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Key points

† An innovative economic
approach to evaluating
the use of a new drug.

† There are potential time
savings using
sugammadex for
reversal.

† The clinical value of any
time saved is less clear.

† Further studies are
needed to allow
development of the
model.

Summary. The cost-effectiveness of sugammadex for the routine reversal of muscle
relaxation produced by rocuronium or vecuronium in UK practice is uncertain. We
performed a systematic review of randomized controlled trials of sugammadex compared
with neostigmine/glycopyrrolate and an economic assessment of sugammadex for the
reversal of moderate or profound neuromuscular block (NMB) produced by rocuronium or
vecuronium. The economic assessment aimed to establish the reduction in recovery time
and the ‘value of time saved’ which would be necessary for sugammadex to be
potentially cost-effective compared with existing practice. Three trials indicated that
sugammadex 2 mg kg21 (4 mg kg21) produces more rapid recovery from moderate
(profound) NMB than neostigmine/glycopyrrolate. The economic assessment indicated
that if the reductions in recovery time associated with sugammadex in the trials are
replicated in routine practice, sugammadex would be cost-effective if those reductions
are achieved in the operating theatre (assumed value of staff time, £4.44 per minute),
but not if they are achieved in the recovery room (assumed value of staff time, £0.33 per
minute). However, there is considerable uncertainty in these results. Sugammadex has
the potential to be cost-effective compared with neostigmine/glycopyrrolate for the
reversal of rocuronium-induced moderate or profound NMB, provided that the time
savings observed in trials can be achieved and put to productive use in clinical practice.
Further research is required to evaluate the effects of sugammadex on patient safety,
predictability of recovery from NMB, patient outcomes, and efficient use of resources.
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Sugammadex (Bridionw, Organon/Schering-Plough USA) is a
modified g-cyclodextrin that forms tight one-to-one com-
plexes with rocuronium and, to a slightly lesser extent, vecur-
onium, reducing the free plasma concentration of these
neuromuscular blocking agents (NMBAs) and rapidly termi-
nating NMB.1 Potential clinical benefits of sugammadex are
a fast and predictable reversal of any degree of block,
which is not achievable with neostigmine/glycopyrrolate.1 2

There are also potential benefits in terms of increased
patient safety and reduced incidence of residual block on
recovery, and more efficient use of health-care resource.1 2

We present our assessment of the available literature on
the clinical effectiveness and cost-effectiveness of sugam-
madex for the routine reversal of moderate or profound
NMB, relative to UK practice. This assessment includes a

systematic review of effectiveness and, within the con-
straints of the available evidence, an economic assessment
of strategies for the onset and subsequent reversal of NMB.
An assessment on the use of rocuronium and sugammadex
compared with succinylcholine during rapid sequence induc-
tion is presented in a parallel article3 and a full Health Tech-
nology Assessment Database (HTA) report.4

Methods
The following electronic databases were searched to identify
relevant published and unpublished clinical studies: MEDLINE,
MEDLINE In-Process and Other Non-Indexed Citations,
EMBASE, CINAHL, Science Citation Index, BIOSIS, Cochrane
Database of Systematic Reviews (CDSR), CENTRAL, Database
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of Abstracts of Reviews of Effect (DARE), HTA, conference pro-
ceedings, internet sites, and clinical trial registers. We also
searched the manufacturer’s submission to the US Food and
Drug Administration (FDA)5 and the European Medicines
Agency (EMEA) assessment report for sugammadex.6 The
main searches were carried out in May 2008 and supplemen-
ted by current awareness updates up to November 2008.
There were no restrictions by study design, country of origin,
language, or publication date.

A broader search to identify economic studies about
NMBAs was also undertaken. The economic evaluation data-
bases, NHS Economic Evaluation Database (NHS EED) and
Health Economic Evaluations Database (HEED), were
searched. In addition, the following databases were searched
using an economic methodological search filter: MEDLINE,
MEDLINE In-Process and Other Non-Indexed Citations,
EMBASE, CINAHL, Science Citation Index, ISI Proceedings:
Science and Technology, and CENTRAL. Full details of all
search strategies are available on request.

