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ORIGINAL ARTICLE
The influence of residual neur
omuscular block on the
incidence of critical respiratory events. A randomised,
prospective, placebo-controlled trial
Martin Sauer, Alexander Stahn, Stefan Soltesz, Gabriele Noeldge-Schomburg and Thomas Mencke
Context Residual paralysis is associated with post-
operative pulmonary complications, including critical
respiratory events.
Objective We determined the incidence of critical respiratory
events, such as hypoxaemia, in patients with minimal residual
neuromuscular blockade and compared these data with those
from patients with full recovery of blockade.
Design Randomised, prospective, placebo-controlled trial.
Setting Single centre; Rostock, Germany, from January 2007 to
February 2008.
Patients One hundred and thirty-two adult patients, aged 18–
80 years, with the American Society of Anesthesiology I–III
physical status, undergoing orthopaedic surgery under general
anaesthesia, including rocuronium to produce neuromuscular
blockade; 114 patients were randomised to one of two groups:
neostigmine group (neostigmine 20 mg kg�1) or placebo group
(saline).
Interventions In the patients in the neostigmine group, the
tracheal tube was removed at a train-of-four (TOF) ratio of 1.0; in
the patients in the placebo group, the trachea was extubated at a
TOF ratio less than 1.0, but without fade in TOF and double-
burst stimulation (DBS). Neuromuscular monitoring was
assessed simultaneously with qualitative TOF/DBS monitoring,
ight © European Society of Anaesthesiology. Un
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and with quantitative calibrated acceleromyography. Critical
respiratory events, such as hypoxaemia, were assessed in the
post-anaesthesia care unit.
Main outcome measures Forty-five patients (39.5%) became
hypoxaemic (SaO2<93%); there was a significant difference
between the groups (29 patients in the placebo group versus 16
in the neostigmine group; P¼0.021).
Results In the neostigmine group, all patients were extubated
at a TOF ratio of 1.0. In the placebo group, the median TOF
ratio was 0.7 (range: 0.46–0.9; P<0.001). The median time
for spontaneous recovery in the placebo group was 16 min
(range 3–49 min). Neostigmine 20 mg kg�1 was effective in
antagonising rocuronium-induced blockade without fade in
TOF and DBS.
Conclusion In this randomised, prospective, placebo-controlled
trial, minimal residual block was associated with hypoxaemia in
the post-anaesthesia care unit. Neostigmine 20 mg kg�1 was
effective in antagonising rocuronium-induced (minimal) blockade.
Eur J Anaesthesiol 2011;28:842–848
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Introduction The association between residual blockade and critical
Reversal of neuromuscular block is associated with

decreased 24-h post-operative morbidity and mortality.1

The incidence of residual neuromuscular block after a

single intubating dose of an intermediate-duration non-

depolarising relaxant, such as rocuronium, is 16% with a

train-of-four (TOF) ratio of less than 0.7 and 45% with a

TOF ratio of less than 0.9 if a reversal agent is not given.2

The risk of post-operative pulmonary complications

(POPCs) is related to the operative procedure, patient

risk factors and anaesthesia involving pancuronium.3–5

Recently, Murphy et al.6 reported a high incidence of

severe residual neuromuscular blockade in patients with

early POPC, that is, critical respiratory events, in the

post-anaesthesia care unit (PACU).
respiratory events has not yet been demonstrated in a

randomised, prospective, placebo-controlled study. We

allocated patients randomly to one of two study groups.

One group received neostigmine (neostigmine group) to

reach a TOF ratio of 1.0 at the time of tracheal extuba-

tion, and the other group received saline (placebo group).

Patients in the placebo group had a TOF ratio less than

1.0 (TOF ratio between 0.6 and 0.9) at the time of

tracheal extubation, but no fade in the TOF7 or

double-burst stimulation (DBS).

We expected that the patients in the placebo group, with

residual blockade, would have a higher incidence of critical

respiratory events compared with the patients with full

recovery of neuromuscular block in the neostigmine group.

