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The incidence of residual neuromuscular blockade 
in the recovery room is still alarmingly high. In one 
study, train of four ratios of <0.9 were found in 3.5  
to 83% of postoperative patients1�� 7KHVH� ÀQGLQJV�
stand in a remarkable contrast to the well known 
harmful implications of residual neuromuscular 
blockade on patient postoperative outcome. 
However, even with the best of intentions, dosage  
and timing of neuromuscular blocking agents 
(NMBA) reversal with neostigmine can be extremely 
GLIÀFXOW��DQG� LQ� WKH�FRQWH[W�RI� IDVW�WXUQRYHU�VXUJHU\��
potentially impossible2. Sugammadex, a J�F\FOR�
dextrin, has recently been reported as an alternative 
to neostigmine as it rapidly and reliably reverses 

the effects of steroidal NMBA3. However, the costs 
(200 mg vial approx. A$180) have so far hindered 
its progress of becoming a widely used alternative 
to neostigmine. Sugammadex has been licensed  
IRU� XVH� LQ� $XVWUDOLD� VLQFH� ����� DQG� WKH� ����EHG� 
tertiary Royal Perth Hospital (RPH) introduced 
sugammadex in 2010 with the restriction to  
emercency scenarios (e.g. ‘can’t intubate, can’t  
ventilate’ situation) or when the administration of 
neostigmine was (relatively) contraindicated.

In February 2011 access to sugammadex was 
facilitated by successful price negotiations. The  
pricing was adapted to volume of use; RPH 
anaesthetists were aware of lower price but not of  
negotiated ‘usage thresholds’ between RPH 
pharmacy and the manufacturer (MSD, Sydney, 
NSW). This change enabled anaesthetists to 
choose between neostigmine and sugammadex for 
WKH� UHYHUVDO� RI� DPLQR�VWHURLGDO� 10%$� ZLWKRXW� 
HFRQRPLF� UHVWULFWLRQV� RU� UHVWULFWLRQV� WR� VSHFLÀF�
indications (e.g. emergencies). The aim of this 
retrospective audit was to investigate the impact 
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SUMMARY
6XJDPPDGH[� LV� NQRZQ� WR� UDSLGO\� DQG� FRPSOHWHO\� UHYHUVH� WKH� HIIHFWV� RI� DPLQR�VWHURLGDO� QHXURPXVFXODU� 
blocking agents. However, the high costs of sugammadex have so far prevented its introduction as the 
standard reversal agent in most healthcare systems. At the Royal Perth Hospital, sugammadex was recently  
LQWURGXFHG� DV� DQ� XQUHVWULFWHG� DOWHUQDWLYH� WR� QHRVWLJPLQH� IRU� WKH� UHYHUVDO� RI� DPLQR�VWHURLGDO� QHXURPXVFXODU�
blocking agents. The aim of this retrospective observational audit was to investigate the impact of this change 
on clinical practice and associated healthcare costs.
'DWD�IURP�DOO�SDWLHQWV�LQWXEDWHG�GXULQJ�D�RQH�PRQWK�SHULRG�LQ�$SULO�WR�0D\������DQG�IRU�D�VLPLODU�SHULRG�

in 2011 were retrospectively collected and the use of neuromuscular blocking agents and reversal agents 
were identified and the associated costs were calculated. More steroidal neuromuscular blocking agents 
DQG� VXJDPPDGH[� ��������� EXW� OHVV� JO\FRS\UURODWH� DQG� QHRVWLJPLQH� ������� ZHUH� XVHG� LQ� ������ 8VLQJ� WKH�
manufacturer’s list price, muscle relaxation and reversal costs increased from about A$42 per case to about 
A$127 per case. Between the investigated time periods no differences were found for anaesthesia time, 
operating time or time spent in the post anaesthesia care unit. However, there was a statistically significant 
decrease in the time between surgery and discharge (median 2.0 vs 2.2 days). While the design of the audit  
was such that no inferences can be made about the cause of this change, this is an interesting observation  
worthy of further investigation. 