Clinical studies were eligible for inclusion in the review if
they were randomized controlled trials (RCTs) of human
patients of any age and health status, and undergoing
in-hospital surgery requiring NMB. Studies were required to
assess the reversal of moderate or profound rocuronium
(using sugammadex 2 or 4 mg kg21, respectively) or moderate
vecuronium-induced NMB (using sugammadex 4 mg kg21)
compared with the reversal of rocuronium, vecuronium, atra-
curium, cisatracurium, or mivacurium-induced block using
neostigmine/glycopyrrolate. Methods of stimulation included
post-tetanic count (PTC) and train-of-four (TOF) stimulation.
Trials of reversal agents administered at the return of T2
(second twitch of the TOF response; the point at which sugam-
madex was given in studies of moderate block) or at an
alternative point (T1 20% or 25%) based on TOF monitoring
and considered to represent an equivalent degree of recovery
were eligible for inclusion in the review. For profound block,
trials of reversal agents administered at PTC 1–2 were eligible
for inclusion (PTC varies between 1 and 12, with a PTC of 1–2
representing profound NMB). Full-text articles were assessed
for inclusion by two independent reviewers. Discrepancies
were resolved by discussion and, if necessary, through consul-
tation with a third reviewer.

The primary outcome was the time from administration of
the reversal agent to a TOF ratio (TOFR)¼0.9; secondary out-
comes included time to a TOFR¼0.7 and 0.8, and clinical
signs of recovery.7 8 Studies reporting outcomes relating to
the patient’s experience of recovery, and any outcomes relat-
ing to reduced recovery time or resource use, were also eli-
gible for inclusion.

Data on study and patient characteristics, outcomes, and
study quality were extracted using a standardized data extrac-
tion form. The quality of the RCTs was assessed using a check-
list based on the Centre for Reviews and Dissemination (CRD)
recommendations,9 covering randomization, allocation con-
cealment, blinding of outcome assessors, comparability of
treatment groups, and reporting of withdrawals/dropouts.
Data extraction and quality assessment were performed by

one reviewer and checked by a second reviewer. Disagree-
ments were resolved by consensus, with referral to a third
reviewer if necessary. Meta-analyses across all studies were
not possible due to the small number of studies included.
The data were therefore presented as a narrative synthesis,
retaining the original summary statistics.

Economic evaluation

The systematic search uncovered a number of papers
related to the cost-effectiveness of NMBAs but none
related to the costs of the reversal of NMB. A de novo econ-
omic evaluation was therefore carried out into strategies
for the onset and reversal of NMB. The evaluation took
the perspective of the NHS and Personal Social Services
(NHS and PSS), with costs expressed in UK pounds sterling
at a 2008–9 price base. It was assumed that there would
be no health-related quality-of-life differences between
strategies—this was consistent with the clinical evidence.
The issue is, therefore, one of assessing the net cost of
sugammadex (i.e. the product’s acquisition cost minus the
value of any reduced recovery times with the product).
Since all costs considered in the assessment are incurred
on the day that the NMBA is administered, costs are not
discounted.

Owing to the lack of suitable evidence, it was decided that
a definitive cost-effectiveness analysis would not be possible.
Rather, pair-wise threshold analyses were undertaken
which essentially ask the question ‘how much reduction in
recovery time would sugammadex need to achieve, and with
what value per minute of staff time, to justify its additional
acquisition price?’ These analyses compared: (i) rocuronium
0.6 mg kg21 followed by reversal using neostigmine 2.5 mg
with glycopyrrolate 0.5 mg (hereafter referred to as ‘rocuro-
nium with neostigmine/glycopyrrolate’) with rocuronium 0.6
mg kg21 followed by reversal with sugammadex 2 or 4 mg
kg21 (hereafter referred to as ‘rocuronium with sugammadex’);
(ii) vecuronium 0.1 mg kg21 followed by reversal using
neostigmine 2.5 mg with glycopyrrolate 0.5 mg (hereafter
referred to as ‘vecuronium with neostigmine/glycopyrrolate’)
with vecuronium 0.1 mg kg21 followed by sugammadex 2 or
4 mg kg21 (hereafter referred to as ‘vecuronium with
sugammadex’).

