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Introduction 

Mitochondrial cytopathy [1] is a rare congenital disor- 
der characterized by progressive multiple-organ dys- 
function due to impaired production and conversion of 
adenosine triphosphate (ATP) in mitochondria. The 
main target organs are the muscle and encephalon 
which characteristically require a large amount of en- 
ergy. The heart, liver, and pancreas are sometimes 
involved. 

Although the clinical features of this disease are well 
described in the literature of pediatrics and general 
medicines, there are few reports about the management 
of anesthesia in patients with mitochondrial cytopathy. 
We report a case of general anesthesia for a 5-month- 
old infant with convulsion, difficulty in breathing, and 
uncontrollable diabetes resulting from severe mito- 
chondrial cytopathy who underwent tracheotomy, and 
we discuss the problems of the anesthetic management 
for mitochondrial cytopathy. 

Case report 

A 5-month-old male Japanese infant was admitted to 
our hospital for failure to thrive. He had been normal at 
birth and his family history was noncontributory. On 
admission, he had stopped breathing and required con- 
trolled mechanical ventilation. He exhibited convul- 
sions, increased deep tendon reflexes, and solid edema 
in all limbs. Biochemical testing revealed diabetes 
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[blood sugar 277mg.dl -~, HbAlc 4.1% (normal range: 
3.8%-5.3%), Hbal 8.1% (normal range: 5.3%-7.1%), 
insulin 1.5~U-m1-1 (normal range: 5-12btU.ml-1)], 
hyperlactemia 21.7mg.d1-1 (normal range: 4-16rag. 
d1-1) and hyperpyruvemia 1.9mg.dl ~ (normal range: 
0.3-0.9mg.dl- 0 and increased urinary excretion of 2- 
OH-n-butyrate, fumarate, and 2-ketoglutalate. The lat- 
ter are intermediates of the tricarboxylic acid (TCA) 
cycle which are not normally observed in the urine. An 
electroencephalograph showed multiple focal spikes. 
Computed tomography (CT) revealed atrophy of the 
frontal lobe. Mitochondrial encephalomyopathy was 
diagnosed. He was administered the following medi- 
cations: for convulsions, phenobarbital 40mg.day -1, 
sodium valproate 140mg.day 1, and carbamazepine 
10mg.day-~; for diuresis, furosemide 4mg.day-1; and 
for hyperglycemia 0.08U.kg 1.h-~ of insulin by con- 
tinuous subcutaneous infusion. Although chest X-rays 
showed small granulomatous shadows in both lung 
fields due to prolonged administration of controlled 
mechanical ventilation, the blood gases were well con- 
trolled: pH 7.42, partial arterial pressure of CO2 (Paco2) 
36mmHg, and 02 (Pa%) 134mmHg and base excess 
(BE) -0.1 at an inspired oxygen fraction (Fio2) 0.35. At 
the age of 5 months he weighed 7.1kg and was 72cm 
tall. Tracheotomy was scheduled for prolonged con- 
trolled ventilation under general anesthesia. 

No premedication was given. The infant was too 
small to monitor the level of neuromuscular blockade. 
Anesthesia was induced with diazepam lmg, fentanyl 
30~g, and vecuronium ling was administered for 
immobilization. However, muscle relaxation was not 
sufficient and a total dose of 2.2rag (0.3mg.kg -~) 
vecuronium was necessary for complete paralysis. 
Anesthesia was maintained with fentanyl using air 
and oxygen. As fluid management, we administered 
95ml of Solita T1 (Shimizu pharmacy corporation, 
Japan) (Na 90, C1 70, lactate 20mEq.1 -~ and glucose 
26g.1-~). He developed hyperkalemia (6.1mEq.1- 0 
intraoperatively due to the suspension of insulin in- 
fusion and furosemide. The potassium level decreased 
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to 5.2mEq.1 1 following the induction of diuresis by 
furosemide 0.5mg. The anesthetic time was 140min, 
blood loss was 2g, and urine volume was 38ml. All 
cardiovascular, respiratory, and temperature measure- 
ments stayed within the normal ranges, and no meta- 
bolic acidosis occurred perioperatively. 