Key Words: sugammadex, access, cost

Anaesth Intensive Care 2012; 40:��������



341Impact of the IntroductIon of sugammadex

Anaesthesia and Intensive Care, Vol. 40, No. 2, March 2012

of this change on choice of NMBA and reversal  
agent and to calculate the costs of any changes  
based on the full price of sugammadex. We also  
aimed to determine whether there were any major 
FKDQJHV� LQ� OHQJWK� RI� VWD\� LQ� WKH� SRVW�DQDHVWKHVLD� 
care unit (PACU) or in the time between surgery  
and dicharge.

METHODS
Approval was granted by the Ethics Committee  

and the Quality and Safety Department of the 
5R\DO� 3HUWK� +RVSLWDO� �$� �������� ������������ 7KH�
need for patient consent was waived as this was 
acknowledged as an observational audit. Data 
from all patients tracheally intubated within RPH 
main theatres (15 theatres) within a one month 
period (15 April to 14 May) in 2010 and 2011 were 
obtained respectively and compared. For both 
periods, the usage of NMBA (succinylcholine, 
PLYDFXULXP��DWUDFXULXP��FLV�DWUDFXULXP��YHFXURQLXP�
and rocuronium), reversal agents (neostigmine, 
glycopyrrolate, atropine and sugammadex) and 
associated costs  as well as descriptors of the case 
mix for each month (including patient age, gender, 
American Society of Anesthesiologists physical 

status, urgency of operation, surgical specialty, 
times of surgery, anaesthesia and PACU stay, time 
from surgery to discharge) were documented. For 
WKH�FDOFXODWLRQ�RI�FRVWV� LQ�WKLV�SDSHU�� WKH�RIÀFLDO� OLVW� 
price of sugammadex in Australia (200 mg at  
A$180) and not the price negotiated between RPH 
pharmacy and the manufacturer was used (due to a 
FRQÀGHQWLDOLW\� DJUHHPHQW� DQG� WKH� OLNHO\� YDULDELOLW\�
in outcome of individual hospital negotiations). 
'HPRJUDSKLF�GDWD�DV�ZHOO�DV�GDWD�GHÀQLQJ�RXWFRPH�
(e.g. perioperative times, time from surgery to 
dicharge) were collected electronically using the 
theatre management system at RPH. 

Data were retrieved in Microsoft Excel format 
and later transferred into SPSS (IBM SPSS  
Statistics version 19) for further analysis. All data 
ZHUH�FKHFNHG� IRU�QRUPDO�GLVWULEXWLRQ� �.ROPRJRURY�
Smirnoff test) and are provided as mean ± standard 
deviation or median (25th/75th percentile) as 
appropriate. Differences in categorical variables  
ZHUH� FRPSDUHG� XVLQJ� FKL�VTXDUH� RU� )LVKHU·V�
([DFW� WHVWV�� 7KH� 0DQQ�:KLWQH\� 8� WHVW� ZDV� XVHG�
WR� FRPSDUH� QXPHULFDO� QRQ�SDUDPHWULF� GDWD�� 1R�
sample size calculation was performed as this was 
as an observational audit which was not testing a  
hypothesis. Alpha was set at 5%. 

table 1
Demographic data

Age, y ASA PS, n Urgency, n Surgical specialty, n

2010 50±20 I: 84 Elective: 230 Orthopaedics: 97

II: 206 1RQ�HOHFWLYH����� Plastics: 65

III: 131 General: 140

IV: 20 Other: 139

2011 51±20 I: 100 Elective: 250 Orthopaedics: 109

II: 188 1RQ�HOHFWLYH����� Plastics: 67

III: 141 General: 139

IV: 32 Other: 146

ASA PS=American Society of Anesthesiologists physical status.

table 2
Perioperative times and length of hospital stay

Time 2010 cohort 2011 cohort P (2010 vs 2011)

