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Key points

† The efficacy of
sugammadex reversal of
rocuronium is
established.

† The economic evaluation
model used is new in this
clinical setting.

† Further research is
required to clarify some
of the parameters in the
model.

† The model is a useful
starting point which may
be adapted with
increased clinical
experience.

Summary. Sugammadex 16 mg kg21 can be used for the immediate reversal of
neuromuscular block 3 min after administration of rocuronium and could be used in
place of succinylcholine for emergency intubation. We have systematically reviewed the
efficacy and cost-effectiveness and made an economic assessment of sugammadex for
immediate reversal. The economic assessment investigated whether sugammadex
appears cost-effective under various assumptions about the value of any reduction in
recovery time with sugammadex, the likelihood of a ‘can’t intubate, can’t ventilate’
(CICV) event, the age of the patient, and the length of the procedure. Three trials were
included in the efficacy review. Sugammadex administered 3 or 5 min after rocuronium
produced markedly faster recovery than placebo or spontaneous recovery from
succinylcholine-induced block. No published economic evaluations were found. Our
economic analyses showed that sugammadex appears more cost-effective, where the
value of any reduction in recovery time is greater, where the reduction in mortality
compared with succinylcholine is greater, and where the patient is younger, for lower
probabilities of a CICV event and for long procedures which do not require profound
block throughout. Because of the lack of evidence, the value of some parameters
remains unknown, which makes it difficult to provide a definitive assessment of the cost-
effectiveness of sugammadex in practice. The use of sugammadex in combination with
high-dose rocuronium is efficacious. Further research is needed to clarify key parameters
in the analysis and to allow a fuller economic assessment.

Keywords: complications, intubation tracheal; neuromuscular block, recovery;
neuromuscular block, rocuronium; neuromuscular block, succinylcholine

Sugammadex, a modified g-cyclodextrin, forms a tight
one-to-one complex with rocuronium, encapsulating the drug
in the plasma and hence reducing its concentration at the neu-
romuscular junction and rapidly terminating block.1 Different
doses of sugammadex (2, 4, and 16 mg kg21) are available to
reverse different levels of block. Sugammadex 16 mg kg21 is
indicated for the immediate reversal of neuromuscular block
3 min after administration of rocuronium.2 The availability of
this dose and indication for sugammadex enable high-dose
rocuronium to be used safely to achieve rapid onset of block
in place of succinylcholine, which would avoid the well-
recognized adverse effects of the depolarizing agent.3

Although some of the adverse effects of succinylcholine are
acceptable in current patient management, the availability of
an alternative could be expected to reduce morbidity and
would be welcomed by clinicians. However, the cost of

reversing neuromuscular block with sugammadex in a
typical (75 kg) individual is £59.74 for 2 mg kg21, £119.28 for
4 mg kg21, and £357.84 for 16 mg kg21 compared with only
£0.71 for spontaneous recovery from succinylcholine
(Table 1). It is therefore unclear whether its use is viable in clini-
cal practice. We carried out systematic reviews of clinical effi-
cacy (time to recovery from block) and cost-effectiveness and
an economic assessment of the use of sugammadex for the
reversal of neuromuscular block from high-dose rocuronium.

Methods
Systematic review

Studies were eligible for the efficacy review if they were ran-
domized controlled trials (RCTs) that compared sugammadex
16 mg kg21 with placebo or an active comparator for the
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reversal of neuromuscular block in surgical patients. Studies
were required to administer sugammadex 3 or 5 min after
an intubating dose of rocuronium. The primary outcome
was time to recovery from block as determined by objective
monitoring of the response to train-of-four (TOF) stimulation.
Other outcomes of interest were adverse events, clinical
signs of recovery, patient-reported outcomes, and measures
of costs or resource use.

