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Why is measuring NMT essential 
in obese patient to 

optimize muscle relaxation? 



•  The speaker’s presentation does not represent the opinion of  GE 
and GE has the right on file from the speaker to publish the 
presentation. 

•  Neither GE nor the Speaker is the partner, agent, or representative 
of  the other, nor does either of  them have any direction or control 
over the manner in which the other performs its obligations in the 
Speaking Contract between them.JB31323DE, JB31090GB, JB31415XE 
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The Clinical Benefits of  

Routine Monitoring and Reversal1 
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1. Baillard C et al. Br J Anaesth. 2005;95:622–626. 

Intraoperative NMB agents’ monitoring and/or antagonisation 

PORC (Postoperative residual neuromuscular blockade in 
recovery room) (TOF ratio <0.9) 

NMB=neuromuscular blockade; TOF=train of  four. 
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Time since last NMB dose 
PORC impossible if  60 min ago?   

 No monitor needed, no reversal needed? 
Breathing pattern clinical sufficient 
PORC impossible? No monitor needed, no reversal needed 

Anesth Analg 2011;113:1192–6  



Why do we need TOF > 90% 
before extubation? 
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Eikermann, et al. Am J Respir Crit Care Med. 2007;175:9-15. 

Importance of  Achieving 
TOF ≥0.9 
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Minimum 
retroglossal 

upper 
airway 

diameter 
during 
forced 

inspiration 

A B C D E 

Baseline TOF 0.5 TOF 0.8 TOF 1.0 TOF 1.0 
+15 
min. 

*

*
15 

20 

25 
[mm] 

*P<0.05 versus baseline *



Obstructive breathing post op if  TOF < 
90% 

Mulier  ESA 2015 7 



Pharynx Dysfunction Increases the 
Aspiration Risk after extubation  
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Human volunteers 
Partially paralyzed 
 

Control TOF 0.6 TOF 0.7 TOF 0.8 TOF 0.9 
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Neostigmine is Less 
Effective in Obese Patients 
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�  Obese patients are more difficult to reverse with 
neostigmine. 
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After a single dose, how long do you wait 
to extubate the patient’s trachea without 

reversal?  

�  Statistically significant difference 
between neuromuscular blocking 
drugs for 60 minutes.  
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�  Waiting 120 min is needed to have 
only 50 % spont reversal 

�  100 % do not wait for atracurium 

�  90 % do not wait for rocuronium 
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Abstract : Oro-tracheal intubation and selected surgical 
conditions are facilitated by a deep neuromuscular block 
(NMB), but patient’s security can be jeopardized by its 
residual effects at the time of tracheal extubation. Al-
though neostigmine remains the reference reversal agent 
LQ�PDQ\�VLWXDWLRQV��WKH�OLPLWDWLRQV�RI�LWV�HIÀFDF\�PXVW�EH�
well understood (ceiling effect, delay of action, side 
 effects). It is best administered after re-emergence of the 
3rd or 4th train-of-four (TOF) response. Sugammadex 
causes more predictable and more rapid recoveries from 
much deeper rocuronium-induced NMB. Therefore, 
maintaining deep NMB during surgery is no longer in-
compatible with rapid recovery and safe extubation. In 
Belgium, the use of sugammadex and its reimbursement 
GHSHQG� RQ� VSHFLÀF� FRQGLWLRQV�� 7KH� H[FHOOHQW� FOLQLFDO�
�WROHUDQFH�RI� VXJDPPDGH[�EHQHÀWV� WR�SDWLHQWV�DW� ULVN�RI�
developing complications related to residual NMB or to 
the undesirable effects of neostigmine. In all cases, 
neuro muscular transmission monitoring is the key to 
 adequate NMB management.

Key words : Neuromuscular block ; residual neuromus-
cular block ; rocuronium ; neostigmine ; sugammadex ; 
neuromuscular transmission monitoring.

In Belgium, sugammadex has been available 
for clinical practice since March 1st, 2009. The pa-
WLHQWV��ZKR�SD\� IRU� WKH�GUXJ��EHQHÀW� IURP�VSHFLÀF�
reimbursement conditions by the ‘Institut national 
d’assurance maladie-invalidité / Rijksinstituut voor 
Ziekte en Invaliditeitsverzekering - INAMI/RIZIV’ 
(National Health and Disability Insurance Institute), 
which became effective on July 1st, 2010. This new 
GUXJ�KDV�VHYHUDO�FOLQLFDO�EHQHÀWV��HLWKHU�IRU�WKH�SD-
tient or for the clinician, and practitioners did not 
wait for the establishment of the INAMI/RIZIV re-
imbursement program before using the drug. Unfor-
tunately, sugammadex has a relatively high cost, 
which remains a barrier to its routine clinical use in 
Belgium, even with its own reimbursement pro-
gram. Undoubtedly, the cost of the drug impacts on 
the decisions of most clinicians as to use of the new 
drug instead of neostigmine, the historically classic 
reversal agent.

Currently, only a limited number of anesthesi-
ologists have changed their practice of neuromuscu-
lar block (NMB) management and reversal. Most of 
them have changed their protocols for a limited 
number of procedures. As a result, the use of spe-
FLÀF� UHOD[DQWV� DQG� WKHLU� DQWDJRQLVWV� YDULHV� DPRQJ�
hospitals, and even between anesthesiologists with-
in the same team.

Considering the wide variability in daily clini-
cal practices, the authors of this review aimed at 
listing the reasons for inducing and reversing neuro-
muscular blockades (NMBs) in 2013. We here pro-
pose an algorithm for proper NMB management 
and reversal, based on the technical and pharmaco-
logical options available in Belgium. We also sug-
JHVW� VSHFLÀF� PRGLÀFDWLRQV� WR� WKH� FXUUHQW� VWDWH� RI�
FOLQLFDO�SUDFWLFH��,Q�SDUWLFXODU��ZH�SURSRVH�D�VSHFLÀF�
role for sugammadex as a reversal agent within the 
context of Belgian anesthesia practice.

DEFINITIONS AND SCOPE

The authors will describe the management mo-
dalities for non-depolarizing NMBs. The depolar-
izing block induced by succinylcholine is generally 
short in length and cannot be reversed by the phar-
macologic agents discussed here.

After the induction of NMB, spontaneous 
�UHFRYHU\� LV�GHÀQHG�DV� WKH�SURJUHVVLYH� UHFRYHU\�RI�
neuromuscular transmission and muscular contrac-
tile strength. The progressive return to normal 
 function of the nicotinic receptors is related to the 

(Acta Anaesth. Belg., 2013, 64, 49-60)

Philippe E. DUBOIS, M.D. ; Jan P. MULIER, M.D., Ph.D.
(*) Anesthesiology Department, University of Louvain, CHU 

UCL Mont-Godinne-Dinant, Yvoir, Belgium.
(**) Head of Anesthesiology Department, Campus AZ Sint Jan 

Brugge-Oostende, Bruges, Belgium.
Correspondence address : Philippe E. Dubois, Anesthesiolo-

gy Department, University of Louvain, CHU UCL Mont-
Godinne-Dinant, Avenue Therasse, 1, 5530 Yvoir,  Belgium. 
Tel. : +32 81 42 39 29. Fax : +32 81 42 39 20.

 E-mail : phil.dubois@uclouvain.be

A review of the interest of sugammadex for deep neuromuscular 
blockade management in Belgium

Ph. E. DUBOIS (*) and J. P. MULIER (**)

dubois-.indd   49 13/08/13   14:48

Mulier  ESA 2015 11 

�  NMT monitoring is 
the key to adequate 
NMB management. 

�  Neostigmine is 
best administered 
after re-emergence 
of  the 3rd  or 4th  
train-of-four (TOF) 
response. 

�  If  obese this might 
take longer. 



Reversal according to 
NMB level 
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Leykin Y et al. Anesthesia Analgesia. 2004;99:1086-1089. 

Rocuronium 0.6 mg/kg:  

Effects Of  Rocuronium on 
Morbidly Obese Patients 
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•  RBW: Real body weight (BMI>40) 

•  IBW: ideal body weight (BMI>40) 

•  NBW: RBW in non obese patients (BMI < 25) 

Group BMI Weight (kg) Onset (sec) Duration 25% (min) 

RBW (n=6) 43.8 ± 2.1 111 ± 13 77.0 (37-92) 55.5  (43.6-60.1) 

IBW (n=6) 43.3 ± 5.8 114 ± 21 87.5 (54-99) 22.3* (21.1-24.9) 

NBW (n=6) 22.1 ± 1.8 62 ± 8 66.5 (50-85) 25.4* (18.4-31.1) 

* P<0.001 vs Real Body Weight 



Ideal vs Corrected Body Weight for Dosage of  
Sugammadex in Morbidly Obese Patients 
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 IBW=ideal body weight; RBW: real body weight 



Perfect reversal in morbidly obese patients prevents 
pulmonary complications 

�  Retrospective analysis of 948 consecutive morbid obese patients before vs. 948 
consecutive morbid obese patients after availability of sugammadex. 

�  1st march 2009:  sugammadex available 

�  Mulier JP, ESA 2011 
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5	

0	

before	march	2009	 from	march	2009	

Number	of	pa!ents	with	
postopera!ve	respiratory	

failure	(n=1896)	
• Respiratory failure 

• Re intubation 
• CPAP different from OSA 
• Hypercapnia post op 
• Intensive care admission 



Do you measure NMT routinely 
when NMB are given? 

�  If  you ask it here you might get 50 % 

�  Reality 10% 

�  Most centers do not have one NMT monitor in each 
OR room 

�  Some have only one monitor 
�  With no Battery  
�  Cables defect 
�  Not aware how to use it properly 
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A TOF ratio of 0.7 has been considered to be
sufficient to exclude PORC for a long time, but
recently, several reports have documented that a
TOF ratio of 0.7 does not ensure sufficient neuro-
muscular recovery; therefore, the current general
consensus is that to exclude clinically significant
PORC, the TOF ratio should be ! 0.9.4,5 We asked
the respondents the following: what forms of
monitoring they used for evaluating neuromuscu-
lar blockade (instrumental or clinical); if they use
peripheral neuromuscular monitoring techniques,
what TOF ratio do they consider to be safe for
extubation; and if they use clinical monitoring
techniques, which clinical tests do they use to
assess the adequacy of neuromuscular blockade
reversal. We invited the respondents to either select
one or more tests from a list provided or, alterna-
tively, to independently describe any other test
they routinely use. We asked the participating
anesthetists what is, according to them, the actual
incidence of residual post-operative muscular pa-
ralysis that occurs in clinical practice. We asked
how often (%) neostigmine reversal is used. We
sought information regarding what kinds of sur-
gery they perform the most and least frequently
using NMBAs. We stratified respondents by age
and by the total number of surgical procedures
performed per year in their residing hospitals.

The questionnaire, reported in Appendix 1, was
set up to be answered within 10 min and the major-
ity of questions were in multiple-choice format. We
collected the replies on an anonymous basis. The
questionnaire was issued in Italian; however, an
English translation is presented in Appendix 1.

Statistics

We have stratified the data by age and the number
of procedures performed per year in the anesthe-
sists’ residing hospitals. In order to verify whether
the percentages within a sub-sample were signifi-
cantly different or not when compared with the
overall sample, Student’s T-tests were performed.
A P-value o0.05 was considered as statistically
significant.

Results

Eight hundred and fifty questionnaires were circu-
lated and 754 were correctly compiled and re-
turned (response rate 88.7%). The majority of
responding anesthetists were 30–40 years of age

(55%). The percentages of respondents working in
hospitals that performed up to 3000, between 3000
and 5000 and more than 5000 surgical procedures
per year were 31%, 36% and 34%, respectively. Five
hundred and forty-eight interviewees declared that
they only used clinical monitoring techniques
(73%). A peripheral nerve stimulator to monitor
the TOF ratio was found to be used by 264 anesthe-
tists (35%) on a routine basis. Regarding the TOF
ratio considered by the respondents as being safe for
extubation, only 181 respondents (24%) gave the
correct reply, which is a TOF ratio ! 0.9. The
remaining 573 anesthetists indicated that the TOF
ratio required before extubation is ! 0.5 (8%), ! 0.7
(39%) and ! 0.8 (29%) (Fig. 1).

When the TOF ratio is not used, the respondents
declared their use of a variety of clinical tests to
assess suitability for extubation. The main clinical
tests cited to establish the risk of post-operative
residual paralysis, and their respective frequencies
of use (%), were keeping the head held up for 5 s
(67%), protruding the tongue (64%) and opening
the eyes upon request (47%); on average, each
respondent gave three answers. Thirty-eight re-
spondents (5%) did not answer this question (Table
1). The results also show that, on average, anesthe-
tists tend to believe that one patient out of five is
affected by a certain degree of residual muscular
paralysis at the end of a surgical procedure. The
data emerged as being homogeneous when strati-
fied with respect to respondent age and the number
of procedures performed per year. On average,
only 50% of paralyzed patients received the rever-
sal (neostigmine). The highest rate of NMBA use
was associated with abdominal surgery (89%),
whereas the lowest was with day surgery.