The routine reversal of moderate block was considered
separately from that of profound (deep) block. It was
assumed that a dose of sugammadex 2 mg kg21 would be
used in the former scenario and a dose of 4 mg kg21

would be used in the latter scenario. It was also assumed
that the choice of NMBA or reversal agent had no impact
on surgery itself (i.e. time spent in surgery, adverse events
resulting from surgery, etc.) or on the staff mix in the operat-
ing theatre. It was assumed that the anaesthetist was
equally proficient at administering each strategy and used
good anaesthetic practice to control all components of
anaesthesia that contribute to wakening from anaesthesia
(e.g. avoiding potential respiratory depression from opioids
and cessation of the inhalational agent). The possible
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drivers for differences between the costs and health out-
comes of each strategy were identified as: the cost of acquir-
ing each drug; the time spent in recovery; and rates of
recurrence of block or residual block associated with the
anaesthetic strategies. The aim of the modelling was to inte-
grate as many of these possible drivers as was feasible, given
the evidence constraints faced.

The prices for rocuronium, vecuronium, and neostigmine
with glycopyrrolate were taken from the British National For-
mulary (BNF) 56. The cost per average dose of sugammadex
was calculated on the assumption that the average patient
had a weight of 75 kg, the cheapest combination of vials
specified by the BNF was used, and any unused drug in a
vial was wasted (Table 1).

For the economic analysis, it was assumed that time to a
TOFR¼0.9 was a meaningful measure of time to recovery
and that any reduction in recovery time achieved through
adopting sugammadex could potentially represent a
resource saving to the NHS. For the purposes of the economic
model, data had to be included as arithmetic means rather
than geometric means; where necessary, the arithmetic
mean times to recovery were calculated in each instance
using previously reported methodology,10 assuming that
the data followed an exponential distribution. In each pair-
wise comparison, the sugammadex strategy was associated
with the shorter arithmetic mean time to recovery. However,
given the uncertainty and the anticipated heterogeneity
around these estimates, the arithmetic mean time to
recovery was modelled as a variable taking values from 0
to 90 min inclusive. Thus, a wide range of possible recovery
times was modelled.

The value of a minute of saved recovery time is also highly
uncertain and variable. It depends on which clinical staff
would have additional time available due to reduced recov-
ery and whether this additional time would be used produc-
tively. Given this uncertainty, the per-minute value of
reductions in recovery time was also modelled across a
wide range. To contextualize this range, two specific valua-
tions of these productivity benefits were estimated and rep-
resent particular points in the range. In the first, the value of
each minute of recovery time saved was estimated as being
the pro-rata cost of using the operating theatre staff (on the
basis that all time savings would be achieved in the operat-
ing theatre); in the second, the value of each minute saved
was estimated as the pro-rata cost of using a single nurse
in the recovery room (on the basis that all time savings
would be achieved in the recovery room). After expert clinical
opinion, it was assumed that the operating theatre staff
comprised a consultant surgeon, a specialist registrar
surgeon, a consultant anaesthetist, a nurse team manager
(band 7), and two staff nurses (one band 5 and one band
6), whereas the recovery room nurse was assumed to be of
band 5, band 6, or band 7. The cost associated with this
time was calculated on a per-minute basis by taking the
annual cost of using each member of staff (including
salary, national insurance, and pension costs) from the Per-
sonal Social Services Research Unit11 (Table 1).

It was assumed that any incidence of recurrence of block
or residual block in patients who had been considered to
have recovered would represent a resource cost. After
expert clinical opinion, it was assumed that patients suffer-
ing from recurrence of block or residual block were monitored
by a single nurse and that the additional time associated
with caring for a patient in such circumstances was 1 h
(valued at the pro-rata cost of using the nurse over that
time; Table 1). Owing to a lack of suitable evidence, it was
assumed that there was no decrement in patients’
health-related quality of life associated with recurrence of
block or residual block.

A threshold analysis was undertaken, with the critical vari-
ables being the reduction in (arithmetic mean) recovery time
from using sugammadex and the value of each minute of
recovery time saved. The threshold analysis sought to
derive the minimum value of each minute of recovery time
saved with sugammadex for it to generate a net cost
saving compared with neostigmine/glycopyrrolate at the
current list price.