We searched bibliographic databases (including MEDLINE,
EMBASE, CINAHL, Science Citation Index, BIOSIS, and
CENTRAL), conference proceedings, Internet sites, and clinical
trial registers to identify published and unpublished studies of
the clinical and cost-effectiveness of sugammadex. Sup-
plementary searches for economic evaluations of sugamma-
dex were undertaken in NHS Economic Evaluation Database
(NHS EED) and Health Economic Evaluations Database
(HEED). We also searched the manufacturer’s submission to
the US Food and Drug Administration (FDA)4 and the European
Medicines Agency (EMEA) assessment report for sugamma-
dex5 and contacted the manufacturer directly. The main
searches were carried out in May 2008 and supplemented by
current awareness updates up to November 2008.

Studies were assessed for inclusion by two independent
reviewers. Full texts of study publications were obtained for
inclusion screening and data extraction where available. For
unpublished studies, decisions were taken based on the
data from published abstracts and the manufacturer’s FDA
submission4 and EMEA assessment5 after checking the com-
pleteness of these documents with the manufacturer. These
sources were also used for extraction of data on study charac-
teristics and outcomes using standard forms. Study quality
was assessed using a checklist based on the recommen-
dations from the Centre for Reviews and Dissemination, cover-
ing randomization, allocation concealment, blinding of
outcome assessors, comparability of treatment groups, and

reporting of withdrawals/drop-outs.6 Data extraction
and quality assessment were performed by one reviewer
and checked by another. Discrepancies were resolved by
discussion with referral to a third reviewer if necessary.

We did not perform any meta-analyses because of the
small number and clinical heterogeneity of the included
studies. Instead, studies were described using text and
tables (an approach known as narrative synthesis),6 and
the resulting information was used to assess the robustness
of the evidence for the clinical efficacy of sugammadex 16
mg kg21. Visual inspection suggested that the data for
time to recovery from block might be skewed and we there-
fore reported medians and ranges and also means and stan-
dard deviations where available.

Economic assessment

The systematic search found no relevant economic evalu-
ations. Because of the lack of published evidence, a de novo
economic assessment was carried out into strategies for the
rapid induction and subsequent reversal of neuromuscular
block. The assessment took the perspective of the NHS and Per-
sonal Social Services as described in the accompanying paper.7

The economic assessment was severely hindered by the
lack of suitable evidence to inform many of the parameters.
In particular, there appeared to be no evidence linking
measures of clinical efficacy, such as time to recovery of
the TOF ratio to 0.9, to patients’ health-related quality of
life, and to mortality risks. As a result, direct cost-
effectiveness modelling was not considered feasible.
Rather, a series of analyses was undertaken to establish
the extent of the mortality reduction (relative to succinylcho-
line) required for sugammadex to appear cost-effective
under various assumptions about: (i) the location of any
savings in recovery time achieved by administering

Table 1 Strategies considered in the economic assessment

Where a ‘can’t intubate, can’t ventilate’ event occurs:
† succinylcholine (1 mg kg21)-induced neuromuscular block followed by spontaneous recovery
† rocuronium (1.2 mg kg21)-induced neuromuscular block followed by immediate reversal using sugammadex 16 mg kg21

Where a ‘can’t intubate, can’t ventilate’ event does not occur and the subsequent procedure is very short:
† succinylcholine (1 mg kg21)-induced neuromuscular block (for rapid induction and to maintain block throughout the procedure) followed by

spontaneous recovery
† rocuronium (1.2 mg kg21)-induced neuromuscular block (for rapid induction and to maintain block throughout the procedure) followed by

reversal using sugammadex 4 mg kg21

Where a ‘can’t intubate, can’t ventilate’ event does not occur and the subsequent procedure is short (,60 min) or requires profound block
throughout:
† succinylcholine (1 mg kg21)-induced neuromuscular block (for rapid induction) followed by rocuronium (0.6 mg kg21)-induced neuromuscular

block (to maintain block throughout the procedure) followed by reversal using neostigmine (2.5 mg) with glycopyrrolate (0.5 mg)
† rocuronium (1.2 mg kg21)-induced neuromuscular block (for rapid induction and to maintain block throughout the procedure) followed by