Fig. 1. Respondent opinion about the train-of-four (TOF) ratio
considered safe for extubation (18% did not answer the question).

P. Di Marco et al.
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Knowledge of residual curarization: an Italian survey

P. DI MARCO
1, G. DELLA ROCCA

2, F. IANNUCCELLI
1, L. POMPEI

2, C. REALE
1 and P. PIETROPAOLI

1

1Department of Anesthesia and Intensive Care Medicine, University of Rome ‘La Sapienza’, Rome, Italy and 2Department of Anesthesia and
Intensive Care Medicine, University of Udine, Azienda Ospedaliera Universitaria, Udine, Italy

Background: The use of neuromuscular blocking agents
(NMBAs) is widespread in anesthetic practice; little is
known about the current use of these drugs in Italy. This
survey was conducted to obtain information about the
most commonly used clinical tests and the train-of-four
(TOF) ratios that are considered as being reliable for
assessing recovery from neuromuscular blockade at the
end of anesthesia and the estimated occurrence rates of
post-operative paralysis in Italian hospitals.
Methods: The questionnaire was given to Italian anesthe-
siologists attending the 62nd National Congress of the
Italian Society of Anesthesia, Analgesia and Intensive
Therapy. Collected data were stratified by age and the
total number of surgical procedures performed in the
hospitals concerned.
Results: Seven hundred and fifty-four correctly compiled
questionnaires were collected (response rate 88.7%). Se-
venty three percent of the respondents only used clinical

tests for monitoring the level of neuromuscular blockade.
The main clinical tests cited for the evaluation of residual
paralysis were keeping the head lifted up for 5 s, protrud-
ing the tongue and opening the eyes. TOF was used by 35%
of the respondents on a routine basis. Only 24% of the
interviewed anesthesiologists reported that before extuba-
tion, a TOF ratio of at least 0.9 should be reached.
Conclusions: Most Italian anesthetists assess the recovery
from neuromuscular blockade only by clinical signs. There is
poor awareness about the inability of such techniques to
indicate even a significant amount of residual neuromuscular
block. A more extensive use of quantitative instrumental mon-
itoring is required for the more rational use of NMBAs.

Accepted for publication 27 August 2009

r 2009 The Authors
Journal compilation r 2009 The Acta Anaesthesiologica Scandinavica Foundation

NEUROMUSCULAR blocking agents (NMBAs) are
commonly used by anesthetists during surgery.

Even though post-operative residual curarization
(PORC) is frequently observed in the post-anesthesia
care unit (PACU),1 there is still little information
available describing the use of neuromuscular mon-
itoring and how to avoid PORC. No national register
exists that records how often NMBAs are used in
surgical scenarios or that documents the different
approaches used to assess PORC. Data regarding the
use of train-of-four (TOF) ratio are lacking and it is
not known what TOF ratio value is generally con-
sidered as reliable for evaluating the recovery of
neuromuscular function at the end of surgical pro-
cedures. At present, in Italy, there are no published
guidelines advocating the routine objective assess-
ment of neuromuscular function. The Italian Society
of Anesthesia, Analgesia and Intensive Therapy
(SIAARTI) simply recommends that a TOF ratio
monitoring device needs to be available in order
that it can be used when necessary. PORC continues
to be an underestimated risk: it occurs more fre-
quently where long-acting NMBAs are used, but it

may also occur following the use of NMBAs with
intermediate duration of action.2 Because even a
mild degree of residual neuromuscular blockade
(TOF ratio 0.7–0.9) impairs clinical recovery and
may be associated with increased morbidity,3 this
topic holds both valuable and practical importance.

Aim

The aim of the survey, carried out among Italian
anesthetists, was to obtain information about the
most commonly used clinical tests and the TOF
ratio value that is considered as reliable for asses-
sing the recovery from neuromuscular blockade at
the end of anesthesia.

Methods

To obtain an overview of the opinions of Italian
anesthetists, a questionnaire was distributed to the
members of the 62nd National Congress of the
SIAARTI held in Palermo, 14–17 October 2008.
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Discussion

Our data show that 75% of the anesthetists only use
clinical signs to assess the level of recovery from
neuromuscular blockade at the end of anesthesia.
The ability of patients to sustain their head in an
elevated position for 5 s is the test most commonly
used to assess the degree of residual muscle pa-
ralysis. In an investigation by Kopman et al.6 car-
ried out on volunteers, a sustained 5-s head lift was
achieved when the TOF ratio averaged 0.60 (range,
0.45–0.75); thus, a 5-s head lift cannot be considered
as a reliable clinical test for detecting significant
degrees of residual neuromuscular block. It is also,
therefore, of great concern that 47% of anesthetists
consider the ability of a patient to keep their eyes
open as a relevant test in the evaluation of recovery
from neuromuscular blockade. The fact that this
eye-opening test was rarely declared as being the
only test used may indicate that it is generally used
as a secondary clinical test, the result of which
would only be considered in combination with the
results of other tests used.

At the conclusion of a surgical procedure, stan-
dard clinical evaluations are not sensitive enough
to establish whether a full recovery of neuromus-
cular function has occurred or not.7 Furthermore,
besides their poor reliability, these standard clinical
tests have other serious shortcomings – for exam-
ple, an awake and collaborating patient is neces-
sary for assessing his/her ability to breath. The use
of clinical tests for the establishment of recovery
from neuromuscular blockade has been reported as

being methodologically and ethically incorrect be-
cause their use can subject patients to unnecessary
distress and discomfort;8 this includes the use of
the head-lift test either before or immediately after
extubation.

PORC is a well-described and frightening com-
plication. In the late 1970s, Viby-Mogensen et al.9

determined the incidence of post-operative resi-
dual paralysis by measuring TOF ratios in the
PACU in patients who had received long-acting
NMBAs during surgery. Despite apparent clinical
recovery, 42% of patients had TOF ratios o0.7.
Debaene et al.10 administered a single intubating
dose of twice the ED95 of an intermediate-acting
NMBA to 526 patients undergoing either gyneco-
logical procedures or plastic surgery. Neuromus-
cular blockade was not pharmacologically
reversed, and TOF ratios of o0.7 and o0.9 were,
respectively, observed in 16% and 45% of patients
in the PACU. Hence, even a single dose of NMBAs
administered before tracheal intubation can result
in post-operative residual paralysis.11

Quantitative monitoring of neuromuscular func-
tion (i.e. TOF ratio monitoring) is the only way to
objectively evaluate the level of muscle paralysis,
both during and post-surgical intervention. In this
survey, only one in three anesthetists routinely uses
this monitoring tool. According to the majority of
respondents (76%), a TOF ratio equal to 0.8 is
sufficient for extubation. However, it has been
shown that even minimal levels of residual paraly-
sis (corresponding to TOF ratios 0.7–0.9) can impair
pharyngeal muscle function,12 reduce lower eso-

Table 1

Clinical tests used to assess adequacy of reversal from neuromuscular blockade (parametric analysis).

Total Procedures/year Age group (years)

% Number 0–3000% 3001–5000% Over 5000% 30–40% 41–50% Over 50%

Sustained head lift (5 s) 67 505 69 64 68 70 63 64
Tongue protrusion 64 482 61 66 63 71* 52* 55w
Eye opening 47 354 47 44 49 51 48 39w
Hand grip 39 294 40 42 37 42 35 37
Normal pattern of respiration 24 180 19 24 28 25 24 23
Normal oxygen saturation 24 180 25 26 19 18w 27 33*
Normal vital capacity 19 143 0 24w 14w 16 22 22
Eyelid clenching 11 82 10 12 11 10 13 12
Tongue depressor test 8 60 10 7 7 8 10 6
Maximum inspiratory effort 5 25 cmH2O 7 52 6 8 7 6 9 7
Maximum inspiratory effort 5 50 cmH2O 3 22 1 5 3 3 3 2
Others 3 22 4 2 4 1 3 4

The sum of frequency exceeds 100% because multiple tests could be selected by a respondent.
On average, each respondent gave three answers. Five percent did not answer the question.
*Po0.01 vs. Total.
wPo0.05 vs. Total.

PORC: an Italian survey
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A Survey of Current Management of Neuromuscular
Block in the United States and Europe
Mohamed Naguib, MD,* Aaron F. Kopman, MD,† Cynthia A. Lien, MD,†
Jennifer M. Hunter, MB, PhD, FRCA,‡ Adriana Lopez, MS,§ and Sorin J. Brull, MD!

BACKGROUND: Postoperative residual neuromuscular block is a frequent occurrence. Recent
surveys of clinical practice in Europe suggest that neuromuscular blocking drugs are often
administered without appropriate monitoring. No comparable survey has been undertaken in the
United States (US). From this survey, we compared current clinical neuromuscular practice and
attitudes between anesthesia practitioners in the US and Europe.
METHODS: We conducted an Internet-based survey among anesthesia practitioners in the US
and Europe. The Anesthesia Patient Safety Foundation and the European Society of Anaesthe-
siology e-mailed all of their active members, inviting them to anonymously answer a series of
questions on a dedicated Internet Protocol address–sensitive website. The survey was available
online for 60 days. The !2 test and Fisher’s exact test were used to compare clinical survey items
between the 2 cohorts.
RESULTS: A total of 2636 completed surveys were received. Most respondents from the US
(64.1%) and Europe (52.2%) estimated the incidence of clinically significant postoperative
residual neuromuscular weakness to be !1% (P ! 0.0001). Routine pharmacologic reversal was
less common in Europe than in the US (18% vs 34.2%, respectively; P ! 0.0001), and
quantitative monitors were available to fewer clinicians in the US (22.7%) than in Europe (70.2%)
(P ! 0.0001). However, 19.3% of Europeans and 9.4% of Americans never use neuromuscular
monitors. Most respondents reported that neither conventional nerve stimulators nor quantita-
tive train-of-four monitors should be part of minimum monitoring standards.
CONCLUSIONS: Our results suggest a lack of agreement among anesthesia providers about the
best way to monitor neuromuscular function. Efforts to improve awareness by developing formal
training programs and/or publishing official guidelines on best practices to reduce the incidence
of postoperative neuromuscular weakness and patient morbidity are warranted. (Anesth Analg
2010;111:110–9)

Residual neuromuscular weakness in the postanes-
thesia care unit secondary to nondepolarizing relax-
ants administered intraoperatively is common1–8

and is a potentially serious patient safety issue.9,10 Expert
consensus is that patients given neuromuscular blockers
should receive neuromuscular monitoring; that use of a
quantitative train-of-four (TOF) monitor (which measures
and displays the TOF ratio in real time) is preferable to the
use of a conventional nerve stimulator (that require the
clinician to evaluate the evoked response by subjective
means, i.e., visually or tactilely); and that if a conventional

nerve stimulator is used (without objective TOF monitor-
ing), a reversal drug (i.e., anticholinesterases) should be
administered at the end of surgery.11

However, surveys12–14 of clinical practice in Europe
suggest that neuromuscular blockers are often adminis-
tered without proper monitoring. Surveys in Denmark,12

Germany,13 the United Kingdom,14 and Mexico15 have sug-
gested that only 43%, 28%, 10%, and 2% of clinicians,
respectively, routinely use neuromuscular monitors of any
kind. No comparable study of clinical practice has been
undertaken in the United States (US), but a recent US
publication reported significant morbidity associated with
underestimated residual neuromuscular weakness.16 If the
incidence of postoperative residual muscle weakness is to
be reduced significantly, we need a better understanding of
clinicians’ current use of neuromuscular blockers and peri-
operative neuromuscular monitoring.

To ascertain whether the perioperative management of
neuromuscular blocking drugs differs between the US and
Europe, we designed an Internet-based survey and distrib-
uted it via e-mail. At a time when changes in the use of
reversal drugs are occurring,17,18 a better understanding of
the clinical attitudes and practices in Europe and the US
regarding neuromuscular blockers is needed to support
efforts to improve clinical practice and patient safety.

