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Purpose: To describe the prolonged effect of the intermediate-acting, non-depolarising neuromuscular blocking 
agents rocuronium and atracurium in a 29-yr-old apparently healthy woman. 
C l in ica l  features: Because of abdominal pain the patient was scheduled for explorativelaparoscopic pelvic 
examination. General anaesthesia was induced with fentanyl, midazolam and propofol. Muscle relaxation was 
achieved with 0.6 mg.kg-' rocuronium. Anaesthesia was maintained with nitrous oxide and propofol. Two Hz 
train-of-four stimulation every 15 sec evoked no twitch responses until 60 min after rocuronium. Further relax- 
ation was achieved with 0.075 mg.kg-' atracurium after which twitch responses recurred after 45 min. Fifteen 
minutes later neuromuscular blockade was successfully reversed with atropine and neostigmine. The postanaes- 
thetic course was uneventful. Because of the increased sensitivity to rocuronium and atracurium the patient was 
re-evaluated postoperatively. History revealed occasional double vision, fatigue, muscle cramps, stiffness and myo- 
globinuria. Clinical neurological examination showed ptosis, tremor, ataxia and bradydiadochokinesia. A standard- 
ised lactate stress testing on a bicycle was pathological and, after muscle biopsy, the diagnosis of mitochondrial 
myopathy was established. 
Conc lus ion :  An increased sensitivity to rocuronium and atracurium may occur in patients with mitochondrial 
myopathy. In these patients appropriate dosing of muscle relaxants and adequate monitoring of the neuromuscu- 
lar blockade are required. If an increased sensitivity to rocuronium and atracurium occurs in an apparently healthy 
subject, further neurological investigations should follow. 

Ob jec t i f  : D&r i re I'effet prolong~ des inhibiteurs neuromusculaires non d~polarisants ~ action interm~diaire, 
rocuronium et atracurium, chez une femme de 29 ans apparemment en bonne sant~. 

Aspects c l in iques : La patiente a 6t~ admise pour un examen laparoscopique exploratoire du bassin ~ la suite 
de douleurs abdominales. I'anesth&ie g~n&ale a ~t~ induite avec du fentanyl, du midazolam et du propofol. La 
relaxation musculaire a ~t~ obtenue avec 0,6 mg'kg ~ de rocuronium. I'anesth&ie a ~t~ maintenue avec du pro- 
toxyde d'azote et du propofol. Une stimulation de deux Hz en train-de-quatre ~ toutes les 15 secondes n'a pas 
d&lench~ de contraction musculaire avant 60 minutes suivant radministration du rocuronium. Une relaxation 
suppl6mentaire a ~t~ obtenue, avec 0,075 mg.kg -~ d'atracurium, apr~s laquelle les contractions musculaires ont 
reparu 45 minutes plus tard. Apr~s quinze minutes, le bloc neuromusculaire &ait renvers~ avec succ& avec ra- 
tropine et la n(.~ostigmine. I'~volution postanesth~sique a ~t~ sans complication. La patiente a ~t6 ~valu6e de nou- 
veau apr& I'intervention ~ cause de la sensibilit~ accrue au rocuronium. I'histoire a r~v~l~ une diplopie 
occasionnelle, de la fatigue, des crampes musculaires, de la raideur et de la myoglobinurie. ~examen neurologique 
clinique a montr6 de la prose, des tremblements, de rataxie et de la bradydiadococin&ie. Une ~preuve d'effort 
au lactate, sur une bicyclette, s'est r6v~16 pathologique et, apr& la biopsie musculaire, le diagnostic de myopathie 
mitochondriale a ~t~ rendu. 
Conclus ion : Une sensibilit~ ~lev~e au rocuronium et ~ I'atracurium peut survenir chez les patients atteints de 
myopathie mitochondriale. Chez ces patients, le dosage appropri6 de relaxants musculaires et la surveillance adequate 
du bloc neuromusculaire sont n&essaires. Si une grande sensibilit~ au rocuronium et ~ ratracurium se manifeste chez 
un sujet en bonne sant6 apparente, des examens neurologiques compl~mentaires devraient &re faits. 
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M ITOCHONDRIAL disorders are a clin- 
ically and genetically heterogeneous 
group of  disorders manifesting in 
impaired o~dative metabolism. ~ In 

some patients with mitochondrial myopathy an 
increased sensitivity to mivacurium, d-tubocurarine, 
and succinylcholine has been reported. 2-4 A prolonged 
effect of rocuroniurn and atracurium has not been 
described in these patients. 

