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ABSTRACT

Background

Electrical cardioversion is an effective procedure for restoring normal sinus rhythm in the hearts of patients with irregular heart rhythms.
It is important that the patient is not fully conscious during the procedure, as it can be painful and distressing. The drug used to make
patients unaware of the procedure should rapidly achieve the desired level of sedation, should wear off quickly and should not cause
cardiovascular or respiratory side effects.

Objectives

We aimed to compare the safety, effectiveness and adverse events associated with various anaesthetic or sedative agents used in direct
current cardioversion for cardiac arrhythmia in both elective and emergency settings.

We sought answers to the following specific questions.

« Which drugs deliver the best outcomes for patients undergoing electrical cardioversion?
+ Does using a particular agent confer advantages or disadvantages?

« Is additional analgesic necessary to prevent pain?

Search methods

We searched the Cochrane Central Register of Controlled Trials (CENTRAL), MEDLINE, EMBASE and the Cumulative Index to Nursing and
Allied Health Literature (CINAHL) on 27 March 2014. Our search terms were relevant to the review question and were not limited by
outcomes. We also carried out searches of clinical trials registers and forward and backward citation tracking.

Selection criteria

We considered all randomized controlled trials and quasi-randomized and cluster-randomized studies with adult participants undergoing
electrical cardioversion procedures in the elective or emergency setting.

Data collection and analysis

Two review authors independently assessed trial quality and extracted data, consulting with a third review author for disagreements. We
used standard Cochrane methodological procedures, including assessment of risk of bias for all studies.
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Main results

We included 23 studies with 1250 participants that compared one drug with one or more other drugs. Of these comparisons, 19 studies
compared propofol with another drug. Seven of these compared propofol with etomidate (four of which combined the drugs with
remifentanil or fentanyl), five midazolam, six thiopentone and two sevoflurane. Three studies compared etomidate with thiopentone,
and three etomidate with midazolam. Two studies compared thiopentone with midazolam, one thiopentone with diazepam and one
midazolam with diazepam. Drug doses and the time over which the drugs were given varied between studies. Although all studies were
described as randomized, limited information was provided about the methods used for selection and group allocation. A high level of
performance bias was observed across studies, as study authors had not attempted to blind the anaesthetist to group allocation. Similarly,
study authors had rarely provided sufficient information on whether outcome assessors had been blinded.

Included studies presented outcome data for hypotension, apnoea, participant recall, success of cardioversion, minor adverse events of
nausea and vomiting, pain atinjection site and myoclonus, additional analgesia and participant satisfaction. We did not pool the data from
different studies in view of the multiple drug comparisons, differences in definitions and reporting of outcomes, variability of endpoints
and high or unclear risk of bias across studies.

Authors' conclusions

Few studies reported statistically significant results for our relevant outcomes, and most study authors concluded that both, or all, agents
compared inindividual studies were adequate for cardioversion procedures. Itis our opinion that at present, there is no evidence to suggest
that current anaesthetic practice for cardioversion should change.

PLAIN LANGUAGE SUMMARY

Anaesthetic drugs for cardioversion
Background

Electrical cardioversion is a procedure by which pads on the chest aim to return the heart to a normal rhythm following disturbances. This
procedure is painful and can be distressing for the patient; therefore drugs are used to make patients unaware of the procedure. We aimed
to compare the safety and effectiveness of the drugs used in electrical cardioversion.

Study characteristics

Evidence is current to 27 March 2014. We found 23 relevant randomized controlled trials with 1250 participants undergoing cardioversion
procedures. These studies compared one anaesthetic drug against one or more other drugs, including propofol, etomidate, thiopentone,
sevoflurane, midazolam and diazepam.

Key results

Study authors considered clinical outcomes such as decreased blood pressure, interrupted breathing and whether cardioversion was
successful, as well as patient relevant outcomes such as recall, nausea and vomiting, pain on injection and satisfaction with the procedures.
In addition to a variety of drug comparisons between studies, differences in study methods were described, with drugs given in different
doses and over different lengths of time. These differences meant that it was inappropriate to combine the results of these studies.

Quality of the evidence

We believe that the quality of these studies was not sufficiently high, and that it would be misleading to combine the findings of all studies
within this review. Study authors had not taken enough steps to reduce the risk of differences in methods within the studies, for example,
by masking doctors and assessors regarding which drug was given to each patient.

Conclusions

Most authors of individual studies concluded that all agents studied were adequate for making patients unaware during cardioversion. It
is our opinion that at present, there is no evidence to suggest that drugs used by anaesthetists to make patients unaware of cardioversion
should change.

Anaesthetic and sedative agents used for electrical cardioversion (Review) 2
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BACKGROUND

Description of the condition

In electrical cardioversion, electrical current is delivered to patients
and is synchronized with their existing, irregular heartbeat with the
aim of converting tachycardia (irregular heart rhythm) to regular
sinus rhythm. This is an effective procedure, particularly when
the patient's cardiovascular condition is unstable (Blomstrom
2003; Resuscitation Council 2010). Cardioversion is usually
performed externally with the use of pads on the chest (external
cardioversion), but it can be done via intravenous electrode
to the heart (internal cardioversion) or via balloon electrode
through the oesophagus (trans-oesophageal). It may be performed
as an elective day-case procedure or as an urgent procedure
in the emergency department. Patients undergoing elective
cardioversion are usually optimally prepared for the procedure,
haemodynamically stable and starved, and the procedure takes
place in a hospital department with appropriate staffing and
equipment. Patients undergoing emergency cardioversion may be
haemodynamically unstable and may have eaten recently, and
cardioversion may take place in settings where staff members
may be less familiar with the side effects of anaesthesia and its
associated drugs and equipment, such as coronary care units and
emergency departments.

Electrical or direct current (DC) cardioversion is one of the
most widely used and successful methods of treating cardiac
arrhythmias such as atrial fibrillation (AF). In the UK, Hospital
Episode Statistics for England (2011 to 2012) reveal 21,127
admissions for DC cardioversion, of which 16,380 were day-
case admissions (Hospital Episode Statistics 2011 to 2012).
The success of the procedure depends on both patient-related
and technique-related factors. Patient-related factors that affect
success include length of time in arrhythmia, antiarrhythmic drugs
taken, dimensions of the atrium, degree of obesity and presence
of pulmonary disorders. Technique-related factors include skin
preparation, pressure on the paddles used, electrode placement,
bi-phasic or mono-phasic defibrillation and initial and total energy
levels (Reiffel 2009).

Description of the intervention

It is important that the patient is made unaware of cardioversion,
as the procedure is painful and can be very distressing (Kowey
1988). The drug used should rapidly achieve the desired level of
impairment of consciousness, should wear off quickly and should
not cause cardiovascular, respiratory or other side effects. Few
people recall the procedure as sedation deepens; however, this
advantage should be balanced against increased risk of airway
problems or respiratory and cardiovascular instability.

The title of this review reflects common conceptions of the drugs
used to obtund consciousness. These drugs are usually thought of
in three groups.

o Drugs classified as intravenous anaesthetic agents (e.g.
etomidate, propofol, thiopentone, methohexital).

« Drugs classified as inhaled anaesthetic agents (e,g, isoflurane,
sevoflurane).

« Drugs classified as sedative agents (e.g. midazolam, diazepam)
and given via any route (i.e. intramuscular, subcutaneous,
intravenous, rectal).

However, it is important to note that this distinction is artificial,
as all listed drugs provide sedation at low doses and anaesthesia
at higher doses, as these two states exist along a continuum of
consciousness. A recent UK guideline on the provision of safe
sedation (AoMRC 2013), issued after national incident reporting
systems had revealed cases of oversedation (Smith 2009a), offered
the following definitions.

« Anaesthesia: state of unconsciousness with no arousal by
painful stimuli, usually requiring airway management and
ventilatory support.

« Moderate sedation: state in which the individual is able to
make a purposeful response to verbal commands alone or
accompanied by light tactile stimulation.

» Deep sedation: state in which the individual cannot easily
be aroused but responds purposefully to repeated or painful
stimulation. This may be accompanied by clinically significant
ventilatory depression. The individual may require assistance
maintaining a patent airway, as well as positive-pressure
ventilation (AoMRC 2013).

The state of 'anaesthesia’ is easier to define than lesser degrees
of impairment of consciousness; definitions vary. The speed of
onset of action and the side effects of all agents vary with dose
and method of administration, for example, bolus or infusion.
Anaesthetic or sedative agents that do not have cardiovascular
side effects are preferable for cardioversion, as many patients have
underlying cardiovascular disease.

Analgesic agents such as opioids may be used in conjunction
with anaesthetic agents. Premedication is seldom given, although
atropine is sometimes used before the procedure to reduce the
risk of vagus nerve-induced bradyarrhythmia (slow abnormal heart
rhythm).

Why it is important to do this review

The practice of cardioversion varies between clinicians and
countries and involves use of an anaesthetic agent (such as
propofol, etomidate, thiopentone or methohexital) or a sedative
agent (such as midazolam or diazepam) with or without additional
analgesia. A survey of UK hospitals in 2003 confirmed that many
different agents were used for cardioversion; 90% of hospitals used
propofol, 9% etomidate and 43% an additional short-acting opiate
as part of the anaesthetic (James 2003). Factors that influence the
choice of drug include speed of action and recovery time, patient
recall or awareness of pain, adverse effects caused by the drug and
the influence of the drug on the success of the procedure. Currently
no systematic review has compared different agents across these
outcomes.

Numerous studies have compared different drugs designed to
temporarily impair consciousness for cardioversion in emergency
and elective settings. Most studies compared propofol against one
or more other agents. For example, Coll-Vinent 2003, Herregods
2003, Hullander 1993 and Siedy 2010 compared propofol versus
etomidate and other agents, with the general conclusion that
whilst similarly effective, propofol is superior in terms of reduced
side effects, such as myoclonus, nausea and vomiting, prolonged
sedation and time to recovery. Gale 1993, Gupta 1990 and Parlak
2006 compared propofol versus midazolam and other agents,
and although Gale 1993 and Parlak 2006 again agreed that the
superiority of propofol is due to more rapid anaesthetic onset and
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reduced recovery time, Gupta 1990 concluded that thiopentone
was preferable to both propofol and midazolam, reporting a
significantly greater decrease in mean blood pressure, as well as
low blood oxygen saturation (< 95%), which was more common
among participants in the propofol group. Participant-reported
outcomes for propofol over thiopentone were favoured, however,
in a study by Valtonen 1988, with propofol described as making the
anaesthetic experience "more pleasant".

We are aware of only one systematic review that looked specifically
at the choice of agent for cardioversion (Wood 2006); this brief
(non-Cochrane) report concluded that propofol, methohexital,
thiopentone and etomidate were all good choices for sedation for
cardioversion, but midazolam and diazepam had longer recovery
periods and so should be considered as second-line agents. No
meta-analysis was included in this review, and different outcomes
were not considered separately. Other reviews compared different
agents used within the emergency department for procedures in
addition to cardioversion; whilst Symington 2006 again showed
benefit for the use of propofol, Hohl 2008 reported no differences
whether midazolam or propofol was used.

Two published Cochrane protocols are of relevance; both Mordo
2011 and Wakai 2008 are concerned with sedation for a range of
procedures including cardioversion - one using midazolam and the
other propofol - restricted to emergency department procedures.
Two further Cochrane protocols are relevant: "Capnography
versus standard monitoring for emergency department procedural
sedation and analgesia" (Wall 2013) and "Atropine therapy versus
no atropine therapy for the prevention of adverse events in
paediatric patients undergoing intubation" (Wilmott 2014).

The most recent guidelines for the management of atrial fibrillation
and ventricular arrhythmias (Camm 2012; Fuster 2001; Fuster 2006;
Link 2010; NICE CG36 2006; Zipes 2006) recommend the use of a
rapid-acting anaesthetic agent for direct current cardioversion -
especially in the emergency treatment setting, where delivering the
shock as quickly as possible is important - but do not state which
exact agent should be used. Currently, no guidelines indicate which
particular anaesthetic agent should be used for cardioversion.

A summary and systematic review of the existing literature will
enable clinicians to become better informed about the advantages
and disadvantages of different agents, so they can choose the best
option for their patients.

OBJECTIVES

We aimed to compare the safety, effectiveness and adverse events
associated with various anaesthetic or sedative agents used in
direct current cardioversion for cardiac arrhythmia in both elective
and emergency settings.

We sought answers to the following specific questions.

« Which drugs deliver the best outcomes for patients undergoing
electrical cardioversion?

« Does wusing a particular
disadvantages?

agent confer advantages or

« Isadditional analgesia necessary to prevent pain?

METHODS

Criteria for considering studies for this review
Types of studies

We considered all randomized controlled trials (RCTs) including
quasi-randomized studies and cluster-randomized studies.

Types of participants

We included studies that were performed in participants aged
16 years or older who were undergoing elective or emergency
electrical cardioversion with the use of sedation or anaesthesia
with or without supplemental analgesia.

We excluded trials of cardioversion that took place during other
procedures or operations (e.g. during cardiac surgery, during
cardiopulmonary resuscitation).

We included trials that examined a mixed participant population,
such as some participants younger than 16 years or some
participants undergoing additional procedures, only if the results
pertaining to our population were reported separately.

Types of interventions

We included all studies that administered the following drugs to
people undergoing electrical cardioversion.

« Drugs classified as intravenous anaesthetic agents (e.g.
etomidate, propofol, thiopentone, methohexital).

« Drugs classified as inhaled anaesthetic agents (e.g. isoflurane,
sevoflurane).

« Drugs classified as sedative agents (e.g. midazolam, diazepam)
administered via any route (i.e. intramuscular, subcutaneous,
intravenous, rectal).

We included studies that compared different drugs between or
within the above groups, or different doses of the same agent.

We examined each drug-drug comparison individually, so that only
studies that compared the same agents, for example, propofol
versus midazolam, would be considered for pooling.

Types of outcome measures

We reconsidered and changed our outcomes from the original
protocol; further details are provided in Differences between
protocol and review.

Primary outcomes

« Major adverse events including the following.

o Hypotension (defined as during the procedure; definitions
such as>20% decrease in systolic blood pressure,>20 mmHg
fall in systolic blood pressure to < 100 mmHg or the need for
fluid intervention).

o Unintended apneic episode (definitions such as no
spontaneous respiration for > 20 seconds or the need for
manual ventilation).

« Patient awareness or recall of pain during the procedure.

Anaesthetic and sedative agents used for electrical cardioversion (Review)
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Secondary outcomes

« Minoradverse effectsincluding general and drug-specific effects
and time profile of the drug used.
o Nausea and vomiting.

o Pain at the injection site.
o Myoclonus for studied agents including etomidate.
« All-cause mortality within 30 days of the procedure.

o Success of cardioversion: return to sinus rhythm, number of
shocks required, energy required, length of time the participant
remains in sinus rhythm.

« Need for additional analgesia to prevent pain.

« Patient satisfaction with the procedure. We did not wish to
restrict potential available data by prespecifying the exact
definitions used.

Search methods for identification of studies
Electronic searches

We searched the Cochrane Central Register of Controlled Trials
(CENTRAL, 2014 Issue 3;see Appendix 1 for search strategy),
MEDLINE via Ovid (1946 to March 2014; see Appendix 2), EMBASE
via Ovid (1974 to March 2014; see Appendix 3) and the Cumulative
Index to Nursing and Allied Health Literature (CINAHL) via EBSCO
(see Appendix 4). We applied the highly sensitive Cochrane
filter for RCTs in MEDLINE and EMBASE searches. We also
searched trial registers such as www.clinicaltrials.gov and the
Current Controlled Clinical Trials website (http://www.controlled-
trials.com/) for ongoing trials.

We limited the start date of searches based on the introduction date
of DC electrical cardioversion in 1962. We did not restrict searches
by language or location.

Searching other resources

We undertook forward and backward citation tracing for key review
articles and eligible articles identified from electronic resources.

Data collection and analysis
Selection of studies

We merged the results of our searches using Endnote (Endnote),
and Sharon R Lewis (SRL) removed by hand any duplicates not
removed during the initial process.

Two review authors - SRL and Amanda Nicholson (AN) -
independently sifted the initial search results and used a study
eligibility form (see Appendix 5) to screen selected full-text articles
for potentialinclusion. We referred disagreements that could not be
resolved to Andrew F Smith (AFS) or Phil Alderson (PA). We recorded
the numbers of papers retrieved and exclusions at each stage, along
with reasons, in a PRISMA flowchart. We summarized the details
of papers that were well known or were apparently eligible in the
Characteristics of excluded studies table.

Data extraction and management

Two review authors - SRL and Johnny Kenth (JK) - used data
extraction forms (see Appendix 6) to independently extract data
from the included studies. We reviewed this form after data from
the first three papers had been entered and modified it as required.
If relevant information or data were not available in the paper, we

contacted the lead study author to request the additional details.
Again, we referred any disagreements that we could not resolve by
discussion to AFS or PA for resolution.

Assessment of risk of bias in included studies

We used the Cochrane 'Risk of bias' tool to assess the quality of
study design and the extent of potential bias (Higgins 2011). We
considered the following domains.

« Sequence generation.

« Allocation concealment.

« Blinding of participants, personnel and outcomes assessors.
« Incomplete outcome data.

+ Selective outcome reporting.

« Other sources of bias.

We anticipated that It would be difficult for anaesthetists to be
blinded completely to the agent, as they need to know in case
of specific agent complications, but we noted whether attempts
were made to blind other study personnel for outcomes such as
complications.

We paid particular attention to sources of funding and the role of
pharmaceutical companies and documented these details in the
Characteristics of included studies.

We completed a 'Risk of bias' table for each included study.

Measures of treatment effect

Outcomes in this review included dichotomous outcomes
(mortality, complications) and continuous outcomes (number of
shocks, energy required). We did not enter data into RevMan 5.2
as specified in our protocol. See Differences between protocol and
review.

Unit of analysis issues

We included studies that reported more than one comparison,
for example, a group allocated to propofol compared with both
a midazolam group and a sevoflurane group. As we did not
combine our results, it was not necessary to perform single pair-
wise comparisons.

For cluster trials included in the review, we would have extracted
data directly from the publication only if the analysis used
accounted for the cluster design by incorporating a method such
as multi-level modelling or generalized estimating equations. If
these adjustments were not made within the report, we would have
undertaken approximate analyses by recalculating standard errors
or sample sizes based on the design effect.

Dealing with missing data

We contacted study authors to request missing outcome data.