Results
Clinical efficacy

After screening of the retrieved papers, three RCTs met the
inclusion criteria for the assessment of clinical effectiveness
(see Fig. 1 for flow chart). Two studies were included in the
assessment of sugammadex for the reversal of moderate
block12 13 and one for profound block (based on two publi-
cations).14 15

The studies included in the assessment of sugammadex for
the reversal of moderate block12 13 used acceleromyography
(TOF-Watchw). One study compared rocuronium and sugam-
madex with rocuronium and neostigmine/glycopyrrolate,
and also compared vecuronium and sugammadex with vecur-
onium and neostigmine/glycopyrrolate.13 The other12 com-
pared rocuronium and sugammadex with cisatracurium and
neostigmine/glycopyrrolate (Table 2). The two studies largely
conformed to the expected quality criteria, bearing in mind
the lack of blinded primary outcome assessment, and it was
unclear whether the safety assessments were performed
blind to treatment allocation in one study.13

Statistical analysis conducted by the primary study
authors12 13 (two-way analysis of variance) for recovery from
moderate block indicated significantly faster recovery times
after rocuronium or vecuronium with sugammadex compared
with neostigmine/glycopyrrolate (Table 3).13 A significant
difference in moderate block recovery times was also reported
between rocuronium with sugammadex compared with cisa-
tracurium with neostigmine/glycopyrrolate.12 Similar trends
were also observed for recovery from moderate block to a
TOFR¼0.8 and 0.7, P,0.00001 (primary authors’ analysis).12

Clinical signs of recovery from moderate block were
reported for the comparison of rocuronium/sugammadex
and cisatracurium/neostigmine/glycopyrrolate,12 with 22 out
of 34 patients (65%) in the sugammadex group and 27 of 39
patients (69%) in the neostigmine/glycopyrrolate group

BJA Paton et al.

560



Table 1 Parameter values used in the economic evaluation. The additional hour of recovery time therefore represented a resource cost of £19.61

Cost of drugs (per dose) Reduction in recovery time associated with sugammadex and rate of recurrence of block or residual
block

Drug Average dose Vial size (cost) Cost per dose Strategy Arithmetic mean time to
recovery (min) (derived from
Blobner and colleagues12 and
Jones and colleagues14)

Recurrence of block or residual
block

Moderate
block

Profound
block

Probability Resource cost

Rocuronium (0.6 mg kg21) 45 mg 50 mg (£3.01) £3.01 Rocuronium with neostigmine/
glycopyrrolate

25.39 70.69 0.059 (2/34)15 £1.15

Rocuronium with sugammadex 2.02 3.90 —

Reduction associated with
sugammadex

23.37 66.80

Vecuronium (0.1 mg kg21) 7.5 mg 10 mg (£3.95) £3.95 Vecuronium with neostigmine/
glycopyrrolate

27.27 71.99 0.055 (13/
230)16

£1.11

Vecuronium with sugammadex 3.03 4.76 —

Reduction associated with
sugammadex

24.24 67.23

Neostigmine/
glycopyrrolate

2.5 mg/0.5 mg 2.5 mg/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

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
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awake and orientated before transfer to the recovery room.
The majority of patients in both treatment groups were
reported to be co-operative, able to perform a five second
head lift, and did not experience muscle weakness before
transfer to, or before discharge from, the recovery room.

The key comparative study for profound block was a multi-
centre trial reported in two publications (Table 2).14 15

Sugammadex 4 mg kg 21 was administered when recovery
had reached a PTC of 1–2 (PTC 1–2) after rocuronium or
vecuronium. Statistical analysis by the study authors using
two-way analysis of variance on log-transformed recovery
times indicated that there was a significant difference
between sugammadex and neostigmine/glycopyrrolate in
both the rocuronium and vecuronium groups (P,0.001)
(Table 4). Within the rocuronium and vecuronium groups,
recovery times were faster after reversal with sugammadex
compared with neostigmine/glycopyrrolate. However, there
was a greater inter-individual variation in recovery times
for vecuronium with sugammadex than for rocuronium
with sugammadex.

None of the patients in the controlled trials comparing
sugammadex and neostigmine for the reversal of moderate

or profound NMB had residual block or recurrence of block,
based on acceleromyographic monitoring. No patients
showed clinical evidence of recurrence of blockor residual block.

