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Influence of Disease Progression on the Neuromuscular
Blocking Effect of Mivacurium in Children and Adolescents
with Duchenne Muscular Dystrophy
Harald Ihmsen, Ph.D.,* Joachim Schmidt, M.D.,† Helmut Schwilden, M.D, Ph.D.,‡ Hubert J. Schmitt, M.D.,§
Tino Muenster, M.D.†

Background: Studies with nondepolarizing neuromuscular
blocking agents showed a delayed onset and prolonged recov-
ery in patients with Duchenne muscular dystrophy. The objec-
tive of this study was to investigate if these alterations depend
on disease progression.

Methods: The authors studied 11 children (6–9 yr) with
moderate Duchenne muscular dystrophy, 11 adolescents
(12–16 yr) with advanced Duchenne muscular dystrophy, and 2
age-matched control groups of 8 patients each (5–9 and 10–17
yr). Anesthesia was performed with propofol and remifentanil.
Patients received a single intravenous dose of 0.2 mg/kg miva-
curium. Neuromuscular transmission was monitored by accel-
eromyography. The time course of neuromuscular blockade
was characterized by the onset time and the times to different
levels of recovery.

Results: Onset and duration of neuromuscular blockade were
significantly prolonged in adolescent Duchenne muscular dys-
trophy patients (onset time, 4.0 min; recovery index, 12.3 min;
median), as compared with Duchenne muscular dystrophy chil-
dren (onset time, 2.3 min; recovery index, 6.8 min), and also as
compared with young controls (onset time, 2.0 min; recovery
index, 4.4 min) and adolescent controls (onset time, 2.5 min;
recovery index, 4.8 min). Within the Duchenne muscular dys-
trophy patients, onset time and recovery index increased sig-
nificantly with age. In the control group, age had no effect.

Conclusions: The neuromuscular blocking effects of mivacu-
rium showed a significant age dependency in Duchenne mus-
cular dystrophy patients, which was most probably caused by
the progression of the disease.

DUCHENNE muscular dystrophy (DMD) is the most
common myopathy in pediatric patients. This genetically
determined disorder is caused by mutation of the dys-
trophin gene at the Xp21 locus, and results in a quanti-
tative deficit of dystrophine. Although the complete
mechanism is not yet fully understood, there is strong
evidence that dystrophine and its related glycoprotein-
complex contribute to the formation of normal neuro-
muscular junctions during development and reorg-
anization. Clinically, DMD is characterized by ongoing
degeneration of skeletal muscle. The subsequent reorga-

nization with fatty infiltration leads to progressive mus-
cle weakness with loss of ambulation at the average age
of 10 yr.1,2

For the anesthesiologist, the use of muscle relaxants is
of great concern in DMD patients. The use of depolariz-
ing neuromuscular blocking drugs is contraindicated be-
cause of the risk of severe hyperkalemia with resulting
cardiac arrest,3,4 which is probably caused by the exis-
tence of a notable number of fetal nicotinic acetylcho-
line receptors.5,6 Administration of nondepolarizing neu-
romuscular blocking agents, however, causes a markedly
prolonged neuromuscular block (NMB).7–9 Noteworthy,
the onset of NMB was found to be significantly delayed
after administration of rocuronium,9 but unchanged af-
ter mivacurium in DMD patients, as compared with
healthy subjects.8 Schmidt et al.8 speculated that the
stage of the disease could be responsible for the pro-
longed onset of NMB in DMD after administration of
rocuronium, as the patients in the rocuronium study
were characterized by a more advanced stage of DMD
than those in the mivacurium study. It seems conceiv-
able that progressive reorganization including increasing
fatty infiltration, fibrosis, and disorganization of the mo-
tor endplate of the skeletal muscle in DMD may lead to
a changing effect of neuromuscular blocking agents with
ongoing disease.

The objective of the present study was to investigate if
there is a dependency between the effect of mivacurium
on NMB and the progression of DMD. Therefore we
compared young children with DMD who were still able
to walk with adolescent exclusively wheelchair-bound
DMD patients.

Materials and Methods

Patients and Anesthesia
After approval by the Ethics Committee of the Medical

Faculty of the University of Erlangen-Nuremberg (Erlan-
gen, Germany) and obtaining written consent, 38 male
patients were enrolled in this study. Of 22 boys with the
diagnosis of DMD, 11 children aged 6 to 9 yr were still
able to walk, whereas 11 adolescent boys aged 12 to 16
yr suffered from advanced stages of the disease and were
wheelchair-bound. They were scheduled for elective
corrective orthopedic surgery of the lower limbs or
elongation and stabilization of the spinal column, respec-
tively. Sixteen patients without neuromuscular disease
aged 5 to 17 yr served as controls and underwent uro-
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logical surgery. None of the patients received any med-
ication known to influence neuromuscular function. We
recorded age, height, weight, and body mass index for
each patient.