METHODS
After obtaining approval from the IRB at The University of
Texas M.D. Anderson Cancer Center, we conducted an
Internet-based survey among anesthesia practitioners in the US
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‡Department of Anaesthesia, University Clinical Department, University of
Liverpool, Liverpool, UK; §Department of Biostatistics, The University of
Texas M. D. Anderson Cancer Center, Houston, Texas; and !Department of
Anesthesiology, Mayo Clinic College of Medicine, Jacksonville, Florida.
Accepted for publication August 31, 2009.
Supplemental digital content is available for this article. Direct URL citations
appear in the printed text and are provided in the HTML and PDF versions
of this article on the journal’s Web site (www.anesthesia-analgesia.org).
Jennifer M. Hunter received research funding from Organon Teknika more
than 3 years ago (£65,000). Dr. Brull is Section Editor of Patient Safety for the
Journal. This manuscript was handled by Tony Gin, Section Editor of
Anesthetic Clinical Pharmacology, and Dr. Brull was not involved in any
way with the editorial process or decision.
Address correspondence and reprint requests to Mohamed Naguib, MD,
Department of General Anesthesiology, Institute of Anesthesiology, Cleve-
land Clinic, 9500 Euclid Ave. - E-31, Cleveland, OH 44195. Address e-mail to
naguibm@ccf.org.
Copyright © 2010 International Anesthesia Research Society
DOI: 10.1213/ANE.0b013e3181c07428

110 www.anesthesia-analgesia.org July 2010 • Volume 111 • Number 1

There was wide divergence in opinion with respect to
the question “In your view, at what TOF count would
neostigmine produce reliable and rapid reversal?” (Table
4). With respect to the neostigmine dose, most respondents
from Europe (60.4%) administered a dose of 2.5 mg,
whereas half of the respondents from the US (49%) admin-
istered this drug on a milligram per kilogram basis rather
than a fixed 2.5-mg dose. Most respondents from both
Europe (83.7%) and the US (86.2%) reported concerns about
the adverse effects of anticholinesterases and antimusca-
rinic drugs. Significantly more respondents from the US
(78.9%) than from Europe (57.1%) reported that the TOF
ratio should be in the 91%–100% range before tracheal
extubation (odds ratio ! 2.5; 95% CI, 2.1–3.1; P " 0.0001,
based on the proportional odds model and adjusted for
years since completing training) (Table 4). Most respon-
dents from both Europe and the US did not believe that
either conventional nerve stimulators or quantitative TOF
monitors should be part of minimal monitoring standards.

DISCUSSION
The first neuromuscular blocking drug, d-tubocurarine, was

introduced into the anesthesiologist’s armamentarium #6
decades ago,20 but little information was available to the
clinician at that time about the depth of neuromuscular

block or the adequacy of recovery. In 1953, Morris et al.21

accurately reflected the best clinical advice of that period: at
the end of surgery, small doses of an anticholinesterase
were administered until “ventilatory exchange seemed
improved, and additional doses administered at 5 min
intervals achieved no detectable change for the better.” In
1958, Christie and Churchill-Davidson22 suggested that the
indirectly evoked mechanical response to nerve stimulation
might prove to be a useful clinical tool in the diagnosis of
prolonged apnea after the use of muscle relaxants, and they
described a small battery-powered peripheral nerve stimu-
lator that they used for this purpose. By 1965, an editorial in
Anesthesiology23 opined, “The only satisfactory method of
determining the degree of neuromuscular block is to stimu-
late a motor nerve with an electric current and observe the
contraction of the muscles innervated by that nerve.”

More than 40 yr later, as indicated in our survey, there is
little agreement about “best practices” in the use of neuro-
muscular blocking drugs, their reversal drugs, or the moni-
toring of depth of neuromuscular blockade. This survey gives
credence to the notion that many clinicians (21.4% of Euro-
pean and 11.9% of US respondents) have witnessed signifi-
cant patient weakness in the recovery room associated with
the residual effects of neuromuscular blocking drugs. How-
ever, it is disappointing that 50 yr after peripheral nerve

Figure 1. Respondents’ observations
and beliefs regarding the incidence and
public health impact of postoperative re-
sidual paralysis and the potential of neu-
romuscular monitoring to decrease this
problem.
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BACKGROUND: Postoperative residual neuromuscular block is a frequent occurrence. Recent
surveys of clinical practice in Europe suggest that neuromuscular blocking drugs are often
administered without appropriate monitoring. No comparable survey has been undertaken in the
United States (US). From this survey, we compared current clinical neuromuscular practice and
attitudes between anesthesia practitioners in the US and Europe.
METHODS: We conducted an Internet-based survey among anesthesia practitioners in the US
and Europe. The Anesthesia Patient Safety Foundation and the European Society of Anaesthe-
siology e-mailed all of their active members, inviting them to anonymously answer a series of
questions on a dedicated Internet Protocol address–sensitive website. The survey was available
online for 60 days. The !2 test and Fisher’s exact test were used to compare clinical survey items
between the 2 cohorts.
RESULTS: A total of 2636 completed surveys were received. Most respondents from the US
(64.1%) and Europe (52.2%) estimated the incidence of clinically significant postoperative
residual neuromuscular weakness to be !1% (P ! 0.0001). Routine pharmacologic reversal was
less common in Europe than in the US (18% vs 34.2%, respectively; P ! 0.0001), and
quantitative monitors were available to fewer clinicians in the US (22.7%) than in Europe (70.2%)
(P ! 0.0001). However, 19.3% of Europeans and 9.4% of Americans never use neuromuscular
monitors. Most respondents reported that neither conventional nerve stimulators nor quantita-
tive train-of-four monitors should be part of minimum monitoring standards.
CONCLUSIONS: Our results suggest a lack of agreement among anesthesia providers about the
best way to monitor neuromuscular function. Efforts to improve awareness by developing formal
training programs and/or publishing official guidelines on best practices to reduce the incidence
of postoperative neuromuscular weakness and patient morbidity are warranted. (Anesth Analg
2010;111:110–9)

Residual neuromuscular weakness in the postanes-
thesia care unit secondary to nondepolarizing relax-
ants administered intraoperatively is common1–8

and is a potentially serious patient safety issue.9,10 Expert
consensus is that patients given neuromuscular blockers
should receive neuromuscular monitoring; that use of a
quantitative train-of-four (TOF) monitor (which measures
and displays the TOF ratio in real time) is preferable to the
use of a conventional nerve stimulator (that require the
clinician to evaluate the evoked response by subjective
means, i.e., visually or tactilely); and that if a conventional

nerve stimulator is used (without objective TOF monitor-
ing), a reversal drug (i.e., anticholinesterases) should be
administered at the end of surgery.11

However, surveys12–14 of clinical practice in Europe
suggest that neuromuscular blockers are often adminis-
tered without proper monitoring. Surveys in Denmark,12

Germany,13 the United Kingdom,14 and Mexico15 have sug-
gested that only 43%, 28%, 10%, and 2% of clinicians,
respectively, routinely use neuromuscular monitors of any
kind. No comparable study of clinical practice has been
undertaken in the United States (US), but a recent US
publication reported significant morbidity associated with
underestimated residual neuromuscular weakness.16 If the
incidence of postoperative residual muscle weakness is to
be reduced significantly, we need a better understanding of
clinicians’ current use of neuromuscular blockers and peri-
operative neuromuscular monitoring.

To ascertain whether the perioperative management of
neuromuscular blocking drugs differs between the US and
Europe, we designed an Internet-based survey and distrib-
uted it via e-mail. At a time when changes in the use of
reversal drugs are occurring,17,18 a better understanding of
the clinical attitudes and practices in Europe and the US
regarding neuromuscular blockers is needed to support
efforts to improve clinical practice and patient safety.

METHODS
After obtaining approval from the IRB at The University of
Texas M.D. Anderson Cancer Center, we conducted an
Internet-based survey among anesthesia practitioners in the US

From the *Department of Anesthesiology and Pain Medicine, The University
of Texas M. D. Anderson Cancer Center, Houston, Texas; †Department of
Anesthesiology, The Weill Cornell Medical College, New York, New York;
‡Department of Anaesthesia, University Clinical Department, University of
Liverpool, Liverpool, UK; §Department of Biostatistics, The University of
Texas M. D. Anderson Cancer Center, Houston, Texas; and !Department of
Anesthesiology, Mayo Clinic College of Medicine, Jacksonville, Florida.
Accepted for publication August 31, 2009.
Supplemental digital content is available for this article. Direct URL citations
appear in the printed text and are provided in the HTML and PDF versions
of this article on the journal’s Web site (www.anesthesia-analgesia.org).
Jennifer M. Hunter received research funding from Organon Teknika more
than 3 years ago (£65,000). Dr. Brull is Section Editor of Patient Safety for the
Journal. This manuscript was handled by Tony Gin, Section Editor of
Anesthetic Clinical Pharmacology, and Dr. Brull was not involved in any
way with the editorial process or decision.
Address correspondence and reprint requests to Mohamed Naguib, MD,
Department of General Anesthesiology, Institute of Anesthesiology, Cleve-
land Clinic, 9500 Euclid Ave. - E-31, Cleveland, OH 44195. Address e-mail to
naguibm@ccf.org.
Copyright © 2010 International Anesthesia Research Society
DOI: 10.1213/ANE.0b013e3181c07428

110 www.anesthesia-analgesia.org July 2010 • Volume 111 • Number 1

stimulators were first suggested as aids in monitoring neuro-
muscular function, many clinicians do not want to include
these stimulators as part of their minimal monitoring stan-
dards. This is perhaps to be expected, as the utility of these
instruments is still being discussed.24,25

Our survey results confirmed that there are differences
between US and European clinicians in the perioperative
management of neuromuscular blockade. Routine reversal of
residual neuromuscular block is less common in parts of

Europe than in the US, yet Europeans are less likely to have
witnessed postoperative residual paralysis; perhaps they have
not looked for it. In the US, however, quantitative monitors
for neuromuscular block are less likely to be available.

Our results suggest that anesthesia providers have very
different opinions about the best way to clinically demon-
strate adequate recovery from neuromuscular block. One
example is the lack of agreement about the 5-s head lift as
an indicator of adequate neuromuscular recovery. Ninety

Table 2. Availability and Use of Neuromuscular Monitoring

Question
No. (%) European

respondents
No. (%) United States

respondents P

N ! 728 N ! 1774

Are quantitative TOF monitors available
in your department?

Yes 511 (70.2) 402 (22.7) "0.0001
No 217 (29.8) 1372 (77.3)

N ! 511 N ! 402

If yes, which units are available?a

TOF Guard 205 (40.1) 51 (12.7)
TOF Watch 230 (45.0) 51 (12.7)
Datex NMT 193 (37.8) 151 (37.6)
Other 92 (18.0) 180 (44.8)

N ! 546 N ! 668

If quantitative TOF monitors are available,
how are they distributed?

1 per operating room 243 (44.5) 477 (71.4) "0.0001
1 per 2 operating rooms 81 (14.8) 27 (4)
1 per 3 or more operating rooms 222 (40.7) 164 (24.6)

N ! 725 N ! 1775

Are conventional nerve stimulators
available in your department?

Yes 549 (75.7) 1726 (97.2) "0.0001
No 176 (24.3) 49 (2.8)

N ! 543 N ! 1713

If conventional nerve stimulators are
available, how are they distributed?

1 per operating room 206 (37.9) 1577 (92.1) "0.0001
1 per 2 operating rooms 81 (14.9) 58 (3.4)
1 per 3 or more operating rooms 256 (47.1) 78 (4.6)

N ! 544 N ! 1723

Does each conventional nerve stimulator
unit display the delivered current?

Yes 421 (77.4) 955 (55.4) "0.0001
No 123 (22.6) 768 (44.6)

N ! 498 N ! 692

If you have both quantitative TOF monitors
and conventional nerve stimulators
available, which unit do you
use routinely?

Quantitative TOF monitor 265 (53.2) 130 (18.8) "0.0001
Conventional nerve stimulator 85 (17.1) 437 (63.2)
Both 52 (10.4) 60 (8.7)
None 96 (19.3) 65 (9.4)

TOF ! train-of-four.
a The participant may answer #1 option presented in the second column.
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Table 3. Availability and Use of Different Neuromuscular Blocking and Reversal Drugs

Question
No. (%) European

respondents
No. (%) United States

respondents P

N ! 739 N ! 1792

Which of the following drugs are available in your operating
room? Choose all those that applya

Succinylcholine 713 (96.5) 1780 (99.3)
Mivacurium 472 (63.9) 200 (11.2)
Rocuronium 651 (88.1) 1747 (97.5)
Vecuronium 362 (49) 1554 (86.7)
Cisatracurium 384 (52) 1235 (68.9)
Atracurium 457 (61.8) 455 (25.4)
Pancuronium 225 (30.5) 1167 (65.1)
d-Tubocurarine 5 (0.7) 22 (1.2)

N ! 739 N ! 1792

Which of the following neuromuscular blockers do you use to
facilitate tracheal intubation? Choose all those that
applya

Succinylcholine 634 (85.8) 1662 (92.8)
Mivacurium 272 (36.8) 429 (2.3)
Rocuronium 560 (75.8) 1650 (92.1)
Vecuronium 227 (30.7) 904 (50.5)
Cisatracurium 288 (39) 721 (40.2)
Atracurium 363 (49.1) 196 (10.9)
Pancuronium 81 (11) 321 (17.9)
d-Tubocurarine 1 (0.1) 2 (0.1)
None 0 (0.00) 31 (1.7)

N ! 739 N ! 1792

Which of the following neuromuscular blockers do you
commonly use to provide surgical relaxation? Estimate
the percentage for each (should total 100%)a

Succinylcholine 351 (47.5) 379 (21.2)
Mivacurium 261 (35.3) 33 (1.8)
Rocuronium 539 (72.9) 1605 (89.6)
Vecuronium 242 (32.8) 1132 (63.2)
Cisatracurium 296 (40.1) 854 (47.7)
Atracurium 371 (50.2) 210 (11.7)
Pancuronium 101 (13.7) 503 (28.1)
d-Tubocurarine 6 (0.8) 6 (0.3)

N ! 728 N ! 1776

When a nondepolarizing relaxant has been given, do you
always administer an anticholinesterase at the end of
surgery?