reversal using sugammadex 4 mg kg21

Where a ‘can’t intubate, can’t ventilate’ event does not occur and the subsequent procedure is long (.60 min) and does not require profound block
throughout:
† succinylcholine (1 mg kg21)-induced neuromuscular block (for rapid induction) followed by rocuronium (0.6 mg kg21)-induced neuromuscular

block (to maintain block throughout the procedure) followed by reversal using neostigmine (2.5 mg) with glycopyrrolate (0.5 mg)
† rocuronium (1.2 mg kg21)-induced neuromuscular block (for rapid induction and to maintain block throughout the procedure) followed by

reversal using sugammadex 2 mg kg21
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sugammadex rather than neostigmine/glycopyrrolate; (ii) the
age of the patient; (iii) the probability of a ‘can’t intubate,
can’t ventilate’ (CICV) event occurring; and (iv) the length
of the procedure. To establish cost-effectiveness, we used a
cost-effectiveness threshold of £20 000 per quality-adjusted
life-year (QALY) in line with that adopted by the National
Institute for Health and Clinical Excellence (NICE).8 This is a
benchmark indicating the maximum the NHS would be
willing to pay to achieve an extra QALY worth of health
benefit. Full details of the analyses are reported elsewhere.9

The economic assessment assumed that patients requiring
rapid sequence induction (RSI) of anaesthesia followed by
surgery would initially have neuromuscular block induced by
succinylcholine (1 mg kg21) or rocuronium (1.2 mg kg21). The
strategies considered for neuromuscular block and subsequent
reversal are summarized in Table 1. To simplify the modelling, it
was assumed that the rapid reversal of neuromuscular block in
such circumstances would only be required in the very rare cir-
cumstance of a CICV event, in which case it was assumed that
surgery would not be performed. In the typical situation of a
CICV event not occurring, it was assumed that surgery would
proceed as usual. The drugs and doses administered would
depend on the length of the procedure and/or whether the pro-
cedure required profound block throughout. Since the sugam-
madex 16 mg kg21 dose is specifically indicated for the
immediate reversal of rocuronium-induced block, only
rocuronium-induced block was considered in the RSI setting.
Other assumptions made for the assessment (e.g. staff costs
and value of time saved in the operating theatre and recovery
room) were similar to those made in comparing sugammadex
with neostigmine/glycopyrrolate for the routine reversal of
neuromuscular block.7

Each analysis sought to derive the number of adminis-
trations of sugammadex over which at least one death
must be prevented for sugammadex to appear cost-effective.
Adverse events other than death were not considered
because of a lack of evidence to inform the expected costs
and quality-of-life effects associated with them. In the
absence of a CICV event, the number of minutes of recovery
time potentially saved by adopting sugammadex and the
value of each minute saved were incorporated.

It was assumed that each minute of recovery time saved
through using sugammadex was valued either at £4.44 (on
the basis that all time savings would be in the operating
theatre) or at £0.33 (on the basis that all time savings would
be in the recovery room), and that the amount of recovery
time saved for each procedure was 23.37 min for the reversal
of moderate block and 66.80 min for the reversal of profound
block, as reported in the accompanying paper.7 Costs and
other parameters used in the model are summarized in Table 2.

Results
Systematic review of efficacy

After screening of titles and abstracts, and full papers where
available (Fig. 1), we included three completed trials of sugam-
madex 16 mg kg21 in the review: two placebo-controlled

trials10 11 and one active-control trial (Table 3).12 No relevant
ongoing trials were identified. All the trials involved patients
undergoing elective surgery; as expected, we did not find any
RCTs in patients undergoing RSI of anaesthesia or of the use
of sugammadex in a CICV situation. Instead, the trials sought
to establish that sugammadex 16 mg kg21 could reverse neu-
romuscular block induced by high-dose rocuronium quickly
enough to be useful in this setting.