Assessment of heterogeneity

We expected that the findings for any given outcome may differ
between studies included in the review. This heterogeneity may be
due to:

« expertise of the clinician;
« thedrugused;

Anaesthetic and sedative agents used for electrical cardioversion (Review)
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« use of a combination of drugs versus a single drug;

« anticipated difficulty with cardioversion (e.g. pre-existing
cardiac or other medical problems in participant, unstable
cardiovascular status before cardioversion);

« type of cardioversion - emergency or elective; or
« mode of cardioversion - external, internal or trans-oesophageal.

Had we carried out meta-analyses, Chi2 P value < 0.1 or 12 >
50% would have been considered as important heterogeneity,
which may reflect differences in study populations, interventions
or design. This heterogeneity would have informed our choice of
analytical model (random-effects or fixed-effect).

Assessment of reporting biases

Had we pooled data, we would have examined funnel plots to
assess the potential for publication bias. We would have used
visual assessment to detect asymmetry. Heterogeneity between
studies may lead to asymmetry, and we would have considered this
possibility when reviewing results.

In addition to studies with no published results, reporting bias may
be present within a study that provides data on some outcomes
collected but not reported. If a report or the study protocol
suggested that outcomes had not been reported, we would have
contacted the study author to request outcome data.

RESULTS

Description of studies

We provided summary details for each study in the Characteristics
of included studies table.

Results of the search

We identified a total of 992 studies through electronic searches, 118
studies through forward citation searches and a further 39 through
backward citation searches. We also identified studies from clinical
trial databases. Having removed duplicates, we considered a total
of 833 uniquetitles and abstracts and then assessed a further 95 full
texts, when available, for eligibility. We performed data extraction
andrisk of bias assessment on 23 studies. See Figure 1 for the search
flow diagram.
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Figure 1. Study flow diagram.
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Included studies

A total of 23 studies with 1250 participants aged over 16 years
met our inclusion criteria. We included one study (Coll-Vinent
2003) that specified recruitment of adult participants but had an
age range for one its comparison groups of 15 to 71 years. All

duplicates

participants were scheduled for cardioversion for arrhythmias such
as atrialfibrillation, atrial flutter or supraventricular tachycardia. All
procedures were elective, with the exception of Coll-Vinent 2003,
which dealt only with emergency procedures, and Parlak 2006 and
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Sternlo 1991, which included participants for both emergency and
elective procedures.

The target level of consciousness varied between studies. Two
studies defined the target as a score of two on the OAA/S scale
(observer's assessment of alertness/sedation; level 2: "Responds
only after mild prodding or shaking") (Akcaboy 2007; Altinoren
2005); two studies referred to the Ramsay Sedation Scale, with one
setting a target level of four ("Patient exhibits brisk response to light
glabellar tap or loud auditory stimulus") (Broch Porcar 1999) and
one of five ("Patient exhibits a sluggish response to light glabellar
tap or loud auditory stimulus") (Parlak 2006). Six studies relied on
loss of eyelash reflex (sometimes described as 'lid reflex') (Canessa
1991; Gupta 1990; Jan 1995; Karthikeyan 2002; Kick 1996; one of
these equated this sign with 'clinical anaesthesia' (Sternlo 1991)).
Conversely, 'general anaesthesia' was declared as 'degradation
of the lid reflex' plus the inability to follow commands by one
(Siedy 2010) of three studies (Gale 1993; Kalogridaki 2011), which
defined their endpoint by these two signs. Loss of responsiveness
to verbal commands or questions was an endpoint in many
studies (Ford 1991; Hullander 1993; Mitchell 2003; Munoz 2002;
Orko 1976a; Sharafudeen 2010; Valtonen 1988); however, 'loss
of consciousness' (Herregods 2003) and 'deep sedation' (Coll-
Vinent 2003) were also used, without further definition. One study
(Dellinger 1988) did not specify an endpoint.

Propofol was the intervention or comparison drug in 19 included
studies (Akcaboy 2007; Altinoren 2005; Broch Porcar 1999; Canessa
1991; Coll-Vinent 2003; Gale 1993; Gupta 1990; Herregods 2003;
Hullander 1993; Jan 1995; Kalogridaki 2011; Karthikeyan 2002; Kick
1996; Munoz 2002; Parlak 2006; Sharafudeen 2010; Siedy 2010;
Sternlo 1991; Valtonen 1988). In four of these studies, propofol was
given with remifentanil (Akcaboy 2007; Altinoren 2005) or fentanyl
(Kalogridaki 2011; Parlak 2006). In Canessa 1991, participants were
given fentanyl three minutes before they were given propofol.

Etomidate was compared with propofol in seven studies (Broch
Porcar 1999; Canessa 1991; Coll-Vinent 2003; Herregods 2003; Kick
1996; Munoz 2002; Hullander 1993). In four studies, etomidate was
given with remifentanil (Akcaboy 2007; Altinoren 2005) or fentanyl
(Kalogridaki 2011; Siedy 2010) and was compared with propofol.

Midazolam was compared with propofolin six studies (Broch Porcar
1999; Canessa 1991, Coll-Vinent 2003; Gale 1993; Gupta 1990; Parlak
2006).

Thiopentone/thiopental was compared with propofol in six studies
(Canessa 1991; Dellinger 1988; Gupta 1990; Jan 1995; Sternlo
1991;Valtonen 1988).

Sevoflurane was compared with propofol in two studies
(Karthikeyan 2002; Sharafudeen 2010).

Other drug comparisons included etomidate versus thiopentone
(three studies: Dellinger 1988; Ford 1991; Canessa 1991), etomidate
versus midazolam (three studies: Broch Porcar 1999; Canessa 1991;
Coll-Vinent 2003), thiopentone versus midazolam (two studies:
Gupta 1990;Canessa 1991), thiopentone versus diazepam (Orko
1976a) and midazolam versus diazepam (Mitchell 2003).

Dose and timing of administration of each drug varied between
studies. This detail is provided in Characteristics of included
studies.

Excluded studies

We excluded studies that used an incorrect design or population
group. We had identified several potential studies from backward
citation that were conducted in the 1960s; many of these were
not RCTs or did not include a drug comparison. We identified two
studies that were relevant but compared a drug that was no longer
in use for cardioversion (Orko 1976b; Tiongson 1978). Another study
aimed specifically to look at cardioversion procedures following
coronary artery bypass graft and was therefore excluded (Yildirim
2007). Also see Characteristics of excluded studies.

Studies awaiting classification

One study (Sawas 2013) was identified as possibly relevant for
inclusion - an RCT comparing propofol with ketofol (a combination
of propofol with ketamine) for emergency department procedures.
Of these, seven were cardioversions; however, the data were
derived from an abstract only, and the results for cardioversion
procedures were not reported separately. We were unable to
contact the study authors. See Characteristics of studies awaiting
classification.

Ongoing studies

We identified one ongoing study from our clinical trials register
search. This RCT compares propofol with ketofol for emergency
department procedures to include cardioversion (NCT01211158).
Also see Characteristics of ongoing studies.

Risk of bias in included studies

A summary of the 'Risk of bias' results can be found in Figure 2 and
Figure 3. Details are provided in Characteristics of included studies.
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Figure 3. Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages
across all included studies.

Random sequence generation (selection hias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance hias) Major adverse events

Blinding of participants and personnel (performance hias) Mortality

Blinding of paricipants and personnel (performance bias) Patient reported outcomes (recallfsatisfaction)
Elinding of participants and personnel (performance hias) Success of cardioversion
Blinding of participants and personnel (performance hias) Minor adverse events

Blinding of paricipants and personnel (performance bias) Time to induction etc/need for resedation.

Blinding of outcome assessment (detection bias) Major adverse event

Blinding of outcome assessment (detection bias) Mortality

Blinding of outcome assessment (detection bias) Patient reported outcomes (recallfsatisfaction)

Blinding of outcome assessment (detection bias) Success of cardioversion

Blinding of outcome assessment (detection bias) Minor adverse events

Blinding of outcome assessment (detection bias) Time to induction etc/need for resedation

Incomplete outcome data (attrition hias)

Selective reporting (reporting hias)

Other bias

| .Low risk of bias DUncIearriskofbias .Highriskm’bias ‘

For Sharafudeen 2010, we had only information taken from an  Allocation
abstract; therefore much of the information required to make
judgements about risk of bias was not available. We recorded
domains as unclear in the 'Risk of bias' table.

Only two of the 23 studies were not described as randomized
by the study authors. These were quasi-randomized studies in
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which study drugs were allocated according to the last digit of
the participant record (Canessa 1991) or alternatively for each
cardioversion procedure (Sternlo 1991). We judged both of these
methods of allocation as having high risk of selection bias. Most
studies did not provide sufficient detail on the randomization
methods for us to be able to judge the risk of selection bias
appropriately and are therefore recorded in the 'Risk of bias' tables
as unclear (see Characteristics of included studies). Four studies
included an adequate method of allocation using random number
tables or computer software (Coll-Vinent 2003; Dellinger 1988;
Karthikeyan 2002; Parlak 2006).

No studies provided sufficient detail on how allocation was
concealed; therefore we were unable to make a judgement and
recorded allocation concealment in the 'Risk of bias' tables as
unclear.

Blinding

Blinding was a particular issue for this review. Although some
studies had stated specifically that personnel had not been blinded,
we assumed that blinding had not taken place in the remaining
studies and therefore judged performance bias for those outcomes
that could be affected by the behaviour of the anaesthetist to be
at high risk of bias. For the outcome 'success of cardioversion',
we assumed that the clinician responsible for this procedure had
the potential to introduce performance bias. Unless it was clearly
stated in the paper that the clinician had not been blinded, we did
not make a judgement on this and reported risk of bias as unclear.

Six papers provided greater detail on blinding of outcome
assessors; we were able to judge these studies as having low risk of
detection bias for those outcomes when specified (Akcaboy 2007;
Dellinger 1988; Ford 1991; Kick 1996; Mitchell 2003; Parlak 2006).
Unless it was stated in the paper that personnel or participants had
not been blinded, we did not make a judgement on detection bias
for particular outcomes and reported risk of bias as unclear.

Incomplete outcome data

Little attrition bias was apparent in the studies. We judged Gupta
1990 as having high risk of attrition bias specifically for the patient-
reported outcomes for which outcome assessors had been unable
to contact 50% of participants in the midazolam group. We judged
Mitchell 2003 as having high risk of attrition bias specifically for the
'time to awakening' outcome, for which 15 participants had been
excluded from data analysis. We judged Sternlo 1991 as having high
risk of bias for excluding participants from data analysis who had
been given cardioversion as an emergency procedure.

Selective reporting

Although outcomes from the methods section appeared to be
reported for all studies, we did not search specifically for any
prepublished protocols for the included studies; therefore we were
unable to make a judgement on this. We recorded risk of reporting
bias as unclear.

Other potential sources of bias

We considered baseline imbalances of participants within studies
as having potential bias; therefore we judged these studies
as having high risk of bias. Differences in Broch Porcar 1999,
Dellinger 1988 and Gale 1993 were apparent, and information
was insufficient to permit a judgement of whether bias had been

introduced for Ford 1991, Herregods 2003, Mitchell 2003 and
Sharafudeen 2010.

Only one study declared support from external funding (Dellinger
1988); it is unclear whether this funding introduced bias.

We considered the number of anaesthetists providing anaesthesia/
sedation to participants relevant to bias assessment - the greater
the number of anaesthetists involved in the study, the greater
was the degree of bias. Most studies failed to report how many
anaesthetists were involved in the study process. Of those that did
report this information, Akcaboy 2007, Broch Porcar 1999, Gupta
1990 and Valtonen 1988 used only one anaesthetist/nurse and were
therefore considered to have low risk of bias.

Effects of interventions

Substantial heterogeneity was observed between studies with
regard to drugs, doses, timing of administration and target levels
of consciousness. We judged that risk of bias across many domains
was unclear or high in most studies. We therefore did not combine
data in this review as intended.

We reconsidered our outcomes as identified in our protocol (see
Differences between protocol and review) and therefore reported
only on the outcomes described below. We presented the data
for each study in Characteristics of included studies, and we
summarized available data for the primary outcomes in a single
table (Table 1). This table presents each drug comparison, starting
with the most frequently studied, along with different doses and
timings of each agent. It should be noted, however, that further
differences between studies were identified in the definitions of
outcomes; these differences are detailed below. When outcomes
are reported as having a statistically significant effect, includinga P
value, we have presented these values below and in Table 1. None
off these studies had presented these data with effect estimates.

Whilst Sharafudeen 2010 met our inclusion criteria and is included
in our Characteristics of included studies, this conference abstract
provided no denominator figures. We were unable to contact the
study authors and therefore have not included any of the data in
this narrative.

Primary outcomes
Major adverse events

Five studies with a total of 322 participants compared anaesthetic
agents for cardioversion and reported numbers of events of
hypotension, decreased systolic arterial blood pressure of more
than 20% or decreased systolic arterial blood pressure of more
than 20 mmHg (Broch Porcar 1999; Dellinger 1988; Ford 1991,
Kalogridaki 2011; Mitchell 2003). Only Dellinger 1988 reported a
result that was statistically significant, with more participantsin the
etomidate group than the thiopentone group having hypotension
(Pvalue 0.046). An additional 13 studies presented data for changes
in systolic and diastolic blood pressure at different intervals
(Akcaboy 2007; Altinoren 2005; Canessa 1991; Coll-Vinent 2003;
Gale 1993; Gupta 1990; Hullander 1993; Jan 1995; Karthikeyan 2002;
Kick 1996; Siedy 2010; Sternlo 1991; Valtonen 1988). These studies
did not present data as number of events per group, but in a variety
of graphs and figures with some statements of difference in blood
pressure between groups. When applicable, direct quotes from
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the study reports have been given in Characteristics of included
studies.

A total of 20 studies with a total of 1015 participants measured
apnoea. Definitions of apnoea were given at different points: need
for assisted ventilation for longer than 10 seconds (Munoz 2002);
longer than 20 seconds (Coll-Vinent 2003; Kick 1996; Parlak 2006);
or longer than 30 seconds (Canessa 1991; Gale 1993; Gupta 1990;
Jan 1995; Orko 1976a; Sternlo 1991; Valtonen 1988). Other studies
did not provide a definition (Akcaboy 2007; Altinoren 2005; Broch
Porcar 1999; Dellinger 1988; Ford 1991; Hullander 1993; Kalogridaki
2011; Karthikeyan 2002; Siedy 2010). Four studies reported a result
that was statistically significant: In Canessa 1991, more participants
in the propofol group had apnoea than in the thiopental, etomidate
or midazolam group (P value < 0.05); in Dellinger 1988, more in the
thiopental group than in the etomidate group (P value 0.02); in Kick
1996, more in the etomidate group than in the propofol group (P
value<0.05) andin Orko 1976a, more in the thiopentone group than
in the diazepam group (P value <0.001). See Table 1.

Patient awareness or recall

In all, 16 studies with a total of 859 participants measured patient
awareness or recall (Akcaboy 2007; Altinoren 2005; Canessa 1991,
Broch Porcar 1999; Ford 1991; Gale 1993; Gupta 1990; Hullander
1993; Jan 1995; Kalogridaki 2011; Mitchell 2003; Munoz 2002; Orko
1976a; Parlak 2006; Sharafudeen 2010; Valtonen 1988). Only one
study reported a statistically significant effect for this outcome.
Orko 1976a reported that more participants were included in the
diazepam group than in the thiopentone group (P value < 0.001).
See Table 1.

Secondary outcomes
Minor adverse events

Eight studies with 477 participants reported nausea and vomiting
(Akcaboy 2007; Altinoren 2005; Ford 1991; Gupta 1990; Hullander
1993; Karthikeyan 2002; Orko 1976a; Siedy 2010). Of these,
Hullander 1993 reported data for nausea only, and Siedy 2010
reported data for nausea and vomiting separately. In Siedy 2010,
the etomidate group had statistically less nausea and less vomiting
than the propofol group (P value < 0.05 for both outcomes).

In all, 15 studies with 628 participants reported pain at the injection
site (Akcaboy 2007; Altinoren 2005; Canessa 1991; Coll-Vinent
2003; Dellinger 1988; Ford 1991; Gale 1993; Hullander 1993; Jan
1995; Kalogridaki 2011; Karthikeyan 2002; Kick 1996; Siedy 2010;
Sternlo 1991; Valtonen 1988). Four studies reported results that
were statistically significant for pain at the injection site. Dellinger
1988 reported a statistically significant difference in the number of
participants reporting pain, with more included in the etomidate
group than in the thiopental group (P value 0.002). In Gale 1993,
more participants were included in the propofol group than in the
midazolam group (P value <0.05). In both Kick 1996 and Siedy 2010,
more participants were included in the etomidate group thanin the
propofol group (P value <0.05).

Nine studies with 377 participants reported myoclonus without
further definition (Akcaboy 2007; Altinoren 2005; Broch Porcar
1999; Canessa 1991; Coll-Vinent 2003; Dellinger 1988; Ford 1991;
Hullander 1993; Kalogridaki 2011). Karthikeyan 2002 reported the
incidence of "movements" as a complication for participants, Kick
1996 reported the incidence of "involuntary movements", Orko

1976a reported "excitary side effects, such as muscular tension
or involuntary movements" and Siedy 2010 reported "severe
involuntary muscle movements during anaesthesia requiring
midazolam". We reported data for these four studies as 'myoclonus'
in the Characteristics of included studies. Two studies reported
results that were statistically significant for myoclonus - Dellinger
1988 reported more participants with myoclonus in the etomidate
group than in the thiopental group (P value < 0.002), and
Kalogridaki 2011 reported more in the etomidate group than in the
propofol group (P value 0.0004).

Mortality

Only one study (Mitchell 2003) reported no mortality at one month.
No other studies reported on this outcome.

Success of cardioversion

Six studies with 283 participants reported the number of
participants who had returned to sinus rhythm following
cardioversion (Altinoren 2005; Canessa 1991; Dellinger 1988;
Herregods 2003; Jan 1995; Karthikeyan 2002).

Three studies reported the number of shocks required for
successful cardioversion and reported data as one, two or three
shocks (Akcaboy 2007; Altinoren 2005; Kick 1996). Orko 1976a
reported the mean number of shocks required, and Coll-Vinent
2003 reported the median number of shocks required.

Canessa 1991 and Coll-Vinent 2003 reported the amount of energy,
in Joules, required for successful cardioversion.