Methods
Study participants and study design
The study was performed at the University Hospital of

Rostock, Germany, between January 2007 and February

2008. Ethical approval for this study (registration number:

II HV 23/2005) was provided by the Institutional Review

Committee (Ethikkommission der Universitaet Rostock,
authorized reproduction of this article is prohibited.
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Rostock, Germany; chairperson Professor Wegener) on

13 April 2006. After obtaining written informed consent,

we studied 132 adult patients, aged 18–80 years, with the

American Society of Anesthesiology (ASA) I–III physical

status, undergoing orthopaedic surgery under general

anaesthesia. We excluded patients with chronic pain

requiring opioids, patients with neuromuscular disease,

those taking medications known to interact with neuro-

muscular function and those with electrolyte abnormal-

ities. Obese patients (i.e. weighing 20% or more than

their ideal weight), patients with severe asthma or severe

chronic obstructive lung disease (i.e. patients with respir-

atory failure and long-term oxygen therapy) and patients

with obstructive sleep apnoea were also excluded. All

patients were premedicated with midazolam 7.5 mg

orally, 1 h before arrival in the operating room.

Patients were randomised into one of two groups of 57

patients each, according to a computer-generated rando-

misation program,8 to receive neostigmine 20 mg kg�1 and

atropine 0.5 mg (neostigmine group) or saline (placebo

group) towards the end of anaesthesia. A study nurse

who did not participate in the clinical evaluation in the

post-operative period prepared the syringes with the study

drug according to the randomisation list. In the neostig-

mine group, the calculated dose of neostigmine was mixed

with atropine and then adjusted to a volume of 5 ml with

saline; the study syringe for the placebo group consisted of

5 ml saline. The anaesthesiologist who performed general

anaesthesia was not blinded to the study group. The

trachea was extubated at a TOF ratio equal to 1.0 (neos-

tigmine group) or at a TOF ratio less than 1.0 (placebo

group).

Randomisation was performed during anaesthesia at the

end of surgery, when the TOF stimulation and the DBS

were normal, that is, without fading, using conventional

qualitative neuromuscular monitoring (NMM; nerve

stimulator). In addition, the TOF ratio using quantitative

acceleromyographic monitoring (TOF Watch SX,

Organon Teknika, Eppelheim, Germany) on the oppo-

site arm had to be less than 1.0. Both assumptions were

required for randomisation (group I, randomisation

groups: neostigmine group and placebo group). Twenty

minutes before the expected end of surgery, the study

drug (neostigmine or saline) was injected over 5 s.

Patients with a TOF ratio of 1.0, measured by quanti-

tative acceleromyography, were not randomised, and

were allocated to group II. Patients with an abnormal

TOF and DBS, that is, with fading, were not randomised,

and were allocated to group III. These patients received

neostigmine 40 mg kg�1 and atropine 15 mg kg�1, and

neuromuscular block was reversed.

Procedures and measurements
After each patient had arrived in the operating room,

standard monitoring was applied. Anaesthesia was per-
yright © European Society of Anaesthesiology. U
formed by the same anaesthesiologist, who did not

participate in the evaluation of critical respiratory events

or signs and symptoms of muscle weakness. Induction of

anaesthesia was standardised for both groups. At time 0,

sufentanil 0.3 mg kg�1 was injected; 3 min later, anaes-

thesia was induced with propofol 1.0–2.0 mg kg�1.

Anaesthesia was maintained with remifentanil 0.25–

0.5 mg kg1 min�1 and sevoflurane 0.7–1.0% in a 50%

oxygen-air mixture. After signal stabilisation of the

TOF watch SX, rocuronium 0.6 mg kg�1 was injected

over 5 s. Tracheal intubation was performed at maximum

block. Additional increments of rocuronium 0.15 mg kg�1

were given on recovery of the fourth twitch of the TOF.

Fifteen minutes before the expected end of surgery, all

patients received paracetamol 1 g and piritramide

0.1 mg kg�1. Ventilation was controlled to maintain an

end-tidal carbon dioxide partial pressure of 4.5–5.2 kPa.

Nasopharyngeal temperature was maintained at 36.0–

36.58C, and skin temperature at more than 338C.

