
19%, 1 0.0%,0
57%, 3 0.0%, 0
19 %, 10 20%,1

Dosages of Remimazolam
Total dosage, mg, median (IQR) 10(7.5;17.5) 10 (7.5:12.5)
Total dosage: %, n
1-5mg 7.8%, 8 11%, 11
7.5-10mg 21%, 22 25%, 26
125-20mg 24.5%, 13 20.0%, 10
225-30mg 71.5%, 4 40%, 2
325-40mg 9.4%,5 20%, 1
>40 mg 1.9%, 1 0.0%,0
Opioids administered up to 60 minutes before sedation with Remimazolam
No opioids: %, n 38 %, 20/52 52 %, 22/42
Any opioid: %, n 62 %, 32/52 48 %, 20/42
Morphine, mg, median (IQR) 5.0 (5.0;7.5) 5.0 (5.0;10)
Fentanyl, ug, median (IQR) 200 (100;260) 100 (100;300)
Other opioid (sufentanil, tramadol, etc.), % 14 % 58%
Opioids administered concurrently with Remimazolam
No opioids, %, n 26 %, 14 18%, 9
Any opioid, %, n 74 %, 39 82 %, 41
Alfentanil, % of opioid receivers, n 72 %, 38 82 %, 41
Median dose (IQR), mg 2.5(2;3) 2.0(2;3),41
Fentanyl, % of opioid receivers, n 7.6%, 4 10%, 5
Median dose (IQR), ug 100 (50;150) 150 (100;390)

Abbreviations: IQR; interquartile range, mg; milligram, NPA; nasopharyngeal airway, jg; microgram

*Signifies p<0.05

There were positive experiences with all attempted pro-
cedures. Several of the colleagues, who performed the
painful procedures on the patients, expressed ability to
more easily perform the procedures. They attributed this
to their experience of improved sedation, better patient
relaxation, and reduced time consumption due to easier
adjustment of sedation and anesthetic depth. However,
data has not been collected regarding this. Providers

expressed confidence in the safety of administering RM

[16, 17].

Time from first dosage until 87% of emergency medicine

physicians without anaesthesiologic specialisation and 88%
of registered nurse anaesthetists could safely leave patients
unsupervised was less than 20 min. Our findings on the
rapid onset and recovery times are consistent with an
existing study on the sedative effect of RM [17]. The rapid
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Table 3 Patient and provider experiences by provider group, N= 103

Physicians Registered
without nurse
specialisation in anaesthetists
anaesthesiology  (group 2,n=

(group1,n=53) 50)

Patient experience

Overall amnesia during the procedure, %, n 93 9%, 49/53 90 %, 44/49
Patients having amnesia of joint reduction 96 %, 21/22 74%, 14/19 g
Patients having amnesia of fracture manipulation 91 %, 20/22 100%, 7/7

Overall sedation satisfaction if not amnesic, %, n
Patients reported being pain free 50 %, 2/4 100 %, 3/3
Patients reported satisfaction with the sedation 100 %, 4/4 100 %, 5/5

Provider experience, %, n

“Sedation was a success” defined as: 100%, 53/53 100 % 49/49

1) Patient had retrograde amnesia, or 2) an overall subjective feeling that “it was a good

experience for all involved, patient as well as provider”

“If felt safe to administer Remimazolam”

The patient showed signs of pain during the
procedure?

“Would choose Remimazolam at next sedation”

100%, 53/53 100 % 49/49
83 %, 44/53 76 %, 38/50
100 %, 53/53 100 %, 50/50

Abbreviations: IQR; interquartile range, min; minutes. *Signifies p<0.05

recovery time and no active metabolites makes RM useful in
the ED, as patients can be discharged earlier than after gen-
eral anaesthesia.

Sancheti et al. states the following essential proper-
ties for sedatives: rapid onset, short half-life and phar-
macologic reversibility, minimal impact on cardiac
and respiratory function and lack of accumulation with
sustained use as well as reliance on a particular organ
metabolism [18]. The abovementioned properties were
consistent with our findings concerning the safety and
effectiveness of RM. The ED treats a diverse patient
population with various comorbidities, enhancing the

generalisability of our findings to other settings. How-
ever, in our opinion, it is essential that the setting has an
on-call anaesthesiologist.

Strengths and limitations

The study was conducted in a non-randomised clini-
cal setting with consecutive patient inclusion, where the
assignment to nurse or physician was based on provider
availability during shifts. No formal power analysis was
conducted, as this was an observational study based on
the availability of patients receiving Remimazolam in
our ED during the study period. All patients undergoing
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procedural sedation with RM during the study period were
included, which minimised selection bias during the inclu-
sion process. Providers were attending clinical duty dur-
ing the inclusion and sedation of the patients. While this
design offers certain advantages, it has notable limitations,
particularly the lack of comparison to “standard care” sce-
narios, such as sedation in the emergency department using
Alfentanil + Midazolam or nerve blocks and admission to
an orthopaedic department while awaiting operating room
availability Another limitation is that, due to the real-world
nature of this study, a strictly matched-cohort analysis was
not feasible.

A notable limitation is that patient satisfaction was
assessed by the administering provider, potentially intro-
ducing treatment provider bias and a response bias.
Additionally, the outcome “provider experience” is sus-
ceptible to outcome-assessor bias, as the same individual
who performed the procedural sedation also evaluated
their own experience.

Conclusions

Severe respiratory adverse effects were rare in both groups.
The vast majority of patients receiving Remimazolam expe-
rienced amnesia and adequate pain relief during the proce-
dure. Most patients could be safely left unsupervised within
20 min post-procedure. Half of the procedures performed in
the ED using Remimazolam would otherwise have required
general anaesthesia in an operating room setting.

Physicians Registered
without nurse
specialisation in anaesthetists
anaesthesiology  (group 2, n =50)

(group 1, n = 53)

Time intervals

From first dosage to “ready for procedure”, median 2.0 (1.5;2.0) 1.5 (1.0;2.0)
(IQR)
From first dosage to “the patient could safely be left  26%, 14 42%, 21
unsupervised” <10 minutes, %, n
From “first dosage” to “the patient could safely be 87%, 46 88%, 44
left
unsupervised” <20 minutes, %, n
Patient asleep before the procedure started 98 %, 52 94 %, 47
Overall success with the planned procedure, %, n 92 %, 22/52 100 %, 49/49
Joint reductions: % successful 86 %, 19/22 100 %, 19/19
Fracture manipulations: % successful 96 %, 21/22 100 %, 7/7
Other procedures: % successful 100%, 8/8 100%, 23/23
Procedures that would have otherwise required transfer to an OR
Procedures that were performed with RM in the ED 59 %, 31 48 %, 24

instead: % of patients, n
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These findings demonstrate that Remimazolam is a safe
and effective alternative for procedural sedation in the ED,
administered by emergency medicine physicians or regis-
tered nurse anaesthetists. Remimazolam’s rapid onset, short
recovery time, and predictable pharmacokinetics make it
particularly advantageous in the fast-paced ED environ-
ment, where minimizing patient wait times and procedural
delays is crucial. The ability of non-anaesthesiological emer-
gency medicine physicians and registered nurse anaes-
thetists to safely administer RM further underscores its
feasibility for broader clinical implementation.
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BMI Body mass index

ED Emergency department

ICU Intensive care unit
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