The two placebo-controlled studies met all quality criteria
except reporting of a power calculation.10,11 The absence of a
power calculation is not surprising as these studies were
designed as dose-finding and safety trials rather than to
assess efficacy. Details of randomization were unclear for
the active-control study.12

In the two placebo-controlled trials, sugammadex or
placebo was administered 3 or 5 min after an intubating
dose (1 or 1.2 mg kg21) of rocuronium. In both studies,
time to recovery of the TOF ratio to 0.9 was substantially
shorter with sugammadex 16 mg kg21 than with placebo,
with differences of the order of 90–120 min.10 11

In the active-control trial,12 patients requiring short dur-
ation neuromuscular block were randomized to receive an
intubating dose of rocuronium 1.2 mg kg21 followed by
sugammadex 16 mg kg21 3 min after the start of rocuronium
administration, or an intubating dose of succinylcholine
(1 mg kg21) followed by spontaneous recovery. The primary
efficacy endpoint was time to recovery of T1 (first twitch of
the TOF response) to 10% of the control value (T1/T0¼0.1).
This endpoint was chosen as a surrogate for the appearance
of signs of clinical recovery such as diaphragmatic movement
or the return of spontaneous respiration on the capnogram,
which are expected to occur 4.5 min or more after adminis-
tration of succinylcholine.4 Recovery of T1 to 90% of control
(T1/T0¼0.9) was a secondary endpoint.

For time from administration of rocuronium or succinyl-
choline to T1/T0 of 0.1 and 0.9, the study authors’ statistical
analysis indicated that the difference between the groups
was significant (P,0.0001) for both outcomes (Table 4).
However, there was a degree of overlap in the range of recov-
ery times. The time from the start of administration of
sugammadex to recovery of the TOF ratio to 0.9 was
measured in the rocuronium+sugammadex group
(Table 4). This ancillary analysis also showed that most
patients (87%) had recovered to a TOF ratio of 0.9 by 3 min
after administration of sugammadex.12 Clinical signs of
recovery did not show any differences between the groups.12

None of the studies reported on outcomes related to
quality of life, costs, or resource use. A Quality of Recovery
questionnaire was used in the active-control study,13 but
the results were not reported in the published paper.12

Economic assessment

Sugammadex is more likely to be cost-effective if any savings
in recovery time are achieved in the operating theatre rather
than the recovery room, since the value of any such savings
is greater in terms of staff time in that setting (Table 5). In
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addition, sugammadex becomes more cost-effective as the
reduction in mortality by administering sugammadex
increases, since the number of QALYs saved increases. For
younger patients, a smaller reduction in mortality is required
for sugammadex to appear cost-effective since the number
of QALYs saved by preventing death is greater. Furthermore,
sugammadex appears slightly more cost-effective for lower
probabilities of a CICV event due to the beneficial reduction
in recovery time when surgery goes ahead.

For very short procedures—where the subsequent use of
rocuronium (followed by neostigmine/glycopyrrolate) is not
necessary—any benefit of sugammadex reducing the recov-
ery time associated with neostigmine/glycopyrrolate is not
realized. For 60-yr-old patients, where the risk of CICV
events is considered to be effectively zero, sugammadex
appears cost-effective if it prevents at least one death for
every 1979 patients administered with sugammadex
(Table 5). Where a positive risk of a CICV event is assumed

to exist, a greater reduction in overall mortality is required
for sugammadex to appear cost-effective due to the
greater cost of administering a 16 mg kg21 dose of sugam-
madex where necessary; for example, if 1% of the cases
are assumed to result in a CICV event, then sugammadex
must prevent at least one death for every 1942 patients in
order to appear cost-effective. For 20-yr-old patients, these
values are considerably higher (3678 and 3609, respectively)
since each prevented death is associated with a much
greater QALY benefit.