NMM was performed by stimulating the ulnar nerve at

the wrist with supramaximal TOF stimuli (duration

0.2 ms) at 2 Hz every 15 s. Qualitative NMM was assessed

visually using a conventional nerve stimulator (Innerva-

tor; Fisher Paykel Healthcare, Auckland, New Zealand).

Quantitative neuromuscular measurement was assessed

simultaneously by acceleromyography (TOF Watch SX;

Organon Teknika, Eppelheim, Germany) on the oppo-

site arm. Before administration of the muscle relaxant,

the acceleromyograph was calibrated as a prerequisite for

obtaining reliable and reproducible data.9–11

The acceleromyographic measurements were underta-

ken according to the Stockholm revision of the guidelines

for good clinical research practice in pharmacodynamic

studies of neuromuscular blocking agents.10 Calibration,

supramaximal stimulation and a stable baseline were

achieved before administration of rocuronium.10 First,

a few TOF stimulations were applied; second, the accel-

eromyograph was calibrated; third, TOF stimulations

were applied for approximately 10 min; fourth, recalibra-

tion of the acceleromyograph was performed when a

stable baseline was achieved; afterwards, rocuronium

0.6 mg kg�1 was injected over 5 s. To minimise move-

ment-induced changes in twitch response, the patient’s

forearm and fingers were fixed in a splint.

The first of the four responses was considered the twitch

height (T1) and the following variables were measured:10

duration 25% (DUR 25%; defined as the time from the

start of injection of rocuronium until T1 in the TOF

recovered to 25% of the final value), TOF ratio at tracheal

extubation and time to a TOF ratio of 1.0 (defined as the

time from tracheal extubation until the TOF ratio

reached 1.0). The first of three consecutive responses

with the same or increasing value was noted.

At the end of surgery, the trachea was extubated at a TOF

ratio 1.0 of in patients in the neostigmine group, and at a
nauthorized reproduction of this article is prohibited.
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TOF ratio of less than 1.0 in patients in the placebo

group. Remifentanil (context-sensitive half-time¼
3–4 min) was infused continuously until the last suture

had been inserted, or if necessary until the TOF ratio

reached 1.0 in the neostigmine group; consequently, the

tracheal tube was tolerated well until the TOF ratio

reached 1.0. In the placebo group, the TOF ratio at

extubation was recorded, and the acceleromyographic

measurements were continued until the TOF ratio

reached 1.0 during transport or in the PACU. The time

taken for the TOF ratio to reach 1.0 was recorded.

In the PACU, signs and symptoms of muscle weakness

(diplopia, voice disorder, difficulty in swallowing and

dyspnoea) were assessed.12,13

Assessment of signs and symptoms of muscle weakness is

as follows:
(1) D
igh
Euro
o you have diplopia?
(2) P
lease say ‘America’. Score one for saying ‘America’

incorrectly.
(3) P
lease swallow. Score one if not possible.
(4) D
o you have difficulty in breathing?
In addition, hypoxaemia and other critical respiratory

events were noted by a study nurse. Critical respiratory

events were defined using the following criteria.6,14,15
(1) P
ost-operative respiratory insufficiency, necessitat-

ing intervention, for example, mask ventilation or re-

intubation.
(2) H
ypoxaemia [defined as arterial oxygen saturation

(SaO2) <93%], classified as mild–moderate hypox-

aemia (SaO2 90–93%) or severe hypoxaemia (SaO2

<90%).
(3) N
on-specific respiratory problems such as upper

airway obstruction, tachypnoea or sustained cough-

ing.
Oxygen saturation was measured continuously with pulse

oximetry during the stay in the PACU and in the inter-

mediate care unit. Supplemental oxygen (3–5 l min�1)

was provided to all patients. The patients breathed room

air for 10 min on arrival in the PACU and again after 2 h,

before discharge. If oxygen saturation decreased below

90%, patients were given oxygen immediately.