Twelve studies with 717 participants reported the number of
successful cardioversion procedures without further definition
(Broch Porcar 1999; Ford 1991; Gale 1993; Gupta 1990; Hullander
1993; Kalogridaki 2011; Kick 1996; Mitchell 2003; Munoz 2002; Orko
1976a; Sternlo 1991; Valtonen 1988).

Additional analgesia

Only one study reported data on the need for additional analgesics
(Mitchell 2003). In this study, 6% of participants in the diazepam
group required additional analgesia, with none in the midazolam

group.
Patient satisfaction

Eight studies with 492 participants reported patient satisfaction
(Akcaboy 2007; Altinoren 2005; Canessa 1991; Coll-Vinent 2003;
Karthikeyan 2002; Mitchell 2003; Parlak 2006 ;Sharafudeen 2010). A
variety of questions and scales were used before patient discharge
to determine this outcome; these are presented in Characteristics
of included studies.

DISCUSSION

Summary of main results

We found 23 studies of drugs given to obtund consciousness during
electrical cardioversion. Drug comparisons were made between
propofol, etomidate, thiopentone, sevoflurane, midazolam and
diazepam, of which 18 studies compared propofol. We found that
the desired sedative endpoints and methods used to administer
anaesthetics varied between studies, even with the same drug
comparisons, with different doses used and with different timing
of administration. We believed it was not appropriate to pool

Anaesthetic and sedative agents used for electrical cardioversion (Review)

12

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Trusted evidence.
Informed decisions.
Better health.

= 3 Cochrane
st g Library

Cochrane Database of Systematic Reviews

the data because of these differences. Studies measured our
primary outcomes of hypotension, apnoea and recall, as well as
secondary outcomes of minor adverse events, mortality, success
of cardioversion, additional analgesia and participant satisfaction.
Only one study reported a statistically significant result for
hypotension, with more participants in the etomidate group thanin
the thiopentone group having hypotension. Four studies reported
statistically significant results for apnoea. One study described
more apnoea events in the propofol group than in the thiopental,
etomidate or midazolam group (P value <0.05); one reported more
events in the thiopental group than in the etomidate group (P value
0.02); one documented more events in the etomidate group than
in the propofol group (P value < 0.05) and one discussed more
in the thiopentone group than in the diazepam group (P value <
0.001). Only one study reported a statistically significant difference
for recall, with more patients having recall in the diazepam and
thiopentone group. All studies that reported statistically significant
differences for our primary outcomes were older studies (from
1976, 1988 and 1996).

Whilst studies collected data on potential drawbacks of each
agent, few studies reported statistically significant results for
relevant outcomes. Consistent with this, many of the study authors
concluded that both, or all, of their study drugs were acceptable for
use during cardioversion procedures. What is likely to be important
is not so much the drug chosen, but how it is used; this is a key
component of anaesthetic expertise (Smith 2009b; Smith 2011).
Those that did report significant results for our primary outcomes
had poor risk of bias and were old studies (Canessa 1991; Dellinger
1988; Kick 1996; Orko 1976a).

Overall completeness and applicability of evidence

We carried out a thorough search and identified a reasonable
number of studies with 1250 participants relevant to our review.
We were able to include studies with the relevant population
group that measured our identified interventions and outcomes,
although only one study obtained data solely from the emergency
department.

Most studies compared propofol with another drug; this is reflected
in current practice in the UK, where propofol is seen as the current
drug of choice (James 2003).

Studies were reported over a wide time range: 1976 to 2011. Some
drug comparisons from the earlier studies were not reported in
the review results, as these drugs were no longer in common use;
two potentially relevant studies were excluded for this reason. This
reflects the change in anaesthetic practice over time. Itis also likely
that anaesthetic technique and equipment will have changed from
the time of earlier studies, and changes in the quality of study
design may have occurred.

Whilst we identified studies that measured our primary and
secondary outcomes, we believe that these studies were of
insufficient quality for review authors to report all results in data
tables or in the body of the review; instead we provided this
information in individual Characteristics of included studies tables.

Quality of the evidence

Evidence was generally of poor quality, with very few studies
providing sufficient information to demonstrate adequate
randomization of participants. It was assumed that no studies had

attempted to blind the anaesthetist from the anaesthetic agent,
and this approach could have been carried out using pre-prepared
unmarked syringes for the agents (as in an excluded but equivalent
study design; Maltepe 2006). Observers/outcome assessors could
have been blinded to study allocation; however few studies had
described such blinding. Most studies were assessed as having
high risk of bias or as providing insufficient information to allow a
decision across risk of bias domains.

Pooling of results would be inappropriate with evidence of such
quality.

Potential biases in the review process

We are confident that we identified the relevant studies for this
review through a thorough search that was not limited by language
and that included studies conducted since cardioversion was
introduced into medical practice.

However, we did not contact investigators in the field to enquire
about unpublished studies. We did not seek additional information
from study authors regarding their study protocol, methods and
results to clarify risk of bias, and we judged all studies equally on
the information provided in the full report.

Agreements and disagreements with other studies or
reviews

We found three other reviews in this topic area. Wood 2006 included
seven relevant studies, all of which were included in our systematic
review (Canessa 1991; Coll-Vinent 2003; Ford 1991; Gale 1993;
Herregods 2003; Mitchell 2003; Valtonen 1988), and concluded
that propofol, methohexital (not considered in our review as
not currently in use), thiopentone and etomidate "all appear to
be good choices for procedural sedation in patients requiring
electrical cardioversion”. This review author had not presented a
meta-analysis for the data and had drawn conclusions from the
findings of individual studies. However, no assessment of quality
or bias was performed in this review. Hohl 2008 prepared a review
specific to the emergency department and to a comparison of
midazolam and propofol. This review included data from Coll-
Vinent 2003 and Parlak 2006, and review authors concluded that
there was no difference in the safety profile of these two agents
when used in the emergency department. Symington 2006 also
reviewed propofol in the emergency department and included
data from Coll-Vinent 2003; remaining studies involved a paediatric
population or procedures other than cardioversion.

AUTHORS' CONCLUSIONS

Implications for practice

Whilst we did not combine results from included studies, and as
data on adverse events were limited, it is our opinion that at
present, there is no evidence to indicate that current anaesthetic
practice for cardioversion should change.

Implications for research

This review highlights the lack of good-quality large studies
that have explored the use of anaesthetic agents for electrical
cardioversion. It would be beneficial for future systematic reviews
to focus on the effectiveness of one particular agent, for example,
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propofol, against other agents, using methodological rigour, with
particular attention to blinding of personnel.
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Methods RCT, parallel design

Participants « 40 adult participants

« Elective procedure for atrial fibrillation, atrial flutter and supraventricular tachycardia

o ASAII/II
« Hospital setting, Turkey

Interventions « Propofol (0.5 mg/kg iv over 15 seconds) + remifentanil (0.75 pg/kg over 90 seconds)
« Etomidate (0.1 mg/kg iv over 15 seconds) + remifentanil (0.75 pg/kg over 90 seconds)

Supplemental doses of propofol (10 mg) or etomidate (2 mg) given if sedation not adequate to start

cardioversion

Aim: for patient to be sedated to OAA/S score of 2

Outcomes « Hypotension
« Unintended apneic episodes
« Patientawareness/recall
 Success of cardioversion
« PONV
« Myoclonus
« Need for re-sedation
« Time to loss of consciousness
« Timeto awakening
« Time to full recovery
+ Patient satisfaction

Results Propofol vs Etomidate

« Hypotension: no definition of hypotension given. Study authors state: "In group P (propofol), a statis-
tically significant decrease in mean arterial blood pressure occurred after induction when compared
with group E (etomidate) (P < 0.001), and returned to its baseline levels in 6 minutes. In group E, the
mean blood pressure remained normal after induction, however, there was a slight increase after car-

dioversion"
« Apnoea: 2/20vs 0/20
« Patient recall: 1/20 vs 0/20
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Akcaboy 2007 (Continued)

« PONV: 2/20 vs 3/20

« Pain at site of injection: 3/20 vs 0/20

« Myoclonus: 0/20 vs 0/20

« Number of shocks: 1 shock 14/20 vs 15/20; 2 shocks 6/20 vs 5/20; 3 shocks 0/20 vs 1/20

« Patient satisfaction: poor 0/20 vs 0/20; fair 0/20 vs 0/20; good 2/20 vs 3/20; excellent 18/20 vs17/20

Notes All participants had the same anaesthetist

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk “Randomized via sealed envelope assignment”. No further details

tion (selection bias)

Allocation concealment Unclear risk No details given
(selection bias)

Blinding of participants High risk Cardiologist had no information on drugs used. However, assume anaesthetist
and personnel (perfor- was aware of drug allocation

mance bias) Major adverse

events

Blinding of participants High risk Assume anaesthetist was aware of drug allocation

and personnel (perfor-
mance bias) Patient re-
ported outcomes (re-
call/satisfaction)

Blinding of participants Low risk Cardiologist had no information on drugs used
and personnel (perfor-

mance bias) Success of

cardioversion

Blinding of participants High risk Assume anaesthetist was aware of drug allocation
and personnel (perfor-

mance bias) Minor adverse

events

Blinding of participants High risk Assume anaesthetist was aware of drug allocation
and personnel (perfor-

mance bias) Time to in-

duction etc/need for rese-

dation.
Blinding of outcome as- Unclear risk Unclear who assessed outcomes. Participant, cardiologist and nurse were un-
sessment (detection bias) aware of drug allocation

Major adverse event

Blinding of outcome as- Unclear risk Unclear who assessed outcomes. Participant, cardiologist and nurse were un-
sessment (detection bias) aware of drug allocation

Patient reported out-

comes (recall/satisfaction)

Blinding of outcome as- Low risk Assume assessed by cardiologist who was unaware of drug allocation
sessment (detection bias)
Success of cardioversion
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Akcaboy 2007 (Continued)

Blinding of outcome as-
sessment (detection bias)
Minor adverse events

Unclear risk Unclear who assessed outcomes. Participant, cardiologist and nurse were un-
aware of drug allocation

Blinding of outcome as-
sessment (detection bias)
Time to induction etc./
need for resedation

Unclear risk Unclear who assessed outcomes. Participant, cardiologist and nurse were un-
aware of drug allocation

Incomplete outcome data  Low risk No apparent losses

(attrition bias)

All outcomes

Selective reporting (re- Unclear risk All outcomes from methods reported. Prepublished protocol not sought
porting bias)

Other bias Low risk Baseline characteristics: largely comparable

Anaesthetists: all participants given anaesthetic by single anaesthetist

External funding: no apparent funding/conflicts of interest

Altinoren 2005

Methods

RCT, parallel design

Participants

40 adult participants

« Elective procedure for atrial fibrillation, atrial flutter and supraventricular tachycardia
o ASAII/NI

» Hospital setting, Turkey

Interventions

« Propofol (0.5 mg/kg iv over 15 seconds) + remifentanil (0.75 pg/kg over 90 seconds)
« Etomidate (0.1 mg/kg iv over 15 seconds) + remifentanil (0.75 pug/kg over 90 seconds)

Aim: for patient to be sedated to OAA/S score of 2

Outcomes

« Hypotension

« Unintended apneic episodes
« Patient awareness/recall

« Myoclonus

« Painoninjection

« PONV

+ ltching

« Return to sinus rhythm

» Time to loss of consciousness
+ Time to awakening

« Time to full recovery
 Patient satisfaction

« Cardiologist satisfaction

Results

Propofol vs Etomidate

« Hypotension - no details available
« Apnoea: 8/20vs 0/20

Anaesthetic and sedative agents used for electrical cardioversion (Review)
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Altinoren 2005 (continued)

« Recall: 1/20vs 0/20

« Painoninjection: 2/20 vs 0/20

« PONV: 1/20 vs 4/20

« Myoclonus: 0/20 vs 0/20

« Number of shocks: 1 shock 14/20 vs 15/20; 2 shocks 6/20 vs 4/20; 3 shocks 0/20 vs 1/20

« Return to sinus rhythm: 14/20 vs 15/20

« Patientsatisfaction: very bad 0/20 vs 0/20; bad 0/20 vs 0/20; good 2/20 vs 3/20; excellent 18/20 vs 17/20

Notes Abstract only, with limited detail, and no detail on baseline characteristics
Although study authors and study methods are the same as Akcaboy 2007, results in the abstract are
different, so assumed to be different study
Duplicate of full paper in Turkish (Altinéren 2008)
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Described as randomized. No details given
tion (selection bias)
Allocation concealment Unclear risk No details given
(selection bias)
Blinding of participants High risk No details of blinding given. Assume anaesthetist was not blinded
and personnel (perfor-
mance bias) Major adverse
events
Blinding of participants High risk No details of blinding given. Assume participants and personnel were not
and personnel (perfor- blinded
mance bias) Patient re-
ported outcomes (re-
call/satisfaction)
Blinding of participants High risk No details of blinding given. Assume clinician was not blinded
and personnel (perfor-
mance bias) Success of
cardioversion
Blinding of participants Unclear risk No details of whether observers were blinded
and personnel (perfor-
mance bias) Time to in-
duction etc/need for rese-
dation.
Blinding of outcome as- Unclear risk No details of whether observers were blinded
sessment (detection bias)
Major adverse event
Blinding of outcome as- Unclear risk No details of whether observers were blinded
sessment (detection bias)
Patient reported out-
comes (recall/satisfaction)
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Altinoren 2005 (continued)

Blinding of outcome as-
sessment (detection bias)
Success of cardioversion

Unclear risk

No details of whether observers were blinded

Blinding of outcome as-
sessment (detection bias)
Time to induction etc./
need for resedation

Unclear risk

No details of whether observers were blinded

Incomplete outcome data
(attrition bias)
All outcomes

Low risk

No apparent losses

Selective reporting (re-
porting bias)

Unclear risk

Prepublished protocol not sought

Other bias

Low risk

Baseline characteristics comparable. No external funding or apparent external
sources of support

Broch Porcar 1999

Methods

RCT, parallel design

Participants

39 participants

Elective procedure for drug-resistant supraventricular tachyarrhythmia, atrial fibrillation, atrial flut-
ter. 68% with heart disease

ASA status not given. NYHA class I-11l (some imbalances, see 'Risk of bias' table below)
ICU, hospital setting, Spain

Interventions

Propofol (1 mg/kg over 1 minute)
Etomidate (0.2 mg/kg over 1 minute)
Midazolam (0.05 mg/kg over 1 minute)

For all 3 drugs, 50% of total quantity given initially, then boluses of 25% thereafter until patient was se-
dated. If more than calculated dose was necessary, a further 25% was given at 60-second intervals

Aim: for patient to be sedated to Ramsey Sedation Scale level 4

Outcomes

Hypotension

Unintended apneic episodes
Patient awareness/recall
Success of cardioversion
Myoclonus

Time to loss of consciousness
Time to awakening
Sp0?<90%

Results

Propofol vs Etomidate vs Midazolam

Hypotension (mean % drop in arterial systolic pressure (SD)): 24 (8) vs 0.3 (8) vs 14 (8)
Apnoea: 1/13vs 0/13vs 1/12

Recall: data presented as total amnesia: 9/13 vs 12/13 vs 12/12 - therefore reversed for this outcome
to4/13vs 1/13vs 0/12

Myoclonus: 0/13 vs 5/13 vs 0/12
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Broch Porcar 1999 (Continued)

« Success of cardioversion: 9/13 vs 9/13 vs 9/12

Notes Anaesthetic given by same nurse for all participants

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Described as randomized but no details

tion (selection bias)

Allocation concealment Unclear risk No details
(selection bias)

Blinding of participants High risk Assume nurse giving anaesthetic drugs was not blinded
and personnel (perfor-

mance bias) Major adverse

events

Blinding of participants High risk Assume nurse giving anaesthetic drugs was not blinded
and personnel (perfor-

mance bias) Patient re-

ported outcomes (re-

call/satisfaction)

Blinding of participants High risk No details. Assume all personnel were not blinded.
and personnel (perfor-

mance bias) Success of

cardioversion

Blinding of participants High risk Assume nurse giving anaesthetic drugs was not blinded
and personnel (perfor-

mance bias) Minor adverse

events

Blinding of participants High risk Assume nurse giving anaesthetic drugs was not blinded
and personnel (perfor-

mance bias) Time to in-

duction etc/need for rese-

dation.

Blinding of outcome as- Unclear risk No details as to who assessed outcomes and whether they were blinded
sessment (detection bias)
Major adverse event

Blinding of outcome as- Unclear risk No details as to who assessed outcomes and whether they were blinded
sessment (detection bias)

Patient reported out-

comes (recall/satisfaction)

Blinding of outcome as- Unclear risk No details as to who assessed outcomes and whether they were blinded
sessment (detection bias)
Success of cardioversion

Blinding of outcome as- Unclear risk No details as to who assessed outcomes and whether they were blinded
sessment (detection bias)
Minor adverse events
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Broch Porcar 1999 (Continued)

Blinding of outcome as-
sessment (detection bias)
Time to induction etc./
need for resedation

Unclear risk

No details as to who assessed outcomes and whether they were blinded

Incomplete outcome data
(attrition bias)
All outcomes

Low risk

No losses

Selective reporting (re-
porting bias)

Unclear risk

Prepublished protocol not sought

Other bias

High risk

Baseline imbalance: imbalance between groups of participants with NYHA
class | (propofol 7.7%, etomidate 45.5%, midazolam 27.3%)

Anaesthetists: All anaesthetics were given by 1 nurse

External funding: no apparent funding/conflicts of interest

Canessa 1991

Methods

RCT, parallel design

Participants

o 44 adult participants

« Elective procedure - atrial fibrillation was most common dysrhythmia in all groups, atrial flutter was
present in remaining participants

+ ASAstatus not given

» Hospital setting, Santiago

Interventions

« Sodium thiopental (3 mg/kg iv over 30 seconds)
« Etomidate (0.15 mg/kg over 30 seconds)

« Propofol (1.5 mg/kg over 30 seconds)

« Midazolam (0.15 mg/kg over 30 seconds)

One-third of induction dose was added if eyelash reflex was not lost within 2 minutes

All participants also receivedl.5 pg/kg fentanyl iv, 3 minutes before induction

Aim: loss of eyelash reflex

Outcomes

« Unintended apneic episodes
« Patient awareness/recall
+ Success of cardioversion

« Amount of energy

 Pain at site of injection

« Myoclonus

« Time to loss of consciousness

« Timeto awakening
« Patient satisfaction

« Systolic arterial pressure

Results

Thiopental vs Etomidate vs Propofol vs Midazolam
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Canessa 1991 (Continued)

« Hypotension: no definition of hypotension given. Propofol, etomidate and midazolam produced sig-
nificantly lower systolic arterial pressure after induction; these falls were more significant with propo-
fol and midazolam than with thiopental and etomidate

« Apnoea:2/12vs 1/10vs 7/12 vs 1/10 (P value < 0.05 between groups)

« Recall:0/12vs 0/10vs 0/12 vs 0/10

« Painatinjection site: 1/12 vs 4/10 vs 4/12 vs 0/10

« Myoclonus: 0/12 vs 3/10 vs 0/12 vs 0/10

« Return to sinus rhythm: 12/12 vs 7/10 vs 11/12 vs 9/10

« Amount of energy, Joules, range: 50-300 vs 30-400 vs 35-400 vs 30-300

« Patient satisfaction: "all of them were satisfied with the technique used"

Notes No effect estimates provided with data

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  High risk Random assignment done by last digit of clinical record

tion (selection bias)

Allocation concealment Unclear risk No details
(selection bias)

Blinding of participants High risk No details of blinding given. Assume anaesthetist was not blinded
and personnel (perfor-

mance bias) Major adverse

events

Blinding of participants High risk No details of blinding given. Assume anaesthetist was not blinded
and personnel (perfor-

mance bias) Patient re-

ported outcomes (re-

call/satisfaction)

Blinding of participants High risk No details of blinding given. Assume cardiologist was not blinded
and personnel (perfor-

mance bias) Success of

cardioversion

Blinding of participants High risk No details of blinding given. Assume anaesthetist was not blinded
and personnel (perfor-

mance bias) Minor adverse

events

Blinding of participants High risk No details of blinding given. Assume anaesthetist was not blinded
and personnel (perfor-

mance bias) Time to in-

duction etc/need for rese-

dation.