Yes 131 (18) 607 (34.2) "0.0001
No 597 (82) 1169 (65.8)

N ! 592 N ! 1165

If answer to the above question was #No,# in what
percentage of cases do you omit a reversal drug?

1%–25% 227 (38.3) 670 (57.5) "0.0001
26%–50% 107 (18.1) 245 (21.0)
51%–75% 115 (19.4) 158 (13.6)
76%–100% 143 (24.2) 92 (7.9)

N ! 739 N ! 1792

If you elect not to administer a reversal drug at the end of
surgery, which of the following factors helps in making
that decision? Choose all that applya

a) Total dose of nondepolarizing relaxant 316 (42.8) 836 (46.7)
b) Timing of last dose of nondepolarizing relaxant 527 (71.3) 1229 (68.6)
c) Absence of fade when using a conventional nerve

stimulator
208 (28.2) 995 (55.5)

d) Measurement of TOF ratio by using a quantitative TOF
monitor

337 (45.6) 215 (12.0)

e) No evidence of clinical weakness 323 (43.7) 945 (52.7)
f) Use of a specific nondepolarizing relaxant 149 (20.2) 384 (21.4)
g) None of the above 20 (2.7) 74 (4.1)

TOF ! train-of-four.
a The participant may answer $1 option presented in the second column.
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training programs and/or publishing official guidelines on best practices to reduce the incidence
of postoperative neuromuscular weakness and patient morbidity are warranted. (Anesth Analg
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Residual neuromuscular weakness in the postanes-
thesia care unit secondary to nondepolarizing relax-
ants administered intraoperatively is common1–8

and is a potentially serious patient safety issue.9,10 Expert
consensus is that patients given neuromuscular blockers
should receive neuromuscular monitoring; that use of a
quantitative train-of-four (TOF) monitor (which measures
and displays the TOF ratio in real time) is preferable to the
use of a conventional nerve stimulator (that require the
clinician to evaluate the evoked response by subjective
means, i.e., visually or tactilely); and that if a conventional

nerve stimulator is used (without objective TOF monitor-
ing), a reversal drug (i.e., anticholinesterases) should be
administered at the end of surgery.11

However, surveys12–14 of clinical practice in Europe
suggest that neuromuscular blockers are often adminis-
tered without proper monitoring. Surveys in Denmark,12

Germany,13 the United Kingdom,14 and Mexico15 have sug-
gested that only 43%, 28%, 10%, and 2% of clinicians,
respectively, routinely use neuromuscular monitors of any
kind. No comparable study of clinical practice has been
undertaken in the United States (US), but a recent US
publication reported significant morbidity associated with
underestimated residual neuromuscular weakness.16 If the
incidence of postoperative residual muscle weakness is to
be reduced significantly, we need a better understanding of
clinicians’ current use of neuromuscular blockers and peri-
operative neuromuscular monitoring.

To ascertain whether the perioperative management of
neuromuscular blocking drugs differs between the US and
Europe, we designed an Internet-based survey and distrib-
uted it via e-mail. At a time when changes in the use of
reversal drugs are occurring,17,18 a better understanding of
the clinical attitudes and practices in Europe and the US
regarding neuromuscular blockers is needed to support
efforts to improve clinical practice and patient safety.

METHODS
After obtaining approval from the IRB at The University of
Texas M.D. Anderson Cancer Center, we conducted an
Internet-based survey among anesthesia practitioners in the US
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Table 4. Attitudes Regarding the Criteria for Adequate Antagonism of Residual Neuromuscular Blockade
and Safe Tracheal Extubation

Question
No. (%) European

respondents
No. (%) United States

respondents P

N ! 727 N ! 1769

Do you think that the clinical signs (such as the ability to
sustain a 5-s head lift) are reliable indicators of the
adequacy of neuromuscular recovery?

Yes 316 (43.5) 1207 (68.2) "0.0001
No 411 (56.5) 562 (31.8)

N ! 677 N ! 1763

Do you think that a sustained response to a 50-Hz
tetanic stimulation excludes the presence of
residual curarization?

Yes 151 (22.3) 379 (21.5) 0.67
No 526 (77.7) 1384 (78.5)

N ! 710 N ! 1761

How much time do you allow from time of administration
of neostigmine to extubation?

2 min or less 44 (6.2) 48 (2.7) "0.0001
3–5 min 383 (53.9) 683 (38.8)
6–10 min 244 (34.4) 808 (45.9)
#10 min 39 (5.5) 222 (12.6)

N ! 574 N ! 1396

In your views, at what TOF count would neostigmine
produce reliable and rapid reversal?

a) 0 4 (0.7) 4 (0.3) "0.0001
b) 1 27 (4.7) 346 (24.8)
c) 2 134 (23.3) 425 (30.4)
d) 3 194 (33.8) 284 (20.3)
e) 4 215 (37.5) 337 (24.1)
f) Any response to neuromuscular stimulationa 17 67
g) It depends on the muscle relaxant useda 96 302
h) I don’t use reversal drugs in my practicea 19 4

N ! 702 N ! 1753

When administering neostigmine, what is the dose you
usually administer?

a) A 2.5-mg dose 424 (60.4) 251 (14.3) "0.0001
b) "0.05 mg/kg 131 (18.7) 315 (18)
c) 0.05 mg/kg 129 (18.4) 859 (49)
d) #0.05 mg/kg 18 (2.6) 328 (18.7)

N ! 676 N ! 1731

Do you have any concerns regarding the adverse effects
associated with the administration of
anticholinesterase/antimuscarinic drugs?

Yes 566 (83.7) 1492 (86.2) 0.12
No 110 (16.3) 239 (13.8)

N ! 566 N ! 1492

If yes to preceding question, what are they?b

a) Hemodynamic effects 251 (44.3) 960 (64.3)
b) Respiratory effects 162 (28.6) 246 (16.5)
c) Increased nausea and vomiting 268 (47.3) 1240 (83.1)
d) Inadequate recovery of neuromuscular function 99 (17.5) 554 (37.1)
e) Other 0 (0) 99 (6.6)

N ! 643 N ! 1580

Prior to tracheal extubation, the TOF ratio should be
a) "50%–60% 15 (2.3) 24 (1.5) "0.0001
b) 61%–70% 9 (1.4) 19 (1.2)
c) 71%–80% 77 (12) 97 (6.1)
d) 81%–90% 175 (27.2) 194 (12.3)
e) 91%–100% 367 (57.1) 1246 (78.9)

(Continued)
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percent of US respondents answered that the TOF ratio
should be 0.8 or more before tracheal extubation, yet almost
70% (but only 44% of European respondents) also believed
that a 5-s head lift was a reliable indicator of adequate
recovery26; the latter premise is no longer considered
correct. El Mikatti et al.,27 in a study of 7 awake volunteers
given small increments of pipecuronium, reported that at
an electromyographic TOF ratio of 0.5, 6 of the 7 volunteers
could still sustain a 5-s head lift, and that at a TOF ratio of
0.6, this test was accomplished by all 7 volunteers. Engl-
baek et al.28 found that the head lift was somewhat more
sensitive to residual weakness but still reported that 8 of 16
patients could perform a 5-s head lift at a TOF ratio of 0.6.
Thus, there may be considerable residual weakness despite
the ability of a patient to “pass” the most widely cited
bedside test of clinical recovery, the 5-s head lift.26

We realize that our study had limitations, such as the
response rate. Our survey consisted of only 1 set of e-mails
that was sent to clinicians; no reminders or follow-up
e-mails were sent to avoid complaints from recipients about
“spam” mail and to comply with the Federal Trade Com-
mission’s rules under the Controlling the Assault of Non-
Solicited Pornography and Marketing Act of 2003.* Of the
4464 e-mails that were opened (and presumably read) by
US recipients, we received 1792 completed surveys, result-
ing in a response rate of 40.1%. This figure compares
favorably with another reported figure of 29.9%.29 Our
survey was voluntary and anonymous, not designed to
ascertain the identities of the responders. Therefore, respon-
dent selection bias cannot be excluded, although the physician
population (anesthesiologists from each of the 50 US states)
was likely to have been heterogeneous.

A second limitation was that we did not ask, “What is
the TOF ratio at which one can reliably detect the presence
of fade by palpation of the thumb?” The answer, however,
has been reported, and we know from a previous study that
the ability to reliably detect fade is lost at a TOF ratio of

approximately 0.4.30 Thus, clinicians may incorrectly be-
lieve that reversal of residual block is unnecessary once all
4 TOF responses are subjectively equal (despite the actual
TOF ratio being as low as 0.4).

A third limitation was that we should have asked whether
a conventional peripheral nerve stimulator and/or a quanti-
tative (objective) TOF monitor were available in every oper-
ating room. Thus, our finding that only 38% of European
respondents stated that conventional peripheral nerve stimu-
lators were available in each operating room does not neces-
sarily indicate that no neuromuscular monitor was present; a
quantitative TOF monitor may have been available instead.

A fourth limitation was that we were not more specific
when we asked which quantitative monitors were available in
the practitioners’ departments. Of US respondents who stated
that quantitative TOF monitors were available, 44.8% also
stated that they used a unit other than the TOF-Guard,
TOF-Watch, or Datex NMT. We were unable to determine
which monitors the respondents were referring to, but we
suspect that they may have misunderstood the difference
between a nerve “stimulator” and a (quantitative) “TOF
monitor.”

A further limitation of our study was that it was
underpowered to identify significant regional differences
in attitudes and practices related to neuromuscular moni-
toring and reversal of residual block. We had, for example,
only 26 responses from France, 20 from Italy, and 60 from
Germany (Appendix 3: Practice Locations Reported in the
European Data Set, online supplementary content). This
could be attributable to the fact that the survey was
available only in the English language. However, from
Denmark, a much smaller country with a considerable
scientific interest in this subject,4,30,31 we received 113 re-
sponses.

Nevertheless, comparison of our findings with results
from other studies indicates that there are regional differ-
ences. A survey of Danish anesthesiologists12 indicated that
85% of respondents had access to a quantitative monitor of

*http://www.ftc.gov/opa/2008/05/canspam.shtm—“FTC approves new
rule provision.” Accessed December 7, 2009.

Table 4. Continued

Question
No. (%) European

respondents
No. (%) United States

respondents P

N ! 739 N ! 1792

In your opinion, conventional nerve stimulators should
(choose all that apply)b

a) Be a part of the minimal monitoring standards 240 (32.5) 1011 (56.4)
b) Be available in the operating room 435 (58.9) 1416 (79.0)
c) Be regarded as unnecessary 87 (11.8) 41 (2.3)
d) No opinion 98 (13.3) 20 (1.1)

N ! 739 N ! 1792

In your opinion, quantitative TOF monitors should
(choose all that apply)b

a) Be a part of the minimal monitoring standards 247 (33.4) 194 (10.8)
b) Be available in the operating room 474 (64.1) 804 (44.9)
c) Be regarded as unnecessary 37 (5.0) 151 (8.4)
d) No opinion 86 (11.6) 757 (42.2)

TOF ! train-of-four.
a Answers that were not included in the analysis.
b The participant may answer "1 option presented in the second column.

July 2010 • Volume 111 • Number 1 www.anesthesia-analgesia.org 117



�  Association of  Anaesthetists of  Great Britain and 
Ireland. Recommendations for standards of  

monitoring during anaesthesia and recovery. London: 
Association of  Anaesthetists of  Great Britain and 

Ireland, 2007.  

�  Available at: http://www.aagbi.org 

�  The following must also be available  

�  A nerve stimulator whenever a muscle 
relaxant is used  

Mulier  ESA 2015 21 

Published by
The Association of Anaesthetists of Great Britain and Ireland,
21 Portland Place, London W1B 1PY 
Telephone  020 76311650 Fax 020 7631 4352
www.aagbi.org 

March 2007
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OF MONITORING DURING 

ANAESTHESIA AND RECOVERY
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NAP5 
recommendation 2 
�  … consider including nerve 

stimulators as ‘essential’ in 
monitoring guidelines 
whenever neuromuscular 
blocking drugs are used. 
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ASA - ESA guidelines ? 