For short or long procedures, if the saved recovery time with
sugammadex is achieved in the operating theatre, then the
value of this saved time is sufficient in itself for sugammadex
to appear cost-effective, regardless of any reduction in mor-
tality risk. However, where the saved recovery time with
sugammadex is achieved in the recovery room (and so has
lower value), sugammadex appears cost-effective only if its
use results in a reduction in mortality. Short procedures

Table 2 Parameters used in the economic assessment (Paton and colleagues)7

Cost of drugs (per dose)

Drug Average dose Vial size (cost) Cost per dose

Rocuronium (1.2 mg kg21) 90 mg 100 mg (£6.01) £6.01

Succinylcholine (1 mg kg21) 75 mg 100 mg (£0.71) £0.71

Neostigmine/glycopyrrolate 2.5 mg/0.5 mg 2.5/0.5 mg (£1.01) £1.01

Sugammadex (2 mg kg21) 150 mg 200 mg (£59.64) £59.64

Sugammadex (4 mg kg21) 300 mg 2×200 mg
(£119.28)

£119.28

Sugammadex (16 mg kg21) 1200 mg 2×500 mg
(£298.20) and
1×200 mg (£59.64)

£357.84

Estimated staff costs associated with the recovery period

Staff member Annual salary Annual NI and
pension

Working time Cost per minute

Consultant surgeon £117 450 £29 686 41.4 weeks, 43.4 h £1.36

SpR surgeon £48 038 £11 084 42.4 weeks, 40.0 h £0.58

Consultant anaesthetist £117 450 £29 686 41.4 weeks, 43.4 h £1.36

Nurse (band 5) £22 900 £4793 41.3 weeks, 37.5 h £0.30

Nurse (band 6) £29 200 £6249 41.3 weeks, 37.5 h £0.38

Nurse (band 7) £34 000 £7357 41.3 weeks, 37.5 h £0.45

Weighted average £25 075 £5296 £0.33

Total £369 038 £88 855 £4.44

HRQoL index by age (adapted from Table A in
Kind and colleagues)15

Discounted, quality-adjusted life expectancy (QALYs) lost due
to a fatality at age 20 and 60 yr

Age range (yr) Average HRQoL weight Example age (yr) Life expectancy (yr) Discounted,
quality-adjusted life
expectancy (QALYs)

0–24 0.94 20 59.96 22.91

25–34 0.93 60 22.52 12.33

35–44 0.91

45–54 0.85

55–64 0.8

65–74 0.78

75+ 0.73
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require a greater reduction in mortality than long procedures
for sugammadex to appear cost-effective since a larger and
more expensive dose of sugammadex is required to reverse
profound block rather than moderate block.

For short (long) procedures, where the possibility of a CICV
event is not considered, sugammadex appears cost-effective
for 60-yr-olds if it prevents at least one death for every 2527
(4730) patients. However, if 1% of the cases are assumed to
result in a CICV event, sugammadex appears cost-effective if
it avoids at least one mortality for every 2460 (4463)
patients. Where the likelihood of a CICV event is between 0
and 1%, the number of cases over which a mortality
reduction must be realized for sugammadex to appear cost-
effective lies between these figures.

Discussion
The available evidence indicates that sugammadex 16 mg
kg21 administered 3 or 5 min after an intubating dose of
rocuronium produces a markedly faster recovery than
placebo.10 11 In addition, one randomized trial indicates
that recovery from rocuronium-induced block after adminis-
tration of sugammadex 16 mg kg21 is faster than spon-
taneous recovery from succinylcholine.12 On the basis of
these trials, average recovery times appear to be fast
enough to allow high-dose rocuronium to potentially

replace succinylcholine in RSI as the block could be reversed
rapidly with sugammadex if required. This could have
important benefits in terms of reducing the morbidity and
possibly mortality associated with the continuing use of suc-
cinylcholine. The rapid reversal of rocuronium-induced neuro-
muscular block by sugammadex 16 mg kg21 could also be
potentially life saving in a CICV situation during preparation
for elective surgery. However, the evidence has important
limitations as discussed below. The effectiveness of high-
dose sugammadex in terms of facilitating the handling of
emergencies and avoiding catastrophic events such as
hypoxic brain damage is difficult to assess until the drug
has been widely used in clinical practice.