Statistical analysis
Statistical analysis was performed using SigmaStat for

Windows Version 3.5 (Systat Sotware Inc., San Jose,

California, USA). Demographic data were analysed using

the Mann–Whitney U-test. Results are presented as

mean (SD or percentage) and as median (range). Com-

parisons between groups were performed using the x2

test, Fisher’s exact test or Kruskal–Wallis analysis of

variance (ANOVA) test. Results were considered statisti-

cally significant when P was less than 0.05.
t © European Society of Anaesthesiology. Un
pean Journal of Anaesthesiology 2011, Vol 28 No 12
The sample size calculation was based on a study by

Bissinger et al.15 In that study, hypoxaemia was defined as

SaO2 less than 93%; the incidence of hypoxaemia after

administration of vecuronium was 26%. The number of

patients required for our study groups was calculated in

expectation of a 20% decrease in the absolute risk of

hypoxaemia in the neostigmine group (TOF ratio¼ 1.0).

For a power of 80% and a equal to 0.05, 110 patients

(55 patients in each group) were needed. To compensate

for possible withdrawals, we enrolled 114 patients, that is,

57 patients in each group. A total of 132 patients took part

in the study, because 18 patients were not allocated to

group I and, therefore, were not randomised.

Results
Patients
The data from all 114 randomised patients were analysed;

there were no withdrawals (Fig. 1).

BMI and sex distribution were comparable between the

two groups, but there was a significant difference in age

(P¼ 0.015; Table 1). There were no significant differ-

ences between the groups in respect of history of chronic

obstructive lung disease, or duration of anaesthesia and

surgery. The number of repeated injections of rocuro-

nium 0.15 mg kg�1 was comparable between the neos-

tigmine and placebo groups (21 versus 30, respectively;

P¼ 0.132).

Neuromuscular measurements
The DUR 25 was comparable between the two groups

(neostigmine 46 min versus placebo 47 min; P¼ 0.579).

In the neostigmine group, the trachea was extubated at a

TOF ratio of 1.0 in all patients, whereas in the placebo

group, the median TOF ratio at the time of extubation

was 0.7 (range: 0.46–0.9; P< 0.001; Fig. 2).

The time to a TOF ratio of 1.0 (defined as the time from

tracheal extubation until the TOF ratio reached 1.0) was

significantly longer in the placebo group compared with

the neostigmine group (16 versus 0 min; range in the

placebo group 3–49 min; P< 0.001; Fig. 3).

Critical respiratory events
None of the patients required re-intubation or artificial

ventilation due to post-operative respiratory failure. Non-

specific respiratory problems were not observed and a

prolonged stay in the PACU was not required for any

patient. However, hypoxaemia (SaO2< 93%) did occur.

Forty-five patients (39.5%) were hypoxaemic on arrival in

the PACU. The incidence of hypoxaemia was signifi-

cantly greater in the placebo group than in the neostig-

mine group (29 patients versus 16 patients, respectively;

P¼ 0.021; Table 2). Mild–moderate hypoxaemia was

observed in 28 patients; again, a significant difference

was found between groups (P¼ 0.017). Severe hypoxae-

mia occurred in 17 patients (14.9%), but there was no

difference between the groups (Table 2). During the stay
authorized reproduction of this article is prohibited.
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Fig. 1

Assessed for eligibility
(n = 132)

Randomised
(n = 114)

Lost to follow-up
(n = 0)

Lost to follow-up
(n = 0)

Analysed
(n = 57)

Analysed
(n = 57)

PACU: Assessment of signs and symptoms of muscle weakness;
assessment of hypoxaemia and adverse respiratory events

Allocated to intervention
(n = 57)
Received allocated intervention
(n = 57)
Did not receive allocated
intervention (n = 0)

Allocated to intervention
(n = 57)
Received allocated intervention
(n = 57)
Did not receive allocated
intervention (n = 0)

Placebo group:

Saline 57
(n = 57)

Neostigmine group:
Neostigmine (20 μg kg−1)

Atropine (0.5 mg)
(n = 57)

Reversal of block:
Neostigmine (40 μg kg−1)

Atropine (15 μg kg−1)

GROUP I
DBS without fading

TOFR <1.0
n = 114

GROUP II
DBS without fading

TOFR = 1.0
n = 11

GROUP III
DBS with fading

n = 7

Excluded (n = 18)
Not meeting inclusion
criteria (n = 18)

Flow diagram of patient distribution. DBS, double-burst stimulation; PACU, post-operative anaesthesia care unit.
in the PACU, oxygen saturation was comparable between

the two groups. After 2 h, 40 patients (35.1%) suffered

from hypoxaemia when breathing room air for 10 min;

however, there was no significant difference between the

groups (Table 2).