�  Some countries have a guideline stating 
You should have a NMT monitor available 

But 

�  No request on having it in every anesthesie room 

�  No request on using it 
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STANDARDS FOR BASIC ANESTHETIC MONITORING 
Committee of Origin:  Standards and Practice Parameters 

(Approved by the ASA House of Delegates on October 21, 1986, and last amended on 

October 20, 2010 with an effective date of July 1, 2011) 

 
These standards apply to all anesthesia care although, in emergency circumstances, appropriate 
life support measures take precedence.  These standards may be exceeded at any time based on 
the judgment of the responsible anesthesiologist.  They are intended to encourage quality patient 
care, but observing them cannot guarantee any specific patient outcome.  They are subject to 
revision from time to time, as warranted by the evolution of technology and practice.  They apply 
to all general anesthetics, regional anesthetics and monitored anesthesia care.  This set of 
standards addresses only the issue of basic anesthetic monitoring, which is one component of 
anesthesia care.  In certain rare or unusual circumstances, 1) some of these methods of monitoring 
may be clinically impractical, and 2) appropriate use of the described monitoring methods may 
fail to detect untoward clinical developments.  Brief interruptions of continual† monitoring may 
be unavoidable.  These standards are not intended for application to the care of the obstetrical 
patient in labor or in the conduct of pain management. 

 
1. STANDARD I 

 
Qualified anesthesia personnel shall be present in the room throughout the conduct of all general 
anesthetics, regional anesthetics and monitored anesthesia care. 
 
 1.1 Objective – 
 

Because of the rapid changes in patient status during anesthesia, qualified anesthesia 
personnel shall be continuously present to monitor the patient and provide anesthesia 
care.  In the event there is a direct known hazard, e.g., radiation, to the anesthesia 
personnel which might require intermittent remote observation of the patient, some 
provision for monitoring the patient must be made.  In the event that an emergency 
requires the temporary absence of the person primarily responsible for the anesthetic, the 
best judgment of the anesthesiologist will be exercised in comparing the emergency with 
the anesthetized patient’s condition and in the selection of the person left responsible for 
the anesthetic during the temporary absence. 
 

2. STANDARD II 
 

During all anesthetics, the patient’s oxygenation, ventilation, circulation and temperature shall be 
continually evaluated. 
 

2.1 Oxygenation – 
 

 2.1.1 Objective – 
 

To ensure adequate oxygen concentration in the inspired gas and the blood during all 
anesthetics. 

 
 
 
 

 

3 

 

1. Patients with known diabetes should be managed in accordance with guidelines on the 
management of patients with known or suspected cardiovascular disease. (grade of recommendation: 
C) 

2. It is not recommended to test blood sugars routinely at pre-operative assessment. (grade of 
recommendation: D) 

3. Pre-operative assessment should include a formal assessment of the risk of a patient having 
disordered glucose homeostasis.  (grade of recommendation: C) 

4. Patients at high risk of disordered glucose homeostasis should be identified as needing specific 
attention to peri-operative glucose control. (grade of recommendation: C) 

5. Patients with long-standing diabetes should undergo careful airway assessment. (grade of 
recommendation: D) 

2.1.5. Obesity 

1. Pre-operative assessment of obese patients includes at least clinical evaluation, Berlin or STOP 
questionnaire, ECG, polysomnography and/or oximetry. (grade of recommendation: D) 

2. Laboratory examination is indicated in obese patients in order to detect pathological 
glucose/HbA1C concentrations and anaemia. (grade of recommendation: D) 

3. Neck circumferences ≥ 43 cm as well as a high Mallampati score are predictors for a difficult 
intubation in obese patients. (grade of recommendation: D) 

4. Use of CPAP peri-operatively may reduce hypoxic events in obese patients. (grade of 
recommendation: D) 

2.1.6. Coagulation disorders 

1.  If coagulation disorders are suspected, the patient should be referred to a haematologist. (grade 
of recommendation: D) 

2. Pre-operative correction of haemostasis decreases peri-operative bleeding. (grade of 
recommendation: D) 

3. Routine use of coagulation tests is not recommended unless there are specific risk factors in the 
history. (grade of recommendation: D) 

2.1.7. Anaemia and pre-operative blood conservation strategies 

1.  Pre-operative iron supplementation may be considered to correct pre-operative anaemia. (grade 
of recommendation: D) 

2. There is insufficient evidence to promote the routine use of pre-operative autologous blood 
donation to reduce peri-operative transfusion requirements. (grade of recommendation: D) 

2.1.8. The elderly 

1.  Risk, not age, should be used to trigger increased assessment and preparation. The likelihood 
of postoperative mortality and morbidity depends upon background risk interacting with the grade of 
surgery (grade of recommendation: B). 

2. Peri-operative care protocols reduce postoperative delirium in patients with fractured neck of 
femurs (grade of recommendation: D). 

2.1.9. Alcohol misuse and addiction 



Can we learn how 
to use it? 

electrodes are used. When using ECG electrodes the
distance between the two electrodes should be < 6 cm.
In addition, it is recommended that the negative electrode
be placed at the distal site [6]. Skin temperature should be
maintained ‡ 32 !C to avoid hypothermia-related
increases in skin impedance.

Sites of nerve stimulation
Choosing the site of neuromuscular monitoring depends
on several factors. Firstly, the site should allow easy access.
Secondly, direct stimulation of the muscle should be
avoided, and thirdly, selecting a nerve-muscle-unit that
allows quantitative monitoring is recommended. The
most common nerve–muscle unit used for neuromuscular
monitoring is the ulnar nerve–adductor pollicis muscle.
When using quantitative accelerographic monitoring, the
probe can be placed on the tip of the thumb. For optimal
results in quantitative monitoring, the other four fingers
should be fixed. It may also be helpful to use an arm cast
in addition to a special thumb adaptor.

Some surgical procedures do not allow easy access to
the patients’ arms, e.g. during otorhinolaryngological
surgery or if the patient is placed in a prone position. In
the latter case, the use of tibialis posterior and flexor
hallucis brevis nerve–muscle unit might be a suitable
alternative. The electrodes have to be placed next to the
medial malleolus. For accelerographic quantitative mea-
surement, the probe of the device can be fixed at the tip
on the plantar side of the big toe. It has been shown that
quantitative measurement of neuromuscular recovery at
this site does not differ significantly from measurements
made at the ulnar nerve–adductor pollicis muscle [7].
However, there may be interference in the estimation of
the neuromuscular response by flexion of the foot via
additional stimulation of the plantar muscles.

Another option is to use the stimulation of the facial
nerve for neuromuscular monitoring by the recording of
the contraction of orbicularis occuli or corrugator super-
cilii muscles [8]. The electrical current intensity required
at the facial nerve seems to be less than that that required
at other sites of stimulation. The accelerographic probe tip
should be placed either just above the medial part of the

corrugator supercilii muscle or at the lateral part below the
eyebrow when using the orbicularis oculi muscle.

Different muscle groups show different responses in
terms of onset, offset and peak effect of neuromuscular
blocking drugs (NMBs). Therefore, monitoring of one
nerve–muscle unit can only provide limited information
about other major muscle groups. It has been shown that it
is appropriate to use the facial nerve–corrugator supercilii
muscle for monitoring optimal intubation conditions or
paralysis of the diaphragm and the abdominal wall muscles
following NMBs whereas the ulnar nerve–adductor
pollicis unit is the better choice if information about
pharnygeal muscle recovery is desired [8].

Stimulation patterns
Clinically used stimulation patterns are the single twitch
stimulation, the train-of-four stimulation (TOF), tetanic
stimulation, post-tetanic count stimulation (PTC), and
the double-burst stimulation (DBS), Table 1. The char-
acteristics of the pulse waveform and duration are the
same in all stimulation patterns irrespective of the
stimulation pattern. A monophasic impulse with a
rectangular waveform and a duration of 0.2 ms is
recommended and used in almost all nerve stimulators.

Single twitch
A single twitch consists of the application of a supramax-
imal stimulus to the nerve with a frequency between
0.1 Hz and 1.0 Hz. Choosing a frequency > 0.15 Hz may
result in a decrease of the muscular contraction response
due to fade. In a clinical setting single twitch stimulation
has only limited value. Without using suitable monitoring
equipment, e.g. a mechanomyograph or an electromyog-
raph, the technique does not provide reliable information
either about the neuromuscular recovery or the onset of a
neuromuscular block. However, in neuromuscular re-
search single twitch stimulation may play an important
role when investigating the onset of NMB.

Train-of-four
Train-of-four stimulation was introduced into clinical
practice in the early 1970s by Ali et al. [9]. Compared to

Table 1 Recommendations for the use of different stimulation patterns for the assessment of neuromuscular blockade in various
clinical situations.

Stimulation pattern Onset of block Deep block (TOF = 0) Moderate block (TOF > 0) Recovery

Train-of-four (TOF) Adequate Not adequate Adequate Intermediate (a)
Adequate (b)

Double-burst stimulation Intermediate Not adequate Not adequate Intermediate
Post-tetanic count Not adequate Adequate Not adequate Not adequate
Tetanus (50 ⁄ 100 Hz) Not adequate Not adequate Not adequate Intermediate

(a), tactile estimation; (b), quantitative estimation.
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Summary
The first part of this article presents an update of the basic considerations of neuromuscular
monitoring. It emphasises the need to assure supramaximal stimulation, to place the stimulating
electrodes correctly and to use appropriate sites for nerve stimulation as well as appropriate
stimulation patterns. The second part focuses on current developments and ongoing discussion.
The authors describe the performance of acceleromyography and the need for initial calibration
when using these quantitative devices.
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A recent survey of 12 anaesthesia departments in the UK
by Grayling and Sweeney revealed that only !10% of
anaesthetists routinely use neuromuscular monitoring
and > 60% never use such a monitor. Moreover, these
authors noted that there was an ‘apparent overall
confusion among clinicians as to the best method to
confirm recovery from neuromuscular blockade’. In
addition, they found limited knowledge of the minimum
train-of-four ratio that should be attained before tracheal
extubation and insufficient reliance upon the use of
quantitative monitors [1]. Similar results are reported in
Germany, where a recently published nationwide survey
revealed that neuromuscular monitoring was routinely
used in only !18% of the anaesthesia departments [2]. In
view of these disappointing results, current standards need
to be reassessed in the light of recent improvements in
neuromuscular monitoring.

In the first part of this article, we will present an update
of the basic considerations of neuromuscular monitoring.
The second part will focus on current developments and
ongoing discussions in that area.

Basic considerations

Nerve stimulation
Using nerve stimulation as an indicator of the degree of
neuromuscular blockade was initially described in 1941
by Harvey and Masland [3]. In 1958, Christie and
Churchill-Davidson [4] presented the first device for the

estimation of neuromuscular blockade in a clinical setting.
The basic principles of neuromuscular monitoring
have not changed since the clinical introduction of
neuromuscular monitoring devices. Stimulating a periph-
eral motor nerve with an electric impulse results in a
muscular response following the all-none principle. The
force and intensity of the response depends upon the
number of activated muscle fibres. With a sufficient
stimulating intensity, all fibres of the innervated muscle
should contract and a response at a maximum level should
result. At this level, an additional increase of stimulating
intensity will not lead to any increase of the muscle
contraction. For clinical application of neuromuscular
monitoring, it is widely recommended that an electrical
stimulus 15–20% above the level of maximum muscular
response is used, i.e. a supramaximal stimulus [5]. This is
to ensure that factors such as variability in skin impedance,
do not have a significant influence on the muscular
response and, therefore, on the quality of measurement.

Stimulating electrodes
Even the preparation and placement of the stimulating
electrodes can have an influence on neuromuscular
monitoring. Before placing the electrodes, the skin
should be cleaned using an alcoholic solution and then
rubbed. The electrodes should be placed correctly at the
site to ensure that the current stimulates the target
nerve appropriately. It is less important whether Ag ⁄ AgCl
ECG electrodes or special neuromuscular monitoring
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derived values can be used interchangeably. Conse-
quently, acceleromyography has been the focus of
research activity over the last few years.

Acceleromyography in clinical practice
In clinical practice acceleromyography can be used at the
end of surgery or continuously and with or without initial
calibration. In addition, normalisation of acceleromyog-
raphy values, i.e. dividing the final value of TOF recovery
by the control value determined before the injection of
the NMB, has also been suggested. Unfortunately, the
impact of these different acceleromyographic methods on
the detection of low but potentially harmful levels of
residual paralysis has not yet been systematically evaluated.
Whilst the baseline TOF ratio measured with mechano-
myography is usually close to 1.0, the average baseline
TOF ratio assessed with acceleromyography is most often
somewhat higher than 1.0. A similar situation is some-
times found at the time of recovery. Acceleromyographic
TOF recovery is more often >1.0 in comparison with
mechanomyographic TOF-recovery, which is normally
closer to 1.0. As a result, it may be essential to correct raw
acceleromyography TOF parameters to avoid overesti-
mation of neuromuscular recovery and thus, to miss low
levels of residual paralysis.