The economic assessment was limited by a lack of suit-
able evidence and by uncertainty about where time savings
associated with the use of sugammadex may be realized.
As a result, we were not able to provide a definitive assess-
ment of cost-effectiveness. Instead, a series of analyses
was undertaken to explore the reduction in mortality
required for sugammadex to appear cost-effective. Sugam-
madex appears more cost-effective for lower probabilities
of a CICV event. This may seem counterintuitive but can be
explained by the fact that the main economic benefit of
sugammadex relates to the potential reductions in recovery
time it can generate when surgery goes ahead. When a
CICV event occurs, it is assumed that surgery is postponed

Included and data extracted: n =3

Excluded, n =262
Not randomized or sugammadex  n =34
Not surgical population  n =13
No relevant comparison  n =55
No relevant outcomes  n =30
No reversal agent  n =47
Duplicate abstract  n =2
Abstract reporting partial results  n =5
Abstract with insufficient data  n =31
Turkish paper—not able to translate  n =1
Unobtainable/unpublished abstract n =11
Sugammadex studies relevant to other
indications*  n =32

Excluded, n =1867

Full papers retrieved and
screened for inclusion,
n =265 

Titles and abstracts screened (identified from
sugammadex and NMBA searches),
n =2132

Fig 1 Flow chart of studies through the review process. *Multiple publications of some studies.
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and this benefit is not realized. Sugammadex also appears
more cost-effective for younger patients and/or when the
saved recovery time with sugammadex is achieved in the
operating theatre rather than the recovery room. Except for
those procedures where some saving in recovery time is
achieved in the operating theatre, at least some reduction
in mortality is required for sugammadex to appear cost-
effective. This ranges from the prevention of one death in
every 8790 uses of sugammadex (for 20-yr-old patients
undertaking long procedures without the need for profound
block, where there is no likelihood of a CICV event occurring
and where the savings in recovery time are achieved in the
recovery room) to the prevention of one death in every
1942 uses of sugammadex (for 60-yr-old patients undertak-
ing very short procedures, where there is a 1% probability of a
CICV event occurring). These results may be compared with
the underlying risk of mortality with succinylcholine: where
there is less than one mortality for every 8790 uses of succi-
nylcholine, sugammadex does not appear cost-effective in
any of these circumstances. However, where this underlying

risk of mortality with succinylcholine is greater, sugammadex
may appear cost-effective if the relative risk of mortality with
sugammadex is sufficiently low. Unfortunately, there is little
available evidence to inform either the underlying risk of
mortality with succinylcholine or the relative risk of mortality
with sugammadex compared with succinylcholine. It is not
yet feasible to assess whether reductions in mortality risks
necessary for sugammadex to be cost-effective (Table 5)
are realistic, as there have been too few administrations of
the product for such estimates to be validated.

We used rigorous and systematic methods for searching
for relevant studies, study selection, validity assessment,
and data extraction. Study inclusion and exclusion criteria
were specified in advance to reduce the risk of bias. Similarly,
rigorous methods were used for the economic assessment.
The limitations of both assessments reflect the limitations
of the available evidence: more data were available to esti-
mate costs than clinical events.

As a result of this lack of evidence, a decision about
whether sugammadex is cost-effective requires an

Table 3 Characteristics of included trials. ASA, American Society of Anesthesiologists; roc, rocuronium; sug, sugammadex

Trial Number of
patients

Age of
population

Gender ASA
physical
status

Weight Treatment arms
(n treated)

Outcome measures

Placebo-controlled trials

de Boer and
colleagues10

45 Mean 42
(SD 15) yr
(43 patients)

22/43 (51%)
males

ASA I 32/43
(74%)

Overall
weight,
mean 76 (SD

18) kg

1. Roc 1.2 mg
kg21+sug 16 mg
kg21 (n¼7)

Time to TOF ratio¼0.9
from administration of
sugammadex or placebo
(5 min after rocuronium)