Economic evaluation

In each of the pair-wise comparisons, the trial evidence
suggested that the sugammadex strategy was associated
with a shorter geometric mean time to recovery. As such,
the model considered the reduction in recovery time associ-
ated with sugammadex but reflected the uncertainty in how
these trial estimates might be reflected in routine practice.

In patients with moderate block, the single RCT comparing
rocuronium and sugammadex with rocuronium and neostig-
mine/glycopyrrolate13 suggests that sugammadex reduces
the geometric mean time to a TOFR¼0.9 by 17 min for
rocuronium-induced block and 14 min for vecuronium-
induced block. In patients with profound block, the RCT
comparing rocuronium and sugammadex with rocuronium
and neostigmine/glycopyrrolate14 15 suggests that sugam-
madex reduces the geometric mean time to a TOFR¼0.9 by
47.5 min for rocuronium-induced block and 61.7 min for
vecuronium-induced block. In order to incorporate reduced

Included and data extracted:
Sugammadex studies n =18 (publications n =32); moderate block (n =2 active

studies), profound block (n =1 active study based on 2 publications)
Comparator studies n =7

Adverse events papers n =18

+ FDA briefing document, FDA and EMEA licence submission documents

Excluded, n =226
Not randomized or sugammadex  n =34
Not surgical population  n =13
No relevant comparison  n =48
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 extracted but later
excluded  n =3

Adverse events papers
screened, n =703

AE papers
excluded,
n =64

AE papers
excluded,
n=619

Excluded, n =1867

Full papers retrieved and
screened for inclusion,
n =265 

Full AE papers retrieved for
screening, n =84

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

Fig 1 Flow chart of studies through the review process.
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recovery time into the economic model, these geometric
means were converted into arithmetic means on the
assumption that the recovery times are exponentially distrib-
uted. Full details are given in the HTA report.4

In addition to the extent of reduction in recovery time,
whether sugammadex is cost-effective also depends on the
value of each minute of recovery time saved (in terms of
staff productivity). The economic modelling found that both
reductions in recovery time and the value per minute of
that time are varied across a wide range (Table 5 and
Fig. 2). This demonstrates that if sugammadex provides no
reduction in recovery time, then it is not cost-effective at
the current list price. As the reduction in recovery time
increases, the minimum value of each minute of saved recov-
ery time required for sugammadex to be cost-effective
decreases. The results are broadly similar for rocuronium-

and vecuronium-induced block, with any differences driven
by the small differences between the prices of rocuronium
and vecuronium and the rates of recurrence of block or
residual block. However, the results differ substantially
between moderate block and profound block (Table 5).

If the time savings achieved in the RCTs transfer into routine
clinical practice, sugammadex can be cost-effective in
patients with moderate block where the value of each
minute of recovery time saved with sugammadex is approxi-
mately £2.40 or greater, and in profound block where the
value is £1.75 or greater. We estimated that time saved in
the operating theatre has a value of £4.44 per minute when
it is assumed that all medical and nursing staff have their
time freed up by the shorter recovery time and that they use
this for a productive activity. The time saved in the recovery
room was estimated to have a value of £0.33 per minute. If

Table 2 Study characteristics in studies of sugammadex for the reversal of moderate and profound NMB. *Number in relevant treatment arms

Author Number of
Patients*

Age of
population

Gender ASA physical
status

Weight Treatment arms (n treated) Outcome
measures

Moderate block

Blobner and
colleagues13

189 Not reported Not
reported

Not reported
in detail. All
were ASA
classes I–III

Not reported 1. Roc (0.6 mg
kg21)+sugammadex (2 mg
kg21) (n¼48)

Time to
TOFR¼0.9

2. Roc (0.6 mg
kg21)+neostigmine (0.05 mg
kg21)/glycopyrrolate (0.01 mg
kg21) (n¼48)

3. Vec (0.1 mg
kg21)+sugammadex (2 mg
kg21) (n¼48)

4. Vec (0.1 mg
kg21)+neostigmine (0.05 mg
kg21)/glycopyrrolate (0.01 mg
kg21) (n¼45)

Flockton and
colleagues12

73 Mean 45 yr
(calculated)

37/73
(41%)
males

ASA I: 34/73
(47%)

Mean 75 kg
(calculated)