Capron et al. [22] first asked the question of how to
reliably detect low levels of residual paralysis, in routine
clinical conditions using acceleromyography. These
authors measured mechanomyographic TOF recovery at
the adductor pollicis muscle and compared it with the
corresponding acceleromyographic TOF recovery in the
contralateral arm. This arrangement allowed assessment of
acceleromyography and mechanomyography recovery
concomitantly in the same patient. In their study
acceleromyography was used either calibrated or uncal-
ibrated and the uncalibrated acceleromyography recovery
values were expressed with or without normalisation. The
results of that study confirmed that independent of the
method used, acceleromyography overestimates neuro-
muscular recovery when compared to mechanomyogra-

phy and, therefore, despite an acceleromyographic
recovery of 0.9, laryngeal and pharyngeal function may
still be significantly impaired. As indicated in Table 2,
recovery of the TOF ratio to unity and initial calibration
and normalisation of the final TOF values are essential to
detect low levels of residual paralysis reliably when using
acceleromyography. However, without initial calibration,
even an acceleromyographic TOF recovery to unity is
insufficient to exclude low levels of residual paralysis
reliably (Table 2).

Presuming that acceleromyography is often used as an
isolated test at the end of surgery, Samet et al. [11]
compared the performance of DBS, 100 Hz tetanus and a
single, and thus uncalibrated, acceleromyographic TOF
to detect residual neuromuscular blockade at the end of
surgery. The negative predictive value of these tests was
found to be between 29% (DBS) and 47% (single
acceleromyographic TOF), with the tetanus in between
(38%), and therefore are not appropriate for the reliable
detection of low levels of residual paralysis. These results
further support the view that acceleromyographic mon-
itoring should be used continuously from the induction of
anaesthesia to the end of surgery rather than just at the
end of the procedure. In addition, recovery to a TOF
ratio of unity, and both calibration and normalisation are
essential to detect low levels of residual paralysis with
acceleromyography.

Calibration in clinical practice
There exist two different calibration programs for the
current acceleromyography devices, depending on the
respective model, i.e. TOF-Watch!, TOF Watch S! or
TOF Watch SX! Schering Plough, Dublin, Ireland). The
first one applies several single twitches and then sets
the T1 response to 100%. This calibration mode sets the
current automatically at 50 Hz. Calibration with this
program needs approximatively 10 s. The second pro-
gram not only calibrates the T1 response but also
determines the supra-maximal current. It is available only
in TOF-Watch S! and TOF-Watch SX! monitors and
needs about 30 s to be correctly used. Both calibration
programs are user-friendly and can easily be used during
induction of anaesthesia.

Normalisation in clinical practice
As suggested by the data from Capron et al. [22],
normalisation of the final TOF ratios may be another
option for the correction of raw acceleromyographic
recovery parameters to improve the detection of residual
paralysis. Both Kopman [24] and Suzuki et al. [24] have
confirmed the potential usefulness of normalisation to
improve the performance of acceleromyography. How-
ever, a baseline control TOF value determined before the

Table 2 Negative predictive values of different acceleromyo-
graphic (acceleromyography) train-of-four (TOF) ratios.
Adapted from reference [23].

Acceleromyography
TOF ratio

Negative predictive value; median [range]

Calibrated
data

Uncalibrated
data, not
normalised

Uncalibrated
but normalised
data

0.9 37 [20–56]% 40 [23–59]% 89 [70–98]%
0.95 70 [51–85]% 60 [41–77]% 92 [75–99]%
1.0 97 [83–100]% 77 (58–90)% 96 [80–100]%
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Monitoring acceleration, 
bending (force) or EMG  

Supra maximal  
Stimulus:  

 

EMG: 
Electric activity 

 

Force, acceleration,  
bending or pressure 
Muscle contraction 

 



Settings to choose 

1.  Choose mode: ST: Single twitch, TOF: train of  four, PTC: post tetanic count 
2.  Period from  100 usec to 300 usec 
3.  Current from  10 mA to 75 mA 25% higher than max answer: supra maximal 
4.  Repeat from  every 10 sec till every 15 min 



stimulation current and wrist 
circumference 

Kopman A.F.,Anesthesiology, 1984;61:83-5 

Obese patients need higher current 
 
Calibration before NMB  
allows to find minimum current 



What is wrong, What is correct ? 

A B 

C D 



What is wrong, What is correct ? 

A B 

C D 
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What is wrong, What is correct ? 

A B 

C D 



Acta Anaesthesiol Belg. 2002;53(1):33-8. 

TOF-tube, a new protection for acceleromyography, compared with 
the TOF-Guard/TOF-Watch arm board. 

Dubois PE1, Broka SM, Jamart J, Joucken KL. 
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Technical problems 
�  Direct muscle stimulation 

�  Reverse electrodes 
�  Move electrodes away from thumb 
�  Reduce outlet power 

�  Surgeon touching thumb or moving table 

�  Thumb not free to move 

�  Electrode in wrong place 

�  Current running superficial and not through nerve 
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Conditions for correct NMT 
�  No low peripheral or central temperature 

�  Sufficient high current (supramaximal) 

�  Avoid direct muscle stimulation (no fading) 

�  Electrodes far enough to reach the nerve under the fat 

�  Thumb free moving against an elastic resistance 
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Single twitch 
0,2 msec 0.1 Hz 

10 sec 

Stimulus 

Control 

Twitch / Control ratio = 0.5 

Respons 



Receptor occupation and twich 
response 

From Stoelting: Pharmacology & physiology in anesthetic practice 
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Train - of  - four 
0,2 msec 

500 msec (2 Hz) 

T1  T2 T3 T4 T1  T2 T3 T4 

TOF - count = 4 
TOF - ratio = T4/T1 = 1.0 

TOF - count = 4 
TOF - ratio = T4/T1 = 0.5 

Stimulus 

Respons 

Fade 



TOF: depol no fade – non-depol 
fade (diff  1 - 4 stimulus) 

Hunter, N Engl J Med 1996, 332 

Succinylcholine 

Non-depolarizing drug Neostigmine 

Controle 

Controle 



Post - tetanic count (PTC) 

2Hz 50 Hz 5sec 
1 Hz  20pulses 

Contraction 



Double burst stimulation (DBS) 
0.2 msec (50 Hz) 

20 msec 

750 msec 

DBS - ratio = D2/D1 = 1.0 DBS - ratio = D2/D1 = 0.5 

D1 D1 D1 D1 

Fade 

Stimulus 

respons 



Depth of  NMB monitoring  TOF and PTC  

�  Intense blockade: no response to either TOF or PTC stimulation 

�  Deep blockade: response to PTC but not to TOF stimulation 

�  Moderate blockade: reappearance of  response to TOF stimulation 

�  Superficial blockade: T4 response divided by T1 response 
PTC, posttetanic count; TOF, train-of-four.  

Fuchs-Buder T, et al. Acta Anaesthesiol Scand. 2007;51:789-808. 

PTC 0 

Intense block 

TOF count 0 

Level of block 

Response to TOF 
Response to PTC PTC ≥1 

Deep block 

TOF count 0 

Posttetanic 
count 

Moderate block 

TOF count 1-3 

Twitch 
count 

Superficial block 

T4 / T1 % PTC ≥20 
TOF count 4 

Twitch 
response 
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One arm hypothermic 27°C   the other arm normothermic 

�  Vecuronium bolus given 

�  Onset of  block 
�  180 sec  versus 140 sec 

�  Duration of  block: 
�  26.4min  versus 16.5 min  

�  Recovery of  block 
�  265 min versus 130 min 

�  PTC is not reliable during hypothermia to assess depth of  block 
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Fig. 1. Simultaneous recording of the changes in central body 
and adductor pollicis muscle temperatures, and adductor pollicis 
twitch tension during central body cooling of a patient 
anesthetized with nitrous oxide–isoflurane in the absence of 
neuromuscular blocking agents. From Heier  et al.  36; used with 
permission.   
 

From: Impact of Hypothermia on the Response to Neuromuscular Blocking Drugs 
Anesthesiology. 2006;104(5):1070-1080.  
 

 

Fig. 2. Recording of  the changes in adductor pollicis 
muscle temperature and twitch tension in 10 patients 
during nitrous oxide–isoflurane anesthesia in the 
absence of  neuromuscular blocking drugs. A 
temperature threshold (35.2°C) was detected. From 
Heier T  et al.  37; used with permission.   
 



Date of download:  6/1/2015 Copyright © 2015 American Society of Anesthesiologists. All rights reserved.

Fig. 3. Simultaneous recording of the changes in central body, adductor pollicis muscle and thenar skin temperatures, and adductor 
pollicis twitch tension during a constant-rate infusion of vecuronium in a patient anesthetized with nitrous oxide–isoflurane. Adductor 
pollicis twitch tension decreased 20%/°C reduction in central body and adductor pollicis temperatures. 
 

From: Impact of Hypothermia on the Response to Neuromuscular Blocking Drugs 
Anesthesiology. 2006;104(5):1070-1080.  
 

 

Fig. 4. Simulation of  plasma concentration (Cp) and adductor pollicis twitch tension (T1) after a bolus injection of  
vecuronium 0.1 mg/kg during isoflurane anesthesia in a 75-kg healthy volunteer. The figure shows the difference in 
effect of  vecuronium when administered either at central body temperature 36.5°C or 34.4°C. The plasma concentration 
of  vecuronium declines more slowly and the duration of  vecuronium block is prolonged at 34.4°C.  
 



NMT response is determined by 
the central body temp (t°) 

�  Without NMB, the AP response decreases 10%/°C.  

�  With NMB the AP response decreases 20%/°C.  

�  Between 34°–37°C, the adductor pollicis (AP) muscle 
temperature (t°) is determined by the t° of  the blood perfusing 
the muscle (= 1°C less then central temperature)  

�  Complete restoration of  muscle strength possible only when 
body t° > 36°C. 

�  The duration of  action and recovery time of  NMB are increased 
by hypothermia during anesthesia, (because of  reduced elimination 
rate.)  

�  Duration of  action increases with 100% when temp drops 2°C. 
Peripheral nerve stimulation is mandatory in hypothermic 
patients. 
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Background: Intraoperative� hypothermia� is� a� com-
mon�event�during�open�and�laparoscopic�abdominal
surgery. The� aim� of� this� study� was� to� compare
changes� in�core� temperature� between� laparoscopic
and�open�gastric�bypass�(GBP).

Methods: 101� patients� with� a� body� mass� index
(BMI)� of� 40-60� kg/m2 were� randomly� assigned� to
open�(n=50)�or�laparoscopic� (n=51)�GBP. Anesthetic
technique� was� similar� for�both� groups. An� external
warming� blanket� and�passive� airway�humidification
were� used� intraoperatively. Core� temperature� was
recorded� at�preanesthesia, at�baseline� (after� induc-
tion)� and� at� 30-min� intervals; intra-abdominal� tem-
perature�was�additionally�measured�at�30-min� inter-
vals�in�a�subset�of�30�laparoscopic�GBP�patients.The
number� of� patients� who� developed� intraoperative
and� postoperative� hypothermia� (<36°C)� was
recorded. Length� of�operation� for� both� groups� and
the� amount� of� CO2 gas� delivered� during� laparo-
scopic�operations�were�also�recorded.

Results: There� was� no� significant� difference
between� groups� with� respect� to�age, gender, mean
BMI, and�amount�of� intravenous� fluid�administered.
After�induction�of�anesthesia, core�temperature�sig-
nificantly�decreased�in�both�groups; 36%�of�patients
in�the�open�group�and�37%�of�patients�in�the�laparo-
scopic� group�developed� hypothermia. This�percent-
age�increased� to�46%�in�the�open�group�and�41%�in
the� laparoscopic� group� during� the� operation, and
then�decreased� to�6%� in�the�open� group�and�8%�in
the� laparoscopic� group� in� the� recovery-room. Core
temperature� increased� during� the� operative� proce-
dure�to�reach�36.5�± 0.6°C�in�the�open�group�and�36.3

± 0.5°C�in�the� laparoscopic� group�at�2.5�hours�after
surgical� incision. Intra-abdominal� temperature� dur-
ing� laparoscopic� GBP� was� significantly� lower� than
core� temperature� at� all� measurement� points
(p<0.05). Operative� time� was� longer� in� the� laparo-
scopic�group�than�in�the�open�group�(232�± 43�vs�201
± 38�min, p<0.01). Mean�volume�of�gas�delivered�dur-
ing�laparoscopic�GBP�was�650�± 220�liters.

Conclusion: Perioperative� hypothermia� was� a
common� event� during� both� laparoscopic� and� open
GBP. Despite� a� longer� operative� time, laparoscopic
GBP� did� not� increase� the� rate� of� intraoperative
hypothermia� when� efforts� were� made� to� minimize
intraoperative�heat�loss.

Key�words: Hypothermia,�warming�blanket,�thermoregu-
lation,� laparoscopy,� core� temperature,� morbid� obesity,
bariatric�surgery,�gastric�bypass

Introduction

Hypothermia� is� a� known� consequence� of� open
abdominal�operations.1 The�primary�mechanism�of
heat� loss� occurs� from� exposure� of� the� surgical
wound�and�abdominal�organs�to�the�ambient�room
environment.� Perioperative� hypothermia� also
occurs�during�laparoscopic�operations.2, 3 The�pri-
mary�mechanism�of�heat�loss�during�laparoscopic
surgery� is� exposure� of� the� abdominal� cavity� to
large�volumes�of�cool�and�dry�CO2 insufflation�gas.
The�cool�CO2 gas�(typically�21°C)�delivered�intra-
abdominally� has� been� implicated� as� a� potential
source� of� heat� loss� during� laparoscopic� surgery.2

The�amount�of�gas�delivered�during�a�short�laparo-
scopic� operation� such� as� cholecystectomy� can

Presented�at�the�18th�Annual�Meeting�of�the�American�Society
for�Bariatric�Sugery,�Washington,�DC,�USA,�June�9,�2001.