ASA II 11/43
(26%)

2. Roc 1.2 mg
kg21+placebo
(n¼4)

Puhringer and
colleagues11

176 Mean 50
(SD 16) yr

93/173
(54%) males

ASA I 66/
173 (38%)

Overall
weight,
mean 77 (SD

15) kg

1. Roc 1 mg
kg21+sug 16 mg
kg21 (n¼10)

Time to TOF ratio¼0.7, 0.9
from administration of
sugammadex or placebo
(3 min after rocuronium)

ASA II 88/
173 (51%)

2. Roc 1 mg
kg21+placebo
(n¼5)

ASA III 19/
173 (11%)

3. Roc 1.2 mg
kg21+sug 16 mg
kg21 (n¼11)

4. Roc 1.2 mg
kg21+placebo
(n¼5)

Active-control trial

Lee and
colleagues12

115
randomized

Mean 42 yr
(range 18–65
yr)

42% males
(46/110
calculated)

ASA I 70/
110 (64%)
calculated

Not
reported.
Mean BMI 25
(SD 3) kg/m2

1. Roc 1.2 mg
kg21+sug 16 mg
kg21 (n¼55)

Time to T1/T0¼0.1 and
0.9 from administration of
NMBA

ASA II 40/
110 (36%)
calculated

2. Succinylcholine
1 mg kg21 (n¼55)

Time from administration
of sugammadex (3 min
after rocuronium) to TOF
ratio¼0.7, 0.8, 0.9
(sugammadex group
only)

Clinical signs of recovery
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assessment of parameters whose value is unknown: for
example, the underlying risk of mortality associated with
the use of succinylcholine. We therefore attempted to estab-
lish the extent of the mortality reduction (relative to succinyl-
choline) required for sugammadex to be cost-effective. We
modelled the probability of a CICV event across the range
from 0 to 1%. It is recognized that, in practice, such events
are very rare, particularly in specialist settings (e.g. a recent
small UK study reported no failed intubations and only 23 dif-
ficult intubations in 3430 obstetric general anaesthetics).14

However, even with a very low risk, such events can be econ-
omically important and are therefore considered explicitly in
the modelling.

As discussed elsewhere, there is also uncertainty about
the extent to which time savings achieved by the use of
sugammadex can be put to productive use.7 For example,
there may be times when the patient is ready to be

discharged from the operating theatre, but no bed is avail-
able in the recovery area. Therefore, to get the full economic
benefit out of the potential reduction in recovery time
associated with sugammadex, attention should be given to
optimizing the flow of patients from the operating theatre
to recovery.

The evaluation of sugammadex for immediate reversal
after rapid induction of anaesthesia using rocuronium
depends heavily on the single trial comparing rocuronium
followed by sugammadex with succinylcholine followed by
spontaneous recovery.12 Several uncertainties remain after
publication of this trial. The primary outcome of the trial
was time to recovery of T1/T0 to 0.1, but the clinical rel-
evance of this endpoint is uncertain: although some signs
of breathing may be present, T1/T0 of 0.1 does not represent
a sufficient degree of recovery to allow safe extubation.
However, the more clinically relevant endpoint of recovery
of the TOF ratio to 0.9 was also measured in this study in
the sugammadex group, giving a median of 1.7 min (range
0.48–14.3 min), similar to times reported in the placebo-
controlled dose-finding studies. The wide range of times
required to reach this endpoint could be of concern in clinical
practice.

A potential issue with the use of sugammadex 16 mg kg21

in an emergency is that the relevant clinical trials were only
simulations of this situation and the appropriate dose of
sugammadex was drawn up and ready for immediate
administration. In routine practice, drawing up this dose in
advance in anticipation of a very rare event would be waste-
ful and expensive. On the other hand, the time required to
prepare the dose, including opening three ampoules and
drawing the contents into a syringe, would increase the
time the patient was exposed to hypoxia. The exact time
this might take under the stress of an emergency situation
is difficult to estimate.