Blinding of outcome as- Unclear risk No details of who assessed outcomes and whether they were blinded
sessment (detection bias)
Major adverse event

Blinding of outcome as- Unclear risk No details of whether participants were blinded
sessment (detection bias)
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Canessa 1991 (Continued)
Patient reported out-
comes (recall/satisfaction)

Blinding of outcome as-
sessment (detection bias)
Success of cardioversion

Unclear risk No details of who assessed outcomes and whether they were blinded

Blinding of outcome as-
sessment (detection bias)
Minor adverse events

Unclear risk No details of who assessed outcomes and whether they were blinded

Blinding of outcome as-
sessment (detection bias)
Time to induction etc./
need for resedation

Unclear risk No details of who assessed outcomes and whether they were blinded

Incomplete outcome data
(attrition bias)
All outcomes

Low risk No apparent losses

Selective reporting (re-
porting bias)

Unclear risk All outcomes reported from methods section. Prepublished protocol not

sought

Other bias

Unclear risk Baseline characteristics: largely comparable
External funding: no apparent funding or conflicts of interests stated

Anaesthetists: no details as to how many anaesthetists were involved in study

Coll-Vinent 2003

Methods

RCT, parallel design

Participants

o 32 adult participants

« Emergency procedure for supraventricular arrhythmia (flutter or atrial fibrillation)
« ASAstatus not given. Underlying cardiac diseases equivalent between groups

« Emergency department, Spain

Interventions

« Etomidate (0.2 mg/kg iv over 20 seconds). Supplemental doses if induction not achieved at 3-5 min-

utes (0.05 mg/kg at 1-minute intervals)

« Propofol (1.5 mg/kg iv over 20 seconds). Supplemental doses if induction not achieved at 3-5 minutes

(given 0.5 mg/kg at 1-minute intervals)

» Midazolam (0.2 mg/kg iv over 20 seconds). Supplemental doses if induction not achieved at 3-5 min-

utes (0.05 mg/kg, at 1-minute intervals)

« Midazolam + Flumazenil (0.5 mgin iv bolus) followed by 0.5 mg in intravenous perfusion during 1 hour

after cardioversion

Aim: deep sedation in all patients

Outcomes

« Hypotension

« Unintended apneic episodes
+ Success of cardioversion

« Pain at site of injection

» Myoclonus

+ Need for resedation

Anaesthetic and sedative agents used for electrical cardioversion (Review)
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Coll-Vinent 2003 (Continued)

« Timeto loss of consciousness
« Timeto awakening
« Patient satisfaction

Results Etomidate vs Propofol vs Midazolam vs Midazolam + Flumazenil

« Hypotension: no definition of hypotension given. No apparent difference in systolic and diastolic
blood pressure reported, no analysis presented

« Apnoea:2/9vs2/9vs3/8vs1/6

« Pain atinjection site: 4/9 vs 0/9 vs 0/8 vs 0/6

« Myoclonus: 4/9vs 0/9vs 0/8 vs 0/6

« Number of shocks, median (range): 1 (1-2) vs 1 (1-2) vs 1 (1-2) vs 1 (1-1)

« Total energy, Joules median (range): 150 (50-350) vs 150 (50-250) vs 50 (50-350) vs 50 (50-150)
« Patient satisfaction: very satisfied 7/9 vs 7/9 vs 4/8 vs 2/6; satisfied 2/9 vs 2/9 vs 4/8 vs 4/6

Notes

Risk of bias

Bias Authors' judgement Support for judgement
Random sequence genera-  Low risk Random number table used

tion (selection bias)

Allocation concealment Unclear risk Sequentially numbered envelopes used. No further details given
(selection bias)

Blinding of participants High risk No blinding
and personnel (perfor-

mance bias) Major adverse

events

Blinding of participants High risk No blinding
and personnel (perfor-

mance bias) Patient re-

ported outcomes (re-

call/satisfaction)

Blinding of participants High risk No blinding
and personnel (perfor-

mance bias) Success of

cardioversion

Blinding of participants High risk No blinding
and personnel (perfor-

mance bias) Minor adverse

events

Blinding of participants High risk No blinding
and personnel (perfor-

mance bias) Time to in-

duction etc/need for rese-

dation.
Blinding of outcome as- High risk No blinding
sessment (detection bias)
Major adverse event
Anaesthetic and sedative agents used for electrical cardioversion (Review) 27
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Coll-Vinent 2003 (Continued)

Blinding of outcome as-
sessment (detection bias)
Patient reported out-
comes (recall/satisfaction)

Unclear risk No details given as to whether participants were blinded to drug allocation

Blinding of outcome as-
sessment (detection bias)
Success of cardioversion

High risk No blinding

Blinding of outcome as-
sessment (detection bias)
Minor adverse events

High risk No blinding

Blinding of outcome as-
sessment (detection bias)
Time to induction etc./
need for resedation

High risk No blinding

Incomplete outcome data
(attrition bias)
All outcomes

Low risk No apparent losses

Selective reporting (re-
porting bias)

Unclear risk Nausea/vomiting and recall not reported, although methods section states
that this was measured

Prepublished protocol not sought

Other bias Low risk Baseline characteristics appear mostly comparable - although some differ-
ences in age range
Anaesthetists: no details as to how many anaesthetists were involved in study
Dellinger 1988
Methods RCT, parallel design

Participants

« 80 adult participants

« Elective procedures for supraventricular tachyarrhythmia
« NYHAclasslllor IV

« Hospital, France

Interventions

« Thiopental (500 mg diluted to concentration of 10 mg/mL. Dose of 3 mg/kg for first injection, then 1.5

mg/kg for re-injection if necessary. Given iv over 30 seconds)
« Etomidate (0.3 mg/kg for first dose. Re-injection at 0.15 mg/kg. Given iv over 30 seconds)

Both groups given premedication of 10 mg diazepam, oral, 2-4 hours before procedure; and oxygen by
mask, 3 minutes before induction

Aim: not detailed specifically, but assume aim for general anaesthesia as sedation is not mentioned in
text

Outcomes

« Hypotension
« Unintended apneic episodes
« Success of cardioversion

Anaesthetic and sedative agents used for electrical cardioversion (Review)
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Dellinger 1988 (Continued)

« Pain at site of injection

« Myoclonus

« Time to loss of consciousness
» Timeto awakening

« Time to full recovery

Results Thiopental vs Etomidate

« Hypotension (number of patients whose systolic arterial blood pressure dropped by 20 mmgHg or
more): 22/40 vs 31/40 (P value 0.046)

« Apnoea: 27/40 vs 17/40 (P value 0.02)

« Pain atinjection site: 1/40 vs 11/40 (P value 0.002)
« Myoclonus: 2/40 vs 17/40 (P value <0.001)

« Return to sinus rhythm: 35/40 vs 37/40

Notes Work subsidized by Janssen Laboratories

No effect estimates provided with data

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Described as randomized and stratified by groups, using 2 random number ta-
tion (selection bias) bles

Allocation concealment Unclear risk No details

(selection bias)

Blinding of participants High risk No details of blinding of anaesthetist. Assume anaesthetist was not blinded
and personnel (perfor-
mance bias) Major adverse

events
Blinding of participants Unclear risk No details of blinding of anaesthetist or personnel responsible for carrying out
and personnel (perfor- cardioversion procedure

mance bias) Success of
cardioversion

Blinding of participants High risk No details of blinding of anaesthetist. Assume anaesthetist was not blinded
and personnel (perfor-

mance bias) Minor adverse

events

Blinding of participants High risk No details of blinding of anaesthetist. Assume anaesthetist was not blinded
and personnel (perfor-

mance bias) Time to in-

duction etc/need for rese-

dation.

Blinding of outcome as- Low risk Outcomes assessed by an independent observer unaware of drug allocation
sessment (detection bias)
Major adverse event

Blinding of outcome as- Low risk Outcomes assessed by an independent observer unaware of drug allocation
sessment (detection bias)
Success of cardioversion
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Dellinger 1988 (Continued)

Blinding of outcome as- Low risk Outcomes assessed by an independent observer unaware of drug allocation
sessment (detection bias)
Minor adverse events

Blinding of outcome as- Low risk Outcomes assessed by an independent observer unaware of drug allocation
sessment (detection bias)

Time to induction etc./

need for resedation

Incomplete outcome data  Low risk One participant lost from each group
(attrition bias)
All outcomes

Selective reporting (re- Unclear risk All outcomes from methods section appear to be reported. Prepubished proto-
porting bias) col not sought
Other bias High risk Baseline characteristics comparable except for NYHA class, with higher graded

cases in etomidate group
External funding: work subsidized by Janssen Laboratories

Anaesthetists: no details as to how many anaesthetists were involved in study

Ford 1991

Methods RCT, parallel design

Participants « 16 adult participants
« Elective procedures for atrial fibrillation or flutter.
« Three participants in each group were also cardiac surgery patients
o« ASAllorlll
« Hospital, Texas

Interventions « Etomidate (0.2% iv in 2-mL aliquots every 15 seconds)
« Thiopental (2.5% iv in 2-mL aliquots every 15 seconds)

Aim: until patient no longer responded to verbal commands

Outcomes + Hypotension
« Unintended apneic episode
« Patient awareness/recall
+ Success of cardioversion
« PONV
« Pain at site of injection
« Myoclonus
« Time to loss of consciousness
» Timeto awakening
« Time to full recovery

Results Etomidate vs Thiopental

« Hypotension (number of patients with decrease in MAP >20%): 0/8 vs 0/8
« Apnoea: 0/8vs0/8
+ Recall:1/8vs 1/8
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Ford 1991 (continued)

« PONV:0/8vs0/8

« Pain atinjection site: 1/8 vs 0/8

« Myoclonus: 3.8 vs 0/8

« Successful cardioversion: 7/8 vs 7/8

Notes Insufficient information supplied for baseline characteristics. No female participants in either group
Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Unclear risk “Prospectively randomized into two study groups”. No further details

tion (selection bias)

Allocation concealment Unclear risk No details
(selection bias)

Blinding of participants High risk Clinician and anaesthesiologist not blinded
and personnel (perfor-

mance bias) Major adverse

events

Blinding of participants High risk Clinician and anaesthesiologist not blinded
and personnel (perfor-

mance bias) Patient re-

ported outcomes (re-

call/satisfaction)

Blinding of participants High risk Clinician and anaesthesiologist not blinded
and personnel (perfor-

mance bias) Success of

cardioversion

Blinding of participants High risk Clinician and anaesthesiologist not blinded
and personnel (perfor-

mance bias) Minor adverse

events

Blinding of participants High risk Clinician and anaesthesiologist not blinded
and personnel (perfor-

mance bias) Time to in-

duction etc/need for rese-

dation.

Blinding of outcome as- Low risk Observer blinded
sessment (detection bias)
Major adverse event

Blinding of outcome as- Unclear risk Participants blinded
sessment (detection bias)

Patient reported out-

comes (recall/satisfaction)

Blinding of outcome as- Low risk Observer blinded
sessment (detection bias)
Success of cardioversion
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Ford 1991 (continued)

Blinding of outcome as- Low risk Observer blinded
sessment (detection bias)
Minor adverse events

Blinding of outcome as- Low risk Observer blinded
sessment (detection bias)

Time to induction etc./

need for resedation

Incomplete outcome data  Low risk No apparent losses
(attrition bias)
All outcomes

Selective reporting (re- Unclear risk All outcomes from methods section reported
porting bias)
Prepublished protocol not sought

Other bias Unclear risk Baseline characteristics - insufficient information supplied. Also only males in-
cluded in study

External funding: no funding/conflicts of interest reported

Anaesthetists: no details as to how many anaesthetists were involved in study

Gale 1993

Methods RCT, parallel design

Participants 30 adult participants
« Elective procedure for atrial fibrillation, atrial flutter, paroxysmal supraventricular tachycardia
« ASAllorlll
« Coronary care unit, Texas

Interventions « Propofol (10 mg/mL iv infusion initiated and maintained at a rate of 10 mL/min until patient was no
longer able to follow simple commands)
« Midazolam (0.5 mg/mL iv infusion initiated and maintained at a rate of 10 mL/min until patient was
no longer able to follow simple commands)
« Methohexital 5 mg/mL iv infusion initiated and maintained at a rate of 10 mL/min until patient was
no longer able to follow simple commands)

Aim: "until patient was no longer able to follow simple commands (i.e. hold up two fingers on com-
mand) and degradation of the lid reflex was noted"

Outcomes « Hypotension
« Unintended apneic episodes
« Patient awareness/recall
+ Success of cardioversion
« Pain at site of injection
« Time to loss of consciousness
« Time to full recovery

Results Propofol vs Midazolam

« Hypotension: no definition of hypotension given. Study authors state: "The variance of these mean
arterial pressures at any of the four time intervals was not significant between the three drug groups"
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Gale 1993 (continued)

« Apnoea: 2/10vs 1/10

« Recall after 1 hour: 2/10vs 0/10

« Pain atinjection site: 3/10 vs 0/10 (P value < 0.05)
« Success of cardioversion: 7/10 vs 8/10

Notes One participant from each group required additional sedation during procedure because of repeated
efforts at cardioversion. These participants were removed from analysis of haemodynamic and time
data

No effect estimates provided with data

Data from methohexital group not included, as this drug is no longer in use for cardioversion

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Described as randomized, but no further details given

tion (selection bias)

Allocation concealment Unclear risk No details
(selection bias)

Blinding of participants High risk No blinding of personnel
and personnel (perfor-

mance bias) Major adverse

events

Blinding of participants High risk No blinding of personnel
and personnel (perfor-

mance bias) Patient re-

ported outcomes (re-

call/satisfaction)

Blinding of participants High risk No blinding of personnel
and personnel (perfor-

mance bias) Success of

cardioversion

Blinding of participants High risk No blinding of personnel
and personnel (perfor-

mance bias) Minor adverse

events

Blinding of participants High risk No blinding of personnel
and personnel (perfor-

mance bias) Time to in-

duction etc/need for rese-

dation.

Blinding of outcome as- High risk No blinding of personnel

sessment (detection bias)

Major adverse event

Blinding of outcome as- Unclear risk No details as to whether participants were blinded

sessment (detection bias)
Patient reported out-
comes (recall/satisfaction)
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Gale 1993 (continued)

Blinding of outcome as- High risk No blinding of personnel
sessment (detection bias)
Success of cardioversion

Blinding of outcome as- High risk No blinding of personnel
sessment (detection bias)
Minor adverse events

Blinding of outcome as- High risk No blinding of personnel
sessment (detection bias)

Time to induction etc./

need for resedation

Incomplete outcome data  Low risk Data not taken from 3 participants because of difficulties with cardioversion,
(attrition bias) but low number
All outcomes

Selective reporting (re- Unclear risk All outcomes in methods section appear to be reported
porting bias)
Prepublished protocol not sought

Other bias High risk Baseline characteristics mostly comparable, although some differences in ASA
status between groups

Gupta 1990

Methods RCT, parallel design

Participants 30 adult participants
« Elective procedure for atrial fibrillation or atrial flutter
o ASAII-I
« Hospital, Sweden

Interventions « Propofolinjected continuously over 1 minute until loss of eyelash reflex, subsequentincrements given
as needed to achieve this point. Mean dose 2.2 (0.3) mg/kg

« Thiopentone injected continuously over 1 minute until loss of eyelash reflex, subsequent increments
given as needed to achieve this point. Mean dose 5.2 (1.0) mg/kg

« Midazolam 5 mginjected over 1 minute, subsequent 2-mgincrements given until loss of eyelash reflex.
Mean dose 0.24 (0.03) mg/kg

Aim: "loss of eyelash reflex"

Outcomes « Hypotension
« Unintended apneic episodes
« Patient awareness/recall
 Success of cardioversion
« PONV
« Time to loss of consciousness
+ Time to awakening

Results Propofol vs Thiopentone vs Midazolam
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Gupta 1990 (Continued)

« Hypotension: no definition of hypotension given. Study authors state: "Propofol (2.2 (0.3) mg/kg) and
midazolam (0.24 (0.03) mg.kg) were associated with a significant decrease in mean arterial blood pres-
sure 2 minutes after induction of anaesthesia. In contrast, thiopentone (5.2 (1.0) mg/kg) did not cause
a significant decrease in mean arterial blood pressure"

« Apnoea: 3/10 vs 3/10 vs 0/10

« Recall:0/10vs 0/10vs 0/5

« PONV:0/10vs0/10vs 0/5

« Successful cardioversion: 10/10 vs 9/10 vs 8/10

Notes Participants in midazolam group given flumazenil (0.3-0.5 mg) at 15-30 minutes after induction to wak-
en them. Response to flumazenil occurred within 2-3 minutes but was short lasting. Five out of 10 par-
ticipants were asleep at time of interview 4 hours later

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Participants were randomly allocated. No further details

tion (selection bias)

Allocation concealment Unclear risk No details
(selection bias)

Blinding of participants High risk No details as to whether anaesthetist was blinded but assume not
and personnel (perfor-

mance bias) Major adverse

events

Blinding of participants High risk No details as to whether anaesthetist was blinded but assume not
and personnel (perfor-

mance bias) Patient re-

ported outcomes (re-

call/satisfaction)

Blinding of participants Unclear risk No details as to whether cardiologist was blinded
and personnel (perfor-

mance bias) Success of

cardioversion

Blinding of participants High risk No details as to whether anaesthetist was blinded but assume not
and personnel (perfor-

mance bias) Minor adverse

events

Blinding of participants High risk No details as to whether anaesthetist was blinded but assume not
and personnel (perfor-

mance bias) Time to in-

duction etc/need for rese-

dation.