Reprint� requests� to: Ninh� T. Nguyen,� MD,� Department� of
Surgery,�University�of�California,�Davis,�Medical�Center,�2221
Stockton�Blvd,�3rd�Floor,�Sacramento,�CA� 05617-1418,�USA.
Fax: (916)�734-3951; e-mail: ninh.nguyen@ucdmc.ucdavis.edu

Evaluation�of�Core�Temperature�during
Laparoscopic�and�Open�Gastric�Bypass�

Ninh�T. Nguyen, MD1; Neal�W. Fleming, MD, PhD2; Amardeep�Singh, BS1;
Steven�J. Lee, MS1; Charles�D. Goldman, MD1; Bruce�M. Wolfe, MD1

Departments�of�1Surgery�and�2Anesthesiology, University�of�California, Davis, Medical�Center,
Sacramento, CA, USA

Several� interventions� have� been� employed� to
counteract�heat�loss�during�laparoscopic�and�open
surgery� (i.e., warm� irrigation� fluid, heated� and
humidified� gas, and�heated� anesthetic� gases).�An
external� warming� blanket� (Bair� Hugger®), how-
ever, is�one�of�the�most�effective�modalities�for�pre-
vention�of�heat�loss�intraoperatively.10 The�blanket
transfers�heat�from�the�skin�to�the�circulatory�sys-
tem�and�increases�core�temperature.�Karayan�et�al10

reported� that� core� temperature� remained� signifi-

cantly�higher�in�patients�receiving�a�Bair�Hugger®

during� abdominal� aortic� surgery� than� in� patients
without� a� warming� blanket.� During� prolonged
laparoscopic�procedures, Seitzinger�et�al11 demon-
strated�that�the�use�of�the�Bair�Hugger® minimized
the�reduction�in�core�temperature�in�patients�under-
going�3�to�6�h�of�laparoscopic�surgery.

The� incidence� of� hypothermia� during� laparo-
scopic�surgery�has�been�reported�to�be�similar� to
that� of� open� surgery.6-8 Luck� and� colleagues6

reported�that�19�of�27�patients� (70%)�undergoing
open� colectomy� developed� intraoperative
hypothermia� compared� with� 20� of� 33� patients
(61%)� undergoing� laparoscopic� colectomy, and
severe�hypothermia�occurred�in�14.8%�of�the�open
group� and� in� 12.1%� of� the� laparoscopic� group.
Makinen�et�al7 also�reported�equivalent�changes�in
core� temperature� between� patients� undergoing
laparoscopic� and� open� cholecystectomy.� In� our
trial, we�did�not�observe�any�significant�difference
in�the�percentage�of�patients�who�developed�intra-
operative� hypothermia� during� laparoscopic� and
open� GBP.� Induction� of� anesthesia� induced
hypothermia�in�36%�of�patients� in� the�open�GBP
group�and�in�37%�of�patients� in� the� laparoscopic
GBP� group.� During� the� operative� procedure,
hypothermia�occurred� in� a� similar� fashion� in� the
two� groups� (46%� for� open� GBP� and� 41%� for
laparoscopic� GBP).� In� the� recovery-room, core
temperature�increased�for�both�groups�and�only�6%
of�open�GBP�patients�and�8%�of�laparoscopic�GBP
patients�had�hypothermia�(<36.0°C).�Therefore, the
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Table�2. Percentage�of�laparoscopic�and�open�GBP�patients�with�various�degrees�of�hypothermia�before�anesthesia,
after�induction�of�anesthesia,�during�the�operative�procedure�(intraoperative),�and�in�the�recovery-room

Group No. of�Patients Normothermia Mild Moderate Severe
Hypothermia Hypothermia Hypothermia

>36.0°C 35.5-35.9°C 35.0-35.5°C <34.9°C

Preanesthesia
Open�GBP 50 45�(90%) 5�(10%) 0 0
Laparoscopic�GBP 51 49�(96%) 2�(4%) 0 0

After�Induction
Open�GBP 50 32�(64%) 14�(28%) 3�(6%) 1�(2%)
Laparoscopic�GBP 51 32�(63%) 14�(27%) 4�(8%) 1�(2%)

Intraoperative
Open�GBP 50 27�(54%) 15�(30%) 6�(12%) 2�(4%)
Laparoscopic�GBP 51 30�(59%) 14�(27%) 6�(12%) 1�(2%)

Recovery-Room
Open�GBP 50 47�(94%) 3�(6%) 0 0
Laparoscopic�GBP 51 47�(92%) 4�(8%) 0 0

Figure�2. Changes� in�abdominal� (n=30)�and�core� tem-
perature�(n=51)�during�laparoscopic�GBP. *p<0.05�com-
pared� with� baseline� value. †p<0.05� compared� with
abdominal� temperature. BL=�after�anesthetic�induction.

Core�Temperature�

Changes� in� core� temperature� during� open� and
laparoscopic� GBP� are� summarized� in� Figure� 1.
There�was�no�significant� difference� in�body�tem-
perature� between� groups� at� preanesthesia� or� at
baseline.�Core�temperature�decreased�significantly
after�induction�of�anesthesia�(baseline).�Core�tem-
perature�then�increased�in�both�groups�during�the
operation�to�reach�36.5�± 0.6°C�in� the�open�GBP
group�and�36.3�± 0.5°C�in�the�laparoscopic�group
2.5�hours�after�surgical�incision.�Core�temperature
continued�to�increase�in�the�recovery-room�in�both
groups.�There�was�no�significant�difference�in�core
temperature� between� the� two� groups� intraopera-
tively, but�core�temperature� in� the� recovery-room
was�significantly�higher�in�the�open�group�(36.8�±
0.6°C�vs�36.6�± 0.4°C, p<0.01).

The�percentage�of�patients�who�developed�peri-
operative�hypothermia�is� summarized� in�Table�2.
Prior� to� anesthesia� induction, hypothermia
(<36.0°C)� was� present� in� 10%� of� open� GBP
patients�and�in�4%�of�laparoscopic�GBP�patients.
After� anesthetic� induction, hypothermia�occurred
in�36%�of�patients� undergoing�open�GBP�and�in
37%� of� patients� undergoing� laparoscopic� GBP.
During�the�operative�procedure, hypothermia�(low-
est�recorded�core�temperature)�occurred�in�46%�of

open� GBP� patients� and� in� 41%� of� laparoscopic
GBP�patients.�In�the�recovery-room, hypothermia
occurred�in�6%�of�open�GBP�patients�and�in�8%�of
laparoscopic�GBP�patients.

Intra-abdominal�Temperature�during
Laparoscopic�GBP

Comparison�of�changes�in�intra-abdominal�(n=30)
and�core� temperature� (n=51)�during�laparoscopic
GBP� are� summarized� in� Figure� 2.� The� intra-
abdominal�temperature�was�35.8�± 0.4°C�at�base-
line� and�decreased� to�35.6�± 0.7°C�at�2.5�h�after
abdominal� insufflation.� Core� temperature� during
laparoscopic� GBP� was� significantly� higher� than
intraabdominal� temperature� at� all� measurement
points�during�laparoscopic�GBP�(p<0.05).

Discussion

Hypothermia, defined�as�core�temperature�less�than
36.0°C, is�a�common�event�during�open�abdominal
operations.1 Hypothermia� can� occur� from� radia-
tion, convection, conduction, and� evaporation� of
heat�from�body�surfaces�and�the�respiratory�tract.
During�open�abdominal�operations, intraoperative
heat�loss�correlates�with�the�extent�of�the�skin�sur-
faces� exposed� to� the� ambient� environment, vol-
umes� of� ambient� irrigation� solution� and� intra-
venous� fluids, ventilation� with� cold� anesthetic
gases, and�evaporative�heat�loss�from�the�surgical
wound.�In�addition�to�the�above�factors, the�risk�for
perioperative� hypothermia� increases� with� longer
surgical�procedures.�

Despite� the� absence�of�environmental�exposure
of�the�wound�and�abdominal�viscera, hypothermia
also�has�been�reported�to�occur�during�laparoscopic
surgery.2,3 Bessel�et�al2 reported�that�insufflation�of
CO2 gas� at� high� flow-rates� during� a� prolonged
period�of�time�resulted�in�a�significant�fall�in�core
temperature.� There� are� two� mechanisms� of� heat
loss� specifically� related� to� the� use� of� CO2 pneu-
moperitoneum.� First, high� volume� exchange� of
room�temperature�CO2 insufflation�gas�represents
an�important�source�of�heat�loss.�Second, evapora-
tive�heat�loss�occurs�when�the�body�is�required�to
humidify�the�dry�CO2 insufflation�gas.�
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Core�Temperature�during�Lap�and�Open�Gastric�Bypass

Figure� 1. Changes� in� core� temperature� (°C)� during
laparoscopic� and� open� gastric� bypass� (GBP). *p<0.05
compared� with�baseline� value. †p<0.05� compared� with
laparoscopic�GBP. PA�=�preanesthesia; BL�=�after�anes-
thetic�induction; RR�=�recovery�room.
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Summary
Our aim was to compare peri-operative core temperatures and the incidence of hypothermia in obese and non-obese
women with active forced-air warming. Twenty female patients scheduled for abdominal surgery were allocated to two
groups according to body mass index. Ten obese (30.0–34.9 kg.m)2) and 10 non-obese (18.5–24.9 kg.m)2) women
received forced-air warming on their lower limbs. At the end of surgery, the mean (SD) core temperatures were 36.7
(0.5) !C in the obese group and 36.0 (0.6) !C in the non-obese group (p < 0.001). Only in the non-obese group was
there a significant decrease in the intra-operative core temperature values (p < 0.001). The incidences of intra-operative
hypothermia were lower in the obese group (10%) compared with non-obese group (60%; p = 0.019). In the
postoperative recovery phase, the mean (SD) core temperature data were higher in the obese group than in the non-
obese group (36.2 (0.4) vs 35.6 (0.5) !C, respectively (p < 0.001)). In conclusion, obese female patients have higher peri-
operative core temperature and a lower incidence of hypothermia compared with non-obese female patients during
abdominal surgery with active forced-air warming.
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Unintentional peri-operative hypothermia (core tem-
peratures between 34.5 and 35.9 !C) often leads to
adverse outcomes, including cardiac events secondary to
sympathetic nervous system activation [1], surgical-
wound infections and prolonged hospitalisation [2],
coagulopathy and increased blood loss [3], impaired
drug metabolism, delayed postoperative recovery period
[4, 5] and shivering [6]. Therefore, maintaining peri-
operative normothermia reduces morbidity [1–3] and
the use of peri-operative warming devices has become
routine.

The prevalence of obesity has increased markedly
worldwide in recent years [7]. In clinical practice, body
mass index (BMI) is used to estimate the degree of
obesity, which is classified in three levels: grade 1 (BMI
from 30.0 to 34.9 kg.m)2), grade 2 (35.0–39.9 kg.m)2)
and grade 3 or morbid obesity (‡40.0 kg.m)2) [8]. The
prevalence of grade-1 obesity is higher among both
female and male obese populations than are the other
grades [8]. Obese patients are more likely to vaso-
constrict in cooler environments [9], have reduced heat
redistribution from core to peripheral tissue after

Anaesthesia 2012, 67, 1364–1369 doi:10.1111/anae.12002.x

1364 Anaesthesia ª 2012 The Association of Anaesthetists of Great Britain and Ireland

The core temperature data were significantly higher
over time in the obese group compared with the non-
obese group (p = 0.008; Fig. 2). Only in the non-obese
group, the intra-operative core temperature values
declined (p < 0.001; Fig. 2). A significant positive

correlation between BMI and core temperature data
was observed at the end of surgery (p = 0.008; r = 0.57).

The incidences of hypothermia in the groups at the
end of surgery were 10% in the obese group and 60% in
the non-obese group (p = 0.019).

Active forced-air warming was discontinued in one
patient in the obese group for 30 min during surgery.
None of the patients experienced surgical complications
or required blood transfusions.

In the PACU, oral temperature data in the obese
group was higher than in the non-obese group over time
(p < 0.001; Fig. 3). All patients of the obese group were
normothermic as against 30% of the patients in the non-
obese group with oral temperatures <36 !C after 1 h in
the PACU; however, these differences in proportions
were not statistically significant (p = 0.06). Discharge of
the unwarmed non-obese patients from the PACU was

Female patients of ASA physical status 1-2 for elective open abdominal surgery 
(n = 22) 

Grade-1 obese women  
(BMI from 30.0 to 34.9 kg.m–2)

Non-obese women
(BMI from 18.5 to 24.9 kg.m–2)

One patient 
had surgical 
cancellation 

Critical data 
were missing 

from one 
patient 

Non-obese women 

(n = 10)

Grade-1 obese women 

(n = 10)

Figure 1 Enrollment and allocation of study patients.
BMI, body mass index.