1. Rocuronium (0.6 mg
kg21)+sugammadex (2 mg
kg21) (n¼34)

Time to
TOFR¼0.7
and 0.9

ASA II: 36/73
(49%)

ASA III: 3/73
(4%)

2. Cisatracurium (0.15 mg
kg21)+neostigmine (0.05 mg
kg21 (maximum of 5 mg kg21)/
glycopyrrolate 0.01 mg kg21)
(n¼39)

Profound block

Lemmens and
colleagues,14

Jones and
colleagues15

187 (187
randomized,
157 treated)

Adults aged
≥18 yr

Not
reported

Not reported.
All were ASA
classes I–III

Not reported 1. Rocuronium (0.6 mg
kg21)+sugammadex (n¼37)

Time to
TOFR¼0.9

2. Rocuronium (0.6 mg
kg21)+N&G (n¼37)

Measured
from
reversal at
PTC 1–2

3. Vecuronium (0.1 mg
kg21)+sugammadex (n¼47)

4. Vecuronium (0.1 mg
kg21)+N&G (n¼36)
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these values are realistic, sugammadex 2 mg kg21 (4 mg kg21)
would appear cost-effective for the routine reversal of
rocuronium-induced moderate or profound block at the
current list price if all reductions in recovery time associated
with sugammadex are achieved in the operating theatre, but
not if all reductions in recovery time are achieved in the recov-
ery room (Fig. 2). Another way of interpreting Table 5 is that if
the actual time saving achieved in practice is, for example, 15
min, sugammadex is cost-effective if the value of the time
saved is £3.83 per minute or more for moderate block or
£7.81 per minute or more for profound block.

Discussion
The available evidence from RCTs suggests that sugamma-
dex produces a substantially faster and more predictable
recovery from rocuronium- or vecuronium-induced moderate
NMB than neostigmine/glycopyrrolate12 13 and can produce a

rapid recovery from profound NMB,14 15 a facility not avail-
able with any other drug combination. Thus, sugammadex
represents an efficacious and potentially useful new agent
for the reversal of NMB. However, the findings are based on
limited evidence, and considerable uncertainties remain con-
cerning its clinical effectiveness in practice and especially its
cost-effectiveness.

First, the patients in the sugammadex trials were mainly
relatively young and in ASA classes I–II, and may not be
fully representative of those who would receive sugammadex
in routine clinical practice. Secondly, the reductions in recov-
ery time with sugammadex seen in the clinical trials may
represent the maximum that can be achieved and the
benefits in normal clinical practice will remain uncertain
pending wider adoption and evaluation of sugammadex.

Thirdly, the available trials did not compare sugamma-
dex–rocuronium or sugammadex–vecuronium combination

Table 3 Summary of time (min) from the start of administration of sugammadex or neostigmine/glycopyrrolate to the recovery of TOFR to 0.7,
0.8, or 0.9 in active-control studies of sugammadex for the reversal of moderate NMB. *CIs not reported

Blobner and
colleagues13

Rocuronium1sugammadex
(2 mg kg21) (n548)

Rocuronium1neostigmine/
glycopyrrolate (0.05 mg kg21)
(n548)

Vecuronium1sugammadex
(2 mg kg21) (n548)

Vecuronium1neostigmine/
glycopyrrolate (0.05 mg
kg21) (n545)

Time to TOFR¼0.9

Geometric mean
(95% CI)

1.5 (1.3–1.7) 18.5 (14.3–23.9) 2.8 (2.3–3.4) 16.8 (12.9–21.9)

Median (range) 1.4 (0.9–5.4) 17.6 (3.7–106.9) 2.1 (1.2–64.2) 18.9 (2.9–76.2)

Flockton and
colleagues12

Rocuronium1sugammadex
(2 mg kg21) (n534)

Cisatracurium1neostigmine/
glycopyrrolate (0.05 mg kg21)
(n539)

Time to TOFR¼0.9

Geometric mean
(95% CI)

1.9 (1.6–2.2) 9.0 (7.5–10.8)

Median (range) 1.9 (0.7–6.4) 7.3 (4.2–28.2)

Time to TOFR¼0.8

Geometric mean
(95% CI)

1.6* 6.5*

Median (range) 1.5 (0.7–3.4) 5.9 (3.2–15.6)