Blinding of outcome as- Low risk “Observer had no information about the drug used”
sessment (detection bias)
Major adverse event

Blinding of outcome as- Unclear risk No details as to whether participant was blinded
sessment (detection bias)
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Gupta 1990 (Continued)
Patient reported out-
comes (recall/satisfaction)

Blinding of outcome as- High risk No details as to whether cardiologist was blinded

sessment (detection bias)

Success of cardioversion

Blinding of outcome as- High risk “Observer had no information about the drug used”

sessment (detection bias)

Minor adverse events

Blinding of outcome as- High risk “Observer had no information about the drug used”

sessment (detection bias)

Time to induction etc./

need for resedation

Incomplete outcome data  High risk 50% loss in midazolam group for participant interview, although losses were

(attrition bias) not reported for other outcomes

All outcomes

Selective reporting (re- Unclear risk All outcomes reported. Prepublished protocol not sought

porting bias)

Other bias Low risk Baseline characteristics - some differences in gender, otherwise comparable
Same anaesthetist for all procedures
External funding: no apparent funding or conflicts of interest

Herregods 2003
Methods RCT, cross-over design

Participants

o 34 adult participants

« Elective procedure for atrial arrhythmia
« ASAstatus not given. NYHA class |, Il or lll. Most participants in Class |

» Hospital, Belgium

Interventions

« Propofol (1 mg/kg iv over 120 seconds)
« Etomidate (0.2 mg/kg over 120 seconds)

Aim: "loss of consciousness"

Outcomes « Success of cardioversion

Results Propofol vs Etomidate
« Return to sinus rhythm: 15/17 vs 13/17

Notes Cross-over trial at 7 days. Data taken only from initial cardioversion for which results were available for
those in whom cardioversion was unsuccessful
Insufficient baseline characteristics detailed by group because of cross-over design

Risk of bias

Anaesthetic and sedative agents used for electrical cardioversion (Review) 36

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



= COCh rane Trusted evidence.
o § d decisions.
N LI b ra ry g‘e;::'leleal:l:.lswns

Cochrane Database of Systematic Reviews

Herregods 2003 (Continued)

Bias Authors' judgement

Support for judgement

Random sequence genera-  Unclear risk
tion (selection bias)

“Sealed envelope randomization”. No further details

Allocation concealment Unclear risk
(selection bias)

“Sealed envelope randomization”. No further details

Blinding of participants High risk
and personnel (perfor-

mance bias) Success of

cardioversion

No details on whether any personnel were blinded. Assume no blinding

Blinding of outcome as- Unclear risk
sessment (detection bias)
Success of cardioversion

No details on whether any personnel were blinded. Assume no blinding

Incomplete outcome data  Unclear risk
(attrition bias)
All outcomes

9 participants excluded

Selective reporting (re- Unclear risk
porting bias)

All outcomes in methods section appear to be reported

Prepublished protocol not sought

Other bias High risk Baseline imbalances - available only for those participants for whom car-
dioversion was successful. Also not broken down by group. Therefore no ev-
idence of effective randomization for the purposes of the data that we have
used

Hullander 1993
Methods RCT, parallel design
Participants « 40 adult participants

« Elective procedure but no details of participants' diagnoses

« ASAstatus not given
« Naval hospital, USA

Interventions « Propofol (50 mg/min iv)
« Etomidate (8 mg/miniv)

2.5% lidocaine (0.5 mg/kg) iv within 2 minutes of start of induction infusion for both groups. To avoid

pain on injection

Aim: "patient lost consciousness as determined by cessation of response to verbal commands"

Outcomes + Hypotension

« Unintended apneic episodes

« Patient awareness/recall
« Success of cardioversion

« PONV

 Pain at site of injection

« Myoclonus

« Time to loss of consciousness

Anaesthetic and sedative agents used for electrical cardioversion (Review)
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Hullander 1993 (continued)

« Timeto awakening

Results Propofol vs Etomidate
« Hypotension: no definition of hypotension given. Absolute blood pressure values not presented
« Apnoea: 2/20vs 1/20
« Recall:0/20vs 0/20
» Nausea: 0/20 vs 0/20
« Pain atinjection site: 0/20 vs 0/20
« Myoclonus: 0/20 vs 9/20
» Successful cardioversion: 16/20 vs 17/20
Notes
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Participants were “randomly assigned”. No further details
tion (selection bias)
Allocation concealment Unclear risk No details
(selection bias)
Blinding of participants High risk No details as to whether any personnel were blinded. Assume anaesthetist was
and personnel (perfor- not blinded
mance bias) Major adverse
events
Blinding of participants High risk No details as to whether any personnel were blinded. Assume anaesthetist was
and personnel (perfor- not blinded
mance bias) Patient re-
ported outcomes (re-
call/satisfaction)
Blinding of participants Unclear risk No details as to whether any personnel/cardiologist were blinded
and personnel (perfor-
mance bias) Success of
cardioversion
Blinding of participants High risk No details as to whether any personnel were blinded. Assume anaesthetist was
and personnel (perfor- not blinded
mance bias) Minor adverse
events
Blinding of participants Unclear risk No details as to whether any personnel were blinded. Assume anaesthetist was
and personnel (perfor- not blinded
mance bias) Time to in-
duction etc/need for rese-
dation.
Blinding of outcome as- Unclear risk No details of who was responsible for outcome assessment and whether blind-
sessment (detection bias) ed
Major adverse event
Blinding of outcome as- Unclear risk No details of who was responsible for outcome assessment and whether blind-

sessment (detection bias)

ed. No details as to whether participants were blinded
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Hullander 1993 (continued)
Patient reported out-
comes (recall/satisfaction)

Blinding of outcome as- Unclear risk No details of who was responsible for outcome assessment and whether blind-
sessment (detection bias) ed
Success of cardioversion
Blinding of outcome as- Unclear risk No details of who was responsible for outcome assessment and whether blind-
sessment (detection bias) ed
Minor adverse events
Blinding of outcome as- Unclear risk No details of who was responsible for outcome assessment and whether blind-
sessment (detection bias) ed
Time to induction etc./
need for resedation
Incomplete outcome data  Low risk No apparent losses
(attrition bias)
All outcomes
Selective reporting (re- Unclear risk All outcomes from methods section appear to be reported
porting bias)
Prepublished protocol not sought
Other bias Low risk Baseline characteristics largely comparable
Jan 1995
Methods RCT, parallel design

Participants

o 24 adult participants

« Elective procedures for chronic symptomatic atrial fibrillation or flutter

« ASAllorll

« Coronary care unit, Taiwan

Interventions

« Thiopentone (1.5 mg/kg iv over 30 seconds. Then 16 mg/min infusion rate - adjusted according to HR,
BP and RR and spontaneous movement. Average was 28 mg/min (range 16-37))

« Propofol (1 mg/kgiv over 30 seconds. Then 2 mg/min infusion rate - adjusted according to HR, BP and
RR and spontaneous movement. Average was 5.5 mg/min (range 2-10))

Both groups given fentanyl 2 pg/kg as premedication 3 minutes before study drug.

Aim: loss of eyelash reflex

Outcomes

« Hypotension

« Unintended apneic episodes
« Patient awareness/recall

« Success of cardioversion
« Pain at site of injection
« Timeto loss of consciousness

« Timeto awakening
« Time to full recovery

Results

Thiopentone vs Propofol
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Jan 1995 (Continued)

« Hypotension: no definition of hypotension given. Study authors state that diastolic blood pressure
decreased significantly 5 minutes after induction in the propofol group

« Apnoea: 7/12vs 7/12

« Recall:0/12vs0/12

« Pain atinjection site: 0/12 vs 1/12

« Return to sinus rhythm: 9/12 vs 10/12

Notes Only male participants were randomly assigned

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk “Randomly allocated” but no further details

tion (selection bias)

Allocation concealment Unclear risk No details
(selection bias)

Blinding of participants High risk No details of blinding of personnel. Assume anaesthetist was not blinded
and personnel (perfor-

mance bias) Major adverse

events

Blinding of participants High risk No details of blinding of personnel. Assume anaesthetist was not blinded
and personnel (perfor-

mance bias) Patient re-

ported outcomes (re-

call/satisfaction)

Blinding of participants Unclear risk No details of blinding of personnel/cardiologist
and personnel (perfor-

mance bias) Success of

cardioversion

Blinding of participants High risk No details of blinding of personnel. Assume anaesthetist was not blinded
and personnel (perfor-

mance bias) Minor adverse

events

Blinding of participants High risk No details of blinding of personnel. Assume anaesthetist was not blinded
and personnel (perfor-

mance bias) Time to in-

duction etc/need for rese-

dation.

Blinding of outcome as- Unclear risk No details of who assessed outcomes and whether blinded
sessment (detection bias)
Major adverse event

Blinding of outcome as- Unclear risk No details as to whether participants were blinded
sessment (detection bias)

Patient reported out-

comes (recall/satisfaction)

Blinding of outcome as- Unclear risk No details of who assessed outcomes and whether blinded
sessment (detection bias)
Success of cardioversion
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Jan 1995 (Continued)

Blinding of outcome as- Unclear risk No details of who assessed outcomes and whether blinded
sessment (detection bias)
Minor adverse events

Blinding of outcome as- Unclear risk No details of who assessed outcomes and whether blinded
sessment (detection bias)

Time to induction etc./

need for resedation

Incomplete outcome data  Low risk No participant losses
(attrition bias)
All outcomes

Selective reporting (re- Unclear risk All outcomes from methods section reported
porting bias)
Prepublished protocol not sought

Other bias Low risk Baseline characteristics comparable

Kalogridaki 2011

Methods RCT, parallel design

Participants 46 adult participants
« Elective procedures for persistent atrial fibrillation diagnosed using ECG
« ASAII/II/IV

« Electrophysiology laboratory, hospital, Greece

Interventions Both groups given fentanyl 50 pg iv

« Propofol (0.5 mg/kg iv over 30 seconds). Given 60 seconds after fentanyl
« Etomidate (0.1 mg/kgiv over 30 seconds with repeated bolus of 4 mg). Given 60 seconds after fentanyl

Aim: for patient to no longer respond to commands and loss of eyelash reflex

Outcomes « Hypotension
« Unintended apneic episodes
« Patient awareness/recall
« Success of cardioversion
« Pain at site of injection
« Myoclonus
« Time to loss of consciousness
« Time to first shock
+ Time to awakening

Results Propofol vs Etomidate

« Hypotension (decrease in systolic blood pressure <20 mmHg) 5/25 vs 0/21

« Apnoea: 7/25vs 10/21

o Recall:3/25vs1/21

« Pain atinjection site: 7/25 vs 4/21

« Myoclonus: 0/25vs 11/21 (P value 0.0004)

« Successful cardioversion: 23/25vs 17/21

« Number of shocks: 1 shock 19/25 vs 14/21; 2 shocks 2/25 vs 3/21; 3 shocks 2/25 vs 1/21
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Kalogridaki 2011 (continued)

Notes No effect estimates provided with data
Risk of bias
Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk “Patients were randomly allocated to two groups”. No further details given
tion (selection bias)
Allocation concealment Unclear risk No details
(selection bias)
Blinding of participants High risk No details as to whether any personnel were blinded. Assume anaesthetist was
and personnel (perfor- not blinded
mance bias) Major adverse
events
Blinding of participants High risk No details as to whether any personnel were blinded. Assume anaesthetist was
and personnel (perfor- not blinded
mance bias) Patient re-
ported outcomes (re-
call/satisfaction)
Blinding of participants Unclear risk No details as to whether any personnel/cardiologist were blinded
and personnel (perfor-
mance bias) Success of
cardioversion
Blinding of participants High risk No details as to whether any personnel were blinded. Assume anaesthetist was
and personnel (perfor- not blinded
mance bias) Minor adverse
events
Blinding of participants Unclear risk No details as to whether any personnel were blinded. Assume anaesthetist was
and personnel (perfor- not blinded
mance bias) Time to in-
duction etc/need for rese-
dation.
Blinding of outcome as- Unclear risk No details of who assessed outcomes and whether they were blinded
sessment (detection bias)
Major adverse event
Blinding of outcome as- Unclear risk No details of whether participants were blinded
sessment (detection bias)
Patient reported out-
comes (recall/satisfaction)
Blinding of outcome as- Unclear risk No details as to whether any personnel were blinded. Assume anaesthetist was
sessment (detection bias) not blinded
Success of cardioversion
Blinding of outcome as- Unclear risk No details as to whether any personnel were blinded. Assume anaesthetist was
sessment (detection bias) not blinded
Minor adverse events
Blinding of outcome as- Unclear risk No details as to whether any personnel were blinded. Assume anaesthetist was
sessment (detection bias) not blinded
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Kalogridaki 2011 (continued)
Time to induction etc./
need for resedation

Incomplete outcome data  Low risk No losses

(attrition bias)

All outcomes

Selective reporting (re- Unclear risk All outcomes from methods section appear to be reported

porting bias)

Prepublished protocol not sought

Other bias

Low risk Baseline characteristics comparable

Karthikeyan 2002

Methods

RCT, parallel design

Participants

61 adult participants

Elective procedures for atrial fibrillation or atrial flutter
ASAI/1I/1NI

Hospital, UK

Interventions

Propofol (TCI at 6 ug/mL continued throughout procedure)
Sevoflurane (8% sevoflurane inhaled in 50% oxygen/nitrous oxide)

Both groups given nitrous oxide as co-induction. Also both given glycopyrronium 200 pg iv during 3-
minute preoxygenation period

Aim: loss of eyelash reflex

Outcomes

Unintended apneic episodes
Success of cardioversion
PONV

Pain at site of injection
Myoclonus

Time to loss of consciousness
Time to awakening

Patient satisfaction

Results

Propofol vs Sevoflurane

Hypotension: no definition of hypotension given. Study authors state: "Both agents were associated
with decreased blood pressure afterinduction, but the patientsin the propofol group had significantly
lower systolic and diastolic pressures in the recovery room"

Apnoea: 8/31vs 5/30

PONV: 1/31 vs 2/30

Pain at site of injection: 4/31 vs 0/30

Myoclonus (defined as movements): 6/31 vs 3/30
Return to sinus rhythm: 29/31 vs 25/30

Patient satisfaction, opinion of anaesthetic: pleasant 11/31 vs 10/30; indifferent 13/31 vs 11/30; un-
pleasant 1/31vs 1/30

Anaesthetic and sedative agents used for electrical cardioversion (Review) 43
Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



= COCh rane Trusted evidence.
o § d decisions.
N LI b ra ry g‘e;::'leleal:lf.lswns

Cochrane Database of Systematic Reviews

Karthikeyan 2002 (continued)

Notes Propofol/nitrous oxide dose high
Risk of bias
Bias Authors' judgement  Support for judgement

Random sequence genera-
tion (selection bias)

Low risk

Computer-generated random numbers

Allocation concealment
(selection bias)

Unclear risk

No details

Blinding of participants
and personnel (perfor-
mance bias) Major adverse
events

High risk

No details of whether anaesthetist was blinded. Assumed not blinded

Blinding of participants
and personnel (perfor-
mance bias) Patient re-
ported outcomes (re-
call/satisfaction)

High risk

No details of whether anaesthetist was blinded. Assumed not blinded

Blinding of participants
and personnel (perfor-

mance bias) Success of
cardioversion

Unclear risk

No details of whether cardiologist/clinician was blinded

Blinding of participants
and personnel (perfor-
mance bias) Minor adverse
events

High risk

No details of whether anaesthetist was blinded. Assumed not blinded

Blinding of participants
and personnel (perfor-
mance bias) Time to in-
duction etc/need for rese-
dation.

High risk

No details of whether anaesthetist was blinded. Assumed not blinded

Blinding of outcome as-
sessment (detection bias)
Major adverse event

Unclear risk

No details of who assessed outcomes and whether blinded

Blinding of outcome as-
sessment (detection bias)
Patient reported out-
comes (recall/satisfaction)

Unclear risk

No details of whether participants were blinded

Blinding of outcome as-
sessment (detection bias)
Success of cardioversion

Unclear risk

No details of who assessed outcomes and whether blinded

Blinding of outcome as-
sessment (detection bias)
Minor adverse events

Unclear risk

No details of who assessed outcomes and whether blinded

Blinding of outcome as-
sessment (detection bias)

Unclear risk

Time to awakening measured by a recovery nurse unaware of group allocation

However, no details of who reported other time outcomes
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Karthikeyan 2002 (continued)
Time to induction etc./
need for resedation

Incomplete outcome data  Low risk No losses

(attrition bias)

All outcomes

Selective reporting (re- Unclear risk All outcomes from methods section reported

porting bias)

Prepublished protocol not sought

Other bias High risk Baseline characteristics comparable. However dose of propofol/nitrous oxide
is high, which could bias the results
Kick 1996
Methods RCT, parallel design

Participants

40 adult participants

Elective cardioversion procedures
ASA status not given

Hospital, Germany

Interventions

Etomidate (0.25 mg/kg iv over 30 seconds. Additional supplements of 0.03 mg/kg)
Propofol (1.5 mg/kg iv over 30 seconds. Additional supplements of 0.25 mg/kg)

Aim: loss of lid reflex

Outcomes

Hypotension

Unintended apneic episodes

Success of cardioversion

Pain at site of injection

Myoclonus

Time between opening eyes and sticking tongue out or stating date of birth
Time to full recovery

Results

Etomidate vs Propofol

Hypotension: no definition of hypotension given. Study authors state: "Both groups showed a signif-
icant fallin blood pressure"

Apnoea: 15/20 vs 6/20 (P value < 0.05)

Pain at injection site: 5/20 vs 1/20 (P value < 0.05)

Myoclonus (defined as involuntary movements): 0/20 vs 12/20

Number of shocks: 1 shock 9/20 vs 6/20; 2 shocks 5/20 vs 8/20; 3 shocks 6/20 vs 6/20
Successful cardioversion: 14/20 vs 14/20

Notes

No effect estimates provided with data

Risk of bias

Bias

Authors' judgement  Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Randomization done but no further details
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Kick 1996 (Continued)

Allocation concealment Unclear risk No details

(selection bias)

Blinding of participants High risk No details as to whether anaesthetist was blinded. Assumed was not blinded
and personnel (perfor-

mance bias) Major adverse

events

Blinding of participants Unclear risk No details as to whether anaesthetist or personnel responsible for cardiover-
and personnel (perfor- sion procedure were blinded

mance bias) Success of

cardioversion

Blinding of participants High risk No details as to whether anaesthetist was blinded. Assumed not blinded

and personnel (perfor-

mance bias) Minor adverse

events

Blinding of participants High risk No details as to whether anaesthetist was blinded. Assumed not blinded

and personnel (perfor-

mance bias) Time to in-

duction etc/need for rese-

dation.