None of the patients suffered from post-operative pneu-

monia or had an increased length of stay in hospital.

Signs and symptoms of muscle weakness
Among the signs and symptoms of muscle weakness, the

incidence of swallowing difficulties was significantly

higher in the placebo group compared with the neostig-

mine group (8 versus 1; P¼ 0.025; Table 3).
yright © European Society of Anaesthesiology. U
Patients in groups II and III (without randomisation) had

no critical respiratory events in the PACU.

Discussion
The main finding of the study was that minimal residual

block was associated with a higher incidence of hypox-

aemia in the PACU. Other critical respiratory events,

such as post-operative respiratory insufficiency and non-

specific respiratory problems, were not observed. Among

signs and symptoms of muscle weakness, swallowing

difficulties occurred more often in the patients with

a minimal residual block compared with patients with

full recovery of neuromuscular block. Neostigmine
nauthorized reproduction of this article is prohibited.
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Table 1 Characteristics of patients with residual block (placebo group) and without residual block (neostigmine group; duration of surgery
and doses of anaesthetic drugs)

Neostigmine (n U 57) Placebo (n U 57) P

Age (years) 54.4 (17.5) 61.7 (15.1) 0.015
Weight (kg) 73.8 (12.2) 72.7 (11.9) 0.621
Height (cm) 170.0 (9.0) 167.4 (10.0) 0.149
Sex (male/female) 18/39 18/39 0.840
BMI (kg m

S2
) 25.5 (3.1) 25.9 (3.2) 0.488

Smoking 11 11 0.812
Chronic obstructive lung disease 3 3 0.675
Asthma 1 2 1.000
Duration of surgery (min) 65 (18–235) 66 (29–140) 0.894
Duration of anaesthesia (min) 122 (62–335) 113 (66–191) 0.448
Dose of sufentanil (mg) 21 (15–30) 21 (15–25) 0.244
Dose of rocuronium (mg) 48 (31–101) 48 (29–96) 0.995

Values are mean (SD), numbers or median (range; duration of surgery and anaesthesia, sufentanil and rocuronium doses).
20 mg kg�1 was effective in antagonising block by rocur-

onium in patients with a TOF ratio between 0.6 and 0.9.

This study is the first randomised, prospective, placebo-

controlled investigation to examine the impact of residual

neuromuscular blockade on post-operative morbidity.

We designed the study to allocate patients after random-

isation to the placebo group or to the neostigmine group.

The tracheal tube was removed in patients in the placebo

group at a TOF ratio less than 1.0, whereas a TOF ratio of

1.0 was present before extubation in patients in the

neostigmine group (Fig. 2). Patients in the placebo group

had normal TOF stimulation and normal double-burst

stimulation, that is, without fading. In the absence of

subjective fade on DBS or TOF stimulation, the clinician

cannot distinguish a TOF ratio of 0.9 from 0.6.7

The TOF ratio was determined by calibrated accelero-

myographic monitor (TOF Watch XS).9–11 Capron et al.9
ight © European Society of Anaesthesiology. Un
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group. �P<0.001 versus placebo group. Plots of quartiles (boxes),
median (line within box), 10th and 90th percentiles (error bars), outlying
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recommended a calibrated acceleromyographic TOF

ratio of 1.0 to exclude residual paralysis reliably. Without

calibration, the performance of acceleromyography is less

convincing; the negative predictive values of accelero-

myographic TOF ratios of 0.9, 0.95 and 1.0 were 40, 60

and 77%, respectively.9 Consequently, we calibrated the

TOF Watch XS before the injection of rocuronium; then,

the negative predictive values were 37, 70 and 97%,

respectively.9 Thus, we are convinced that patients in

the placebo group had minimal residual block at the time

of extubation.