Case report 
A 29-yr-old Afghani, apparently healthy woman (weight 
66 kg, height 165 cm) was scheduled for laparoscopic 
pelvic examination under general anaesthesia because of 
lower abdominal pain. Preoperatively, she reported no 
other symptoms and her previous anaesthetic history 
appeared uneventful. Premedication was with 0.3 
mg.kg -t chlorazepam, po. Anaesthesia was induced with 
0.0037 mg.kg q, fentanyl, 0.045 mg.kg -1 midazolam 
and 2.3 mg.kg -1 propofol. One minute after 0.6 
mg.kg -1 rocuronium, intubation was easily achieved. 
Anaesthesia was maintained with nitrous oxide 65% in 
oxygen and 2-2.5 mg-kg-khr -~ propofol. To monitor 
relaxation, the right ulnar nerve was stimulated supra- 
maximally at the wrist with square pulses (duration: 0.2 
msec, amplitude: 60 n~) ,  delivered in a train-of-four 
(TOF) sequence at 2 Hz every 15 sec, using a Neurostim 
T4 stimulator. The grade of relaxation was assessed visu- 
ally and tactilely by counting the resultant contractions 
of the right adductor pollicis muscle. Neuromuscular 
monitoring commenced immediately after administra- 
tion ofrocuronium but there was no response to stimu- 
lation for 60 rain when the first twitch could be evoked. 
Because of this prolonged effect, increased sensitivity to 
rocuronium was assumed. As further relaxation was nec- 
essary, 0.075 mg.kg -I atracurium were administered at a 
TOF count of 2, 65 rain after administration ofrocuro- 
nlum. This produced profound relaxation and the first 
twitch response returned only after the termination of 
surgery, 45 n~n later. A fitrther 15 rain later, three 
twitches could be evoked and neuromuscular blockade 
was successfully reversed with 0.015 mg.kg -I atropine 
and 0.037 mg.kg -~ neostigmine. Propofol and nitrous 
oxide were ternfinated and five minutes later, the patient 
awoke. Recovery of neuromuscular block was confirmed 
by sufficient spontaneous ventilation, head lift >5 sec 
and lack of TOF fade and the trachea was extubated. 
Total duration of anaesthesia was 130 min. The patient 
had been stable haemodynamically throughout the 
operation. The postanaesthetic course was uneventful. 

Because of  the increased sensitivity to rocuronium 
and atracurium, the patient's history was re-evaluated 
postoperatively. Neuromuscular disease was suspected 
and the patient was referred to the neurology depart- 

ment. The patient reported occasional muscle cramps, 
muscle stiffness and increased fatigability for six years. 
During the delivery of  her third child, poor uterine 
contractions were observed. In the preceding two years 
she had observed episodes of  myoglobinuria, occa- 
sional double vision and morning ptosis. A previous 
general anaesthetic was followed by a slightly prolonged 
recovery. She was not taking any medication, in par- 
ticular none which could have interacted with the 
muscle relaxants. There was no family history of  neu- 
romuscular disease. On neurological examination a 
left sided ptosis, reduced mimicry, ataxia of the left 
arm, postural tremor and bradydiadochokinesia were 
found. Myasthenia gravis was assumed but was exclud- 
ed by laboratory and electrophysiological investiga- 
tion. Quantitative needle EMG of the right brachial 
biceps muscle was normal. Serum lactate increased to 
1.6, 2.2, 2.4, 2.8 and 1.7 mmol.l l during standardised 
physical stress on a bicycle (upper reference limits: 1.9, 
2.0, 2.1, 2.0 and 1.7 mmol-I l respectively). Muscle 
biopsy from the left deltoid muscle revealed occasion- 
al subsarcolemmal accumulation of  mitochondria, par- 
tial cytochrome-c deficiency, glycogen storage within 
the mitochondrial matrix and abnormal proliferation 
of  the mitochondrial cristae. Molecular genetic analy- 
sis of  the leucocytic mt DNA failed to detect any of  
the known or new mitochondrial mutations. Based on 
the history, the clinical appearance, the abnormal lac- 
tate stress test and the muscle biopsy, a diagnosis of  
mitochondrial myopathy was established. 

Discussion 
In the reported patient an increased sensitivity to 0.6 
mg-kg -l rocuronium and 0.075 mg-kg -1 atracurium 
was assumed, since neuromuscular block lasted for 60 
and 45 min with TOF stimulation respectively. This 
prolonged effect prompted further neurological inves- 
tigations leading to the diagnosis of mitochondrial 
myopathy. In such a patient non-depolarisingmuscle 
relaxants have to be used with caution and under ade- 
quate neuromuscular monitoring. 