Blinding of outcome as- Low risk Observations done by assessor who knew neither group allocation nor anaes-
sessment (detection bias) thetic drug given

Major adverse event

Blinding of outcome as- Low risk Observations done by assessor who knew neither group allocation nor anaes-
sessment (detection bias) thetic drug given

Success of cardioversion

Blinding of outcome as- Low risk Observations done by assessor who knew neither group allocation nor anaes-
sessment (detection bias) thetic drug given

Minor adverse events

Blinding of outcome as- Low risk Observations done by assessor who knew neither group allocation nor anaes-
sessment (detection bias) thetic drug given

Time to induction etc./

need for resedation

Selective reporting (re- Unclear risk All outcomes from methods section reported. Prepublished protocol not
porting bias) sought

Other bias Low risk Baseline characteristics largely comparable

Mitchell 2003

Methods

RCT, parallel design

Participants

« 141 adult participants
« Elective procedures for atrial arrhythmias

« ASAstatus not given
« Hospital, UK
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Mitchell 2003 (continued)

Interventions « Midazolam (2 mg/kg undiluted iv bolus of 5 mg with further aliquots of 1-2 mg each minute up to
maximum dose of 30 mg)

« Diazepam (5-10 mg iv bolus followed by aliquots of 5-10 mg each minute to maximum dose of 70 mg)
Both groups given additional analgesics if required (such as diamorphine, morphine and pethidine)

Aim: "Adequate sedation was determined by loss of response to verbal stimulus or tactile stimulus"

Outcomes « Hypotension
« Mortality
« Patient awareness/recall
 Success of cardioversion
« Time to loss of consciousness
« Timeto awakening
« Need for additional analgesics

Results Midazolam vs Diazepam

« Hypotension: 14/71vs 5/70

« Recall at 24 hours: 0/71vs 1/70

« Mortality: 0/71vs 0/70

« Successful cardioversion: 63/71vs 61/70
» Additional analgesics: 0/71 vs 4/70

« Patient satisfaction: 70/71 vs 64/70

Notes Anaesthetic administered by attending doctor (anaesthetist available within 5 minutes). This is no
longer standard practice in UK

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Described as randomized but no further details

tion (selection bias)

Allocation concealment Unclear risk No details
(selection bias)

Blinding of participants High risk Attending doctor who administered anaesthetic was aware of drug allocation
and personnel (perfor-

mance bias) Major adverse

events

Blinding of participants High risk Attending doctor who administered anaesthetic was aware of drug allocation
and personnel (perfor-
mance bias) Mortality

Blinding of participants High risk Attending doctor who administered anaesthetic was aware of drug allocation
and personnel (perfor-

mance bias) Patient re-

ported outcomes (re-

call/satisfaction)

Blinding of participants Unclear risk Attending doctor who administered anaesthetic was aware of drug allocation
and personnel (perfor-

mance bias) Success of

cardioversion
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Mitchell 2003 (continued)

Blinding of participants High risk Attending doctor who administered anaesthetic was aware of drug allocation
and personnel (perfor-

mance bias) Minor adverse

events

Blinding of participants High risk Attending doctor who administered anaesthetic was aware of drug allocation
and personnel (perfor-

mance bias) Time to in-

duction etc/need for rese-

dation.

Blinding of outcome as- Unclear risk No details as to who recorded all outcome assessments
sessment (detection bias)
Major adverse event

Blinding of outcome as- Unclear risk No details as to who recorded all outcome assessments. Assume not blinded
sessment (detection bias)

Mortality

Blinding of outcome as- Low risk Participant blinded to study allocation

sessment (detection bias)
Patient reported out-
comes (recall/satisfaction)

Blinding of outcome as- Unclear risk No details as to who recorded all outcome assessments. Assume not blinded
sessment (detection bias)
Success of cardioversion

Blinding of outcome as- Unclear risk No details as to who recorded all outcome assessments. Assume not blinded
sessment (detection bias)
Minor adverse events

Blinding of outcome as- Unclear risk No details as to who recorded all outcome assessments. Assume not blinded
sessment (detection bias)

Time to induction etc./

need for resedation

Incomplete outcome data  High risk 15 participants (11 in midazolam group; 4 in diazepam group) given flumazenil
(attrition bias) and excluded from awakening data
All outcomes

Selective reporting (re- Unclear risk Outcomes from methods appear to be reported
porting bias)
Prepublished protocol not sought

Other bias Unclear risk No details presented for all baseline characteristics - although described as
comparable
Munoz 2002
Methods RCT, parallel design
Participants « 50 adult participants

« Elective procedures for atrial fibrillation and flutter
+ ASAstatus not given
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Munoz 2002 (Continued)

« Procedure room, intensive care unit, Spain

Interventions « Propofol (1 mg/kgiv)
« Etomidate (0.15 mg/kg iv)

Both given in a bolus slowly over 1 minute. Etomidate group also given 1 mg midazolam

Aim: loss of response to verbal or tactile stimulus

Outcomes « Unintended apneic episodes
+ Patient awareness/recall of pain
« Success of cardioversion
+ Need for re-sedation
« Time to loss of consciousness
« Timeto awakening

Results Propofol vs Etomidate

« Apnoea: 3/25vs4/25
o Recall:0/25vs 1/25
« Success of cardioversion: 18/25 vs 18/25

Notes

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Described as randomized but no further details

tion (selection bias)

Allocation concealment Unclear risk No details
(selection bias)

Blinding of participants High risk Study described by study authors as not blinded
and personnel (perfor-

mance bias) Major adverse

events

Blinding of participants High risk Study described by study authors as not blinded
and personnel (perfor-

mance bias) Patient re-

ported outcomes (re-

call/satisfaction)

Blinding of participants High risk Study described by study authors as not blinded
and personnel (perfor-

mance bias) Success of

cardioversion

Blinding of participants High risk Study described by study authors as not blinded
and personnel (perfor-

mance bias) Minor adverse

events

Blinding of participants High risk Study described by study authors as not blinded
and personnel (perfor-
mance bias) Time to in-
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Munoz 2002 (Continued)
duction etc/need for rese-
dation.

Blinding of outcome as- High risk Study described by study authors as not blinded
sessment (detection bias)
Major adverse event

Blinding of outcome as- High risk Study described by study authors as not blinded
sessment (detection bias)

Patient reported out-

comes (recall/satisfaction)

Blinding of outcome as- High risk Study described by study authors as not blinded
sessment (detection bias)
Success of cardioversion

Blinding of outcome as- High risk Study described by study authors as not blinded
sessment (detection bias)
Minor adverse events

Blinding of outcome as- High risk Study described by study authors as not blinded
sessment (detection bias)

Time to induction etc./

need for resedation

Incomplete outcome data  Low risk One participant excluded from data analysis because of extravasation of the
(attrition bias) drug
All outcomes

Selective reporting (re- Unclear risk Prepublished protocol not sought
porting bias)

Other bias Low risk Baseline imbalances: all comparable

External funding: no apparent funding with potential sources of conflict

Orko 1976a

Methods RCT, parallel design

Participants « 150 adult participants
« Elective procedure. No details of participants' diagnoses
« ASAstatus not given
« Hospital, Finland

Interventions « Diazepam given over period of 1 minute until speech sluggish and ptosis obvious (dose not given)
« Thiopentone in 2.5% solution injected over 1 minute (dose not given)
« Propanidid

All groups given atropine (0.01 mg/kg given iv 2 minutes) before anaesthesia

Aim: "when patient did not respond to questions, the level of anaesthesia was considered adequate"

Outcomes « Unintended apneic episodes
« Other arrhythmia
« Patient awareness/recall
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Orko 1976a (continued)

+ Success of cardioversion
« PONV

« Myoclonus

« Number of shocks

Results Diazepam vs Thiopentone

» Apnoea: 2/50 vs 25/50 (P value <0.001)
« Recall: 15/41 vs 1/40 (P value <0.001)
« PONV: 0/50 vs 0/50

» Myoclonus (defined as excitatory side effects, such as muscular tension or involuntary movements):
0/50 vs 4/50

« Successful cardioversion: 42/50 vs 36/50
« Mean number of shocks: 1.9 vs 2.1

Notes No effect estimates provided with data

Propanidid is no longer in use; therefore data were not taken from this group

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Described as randomized but no details given

tion (selection bias)

Allocation concealment Unclear risk No details
(selection bias)

Blinding of participants High risk Assume anaesthetist was aware of group allocation
and personnel (perfor-

mance bias) Major adverse

events

Blinding of participants High risk No details of blinding given. Assume anaesthetist was not blinded
and personnel (perfor-

mance bias) Patient re-

ported outcomes (re-

call/satisfaction)

Blinding of participants High risk No details of blinding given. Old study and assume cardiologist/surgeon was
and personnel (perfor- not blinded

mance bias) Success of

cardioversion

Blinding of participants High risk No details of blinding given. Assume anaesthetist was not blinded
and personnel (perfor-

mance bias) Minor adverse

events

Blinding of participants High risk No details of blinding given. Assume anaesthetist was not blinded
and personnel (perfor-

mance bias) Time to in-

duction etc/need for rese-

dation.
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Orko 1976a (continued)

Blinding of outcome as- Unclear risk No details given as to who recorded outcome data, although arrhythmias were
sessment (detection bias) analysed by someone unaware of group allocation
Major adverse event
Blinding of outcome as- Unclear risk No details of whether participant was blinded
sessment (detection bias)
Patient reported out-
comes (recall/satisfaction)
Blinding of outcome as- Unclear risk No details given as to who recorded outcome data, although arrhythmias were
sessment (detection bias) analysed by someone unaware of group allocation
Success of cardioversion
Blinding of outcome as- Unclear risk No details given as to who recorded outcome data, although arrhythmias were
sessment (detection bias) analysed by someone unaware of group allocation
Minor adverse events
Blinding of outcome as- Unclear risk No details given as to who recorded outcome data, although arrhythmias were
sessment (detection bias) analysed by someone unaware of group allocation
Time to induction etc./
need for resedation
Incomplete outcome data  Low risk No losses reported
(attrition bias)
All outcomes
Selective reporting (re- Unclear risk All outcomes appear to be reported from methods section
porting bias)
Prepublished protocol not sought
Other bias Low risk Baseline characteristics comparable
Parlak 2006
Methods RCT, parallel design

Participants

o T4 adult participants

« Elective and emergency procedures for participants with atrial fibrillation

« ASAstatus not given

« Emergency department and coronary care unit, Turkey

Interventions

« <65years. Fentanyl (1 p/kgiv). 3 minutes later 2 mg midazolam (1 mL =1 mg) over 20-30 seconds until
reached RSS-5. Then 1 mg of midazolam every 2 minutes

« <65years. Fentanyl (1 u/kgiv). 3 minutes later 20 mg propofol (1 mL =10 mg) over 20-30 seconds until
reached RSS-5. Then 20 mg propofol every 2 minutes

« =65 years. Fentanyl (0.5 p/kg iv). 3 minutes later 2 mg midazolam (1 mL = 1 mg) over 20-30 seconds
until reached RSS-5. Then 1 mg midazolam every 2 minutes

« =65 years. Fentanyl (0.5 u/kg iv). 3 minutes later 20 mg propofol (1 mL = 10 mg) over 20-30 seconds
until reached RSS-5. Then 20 mg propofol every 2 minutes

All groups given fentanyl citrate for preprocedural analgesia

Aim: participant sedated to Ramsey Sedation Scale level 5

Outcomes « Unintended apneic episodes
« Patient awareness or recall
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Parlak 2006 (continued)

« Timeto loss of consciousness
« Timeto awakening
« Patient satisfaction

Results <65 years Midazolam vs < 65 years Propofol vs =65 years Midazolam vs =65 years Propofol

« Apnoea: 1/12vs1/11vs6/25vs 2/22
« Recall:0/12vs 1/11vs 4/25vs 1/22
« Patient satisfaction: satisfied 12/12 vs 11/11 vs 23/25 vs 20/22

Unsure if satisfied: 0/12 vs 0/11 vs 2/25 vs 2/22

Notes Four groups for 2 drug comparisons divided by age group (< 65 years, = 65 years)

Anaesthetic administered by 2 final year medical residents from Emergency department and Anesthet-
ic department

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Stratification by age and then computer software to generate random num-
tion (selection bias) bers

Allocation concealment Unclear risk No details of how allocation was concealed

(selection bias)

Blinding of participants High risk Medical resident who administered anaesthetic aware of group allocation
and personnel (perfor-

mance bias) Major adverse

events

Blinding of participants High risk Medical resident who administered anaesthetic aware of group allocation
and personnel (perfor-

mance bias) Patient re-

ported outcomes (re-

call/satisfaction)

Blinding of participants High risk Medical resident who administered anaesthetic aware of group allocation
and personnel (perfor-

mance bias) Success of

cardioversion

Blinding of participants High risk Medical resident who administered anaesthetic aware of group allocation
and personnel (perfor-

mance bias) Minor adverse

events

Blinding of participants High risk Medical resident who administered anaesthetic aware of group allocation
and personnel (perfor-

mance bias) Time to in-

duction etc/need for rese-

dation.
Blinding of outcome as- Low risk Researcher who collected data was blinded to participant treatment alloca-
sessment (detection bias) tion. Blinding achieved by obscuring participant's arm

Major adverse event
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Parlak 2006 (continued)

Blinding of outcome as-
sessment (detection bias)
Patient reported out-
comes (recall/satisfaction)

Low risk Researcher who collected data was blinded to participant treatment alloca-
tion. Blinding achieved by obscuring participant's arm

Blinding of outcome as-
sessment (detection bias)
Success of cardioversion

Low risk Researcher who collected data was blinded to participant treatment alloca-
tion. Blinding achieved by obscuring participant's arm

Blinding of outcome as-
sessment (detection bias)
Minor adverse events

Low risk Researcher who collected data was blinded to participant treatment alloca-
tion. Blinding achieved by obscuring participant's arm

Blinding of outcome as-
sessment (detection bias)
Time to induction etc./
need for resedation

Low risk Researcher who collected data was blinded to participant treatment alloca-
tion. Blinding achieved by obscuring participant's arm

Incomplete outcome data  Low risk Four participants excluded “because of difficulties in data collection”. Only 5%
(attrition bias)

All outcomes

Selective reporting (re- Unclear risk All outcomes from methods section reported

porting bias)

Prepublished protocol not sought

Other bias Low risk Baseline characteristics largely comparable - given stratification by age
Sharafudeen 2010
Methods RCT, parallel design

Participants

« 60 adult participants

« Elective procedures for atrial fibrillation
+ ASAstatus not given

« Hospital, UK

Interventions

« Propofol (2% at 67 mg/min, infusion pump)
« Sevoflurane (8% in 10 litres/min oxygen, inhaled)

Aim: for patient to stop tapping finger continuously on chest during induction

Outcomes « Patient awareness/recall
« Time to loss of consciousness
« Patient satisfaction

Results No denominator figures reported. Study authors quote in abstract: "None of the patients reported
awareness and satisfaction scores were similar in both groups"

Notes Conference abstract with limited detail. No detail on participant number per group

Risk of bias

Bias Authors' judgement Support for judgement
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Sharafudeen 2010 (continued)

Random sequence genera-  Unclear risk “Patients randomly assigned to two groups”. No further details
tion (selection bias)

Allocation concealment Unclear risk Abstract only. Insufficient detail to make judgement
(selection bias)

Blinding of participants Unclear risk Abstract only. Insufficient detail to make judgement
and personnel (perfor-

mance bias) Patient re-

ported outcomes (re-

call/satisfaction)

Blinding of participants Unclear risk Abstract only. Insufficient detail to make judgement
and personnel (perfor-

mance bias) Time to in-

duction etc/need for rese-

dation.

Blinding of outcome as- Unclear risk Abstract only. Insufficient detail to make judgement
sessment (detection bias)

Patient reported out-

comes (recall/satisfaction)

Blinding of outcome as- Unclear risk Abstract only. Insufficient detail to make judgement
sessment (detection bias)

Time to induction etc./

need for resedation

Incomplete outcome data  Unclear risk Abstract only. Insufficient detail to make judgement
(attrition bias)
All outcomes

Selective reporting (re- Unclear risk Abstract only. Insufficient detail to make judgement
porting bias)

Other bias Unclear risk Insufficient detail on baseline characteristics
Siedy 2010

Methods RCT, parallel design

Participants « 100 adult participants

« Elective cardioversion procedures
« ASA II/HI/IV. NYHA 1/11/111
« Coronary centre, Poland

Interventions « Propofol (1 mg/kg bolus iv followed by increments 0.2 mg/kg each)
« Fentanyl (1 ug/kgiv) followed by etomidate (0.15 mg/kg iv followed by increments 0.03 mg/kg)

Aim: general anaesthesia as determined by inability to open eyes on command and lack of eyelash re-

flex
Outcomes « Unintended apneic episodes
+ Success of cardioversion
« PONV
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Siedy 2010 (continued)

« Pain at site of injection
« Myoclonus

Results Propofol vs Fentanyl + Etomidate

« Hypotension: no definition of hypotension given. Study authors state: "mean values of BP (blood pres-
sure) were significantly lower in the propofol group"

« Apnoea: 3/50vs 2/50

« Nausea: 1/50 vs 7/50 (P value < 0.05)

« Vomiting: 0/50 vs 4/50 (P value <0.05)

« Pain atinjection site: 4/50 vs 11/50 (P value < 0.05)

« Myoclonus (defined as severe involuntary movements requiring midazolam): 1/50 vs 1/50

Notes No effect estimates provided with data

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Randomization took place but no details given

tion (selection bias)

Allocation concealment Unclear risk No details
(selection bias)

Blinding of participants High risk No details of blinding of personnel. Assume anaesthetist was not blinded
and personnel (perfor-

mance bias) Major adverse

events

Blinding of participants Unclear risk No details of blinding of personnel/cardiologist
and personnel (perfor-

mance bias) Success of

cardioversion

Blinding of participants High risk No details of blinding of personnel. Assume anaesthetist was not blinded
and personnel (perfor-

mance bias) Minor adverse

events

Blinding of participants High risk No details of blinding of personnel. Assume anaesthetist was not blinded
and personnel (perfor-

mance bias) Time to in-

duction etc/need for rese-

dation.