The patients were visited the day before surgery for a
physical examination and review of laboratory test re-
sults, including plasma cholinesterase. In addition, we
performed a lung function test and an echocardiography
in all boys of the adolescent DMD group. After weight-
adapted premedication with midazolam orally 45 min
before anesthesia, placement of an intravenous line, and
preoxygenation with pure oxygen, anesthesia was in-
duced with 2 �g/kg fentanyl and 3 mg/kg propofol. The
patient’s trachea was intubated without any use of neu-
romuscular blocking agents. For maintenance of anes-
thesia we used a continuous intravenous infusion of 8
mg/kg propofol and remifentanil titrated to effect. Stan-
dard monitoring included electrocardiography, auto-
matic blood pressure, capnometry, pulse oxymetry, and
a temperature probe. In adolescent DMD patients, an
intraarterial and a central venous line were also placed.
The lungs were ventilated with a mixture of oxygen in
air; minute volume ventilation was set to obtain end-tidal
carbon dioxide levels of 35–40 mmHg. The central body
temperature was kept between 35.5 and 37°C using
warmed fluids and a warm forced-air device.

Neuromuscular Monitoring
Neuromuscular transmission was monitored by accel-

eromyography using TOF Watch SX equipment (Or-
ganon Ireland Ltd., a part of Schering-Plough Corpora-
tion, Dublin, Ireland) within the guidelines of the
Copenhagen Consensus Conference.10 After final posi-
tioning (adolescents, prone position; children and con-
trols, supine position), the right forearm was prepared
for neuromuscular monitoring. The hand and the fore-
arm were immobilized in a splint, allowing free mobility
of the thumb. Skin temperature was monitored and
maintained above 32°C throughout the study. The mon-
itoring arm was kept free from arterial and IV indwelling
catheters, and from the blood pressure cuff.

The ulnar nerve was stimulated at the wrist via surface
electrodes by supramaximal square wave impulses of 0.2
ms duration in a train-of-four-sequence (4 consecutive
impulses with 2 Hz). These stimuli were delivered every
15 s throughout the investigation. Response of the ad-
ductor pollicis muscle was quantified using an accelero-
myography probe fixed to the volar surface of the distal
phalanx of the thumb. The TOF monitor was connected
to a portable computer for online data recording and
processing. After calibration and signal stabilization of
the control response, 0.2 mg/kg of mivacurium was
administered intravenously over 5 s. The time from ad-
ministration of mivacurium to complete clinical recov-
ery was monitored. The following parameters of NMB
were measured: maximal depression of the first twitch,

time from injection to the first of three consecutive
twitches with the same or increasing amplitude (onset
time), time between injection and recovery of first
twitch to 25% and to 90%, time between 25% and 75%
recovery of first twitch (recovery index), and time be-
tween 25% recovery of first twitch and recovery of TOF
ratio to 90% (recovery time).

Statistics
All data were tested for normal distribution with the

Shapiro-Wilks test, and for homogeneity of variances
with the Levene test. The groups were tested for statis-
tically significant differences either by two-way ANOVA
with the factors age (young and adolescent) and group
(control and DMD), followed by the Scheffé post hoc test
or by the nonparametric Mann–Whitney U-test with Bon-
ferroni correction, if appropriate. For a 2 � 2 ANOVA,
the required sample size per group to detect a standard-
ized effect of 1.0 (i.e., a difference with a magnitude of
one SD) with P � 0.05 and a power of 0.80 is n � 5 for
the factor effects and n � 9 for the interaction effect.
The effect of age was assessed by linear regression anal-
ysis, and the regression coefficient was tested for statis-
tical significance using the F test. A value of P � 0.05 was
considered statistically significant for all analyses. Statis-
tical analysis was performed using Statistica 6.0 (StatSoft
Inc., Tulsa, OK).

Results

Patients’ data are summarized in table 1. Within both
the control and the DMD patients, the adolescents were
significantly older, taller, and heavier, as compared with
the children, whereas there were no demographic dif-
ferences between the DMD patients and the controls in
the corresponding age classes. The plasma cholinester-
ase activity was within the normal range in all subjects
(data not shown). The train-of-four ratio at baseline be-
fore injection of mivacurium was 1. A maximum NMB
effect of 100% was achieved in 6 of 8 young controls, in

Table 1. Patient Data

Control
Group

Children

Control
Group

Adolescents
DMD Group

Children
DMD Group
Adolescents

N 8 8 11 11
ASA class I I II III
Age (yr) 6.3 � 1.6 13.5 � 2.6* 7.9 � 1.2 13.8 � 1.5†
Body weight (kg) 25 � 8 54 � 9* 27 � 6 54 � 20†
Height (cm) 120 � 15 168 � 16* 127 � 10 162 � 9†
BMI (kg/m2) 17 � 2 19 � 2 17 � 2 20 � 7

Data are given as mean � SD.

* P � 0.05 adolescents vs. children in the control group. † P � 0.05
adolescents vs. children in the DMD group.

ASA � American Society of Anesthesiologists; BMI � body mass index; DMD �
Duchenne muscular dystrophy.
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7 of 8 adolescent controls, in 10 of 11 young DMD
children, and in 6 of 11 adolescent DMD patients.