Sugammadex 16 mg kg21 can reverse the block induced
with high-dose rocuronium shortly after it has been estab-
lished. This cannot be achieved with any other reversal
agent. Hence, sugammadex 16 mg kg21 immediately
after high-dose rocuronium could be considered a replace-
ment for succinylcholine for RSI. This would avoid the

Table 5 Results of economic assessment. Number of administrations of sugammadex over which at least one death must be prevented for
sugammadex to appear cost-effective. CICV, ‘can’t intubate, can’t ventilate’. *Since no reduction in recovery time is realized, the location of any
possible reduction is irrelevant. †Short procedures (,60 min) or long procedures (.60 min) which require profound block throughout. ‡Long
procedures (.60 min) which do not require profound block throughout

Location of any reduction in recovery time Operating theatre Recovery room

Age of patient 20 yr 60 yr 20 yr 60 yr

Probability of CICV event (%) 0 0.5 1 0 0.5 1 0 0.5 1 0 0.5 1

Very short procedures* 3678 3643 3609 1979 1960 1942 3678 3643 3609 1979 1960 1942

Short procedures† Sugammadex cost-effective without mortality
benefit

4696 4633 4571 2527 2493 2460

Long procedures‡ Sugammadex cost-effective without mortality
benefit

8790 8535 8295 4730 4593 4463

Table 4 Time to recovery in active-control trial of sugammadex
for the rapid reversal of rocuronium-induced neuromuscular
block.5 12 13 *Sugammadex was administered 3 min after
rocuronium; **P,0.0001 (study authors’ analysis)

Rocuronium1sugammadex
(16 mg kg21) (n555)*

Succinylcholine (1
mg kg21) (n555)

Time from start of NMBA administration to T1/T0¼0.1**

Mean
(SD)

4.4 (0.7) 7.1 (1.6)

Median
(range)

4.2 (3.5–7.7) 7.1 (3.7–10.5)

Time from start of NMBA administration to T1/T0¼0.9**

Mean
(SD)

6.2 (1.83) 10.9 (2.42)

Median
(range)

5.7 (4.2–13.6) 10.7 (5.0–16.2)

Time from start of sugammadex administration to T4/T1¼0.9

Mean
(SD)

2.2 (2.2)

Median
(range)

1.73 (0.48–14.3)
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morbidity associated with succinylcholine. The economic
assessment suggests, however, that the cost-effectiveness
of sugammadex will be highly sensitive to a given patient’s
underlying mortality risk during the procedure, so the drug
may not be a cost-effective option in some patients at the
current list prices for sugammadex. This option could be
considered in the context of a clinical study at a limited
number of centres.

Further research is needed to evaluate the effects of
replacing succinylcholine by high-dose rocuronium and
sugammadex on morbidity, mortality, patient-reported out-
comes, and resource use. Further monitoring of adverse
events associated with treatment with sugammadex is also
needed, as the data available are limited for all doses but
particularly for the 16 mg kg21 dose. The range of recovery
times recorded in the trials after administration of sugam-
madex 16 mg kg21 suggests that an analysis of the pro-
portion of patients who do not recover within, say, 5 min of
administration of sugammadex, could be valuable.

The economic assessment of sugammadex for reversal
after rapid induction of neuromuscular block was based on
a series of analyses rather than a full cost-effectiveness
model. Limited evidence was available to inform the model-
ling, and in particular, further research is required to define
the baseline risk of mortality associated with succinylcholine
in patients undergoing RSI and the relative risk of mortality
with sugammadex. It should be emphasized that it is not
yet feasible to assess whether reductions in mortality risks
necessary for sugammadex to be cost-effective are realistic.
This is because there have been too few administrations of
the product for such estimates to be possible. A fuller
economic assessment of sugammadex should be under-
taken when more evidence is available, including evidence
on resource use and the effects of sugammadex on
health-related quality of life.
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