Blinding of outcome as- Unclear risk No details of who assessed outcomes and whether blinding took place
sessment (detection bias)
Major adverse event

Blinding of outcome as- Unclear risk No details of who assessed outcomes and whether blinding took place
sessment (detection bias)
Success of cardioversion

Blinding of outcome as- Unclear risk No details of who assessed outcomes and whether blinding took place
sessment (detection bias)
Minor adverse events
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Blinding of outcome as- Unclear risk No details of who assessed outcomes and whether blinding took place
sessment (detection bias)
Time to induction etc./
need for resedation
Incomplete outcome data  Low risk No apparent losses
(attrition bias)
All outcomes
Selective reporting (re- Unclear risk Outcomes reported as in methods section
porting bias)
Prepublished protocol not sought
Other bias Low risk Baseline characteristics well documented and largely comparable

Sternlo 1991

Methods

RCT, parallel design

Participants

o 44 adult participants

« Elective participants for atrial fibrillation

« ASAstatus not given

+ Hospital, Sweden

Interventions

« Thiopentone (induction doses required to achieve clinical anaesthesia kept as low as possible, but no
dose values given. Supplementary doses of 25-50 mg given as needed)
« Propofol (induction doses required to achieve clinical anaesthesia kept as low as possible, but no dose
values given. Supplementary doses of 10-20 mg given as needed)

Aim: clinical anaesthesia as indicated by loss of eyelid reflexes

Outcomes

« Unintended apneic episodes

« Other arrhythmias

« Success of cardioversion
« Pain at site of injection

« Timeto awakening

Results

Thiopentone vs Propofol

« Hypotension: no definition of hypotension given. Absolute blood pressure values not presented
« Apnoea: 2/21vs2/23

« Pain atinjection site: 0/21 vs 1/23
« Successful cardioversion: 19/21 vs 20/23

Notes

Quasi-randomized - by alternating participants

Final statistical analysis included only elective participants

Most anaesthetics given by trained anaesthetic nurses

Risk of bias

Bias

Authors' judgement

Support for judgement
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Sternlo 1991 (continued)

Random sequence genera-  High risk Alternating participants
tion (selection bias)

Allocation concealment Unclear risk No details
(selection bias)

Blinding of participants High risk No details of blinding of personnel. Assume anaesthetist was not blinded
and personnel (perfor-

mance bias) Major adverse

events

Blinding of participants High risk No details of blinding of personnel. Assume anaesthetist was not blinded
and personnel (perfor-

mance bias) Minor adverse

events

Blinding of participants High risk No details of blinding of personnel. Assume anaesthetist was not blinded
and personnel (perfor-

mance bias) Time to in-

duction etc/need for rese-

dation.

Blinding of outcome as- Unclear risk No details of who assessed outcomes and whether blinded
sessment (detection bias)

Major adverse event

Blinding of outcome as- Unclear risk No details of who assessed outcomes and whether blinded

sessment (detection bias)
Minor adverse events

Blinding of outcome as- Unclear risk No details of who assessed outcomes and whether blinded
sessment (detection bias)

Time to induction etc./

need for resedation

Incomplete outcome data  High risk Participants for emergency cardioversion not included in data analysis. No de-
(attrition bias) tails as to how many participants this has excluded. Five thiopentone partici-
All outcomes pants and three propofol participants missing from blood pressure data; rea-

son given is "some incomplete protocols were discarded"

Selective reporting (re- Unclear risk All outcomes from methods appear to be reported
porting bias)
Prepublished protocol not sought

Other bias Low risk Baseline characteristics comparable

Valtonen 1988

Methods RCT, cross-over design

Participants « 35adult participants
« Elective procedures for atrial fibrillation
« ASAllorlll
« Hospital, Finland

Interventions « Propofol (2.5 mg/kg iv over 45 seconds)
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Valtonen 1988 (Continued)

« Thiopentone (5 mg/kg iv over 45 seconds)

Aim: patient no longer responded to command

Outcomes « Unintended apneic episodes
« Patient awareness/recall
+ Success of cardioversion
« Pain at site of injection
« Time to loss of consciousness

Results Propofol vs Thiopentone

« Hypotension: no definition presented. Study authors state: "The decreases in mean arterial pressure
after the induction of anaesthesia were similar in both groups but...these... did not achieve statistical
significance within or between the study groups"

« Apnoea: 5/15vs 9/15

« Recall:0/15vs0/15

« Pain atinjection site: 2/15vs 0/15

« Successful cardioversion: 11/15vs 13/15

Notes Cross-over study with no details of a wash-out period between different interventions. Therefore only
data from first set of procedures used in the review

Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Unclear risk Described as randomized but no further details given

tion (selection bias)

Allocation concealment Unclear risk No details
(selection bias)

Blinding of participants High risk No details of blinding. Assume anaesthetist was not blinded
and personnel (perfor-

mance bias) Major adverse

events

Blinding of participants High risk No details of blinding. Assume anaesthetist was not blinded
and personnel (perfor-

mance bias) Patient re-

ported outcomes (re-

call/satisfaction)

Blinding of participants Unclear risk No details of blinding of cardiologist/personnel performing cardioversion
and personnel (perfor-

mance bias) Success of

cardioversion

Blinding of participants High risk No details of blinding. Assume anaesthetist was not blinded
and personnel (perfor-

mance bias) Minor adverse

events

Blinding of participants High risk No details of blinding. Assume anaesthetist was not blinded
and personnel (perfor-
mance bias) Time to in-

Anaesthetic and sedative agents used for electrical cardioversion (Review) 59
Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



= 3 Cochrane
st g Library

Trusted evidence.
Informed decisions.

Better health. Cochrane Database of Systematic Reviews
Valtonen 1988 (Continued)
duction etc/need for rese-
dation.
Blinding of outcome as- Unclear risk No details as to who was responsible for outcome assessment and if blinded to

sessment (detection bias)
Major adverse event

group allocation

Blinding of outcome as- Unclear risk No details of whether participants were blinded

sessment (detection bias)

Patient reported out-

comes (recall/satisfaction)

Blinding of outcome as- Unclear risk No details as to who was responsible for outcome assessment and if blinded to

sessment (detection bias)
Success of cardioversion

group allocation

Blinding of outcome as-
sessment (detection bias)
Minor adverse events

Unclear risk No details as to who was responsible for outcome assessment and if blinded to
group allocation

Blinding of outcome as-
sessment (detection bias)
Time to induction etc./
need for resedation

Unclear risk No details as to who was responsible for outcome assessment and if blinded to
group allocation

Incomplete outcome data  Low risk All participants accounted for

(attrition bias)

All outcomes

Selective reporting (re- Unclear risk All outcomes from methods section appear to be reported

porting bias)

Prepublished protocol not sought

Other bias

Low risk Baseline characteristics comparable

Same anaesthetist used for all procedures

RCT = randomized controlled trial, ASA = American Society of Anesthesiologists, OAA/S = observer's assessment of alertness/sedation,
PONV = postoperative nausea and vomiting, vs = versus, NYHA = New York Heart Association, ICU = intensive care unit, Sp02 = oxygen

saturation, iv = intravenous,

USA = United States of America.

Characteristics of excluded studies [ordered by study ID]

Study

Reason for exclusion

Huter 2007

RCT comparing midazolam with placebo as pretreatment for etomidate

Maltepe 2006

RCT comparing remifentanil with fentanyl. Both intervention and comparison groups given propo-

fol
Orko 1976b RCT comparing thiopental with althesin. Althesin no longer available
Prieto 1995 Insufficient reporting of outcome data in abstract. No known published full text. No contact details
for study authors
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Study Reason for exclusion

Tiongson 1978 RCT comparing diazepam with sodium methohexital. Methohexital no longer in use for cardiover-
sion
Yildirim 2007 RCT. Cardioversion procedure done following coronary artery bypass grafting

RCT =randomized controlled trial.

Characteristics of studies awaiting assessment [ordered by study ID]

Sawas 2013
Methods RCT, parallel design
Participants o 99 adult participants
« Emergency department participants for variety of procedures: 82 fracture/dislocation reductions,
7 cardioversion, 4 abscess drainage, 3 foreign body removal, 1 burn debridement and 1 chest tube
placement
« 90%ASAlorll
Interventions « Ketofol (1:1 ketamine/propofol mixture)
« Propofol
Outcomes « Clinical respiratory depression
o Subclinical respiratory depression
« Increase/decrease in ETCO,
Notes Unclear whether data for 7 cardioversion participants are reported separately. Abstract only, no

contact details for study authors

ASA = American Society of Anesthesiologists,
RCT = randomized controlled trial.

Characteristics of ongoing studies [ordered by study ID]

NCT01211158
Trial name or title Randomized double-blind trial to evaluate ketamine-propofol combination vs propofol alone for
procedural sedation and analgesia in the emergency department
Methods RCT, parallel design
Participants o Aged =14 years
« Deemed to require emergency department procedural sedation by attending physician
Interventions « Propofol (10 mg/mL)
« Ketofol (5 mg/mL propofol + 5 mg/mL ketamine)
Outcomes o Respiratory adverse events
« Oxygen desaturation, central apnoea, partial upper airway obstruction, complete upper airway
obstruction, laryngospasm, clinically apparent pulmonary aspiration
Starting date September 28,2010
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NCT01211158 (Continued)

Contact information

G Andolfatto, Lions Gate Hospital, University of British Columbia Department of Emergency Medi-

cine

Notes

clinicaltrials.gov register number: NCT01211158

RCT =randomized controlled trial.

ADDITIONAL TABLES

Table 1. Primary outcome data

Intervention (dose; tim- Comparison (dose; timing) Study Hypotension* Apnoea* Patient re-
ing) call*
1. Propofol (1.5 mg/kg,ad- 2. Etomidate (0.25 mg/kg, addi- Kick 1996 1.6/20
ditional supplements of tional supplements of 0.03 mg/
0.25 mg/kg; iv over 30 sec-  kg; iv over 30 seconds) 2.15/20
onds)
P value <0.05

1. Propofol (50 mg/min 2. Etomidate (8 mg/min +2.5% Hullander 1.2/20 1.0/20
+2.5% (0.5 mg/kg) lido- (0.5 mg/kg) lidocaine at startof 1993
caine at start of induction;  induction; iv over 30 seconds) 2.1/20 2.0/20
iv over 30 seconds)
1. Propofol + fentanyl 2. Etomidate + fentanyl (50 pg Kalogridaki 1.5/25 1.7/25 1.3/25
(50 pg fentanyl, then 60 fentanyl, then 60 seconds later 2011
seconds later 0.5 mg/kg 0.1 mg/kg etomidate; iv over 30 2.0/21 2.10/21 2.1/21
propofol; iv over 30 sec- seconds) P value 0.054
onds) value 0.
1. Propofol (0.5 mg/kg) + 2. Etomidate (0.1 mg/kg + Akcaboy 2007 1.2/20 1.1/20
remifentanil (0.75 ug/kg);  remifentanil (0.75 pg/kg); eto-
propofol iv over 15 sec- midate iv over 15 seconds. 2.0/20 2.0/20
onds. Remifentanilivover = Remifentanil iv over 90 seconds
90 seconds
1. Propofol (0.5 mg/kg) + 2. Etomidate (0.1 mg/kg + Altinoren 2005 1.8/20 1.1/20
remifentanil (0.75 ug/kg);  remifentanil (0.75 pg/kg); eto-
propofol iv over 15 sec- midate iv over 15 seconds. 2.0/20 2.0/20
onds. Remifentanilivover  Remifentanil iv over 90 seconds
90 seconds
1. Propofol (1 mg/kg +ad- 2. Etomidate + fentanyl (1 ug/kg  Siedy 2010 1.3/50
ditional at 0.2 mg/kg; bo- fentanyl, then 0.15 mg/kg eto-
lus) midate + additional 0.03 mg/kg; 2.2/50

iv)
1. Propofol (1 mg/kg; iv 2. Etomidate (0.15 mg/kg) + Munoz 2002 1.3/25 1.0/25
over 1 minute) Midazolam (1 mg); iv over 1

minute 2.4/25 2.1/25
1. Propofol (1 mg/kg 50% 2. Etomidate (0.2 mg/kg 50% Broch Porcar Mean % drop 1.1/13 1.4/13
initially then boluses of initially, then boluses of 25%;iv 1999 in arterial
25%; iv over 1 minute) over 1 minute) pressure 2.0/13 2.1/13

1.24 (8) 3.1/12 3.0/12
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Table 1. Primary outcome data (continued)

3. Midazolam (0.05 mg/kg 50%
initially, then boluses of 25%; iv
over 1 minute)

2.0.3(8)

3.14 (8)

1. Propofol (1.5 mg/kg; iv 2. Etomidate (0.2 mg/kg; ivover  Coll-Vinent 1.2/9
over 20 seconds) 20 seconds) 2003
2.2/9
3. Midazolam (0.2 mg/kg; iv over
20 seconds) 3.3/8
4. Midazolam + flumazenil (0.5 4.1/6
mg followed by 0.5 mgin iv per-
fusion; perfusion over 1 hour
post procedure)
1. Propofol (1.5 mg/kg; 2. Thiopental (3 mg/kg; over 30 Canessa 1991 1.7/12 .0/12
over 30 seconds). Plus 1.5 seconds)
ug/kg fentanyliv, 3 min- 2.2/12 .0/12
utes before induction 3. Etomidate (0.15 mg/kg; over
30 seconds) 3.1/10 -0/10
4. Midazolam (0.15 mg/kg; over 4.1/10 .0/10
30 seconds)
P <0.05
Plus 1.5 pug/kg fentanyliv, 3
minutes before induction in all
groups
1. Propofol (ivinfusion ini- 2. Midazolam (0.5 mg/mL iv in- Gale 1993 1.2/10 .2/10
tiated at 10 mL/min and fusion initiated and maintained
maintained at 10 mL/min)  at a rate of 10 mL/min) 2.1/10 .0/10
1. Propofol (20 mg) + fen- 3. Midazolam (2 mg) + fentanyl Parlak 2006 1.1/11 .0/11
tanyl (1 pg) < 65 years; iv (1 pug) <65 years; iv over 20-30
over 20-30 seconds, then seconds, then 2 mg midazolam 2.2/22 .1/22
Zq mg propofol every 2 every 2 minutes 3.1/12 112
minutes
4. Midazolam (2 mg) + fentanyl
2. Propofol (20 mg) + fen- (0.5 ug) = 65 years; iv over 20-30 4.6/25 -4/25
tanyl (0.5 pg) =65 years;iv  seconds, then 2 mg midazolam
over 20-30 seconds, then every 2 minutes
20 mg propofol every 2
minutes
1. Propofol (meandose 2.2 2. Thiopentone (mean dose 5.2 Gupta 1990 1.3/10 .0/10
mg/kg; iv over 1 minute) mg/kg; iv over 1 minute)
2.3/10 .0/10
3. Midazolam (mean dose 0.24
mg/kg; 5 mg injected over 1 3.0/10 -0/5
minute, then 2-mg increments)
1. Propofol (1 mg/kg; iv 2. Thiopentone (1.5 mg/kg; iv Jan 1995 1.7/12 .0/12
over 30 seconds, then 2 over 30 seconds, then 16 mg/
mg/min infusion rate). min infusion rate). Plus fentanyl 2.7/12 .0/12
Plus fentanyl (2 ug/kg) as (2 pg/kg) as premedication 3
premedication 3 minutes minutes before induction
before induction
1. Propofol (no dose given) 2. Thiopentone (no dose given) Sternlo 1991 1.2/23
2.2/21
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Table 1. Primary outcome data (continued)

1. Propofol (2.5 mg/kg; iv 2. Thiopentone (5 mg/kg; ivover  Valtonen 1988 1.5/15 1.0/15
over 45 seconds) 45 seconds)
2.9/15 2.0/15
1. Propofol (6 ug/mL + ni- 2. Sevoflurane (8% in 50% oxy- Karthikeyan 1.8/31
trous oxide as co-induc- gen/nitrous oxide + nitrous ox- 2002
tion + gycopyrronium 200 ide as co-induction + gycopyrro- 2.5/30
ug; TCl throughout proce- nium 200 pg; inhalation)
dure)
1. Propofol (2% at 67 mg/ 2. Sevoflurane (8% in 10 L/min Sharafudeen Study au-
min; infusion pump) oxygen; inhalation) 2010 thors state:
"None of the
patients re-
ported aware-
ness"
1. Etomidate (0.3 mg/kg 2. Thiopental (3 mg/kg followed  Dellinger 1988  1.31/40 1.17/40
followed by 0.15 mg/kg. 10 by 1.5 mg/kg if required. 10 mg
mg diazepam premedica-  diazepam premedication; iv 2.22/40 2.27/40
tion; iv over 30 seconds) over 30 seconds)
P value 0.046 P value 0.02
1. Etomidate (0.20%; 2-mL 2. Thiopental (2.50%; 2-mL Ford 1991 1.0/8 1.0/8 1.1/8
aliquots iv every 15 sec- aliquots iv every 15 seconds)
onds) 2.0/8 2.0/8 2.1/8
1. Midazolam (2 mg/kg; 5 2. Diazepam (5-10 mg iv bolus Mitchell 2003 1.14/71 1.0/71
mg iv bolus followed by followed by aliquots of 5-10 mg
aliquots of 1-2 mg each each min to max 70 mg) 2.5/70 2.1/10
min to max 30 mg)
1. Diazepam (dose not giv- 2. Thiopentone (2.5% solution; Orko 1976a 1.2/50 1.15/41
en; iv over 1 minute) iv over 1 minute)
2.25/50 2.1/40
P value < P value <
0.001 0.001
*Unless otherwise stated, data given as number of participant events per total number of participants in group.
iv = intravenously; TCl = target controlled infusion; max = maximum.
APPENDICES
Appendix 1. CENTRAL, The Cochrane Library search strategy
#1 MeSH descriptor: [Electric Countershock] explode all trees
#2 MeSH descriptor: [Defibrillators] explode all trees
#3 cardiover* or defibrill*
#4 #1 or#2 or #3
#5 MeSH descriptor: [Anesthesia and Analgesia] explode all trees
#6 MeSH descriptor: [Anesthesia, Intravenous] explode all trees
#7 MeSH descriptor: [Conscious Sedation] explode all trees
#8 MeSH descriptor: [Midazolam] explode all trees
#9 MeSH descriptor: [Etomidate] explode all trees
#10 MeSH descriptor: [Propofol] explode all trees
#11 MeSH descriptor: [Thiopental] explode all trees
#12 MeSH descriptor: [Methohexital] explode all trees
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#13 MeSH descriptor:
#14 MeSH descriptor:

Isoflurane] explode all trees

Xenon] explode all trees

#15 MeSH descriptor: [Deep Sedation] explode all trees

#16 MeSH descriptor: [Anesthetics, Inhalation] explode all trees

#17 MeSH descriptor: [Benzodiazepinones] explode all trees

#18 midazolam or etomidate or propofol or thiopentone or methohexital or isoflurane or desflurane or xenon or sevoflurane or diazepam
#19 #5 or #6 or #7 or #8 or #9 or #10 or #11 or #12 or #13 or #14 or #15 or #16 or #17 or #18

#20 #4 and #19

— — —

Appendix 2. MEDLINE via Ovid search strategy

1. exp Electric Countershock/ or cardiover*.mp. or exp defibrillators/ or defibrill*.mp.