Table 2 summarizes the neuromuscular effects of mi-
vacurium in the four groups. Within the control group
there were no significant differences between young and
adolescent patients, whereas onset and recovery of NMB
were significantly delayed in the DMD adolescents, as
compared with the DMD children and the adolescent
controls. The young DMD patients did not differ signif-
icantly from the young controls.

There was a significant age-related increase of the
onset time (r2 � 0.30, P � 0.0089) and the recovery
index (r2 � 0.34, P � 0.0047) within the DMD patients
(fig. 1 and 2), whereas the age dependency in the con-
trol group was insignificant for onset time (r2 � 0.13,
P � 0.18) and recovery index (r2 � 0.03, P � 0.49).

Discussion

This study generally confirmed our previous finding
that the administration of mivacurium in patients with
DMD led to a significantly prolonged duration of NMB, as
compared with controls.8 Whereas in the previous study
patients with an age between 5 and 14 yr were pooled,
the separation into children and adolescents in the
present study allowed investigation of the effect of the
DMD progress on the neuromuscular blocking effect of
mivacurium. The young DMD children with a moderate
degree of DMD showed no significant differences, as
compared with the control group; whereas in the ado-
lescents with advanced DMD there was a significantly
prolonged duration and also a significantly prolonged
onset of NMB. The regression analysis of all DMD data

Table 2. Neuromuscular Effect Parameters

Control Group Children Control Group Adolescents DMD Group Children DMD Group Adolescents

Onset time (min) 2.0 (1.3–3.0) 2.5 (2.0–3.5) 2.2 (1.5–4.7) 4.0 (1.8–7.0)*
T25 (min) 11 (7.3–18) 12 (9.3–18) 12 (8.8–19) 19 (12–44)*†
T90 (min) 18 (12–27) 18 (14–27) 25 (20–31) 40 (25–63)‡
Recovery index (min) 4.4 (2.5–6.8) 4.8 (3.5–7.5) 6.8 (4.0–10) 12 (6.5–23)‡§
Recovery time (min) 8.5 (6.5–12.0) 9.1 (7.5–9.8) 12 (3.0–21) 18 (4.5–45)†
Maximum effect (%) 100 (94–100) 100 (97–100) 100 (98–100) 100 (75–100)

Data are given as median and range.

* P � 0.05 DMD adolescents vs. DMD children. † P � 0.05 DMD adolescents vs. control adolescents. ‡ P � 0.01 DMD adolescents vs. DMD children.
§ P � 0.005 DMD adolescents vs. control adolescents.

DMD � Duchenne muscular dystrophy; onset time � time between injection of mivacurium and onset of neuromuscular block; recovery index � time between
25% and 75% recovery of first twitch; recovery time � time between 25% recovery of first twitch and train-of-four ratio of 90%; T25 � time between injection
of mivacurium and 25% recovery of first twitch; T90 � time between injection of mivacurium and 90% recovery of first twitch.

Fig. 1. Onset time versus age in the control group (A) and in
Duchenne muscular dystrophy (DMD) patients (B). Shown are
the individual values (dots) and the linear regression lines.

Fig. 2. Recovery index versus age in the control group (A) and
in Duchenne muscular dystrophy (DMD) patients (B). Shown
are the individual values (dots) and the linear regression
lines.
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confirmed this age dependency of mivacurium effects in
DMD patients. In the control groups, which covered
comparable ranges of age, we did not find an influence
of age. The slightly smaller size of the control groups
may be a limitation, but our results for the control group
are in agreement with the findings of Østergaard et al.,
who showed that onset and duration of NMB after ad-
ministration of mivacurium were not different between
younger (3-6 yr) and older (10–14 yr) children.11 The
recovery index for the control group in the present
study was also in accordance with the results of other
authors, who found values between 4.1 and 7.3 min for
mivacurium in children.11–16 This suggests that the age
dependency in DMD patients found in the present study
is indeed an effect of the DMD progression and not
simply of age.

The origin of the observed alterations in DMD patients
is still unclear. As we did not measure mivacurium con-
centrations, it was not possible to discriminate pharma-
cokinetic and pharmacodynamic changes. A change in
pharmacokinetics seems, however, less probable, as the
plasma cholinesterase activity was not changed in DMD
patients. In a recent pharmacokinetic-dynamic study on
rocuronium in DMD patients, we found unchanged
pharmacokinetics, whereas the equilibration between
plasma and effect site concentration was significantly
slower (i.e., a smaller ke0), and the half maximum effect
site concentration EC50 was significantly smaller in DMD
patients.17 Possible physiologic mechanisms for such
alterations are structural changes in the nicotinic acetyl-
choline receptor and/or its signal transduction.

In conclusion, administration of mivacurium in DMD
patients led to an age-dependent delay of onset and
recovery, as compared with controls. These findings
support our hypothesis that neuromuscular blocking ef-
fects of neuromuscular blocking agents in DMD patients
depend on the stage of the disease. Although the age of
the DMD patients is only a surrogate parameter for the
stage of the disease, it seems to be adequate for clinical
practice as a more precise and easy-to-determine marker

is still missing. For clinical practice it is important that
the bolus dose to achieve maximum NMB is not different
for DMD patients and controls, and is also not changed
with increasing age and ongoing disease.
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