Increased sensitivity to muscle relaxants has been 
previously reported in patients with mitochondrial 
myopathy and may be the first indication of  their dis- 
ease. 2-4 Exaggerated relaxation has been observed 
especially after mivacurium 2 and d-tubocurarine. 3 
Reports of  succinylcholine in patients with mitochon- 
drial myopathy are controversial. On the one hand suc- 
cinylcholine has been suggested to be safe, 4,5 on the 
other hand a prolonged recovery after succinylcholine 
has been observed. 4 An uneventful anaesthetic course 
has been seen only for vecuronium, 4,6,7 pancuronluna s,s 
and atracurium. 4,6,7,9 An increased sensitivity to rocuro- 
nium has not been reported before in patients with 
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mitochondrial myopathy, s The normal duration of  
neuromuscular blockade after 0.6 mg.kg -1 rocuronium 
is said to be 29 • 20 min. l~ Thus, our observation of  
60 min is above the upper end of  the normal range, 
disregarding the great variation in response to neuro- 
muscular blocking agents in individual patients) 1 The 
prolonged effect to rocuronium may be explained with 
altered pharmacokinetics and dynamics due to the 
combination of  a chronic metabolic acidosis (lactate 
increase already at low levels of  effort) and a compen- 
satory respiratory alcalosis. 4 The prolongation of  
action of  atracurium may be explained with a possible 
potentiation of  atracurium by rocuronium. 12,13 

Dosage reduction of  muscle relaxants may nor- 
malise the prolonged effect of  patients with mitochon- 
drial myopathy to these agents, but in severe cases or 
during delivery it might be wise to avoid muscle relax- 
ants entirely. 14 Which muscle relaxants require dose 
reduction and which should be avoided, remains 
unknown. In our patient, the muscle relaxant was 
changed to atracurium because of  its different phar- 
macokinetic properties compared with rocuronium. 
No potentiating and synergistic effect with the combi- 
nation of  rocuronium and atracurium has been 
reported although synergy between atracuriurn and 
vecuronium, atracurium and pancuronium, atracuri- 
um and pipereuronium and rocuronium and mivacuri- 
um is well documented. 12,13 

To avoid problems during anaesthesia in patients 
with mitochondrial myopathy, the diagnosis should be 
established before operation. Unfortunately, one of  the 
main characteristics ofmitochondrial myopathies is their 
clinical and genetic heterogeneity making diagnosis dif- 
ficult. The same phenotype may be due to different 
mutations and, conversely, a single mutation may lead to 
widely differing clinical presentations. A single pheno- 
type may depend not only on the type of  the affected 
gene but also on the abundance of  the mutation, the 
distribution of  the mutation within a single and differ- 
ent tissues and the time at which a mutation occurs. 
Additional factors may be age and environment) 

Symptoms and signs that are reported in patients 
with mitochondrial myopathy include ptosis, double 
vision, limb weakness, muscle pain, cramps, jerks, 
fatigue, reduced endurance, stiffness, myoglobinuria 
(neuromuscular involvement), seizures, syncope, verti- 
go, headache, dystonia, unconsciousness, impaired visu- 
al acuity, neuropsychological deficits, hypacusis (CNS 
involvement), anginal pain, rhythm abnormalities, dysp- 
nea, edema (cardiac involvement) and polyphagia, poly- 
dipsia, impotence, hyperhidrosis (endocrinological 
involvement). Clinical neurological investigation may 
reveal short stature, facial and limb weakness and wast- 
ing, visual impairment, ophthalmoplegia, nystagmus, 

impaired hearing, normal, reduced, absent or exaggerat- 
ed deep tendon reflexes, hypotonia or spasticity, ataxia, 
dystonia, impaired sensation and gait abnormalities. 
Often, symptoms and signs are only mildly expressed 
and may be overlooked so that anaesthetic management 
should begin with thorough review of  the history and 
physical examination.14 Even slight abnormalities should 
be taken seriously. ~s 

It is concluded that increased sensitivity to rocuroni- 
um and atracurium may occur in patients with mito- 
chondrial myopathy. In these patients, appropriate 
dosing of  muscle relaxants and close monitoring of  the 
neuromuscular blockade are required. An increased 
sensitivity to rocuronium and atracufium in apparently 
healthy subjects should also provoke detailed neurolog- 
ical examination which may lead to the diagnosis of  a 
formerly unrecognised neuromuscular disorder. 
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