Time to TOFR¼0.7

Geometric mean
(95% CI)

1.4* 5.1*

Median (range) 1.2 (0.7–2.9) 4.7 (2.4–10.9)

Table 4 Summary of time (min) from the start of administration of sugammadex or neostigmine/glycopyrrolate to the recovery of the TOFR to
0.9 in active-control studies for the reversal of profound NMB (reversed at PTC 1–2). *Number in relevant treatment arms. **Geometric mean
(95% CI). P,0.0001 for comparisons of NMBA+sugammadex vs NMBA+neostigmine/glycopyrrolate

Study Number of patients* Time to TOFR50.9

Mean (SD) Median (min–max)

Lemmens and colleagues,14

Jones and colleagues15
1. Rocuronium (0.6 mg kg21)+sugammadex (n¼37) 2.9 (2.5–3.4)** 2.7 (1.2–16.1)

2. Rocuronium (0.6 mg kg21)+neostigmine/glycopyrrolate (n¼37) 50.4 (43.5–58.4)** 49.0 (13.3–145.7)

3. Vecuronium (0.1 mg kg21)+sugammadex (n¼47) 4.5 (3.3–6.0)** 3.3 (1.4–68.4)

4. Vecuronium (0.1 mg kg21)+neostigmine/glycopyrrolate (n¼36) 66.2 (55.6–78.9)** 49.9 (46.0–312.7)
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with all the commonly used NMBA/reversal agent combi-
nations. Although trials making these direct comparisons
are not available, statistical methods have been developed
which would have allowed us to combine data from compari-
sons between other NMB drugs/reversal agent combinations
and aminosteroids with sugammadex, namely a mixed treat-
ment comparison.18 19 The application of such methods is,
however, subject to certain requirements and unfortunately,
due to a lack of access to the necessary data on sugamma-
dex, only limited data being available from older trials that
were comparable with those from the newer sugammadex
trials, and the nature of the available data (the primary
studies elected to report outcomes using a mix of arithmetic
mean, geometric mean, and median), we were unable to
include this analysis in our review.

To demonstrate cost-effectiveness for sugammadex, two
things need to be established. First, that some reduction in
patient recovery time can be achieved by using sugammadex
compared with neostigmine/glycopyrrolate for the routine
reversal of NMB. Secondly, that any such time saving would
have value in terms of freeing up staff to work on productive
activities. The key economic uncertainties surround the prod-
uctivity benefits of a reduced time in recovery, that is, the
extent to which any time saved in recovery could be put to
alternative productive use, for example, in caring for another
patient or some other activity. The proportion of recovery
time saved which could be put to productive use is ultimately
unknown—no evidence was identified in the literature. There
is also the possibility that extra operations could be scheduled

as a result of any reduced recovery time, but again there is a
lack of suitable evidence on the associated impact on costs
and health effects. Similarly, there are no data to inform
any possible differences between anaesthetic strategies in
health-related quality of life and it should also be noted that
the estimates reported for this represent the opinion of a
single clinical expert only. These and other data weaknesses
need to be considered when the results presented here are
being interpreted.

The clinical trials of sugammadex were not sufficiently
powered to estimate the rates of significant adverse events
(including death) with any level of precision, nor were there
any observational data to inform these rates. As such, in
the absence of clear evidence to the contrary, it was
assumed that there were no differences in rates of adverse
events between the strategies. This is a limitation of the
modelling and should be considered when interpreting the
results. One scenario not modelled in the routine setting
(due to the lack of available data) is that where a ‘cannot
intubate, cannot ventilate’ event occurs. In current practice,
such an event has potentially serious consequences (for
both patient health and resource use) due to the inability
to quickly reverse profound block with neostigmine/glycopyr-
rolate. It remains unclear whether administering sugamma-
dex 16 mg kg21 is cost-effective in such circumstances, due
to uncertainty over the time it would take to draw up the
sugammadex in a high-pressure situation, or alternatively
the cost associated with preparing such a dose beforehand
for every listed patient.3

Table 5 Threshold analysis comparing the reversal of block with sugammadex vs reversal with neostigmine/glycopyrrolate. The table shows the
minimum value of each minute of recovery time saved for sugammadex to be considered cost-effective under the base-case assumptions