Anaesthesia, min 114 (81/172) 124 (90/175) 0.24

Surgery, min 67 (43/100) 68 (39/108) 0.90

Ratio, surgery:anaesthesia 0.57 (0.46/0.68) 0.57 (0.43/0.70) 0.75

PACU, min 42 (25/74) 43 (24/72) 0.10

Hospital stay, h 78 (27/218) 73 (25/172) 0.044*

Surgery to hospital discharge, d 2.2 (1.0/7.2) �������������� 0.01*

$OO� GDWD� LQ� PHGLDQ� ���WK���WK� SHUFHQWLOHV��� � 6LJQLILFDQW� UHVXOWV� �0DQQ�:KLWQH\� 8� WHVW���
3$&8 SRVW�DQDHVWKHVLD�FDUH�XQLW�
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RESULTS 
Data from a total of 902 intubated patients  

(441 in 2010, 461 in 2011) were analysed. The 
descriptors of the procedural and patient casemix  
ZHUH� QRW� VLJQLÀFDQWO\� GLIIHUHQW� EHWZHHQ� WKH� WZR�
periods, although the audit was not powered 
to compare these data (Table 1). Similarly, no 
differences were found regarding patients’ duration  
of anaesthesia, duration of surgery, the ratio of 
surgical to anaesthesia time, or the duration of the 
stay in the PACU (Table 2). There was a change in 
the median time duration of stay (78 hours [27/218] 
in 2010 vs 73 hours [25/172] in 2011 [P=0.044]).  
This difference was mainly due to a shorter 
postoperative stay in the hospital with the time  
from surgery to discharge shorter in 2011 vs 2010  
(2.0 vs 2.2 days, Table 2). 
$QDHVWKHWLVWV� XVHG� PRUH� DPLQR�VWHURLGDO� 10%$�

in 2011 when compared to 2010 (Table 3) and 
the 2011 use of neostigmine nearly halved from 
that in 2010. The 2011 vs 2010 use of sugammadex  
increased from 35 units (200 mg vials) to 260 units.

The associated costs for NMBA during the one 
month period in 2010 were A$8913, with A$9622  
IRU� UHYHUVDO� DJHQWV�� HTXDOOLQJ� WRWDO� FRVWV� RI� DERXW� 
$42 per case and A$0.27 per anaesthesia minute. 
In 2011, NMBA related costs slightly increased to 
$������� EXW� FRVWV� RI� 10%$� UHYHUVDO� VLJQLÀFDQWO\�
LQFUHDVHG� WR� $�������� HTXDOOLQJ� WRWDO� FRVWV� RI� 
A$127 per case or $0.88 per anaesthesia minute.

DISCUSSION
The introduction of unrestricted access to 

sugammadex as an alternative to neostigmine 
VLJQLÀFDQWO\� LQFUHDVHG� DQDHVWKHVLD� UHODWHG� FRVWV��
Although this result was certainly to be expected, 

available data on sugammadex economics have so  
far mainly been based on assumptions4,5 and hence  
WKLV� LQYHVWLJDWLRQ� LV� RQH� RI� WKH� ÀUVW� WR� UHSRUW� VXFK�
effects in a ‘real life’ scenario. It has to be noted  
WKDW� ZH� XVHG� WKH� RIÀFLDO� OLVW� SULFH� RI� VXJDPPDGH[� 
LQ� $XVWUDOLD� DV� WKH� XQGHUO\LQJ� EDVH� IRU� RXU� FDO�
culations. However, internationally (e.g. Japan and 
Europe) sugammadex is available at a lower price. 
)XUWKHUPRUH�� DV� LQ� RXU� VSHFLÀF� FDVH�� KHDOWKFDUH�
systems or hospitals may individually negotiate with 
the manufacturer and the resulting price may be 
lower than the one we used in our calculations. The 
introduction of unrestricted access to sugammadex 
�QRW� UHVWULFWHG� WR� VSHFLÀF� LQGLFDWLRQV�� RXWVLGH�
$XVWUDOLD�PD\� WKHUHIRUH� KDYH� D� VLJQLÀFDQWO\� VPDOOHU�
ÀQDQFLDO�LPSDFW�WKDQ�WKH�RQH�GHVFULEHG�E\�XV�
7KH� KLJK� WDNH�XS� UDWH� RI� VXJDPPDGH[� E\� WKH�

anaesthetists in our department may have been 
LQÁXHQFHG� E\� LQLWLDO� FXULRVLW\� �JDLQLQJ� H[SHULHQFH� 
with a new drug) and the knowledge of the  
negotiated price for sugammadex. However, it may 
DOVR�KDYH�EHHQ�LQÁXHQFHG�E\�DQDHVWKHWLVWV·�NQRZOHGJH�
RI� EHQHÀWV� RI� VXJDPPDGH[� RYHU� QHRVWLJPLQH��
Given unrestricted access to sugammadex, many 
anaesthetists shifted from NMBA reversal with 
neostigmine to using sugammadex. This change 
RI� SUDFWLFH� DOVR� VKRZHG� VRPH�� EXW� QRW� DOO� IROORZ� 
on effects predicted by Caldwell and Miller in  
20095: in line with their prediction, the use of  
EHQ]\OLVRTXLQROLQH� 10%$� GUDPDWLFDOO\� GHFUHDVHG��
Interestingly, however, and in contrast to a predicted 
FKDQJH� RI� SUDFWLFH�� IRU� UDSLG� VHTXHQFH� LQGXFWLRQ�
succinylcholine was not largely replaced with 
rocuronium.

Our audit did not observe changes in the length  
of a patient’s stay in the PACU, suggesting no  
changes in acute postoperative outcomes. However, 
our sample size may not have been large enough to 
detect such differences, and some adverse effects 
of incomplete reversal (e.g. hypoventilation leading 
to atelectasis) from potential differences in the  
incidence of residual neuromuscular blockade (not  
measured in this audit) may be seen only after 
recovery room discharge.
:H�REVHUYHG�D�PHGLDQ�ÀYH�KRXU�GHFUHDVH� LQ�WLPH�

from surgery to discharge in the 2011 cohort. This 
ZDV� VWDWLVWLFDOO\� VLJQLÀFDQW�� ,W� ZRXOG� EH� LQWHUHVWLQJ�
to speculate that this reduction was related to the 
increased use of sugammadex, through its improved 
muscle relaxant reversal, leading to a reduction in 
pulmonary complications1,2. However, importantly, 
there was a 12 month gap between the two periods 
DQG�ZH� FDQQRW� H[FOXGH� DQ� LQÁXHQFH� RI� D� FKDQJH� LQ�
hospital culture or policy towards earlier discharge, 

table 3
Usage of neuromuscular blocking agents and reversal agents (units) 

in 2010 and 2011

2010 cohort 2011 cohort

Succinylcholine (100 mg/2 ml) 850 900

Atracurium (25 mg/2.5 ml) 180 40

&LV�DWUDFXULXP�����PJ���PO� 170 95

Mivacurium (20 mg/10 ml) 15 5

Vecuronium (10 mg) 30 50

Rocuronium (50 mg/5 ml) 550 700

Neostigmine (2.5 mg/1 ml) 300 155

Atropine (600 µg/1 ml) 150 55

Glycopyrrolate (200 µg/1 ml) 650 405

Sugammadex (200 mg/2 ml) 35 260
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or other improvements resulting in a faster patient 
turnover that could explain our results. Therefore, 
due to the purely observational character of our  
audit (lack of randomisation or control group in  
same time interval) we are unable to comment on  
the cause for the observed differences. Nevertheless, 
as a shorter stay in the hospital could potentially 
fully offset cost increases observed in this audit  
(e.g. average cost for one additional night in  
hospital approx. US$4206) further prospective 
research into the potential impact of sugammadex  
on economic measures of patient outcome is  
certainly warranted.
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