2. exp "anesthesia and analgesia"/ or exp Anesthesia, Intravenous/ or exp Conscious Sedation/ or midazolam.mp. or exp Midazolam/ or
etomidate.mp. or exp Etomidate/ or propofol.mp. or exp Propofol/ or thiopentone.mp. or exp Thiopental/ or methohexital.mp. or exp
Methohexital/ orisoflurane.mp. or exp Isoflurane/ or desflurane.mp. or xenon.mp. or exp Xenon/ or exp Deep Sedation/ or sevoflurane.mp.
or exp "Anesthetics, Inhalation"/ or exp Benzodiazepinones/ or diazepam.mp.

3. ((randomized controlled trial or controlled clinical trial).pt. or randomized.ab. or randomised.ab. or placebo.ab. or drug therapy.fs. or
randomly.ab. or trial.ab. or groups.ab.) not (animals not (humans and animals)).sh.

4.1and2and3

Appendix 3. EMBASE via Ovid search strategy

1. exp cardioversion/ or cardiover*.mp. or exp defibrillator/ or defibrill*.mp.

2. exp anesthesia/ or exp analgesia/ or exp intravenous anesthesia/ or exp conscious sedation/ or midazolam.mp. or exp midazolam/
or etomidate.mp. or exp etomidate/ or propofol.mp. or exp propofol/ or thiopentone.mp. or exp thiopental/ or methohexital.mp. or exp
methohexital/ orisoflurane.mp. or exp isoflurane/ or desflurane.mp. or xenon.mp. or exp xenon/ or exp deep sedation/ or sevoflurane.mp.
or exp inhalation anesthetic agent/ or exp benzodiazepine derivative/ or diazepam.mp.

3. (randomized-controlled-trial/ or randomization/ or controlled-study/ or multicenter-study/ or phase-3-clinical-trial/ or phase-4-clinical-
trial/ or double-blind-procedure/ or single-blind-procedure/ or (random* or cross?over* or multicenter* or factorial* or placebo* or
volunteer*).mp. or ((singl* or doubl* or trebl* or tripl*) adj3 (blind* or mask*)).ti,ab. or (latin adj square).mp.) not (animals not (humans
and animals)).sh.

4.1and2and3

Appendix 4. CINAHL via EBSCO search strategy

S1 (MH "Cardioversion") or "electrical countershock" or "cardiover*"
S2 (MH "Defibrillators") or defibrill*
S3 (MH "Anesthesia and Analgesia (Non-Cinahl)+")
S4 (MH "Anesthesia, Intravenous")
S5 (MH "Conscious Sedation")
S6 (MH "Midazolam") or midazolam
S7 (MH "Etomidate") or etomidate
S8 (MH "Propofol") or propofol
S9 (MH "Thiopental") or thiopentone
S10 methohexital
S11 (MH "Isoflurane") or isoflurane
S12 (MH "Sedation")
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(Continued)

S13 (MH "Sevoflurane") or sevoflurane

S14 (MH "Anesthetics, Inhalation+")

S15 (MH "Antianxiety Agents, Benzodiazepine+")

S16 (MH "Diazepam") or diazepam

S17 Tl (anesth* or anaesth* or sedat* or analges®)

S18 S10RS2

S19 S30RS40RS50RS60RS70ORS80RS9ORS100RS110R S12 ORS130RS14 OR S150R S16 OR
S17

S20 (MH "Clinical Trials+")

S21 PT Clinical trial

S22 TX clinic* n1 trial*

S23 TX ((singl* n1 blind*) or (singl* n1 mask*)) or TX ((doubl* n1 blind*) or (doubl* n1 mask*)) or TX
((tripl* n1 blind*) or (tripl* n1 mask*)) or TX ((trebl* n1 blind*) or (trebl* n1 mask*))

S24 TX randomi* control* trial*

S25 (MH "Random Assignment")

S26 TXrandom* allocat*

S27 TX placebo*

S28 (MH "Placebos")

S29 (MH "Quantitative Studies")

S30 TX allocat* random*

S31 S20 OR S21 OR S22 OR S23 OR S24 OR S25 OR S26 OR S27 OR S28 OR S29 OR S30

S32 S18 AND S19 AND S31

S33 S18 AND S19

Appendix 5. Study eligibility form

Anaesthetic and sedative agents used for electrical cardioversion

Date form completed (dd/mm/yyyy)
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Name/ID of person extracting data

Report title

(title of paper/abstract/report from which data are extracted)

Report ID

(ID for this paper/abstract/report)

Report IDs of other reports of this study

(e.g. duplicate publications, follow-up studies)

Publication type

(e.g. full report, abstract, letter)

Study characteristics

Eligibility criteria Y/N or unclear

Details and loca-
tion

Type of study

Randomized controlled trial

Controlled clinical trial

(quasi-randomized trial and cluster-randomized trial)

Participants

Adults > 16 years undergoing electrical cardioversion in
the emergency or elective setting

Types of intervention
and comparison

We will include studies
comparing 2 different
anaesthetic agents or dif-
ferent doses of the same
agent

Groups may include the
additional use of an anal-
gesic (e.g. fentanyl, alfen-
tanil) by its use alone or
by dose

Comparison of 1 of:

intravenous anaesthetic agents (e.g. etomidate, propofol,
thiopentone, methohexital);

inhaled anaesthetic agents (e.g. isoflurane, sevoflurane);

sedative agents (e.g. midazolam, diazepam) via any route
(intramuscular, subcutaneous, intravenous, rectal); or

analgesic (e.g. fentanyl, alfentanil).

With one of:

intravenous anaesthetic agents (e.g. etomidate, propofol,
thiopentone, methohexital);

inhaled anaesthetic agents (e.g. isoflurane, sevoflurane);
or
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(Continued)
sedative agents (e.g. midazolam, diazepam) via any route
(intramuscular, subcutaneous, intravenous, rectal).
Types of outcome measures Details of out-
comes and loca-
tion in text

1. Major adverse events.

a) Hypotension.

b) Apneic episodes.

c) Other arrhythmias.

d) Abandoned procedure.

2. All-cause mortality within 30 days

3. Patient awareness or recall of procedure

4. Success of cardioversion

5. Minor adverse effects.

a) Nausea and vomiting,

b) Pain at injection site.

¢) Myoclonus.

6. Need for re-sedation

7. Time from start of induction to:

a) loss of consciousness/target level of sedation;

b) first shock;

c) awakening time; or

d) full recovery.

8. Patient satisfaction with procedure

Outcomes are not part of the eligibility criteria - so a study that meets design, participant and intervention criteria is included

INCLUDE EXCLUDE

Reason for exclusion
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Appendix 6. Data extraction form
ANAESTHESIA FOR CARDIOVERSION

1. Generalinformation

Date form completed (dd/mm/yyyy)

Name/ID of person extracting data

Report title

(title of paper/abstract/report from which data are extracted)

Report ID

(ID for this paper/abstract/report)

Study ID

(surname of first author and year first full report of study was published, e.g. Smith 2001)

Report IDs of other reports of this study

(e.g. duplicate publications, follow-up studies)

Reference details

Report author contact details

Publication type

(e.g. full report, abstract, letter)

Study funding sources

(including role of funders)

Possible conflicts of interest

(for study authors)

2. Population and setting

Description

Location in text

(pg & Y/fig/table)

Population description

(type of arrhythmia and cardiovascular disease; time in arrhythmia)

Location of study

Anaesthetic and sedative agents used for electrical cardioversion (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

69



: Cochrane Trusted evidence.
= L- b Informed decisions.
1 iprary Better health. Cochrane Database of Systematic Reviews

(Continued)
(town, country)

Setting of cardioversion

(in or out of hospital; ED, ward or CCU)

Inclusion criteria

Exclusion criteria

Method/s of recruitment of participants

Informed consent obtained

3. Methods

Descriptions as statedin  Location in text
report/paper
(pg & 9/fig/table)

Aim of study

Design (e.g. parallel, cross-over, cluster)

Unit of allocation

(by individuals, cluster/groups or body parts)

Start date

End date

Total study duration

Ethical approval obtained

4. Participants

Provide overall data and, if available, comparative data for each intervention or comparison group.

Description as stated Location in text

inreport/paper
(pg & Y/fig/table)

Total no. randomly assigned

(or total population at start of study for NRCTs)

Clusters
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(Continued)
(if applicable, no., type, no. people per cluster)

Baseline imbalances

Withdrawals and exclusions

(if not provided below by outcome)

Age

Sex

Race/Ethnicity

Emergency or elective

Details of cardioversion procedure

(external, internal, via oesophagus)

Current used and details of shock protocol

Use of adjunct agents

(e.g. fentanyl, other opioid)

Other details

Other relevant sociodemographics

Subgroups measured

Subgroups reported

5. Intervention groups

5.1 Intervention group - repeat as required

Description as stated
in report/paper

Location in text

(pg & Y/fig/table)

Group name

(sedation, general anaesthesia)

No. randomly assigned to group

Description of drug

(name, dose & timing)

Method of induction

(I, inhaled, etc.)
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(Continued)

Co-interventions
(e.g. additional opioid given)

Type of staff administering anaesthetic

5.2 Comparison group - repeat as required

Description as stated
in report/paper

Location in text

(pg & 9/fig/table)

Group name

(sedation, general anaesthesia)

No. randomly assigned to group

Description of drug

(name, dose and timing)

Method of induction

(IV, inhaled, etc.)

Co-interventions
(e.g. additional opioid given)

Type of staff administering anaesthetic

6. Outcomes

TYPES OF OUTCOME MEASURES MEASURED

REPORTED

FORM COMPLETED

Primary outcomes

1. Major adverse events.

a) Hypotension.

b) Apneic episodes.

¢) Other arrhythmia.

d) Abandoned procedure.

2. All-cause mortality within 30 days of procedure.

3. Patient awareness or recall of the procedure.
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(Continued)

4. Success of cardioversion - defined as return to sinus rhythm;
however, if the data are published, we may consider number of
shocks required; energy needed; length of time remaining in si-
nus rhythm.

Secondary outcomes

1. Minor adverse effects.

a) Nausea and vomiting.

b) Pain at site of injection.

¢) Myoclonus.

2. Need for re-sedation.

3. Time from start of induction to:

a) loss of consciousness/target level of sedation;

b) first shock;

c) awakening time; and

d) full recovery.

4, Patient satisfaction with procedure.

For each outcome ticked, please complete a separate outcome form.

Description as stated Location in text
in report/paper

Outcome name

(number of attempts, pain)

Time points measured

Time points reported

Outcome definition (with diagnostic criteria if relevant)

Person measuring/reporting

Unit of measurement

(if relevant)
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(Continued)

Scales: levels, upper and lower limits (indicate whether high or low score is
good)

Is outcome/tool validated?

Imputation of missing data
(e.g. assumptions made for ITT analysis)

Assumed risk estimate

(e.g. baseline or population risk noted in Background)

Power

RESULTS Description as stated Location in text
in report/paper

Comparison

Outcome

Subgroup

Time point
(specify whether from start or end of intervention)

Post intervention or change from baseline?

Results: intervention*

Results: comparison*

No. missing participants and reasons

No. participants moved from other group and reasons

Any other results reported

Unit of analysis

(individuals, clusters/groups or body parts)

Statistical methods used and appropriateness of these methods (e.g. ad-
justment for correlation)

Reanalysis required? (specify)

Reanalysed results

*Results for continuous outcome: mean: SD (or other variance): total number of participants.
Results for dichotomous outcome: number participants with outcome: total number of participants.

7. Risk of bias assessment
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Domain Risk of bias : Support for judge-  Location in text

ment
high/low/unclear

Random sequence generation

(selection bias)

Allocation concealment

(selection bias)

Blinding of participants and personnel

(performance bias)

Blinding of outcome assessment

(detection bias)

Incomplete outcome data

(attrition bias)

Selective outcome reporting?

(reporting bias)

Other bias

(baseline characteristics for cluster-randomized, carryover for
cross-over trials)

8. Applicability

Yes/No/Unclear

Support for judge-
ment

Have important populations been excluded from the study? (consider dis-
advantaged populations and possible differences in the intervention effect)

Is the intervention likely to be aimed at disadvantaged groups? (e.g. lower
socioeconomic groups)

Does the study directly address the review question?

(any issues of partial or indirect applicability)

9. Otherinformation
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Description as statedin  Location in text

report/paper

Key conclusions of study authors

References to other relevant studies

Correspondence required for further study information (from whom, what

and when)

WHAT'S NEW

Date Event

3 January 2019 Amended

Editorial team changed to Cochrane Emergency and Critical Care

CONTRIBUTIONS OF AUTHORS

Sharon R Lewis (SRL), Amanda Nicholson (AN), Stephanie S Reed (SSR), Johnny J Kenth (JK), Phil Alderson (PA), Andrew F Smith (AFS).

Conceiving of the review: Jane Cracknell and the Cochrane Anaesthesia Review Group (CARG) Editorial Team.

Co-ordinating the review: SRL.
Undertaking manual searches: AN and SRL, with support from CARG.
Screening search results: AN and SRL.

Organizing retrieval of papers: SRL and AN.

Screening retrieved papers against inclusion criteria: AN, SRL, SSR and AFS.
Appraising quality of papers: SRL and AN, with AFS resolving disagreements.

Abstracting data from papers: SRL and JK with AFS resolving disagreements.

Writing to authors of papers for additional information: SRL.
Obtaining and screening data on unpublished studies: SRL and AN.
Providing data management for the review: SRL.

Entering data into Review Manager (RevMan 5.2): SRL.
Interpretating data: SRL, PA and AFS.

Making statistical inferences: n/a.

Writing the review: all review authors.

Securing funding for the review: AFS.

Acting as guarantor for the review (one review author): AFS.

Reading and checking the review before submission: SRL.
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DIFFERENCES BETWEEN PROTOCOL AND REVIEW

Review information

Johnny Kenth (JK) was added as a new review author after publication of the protocol (Reed 2013).

Types of outcome measures

We reconsidered and reordered our outcomes. Our original outcomes to measure 'time to loss of consciousness, first shock, awakening
and full recovery!', as well as the outcome 'need for re-sedation’, are dependent on dose, choice of agent and time over which the agent is
given, and we removed these outcomes. We also did not report 'other arrhythmia', nor 'abandoned procedure', which are dependent on
individual participant factors. We re-classified 'mortality' and 'success of cardioversion' as secondary outcomes. We added a new outcome
(need for additional analgesia to prevent pain during or after the procedure) to meet the objectives in our protocol, but this outcome was
omitted from this list. We maintained all outcomes that were relevant to the patient.

Searching other resources

We did not contact other investigators known to be involved in previous studies to enquire about ongoing or unpublished studies.

Measures of treatment effect

We did not enter data into RevMan 5.2, and we did not calculate risk ratios or mean differences, because of heterogeneity between studies.

Assessment of reporting bias

We did not use funnel plots to assess reporting bias.

Data synthesis, subgroup analysis and sensitivity analysis

We did not pool data because of heterogeneity between studies and therefore did not carry out any subgroup or sensitivity analyses.
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Summary of findings

We did not prepare a GRADE (Grades of Recommendation, Assessment, Development and Evaluation) 'Summary of findings' table because
of the levels of heterogeneity observed between studies and because of our decision to refrain from pooling the results.

NOTES

We would like to thank Harald Herkner (Content Editor), Cathal Walsh (Statistical Editor) and Charles Deakin, Ben Gibbison and Afshin
Gholipour Baradari (Peer Reviewers) for help and editorial advice provided during preparation of the protocol for this systematic review
(Reed 2013).

INDEX TERMS

Medical Subject Headings (MeSH)

Anesthetics [*administration & dosage] [adverse effects]; Apnea [chemically induced]; Diazepam [administration & dosage] [adverse
effects]; Electric Countershock [adverse effects] [*methods]; Etomidate [administration & dosage] [adverse effects]; Fentanyl
[administration & dosage] [adverse effects]; Hypnotics and Sedatives [*administration & dosage] [adverse effects]; Hypotension
[chemically induced]; Mental Recall; Methyl Ethers [administration & dosage] [adverse effects]; Midazolam [administration & dosage]
[adverse effects]; Piperidines [administration & dosage] [adverse effects]; Propofol [administration & dosage] [adverse effects];
Randomized Controlled Trials as Topic; Remifentanil; Sevoflurane; Thiopental [administration & dosage] [adverse effects]

MeSH check words

Humans
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