Critical respiratory events were found in 39.5% of

patients in the PACU; these critical respiratory events

included hypoxaemia when patients breathed air without

additional oxygen. In 14.9% of the patients, severe

hypoxaemia occurred, but there was no significant differ-

ence in the incidence between the groups. In contrast, in
authorized reproduction of this article is prohibited.
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Table 2 Incidence and severity of hypoxaemia in patients with residual block (placebo group) and without residual block (neostigmine
group) in the post-operative anaesthesia care unit

Neostigmine (n U 57) Placebo (n U 57) P

Incidence on PACU arrival

SaO2 <93% 16 (28.1) 29 (50.9) 0.021
SaO2 90–93% 8 (14.0) 20 (35.1) 0.017
SaO2 <90% 8 (14.0) 9 (15.8) 0.793

Incidence in PACU at discharge

SaO2 <93% 17 (29.8) 23 (40.4) 0.326
SaO2 90–93% 16 (28.0) 20 (35.1) 0.924
SaO2 <90% 1 (1.8) 3 (5.3) 0.611

Incidence¼ number (percentage) of patients. Hypoxaemia¼SaO2<93%; mild–moderate hypoxaemia¼SaO2 90–93%; and severe hypoxaemia¼SaO2<90%.
Values are mean (% of group). PACU, post-anaesthesia care unit.

Table 3 Signs and symptoms of muscle weakness of patients with residual block (placebo group) and without residual block (neostigmine
group)

Neostigmine (n U 57) Placebo (n U 57) P

Dyspnoea 1 1 0.483
Swallowing difficulties 1 8 0.025
Voice disorder 2 0 0.509
Diplopia 5 5 0.811

Values are shown as numbers of patients.
the recently published study by Murphy et al.,14 no

patient in the acceleromyography group had severe

hypoxaemia on arrival in the PACU. However, our

patients did not receive oxygen during transfer to

the PACU.

Many factors contribute to POPC, including demo-

graphic variables such as history of chronic obstructive

lung disease, the type and duration of surgery, major

abdominal surgery and thoracic surgery, general anaes-

thesia (versus regional anaesthesia) and anaesthesia

involving pancuronium.3,5,16,17 The risk factors for

POPC were controlled in the present study (Table 1).

However, patients in the placebo group were sig-

nificantly older than patients from the neostigmine

group. Possibly, neuromuscular block would have

been more prolonged in the (older) patients in the

placebo group, and the incidence of critical respiratory

events might have been increased as a result. The

reason for the difference in age is unclear; rando-

misation was undertaken with a computer-generated

research randomiser. However, an association analysis

revealed no direct relationship between age and hypox-

aemia.

A small dose (20 mg kg�1) of neostigmine provided

adequate antagonism of rocuronium-induced (minimal)

neuromuscular blockade in the neostigmine group. Our

data confirm those of Fuchs-Buder et al.,18 who concluded

that for successful reversal of minimum-to-moderate

neuromuscular block (TOF ratio 0.4–0.6) within

10 min, as little as 20 mg kg�1 neostigmine is required.

However, the muscle relaxant used in that study was

atracurium. In our study, rocuronium-induced neuromus-

cular blockade (TOF ratio 0.6–0.9) was antagonised

successfully by the same dose of neostigmine.
yright © European Society of Anaesthesiology. U
Two additional aspects should be considered in future

research. First, only orthopaedic patients were included

in our study; patients who have undergone major abdomi-

nal surgery should be studied in the future. Second, we

analysed only 114 patients because of the difficult study

protocol. All patients were monitored by calibrated accel-

eromyography from the beginning of surgery until a TOF

ratio of 1.0 was reached in the PACU. Consequently, all

patients in the neostigmine group were moved to the

PACU with their monitored arm fixed in a splint. How-

ever, nerve stimulation was possible in all patients and

was tolerated well.

In conclusion, we demonstrated that the presence of

minimal residual neuromuscular blockade (TOF ratio

0.6–0.9) was associated with an increased risk of devel-

oping hypoxaemia in the PACU compared with

patients whose trachea was extubated with no residual

block, that is, a TOF ratio of 1.0. Neostigmine

20 mg kg�1 was effective in antagonising mild block

induced by rocuronium.
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