Table 1 Characteristics of the patients in obese and
non-obese groups. Values are as means (SD).

Obese
(n = 10)

Non-obese
(n = 10)

Age; years 43 (6) 40 (9)
Height; cm 157 (5) 160 (6)
Weight; kg 78 (7) 60 (6)
BMI; kg.m)2 31.6 (1.3) 22.9 (1.7)

BMI, body mass index.

Table 2 Intra-operative data in the obese and non-obese groups. Values are number or median (IQR [range]). Operative
time = from skin incision until wound closure; time for extubation = from cessation of anaesthetic administration until
tracheal extubation.

Obese
(n = 10)

Non-obese
(n = 10) p value

Type of surgery
AH ⁄ oophorosalpingectomy 8 ⁄ 2 9 ⁄ 1 0.53

Operative time; min 199 (175–248 [125–260]) 163 (155–207 [150–295]) 0.42
Fluids infused; ml 2300 (2000–3475 [1800–4500]) 1900 (1600–2500 [1500–5000]) 0.26
Basal core temperature; !C 36.6 (36.5–36.9 [36.5–36.9]) 36.5 (36.3–36.6 [36.2–37.0]) 0.89
Consumption of propofol; mg 1819 (1327–2193 [1300–2461]) 1271 (1119–1557 [818–1978]) 0.003
Consumption of remifentanil; mg 2.85 (2.34–3.62 [1.99–3.90]) 2.40 (2.22–3.33 [1.94–4.83]) 0.45
Time for extubation; min 6.0 (4.75–8.5 [3.0–10.0]) 6.5 (5.0–8.5 [4.0 13.0]) 0.98

AH, abdominal hysterectomy.
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Figure 2 Mean (SD) intra-operative core temperature
data in obese ( ) and non-obese groups ( ). Error bars
are SD. The values were significantly different between
the groups (p = 0.008). Only in the non-obese group
there was a significant decrease in the values over time
(p < 0.001).
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delayed by about 30–45 min. No patient in any group
shivered in the PACU.

Discussion
The main findings of this study are: first, the peri-
operative core temperature values were higher in the
obese group compared with non-obese group (such that
the incidence of intra-operative hypothermia in the
obese was lower); and second, only in the non-obese
group was there a significant decrease in the intra-
operative core temperature.

Obese individuals have body fat with low thermal
conductivity that reduces heat loss from the skin and
minimises hypothermia [9]. They have higher leptin
levels, but they have higher peripheral resistance to the
actions of this protein instead [20]. Leptin is secreted by
adipocytes and has several physiological roles that
include increasing activity of the sympathetic nervous
system, which stimulates energy expenditure in brown
adipose tissue and increases metabolic rate and, there-
fore, body heat [21]. Thus, obese patients exhibit less heat
redistribution from core to peripheral tissue after anaes-
thetic induction [10]. Reduction in intra-operative core
temperature in grades-2 and -3 obese patients may be
inversely proportional to BMI [10] and in our study,
there was also a positive correlation between BMI and
core temperature in both groups. A previous study
compared changes in core temperature during laparo-
scopic and open bariatric surgery when an upper

warming blanket was utilised in grade-3 obese patients
[22]. The authors observed that intra-operative core
temperature values increased significantly in both groups
in relation to the baseline values (after anaesthetic
induction). However, in this study, the authors verified
that intra-operative hypothermia was a common event in
both groups with an incidence about 40%. In contrast,
the incidence of hypothermia was lower (10%) in the
obese group in our study, when we utilised a lower body
warming blanket. Studies suggested that heat transfer
with forced air warming over the lower body is higher
than over the upper body, because the former cover a
larger area of the body surface [23–25].

However, as demonstrated in our study, the use of
active skin-surface warming was more effective in obese
than in non-obese patients. Other studies also demon-
strated that intra-operative active forced-air warming
does not prevent unintentional peri-operative hypother-
mia in non-obese patients [14, 19]. These findings
reinforce the need for additional intra-operative thermal
care in normal or underweight (BMI < 18 kg.m)2)
patients.

In our study, as normothermia was required to
discharge the patients, 30% of the unwarmed non-obese
patients had delayed discharge from the PACU. None of
the patients from either group shivered in the PACU;
this may be because of propofol [26], fentanyl [27] and
tramadol [28] that have residual effects on the thermo-
regulatory control centre, including reduced shivering.
Besides, the postoperative forced-air warming over the
skin could also have prevented shivering. In addition, the
shivering threshold is a full degree lower than the
vasoconstriction threshold [29]. Consequently, the hypo-
thermic patients did not shiver because of they had core
temperature higher than the shivering threshold.

One limitation of our study is that we chose only
women as our study population. Female patients
generally begin to respond to cold at 0.3 !C higher core
temperatures than male patients [30].

In conclusion, grade-2 obese female patients have a
higher peri-operative core temperature and a lower
incidence of hypothermia compared with non-obese
female patients during abdominal surgery with active
forced-air warming under intravenous anaesthesia.
These findings are perhaps reassuring for temperature
control in the obese, but they raise questions about the
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Figure 3 Mean (SD) oral temperature data in obese ( )
and non-obese ( ) groups in PACU. The values in the
obese group were higher than non-obese group
(p < 0.001). The values increase significantly only in the
non-obese group over time (p < 0.001).
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s  Observational study in 400 lap RNY patients 
s  Patients got OFA or OA per-op and post operative 

s  Same post op additive drugs: paracetamol and diclofenac 

s  Morphine (or piritramide) as required   J Mulier 



NMT monitoring needed 
�  At induction?   

�  Most anesthesiologists are not performing this 
�  Allows calibration  

�  yes  for mechano, EMG  
�  no  for aceleromyography? 

�  During surgery when muscle relaxation is surgical 
required 

�  At end anesthesia to verify  (temp sufficient?) 
�  Full reversal 
�  Decide what reversal drugs and doses are needed 
�  To verify full reversal after reversal 
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What depth of  NMB do we 
need in obese patients? 
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Time difference between abdomen – adductor pollicis after 
bolus NMB is given. 

Kirov K et al. Ann Fr Anesth Reanim. 2000;19:734–738.  

Lateral abdominal 
muscles blockade have 
a faster onset and a  
faster recovery than 
adductor pollicis 
 
Continuous infusion 
avoids early abdominal 
recovery not seen at the 
adductor pollicis. 
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Why surgeons are frequently the first once 
to notice NMB recovery? 



Why surgeons are frequently the first 
once to notice NMB recovery? 

•  The diaphragm is more resistant than the 
adductor pollicis to rocuronium.  
•  Cantineau JP Anesthesiology. 1994;81:585 

•  Monitoring of the peripheral muscles often 
overestimates the degree of diaphragmatic 
relaxation, but is a safe predictor of 
recovery. 
•  Moerer O.  Anasthesiol Intensivmed 

Notfallmed Schmerzther. 2005;40:217 
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Only deep NMB at 
the adductor pollicis 
ensures abdominal 
muscle relaxation. 
 



What level do you need for each muscle? 

5
2 

Tongue, throat muscles 

Peripheral mucles, adductor pollicis 

Abdominal mucles,  

Diaphragm 

Orbicularis oculi 
Corrugator supercilii 
 

Vocal cords 
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Moderate block 

Superficial 
block 

Deep block 

Deep block 
sufficient? 

Deep block 
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1 liter workspace no NMB pressure 11 
Not sufficient workspace  
no access to upper abdomen 

2 liter workspace no NMB pressure 13 
Ceiling is higher but still not enough workspace 

4 liter workspace with NMB pressure 14 
Sufficient workspace and easy access. 

3 liter workspace no NMB pressure 15 
Sufficient workspace for upper abdomen  

Increasing the workspace from 1 liter to 4 liter 



What are NMB doing? 
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How to calculate the 
workspace ?  

lap$IAP$calculator$using$abd$compliance$model$$J$P$Mulier

IAV$
measured

$$IAP$
measured

$$IAP$$$$$
fitted

0 6,71

0,6 8 8,04

1 9 8,93

1,5 10 10,03

2 11,14

2,5 12,25

lap$IAP$calculator$using$abd$compliance$model$$J$P$Mulier

PV0 E

6,71 2,21

If$measurement$was$made$during$moderate$NMB$($TOF$>0)$abdomen$size$will$be$larger$when$deep$NMB$is$given.

This$abdomen$size$is$ small

Proposed$$IAP$$and$IAV 15 mmHg 3,7 L

Pressure$needed$to$reach$3 L 13 mmHg

If$measurement$was$made$during$moderate$NMB$($TOF$>0)$abdomen$size$will$be$larger$when$deep$NMB$is$given.
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Case of  insufficient deep 
NMB at PTC = 4 

�  TOF = 0  PTC = 4  
�  Rocuronium bolus 0,6 mg/kg at induction 
�  No continous infusion 

�  Patient started to breath against ventilator: 
abd muscles active 
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deep NMB (PTC=2) does not 
paralyze diaphragm totally. 
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Case with PTC = 0 and 
diaphragm active 

�  TOF = 0  PTC = 0  
�  Rocuronium continous infusion 

 
�  Abdominal muscles relaxed, no pressing but 

diaphragm can trigger pressure support 
ventilation showing that muscle is not fully 
blocked. 
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�  Monitoring is not always required (some surgery do not 
require muscle relaxation), but it is essential to ensure 
complete recovery from blockade before the return of  
consciousness. 
�  Sufficient breathing is not a sign of  full reversal 
�  Coughing, hand sqeezing or head elevation is not sign of  full 

reversal 
�  If  last NMB dose is less than 2 hours, NMT monitor needed  

�  Continue anaesthesia during attempts to manage an 
unexpectedly difficult airway. 

�  an ‘awake’ tracheal extubation primarily requires the patient 
to be completely reversed from neuromuscular blockade, and 
only secondarily requires the patient to be ‘awake’. 
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Dosing NMB in morbidly obese 
patients 

�  Suxamethonium 
�  TBW up to 200 kg, then a little less 

�  Rocuronium 
�  IBW induction and maintenance 

�  Cis atracurium 
�  TBW induction and IBW maintenance 

�  IBW  probably better  LBW 

�  But variability is always large what requires NMT 
monitoring 
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Variability in time on deep NMB 
according to the model 

y = 118,11x - 44,712 
R² = 0,7747 
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Key points to remember 
�  If  you use NMB within the last two hours you have to 

measure the depth of  NMB quantitatively. 
�  Breathing, eye opening and head lift are inadequate. 

�  You have to reach a TOF > 0.9 before extubation. 

�  Spontaneous or neostigmine reversal is longer and less 
predictable in obese patients. 

�  Obese patients need more frequent a deep NMB to 
facilitate ventilation and abdominal surgery 

�  It is not the BMI but the intra abdominal fat that increases 
the risk for metabolic syndrome. 
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What do we need in the future 
on NMT 

�  Automatic running PTC 
�  When TOF = zero 

�  Next measurement should be PTC 
�  When PTC = 20 next measurement should be TOF 

�  After PTC, always a long waiting time of  3 minutes. 
�  Therefore after last PTC first measure TOF to be sure 

that TOF is still zero. 

�  Simple device that is easy to install and reliable 
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Key points to remember for 
all patients 

�  Use NMT monitoring when NMB are used. 
�  Look for an objective measure, use thumb instead of  orbicularis oris 

�  Standardize and keep it simple, keep thumb free or use tof  tube (dubois) 

�  Learn to use a limited number of  modes 

�  Single twitch for suxamethonium 

�  TOF and PTC for non depolarising drugs like rocuronium, cis atracurium. 

�  Limit the number of  drugs to have the pharmacokinetics in your fingers 

�  Never rely on one measurement, wait for a second to confirm 

�  Learn measurement failures and how to resolve them 

�  Dose sufficient according to length of  procedure and required depth or 
use continuous infusion as reversal is faster in abdominal muscles than in 
peripheral muscles. 
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Key points to remember for 
obese patients 

�  Obesity requires NMB dosing on LBW and verification of  depth 
by NMT 

�  Obesity increases the technical failures of  NMT monitoring 

�  Obesity increases the unpredictability of  spontaneous recovery 
and increases reversal time by neostigmine. 

�  Obese patients with OSAS have more reasons for full reversal to 
a TOF of  100% 

�  Reversal by Sugammadex is based on TBW. If  BMI > 40 dosing 
is possible on IBW + 40% but requires NMT verification. 
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Following the advice in using less peri-operative opioids in morbidly obese 
patients, it has now become time to discuss “from low-opioid to opioid 
free” anaesthesia (OFA). 

Why, how and when do we use low-opioid or opioid free anaesthesia 
combined with post-operative multimodal analgesia in morbidly obese 
patients?
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