Reduction in recovery time (min) Minimum value of each minute of reduced recovery time for sugammadex to be considered
cost saving

Moderate block Profound block

Rocuronium Vecuronium Rocuronium Vecuronium

0 N/A N/A N/A N/A

1 £57.47 £57.55 £117.11 £117.19

2 £28.74 £28.78 £58.56 £58.60

3 £19.16 £19.18 £39.04 £39.06

4 £14.37 £14.39 £29.28 £29.30

5 £11.49 £11.51 £23.42 £23.44

10 £5.75 £5.76 £11.71 £11.72

15 £3.83 £3.84 £7.81 £7.81

20 £2.87 £2.88 £5.86 £5.86

25 £2.30 £2.30 £4.68 £4.69

30 £1.92 £1.92 £3.90 £3.91

35 £1.64 £1.64 £3.35 £3.35

40 £1.44 £1.44 £2.93 £2.93

50 £1.15 £1.15 £2.34 £2.34

60 £0.96 £0.96 £1.95 £1.95

70 £0.82 £0.82 £1.67 £1.67

80 £0.72 £0.72 £1.46 £1.46

90 £0.64 £0.64 £1.30 £1.30
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If the estimates of the reduction in recovery time derived
from the clinical trials were replicated in routine clinical prac-
tice, the analysis suggests that sugammadex would be cost-
effective if all reductions in recovery time associated with
sugammadex were to be achieved in the operating theatre,
but not if all reductions in recovery time were to be in the
recovery room. Other factors will also affect the cost-
effectiveness of sugammadex, for example, where there is
additional value in reducing recovery times (e.g. in prevent-
ing operations from being delayed or cancelled). The results
are broadly similar for rocuronium and vecuronium with
any differences driven by the small differences between the
prices of these two products and the rates of recurrence of
block or residual block.

If sugammadex is to be recommended for wider use in
routine surgery, the overall cost of reversal agents would
be expected to increase. Also, the use of rocuronium
and vecuronium for NMB would increase relative to other

non-depolarizing NMBAs. In addition, there would be some
requirement for training of staff during the introduction of
sugammadex, but this is not expected to involve significant
costs.

The implications for the use of objective monitoring if
sugammadex was more commonly used in practice are
uncertain. In the clinical trials, sugammadex was adminis-
tered at specific points determined by TOF monitoring and
if anaesthetists always follow this practice, the use of moni-
toring would increase. However, as sugammadex appears
effective at all levels of block, anaesthetists may feel able
to reduce levels of monitoring as they become more experi-
enced in its use, with resultant savings in equipment costs.
There could be an overall deterioration in practice associated
with decreased monitoring, although this would be difficult
to quantify.

A recently published Cochrane Review20 appears to
support the clinical findings of this review, but this review is
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Fig 2 Threshold analysis comparing the reversal of rocuronium-induced block with sugammadex vs reversal with neostigmine/glycopyrrolate.
The region above (below) the bold line represents the combinations of reduction in recovery time associated with sugammadex and value of
each minute of recovery time saved at which sugammadex is (is not) cost saving under the base-case assumptions for each scenario. Separate
graphs are plotted for moderate and profound block. The horizontal dashed (dotted) line represents an estimate of the value of each minute
saved were all the time savings to occur in the operating theatre (recovery room), while the dotted and dashed vertical line represents an
estimate of the reduction in recovery time associated with sugammadex.
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the first to discuss the cost-effectiveness of sugammadex in
UK clinical practice.

In conclusion, the evidence suggests that there are poten-
tial benefits of sugammadex in terms of increased patient
safety, increased predictability of recovery from NMB, and
more efficient use of theatre time and staff. However,
whether this potential is realized routinely is unclear: the evi-
dence base is small and the potential benefits of sugamma-
dex have yet to be explored further in clinical practice.
A wider range of outcomes, including patient-reported out-
comes and effects on costs and resource use (e.g. time in
the operating theatre or efficient operating list manage-
ment), may have to be assessed before the full benefits of
sugammadex can be evaluated. These implications relate
to UK practice and may not apply to other countries and
different health-care systems, and the clinical and economic
uncertainties should be taken into consideration when inter-
preting the findings
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