Discussion 

Mitochondrial myopathy is a group of disorders with 
a variable clinical picture and an underlying mito- 
chondrial metabolic defect due to mutation of mito- 
chondrial genes. Although mitochondrial myopathy 
had ever been classified as Kearns-Sayre syndrome 
(KSS), mitochondrial myopathy, encephalopathy, lactic 
acidosis, and stroke-like episodes (MELAS), and 
so on according to clinical symptoms, it has been classi- 
fied into five categories according to deficiency of en- 
zymes [2,3] (Table 1). Our patient was diagnosed 
with acute encephalomyopathic type in complex IV 
deficiency, which is characterized as remarkable brain 
atrophy, muscle weakness, and multisystem involve- 
ment. Such patients present several challenges to 
anesthesiologists. 

D'Ambra et al. first referred to the anesthetic man- 
agement of patients with mitochondrial cytopathy in 
1979 [4]. Since then, several additional cases have been 
reported [5-13] (Table 2). Although these reports men- 
tion various types of mitochondrial cytopathies, meta- 
bolic disorder and myopathy are common anesthetic 
problem in all types of this disease. 

Metabolic disorders such as hyperlactemia or hyper- 
pyruvemia due to a greater oxygen demand than supply 

Table 1. Classification of mitochondrial cytopathy 

Abnormality of mitochondrial transport of substances 
Carnitine deficiency 
Carnitine palmityl transferase (CPT) deficiency 
Combined CPT and carnitine deficiency 

Abnormality of mitochondrial utilization of substrates 
Pyruvate dehydrogenase complex (PDHC) deficiency 

Abnormality of TCA cycle 
Fumarase deficiency 
a-Ketoglutal acid dehydrogenase deficiency 

Abnormality of electron transport 
Complex I (NADH CoQ-reductase) deficiency 
Complex ii (succinate CoQ-reductase) deficiency 
Complex III (CoQcytochrome c reductase) deficiency 
Complex IV (cytochrome c oxidase) deficiency 
Complex V (ATPase) deficiency 
Combined Complex I-V deficiency 

Abnormality of energy conservation and transduction 
Luft's disease 
Mitochondrial ATPase deficiency 

TCA, tricarboxylic acid. 

in peripheral tissue lead to metabolic acidosis [7,9,11]. 
To avoid metabolic acidosis, the anesthetic level, venti- 
lation, heart rate and blood pressure (cardiac output), 
Sao2, and hemoglobin level should be monitored and 
enough oxygen delivery should be maintained [8-11]. 
Go et al. reported intraoperative metabolic acidosis in- 
duced by hyperlactemia due to depression of lactate 
resolution in spite of good oxygen delivery [7]. There- 
fore, it might be better to avoid large amounts of lac- 
tated Ringer's infusion in cases with mitochondrial 
cytopathies, though no metabolic disorder was recog- 
nized in our case. 

Myopathy is a second common anesthetic problem. 
Patients with mitochondrial cytopathy have an in- 
creased susceptibility to malignant hyperthermia (MH) 
[14]. One child with mitochondrial myopathy developed 
signs of MH after the induction of general anesthesia 
[5]. As the relationship between MH and this disorder 
has not been clarified, it is wise to select neuro- 
leptanesthesia and nondepolarizing muscle relaxants to 
avoid MH [14]. 

In patients with mitochondrial myopathy, muscle re- 
laxants should be used cautiously because of muscle 
weakness. Although D'Ambra et al. [4] reported that 
responses to depolarizing and nondepolarizing muscle 
relaxants were normal in cases of Kearns-Sayre syn- 
drome, i t  is preferable to avoid them [8-10]. If these 
agents are required during surgery, a minimal dose of a 
nondepolarizing muscle relaxant should be adminis- 
tered under careful monitoring of neuromuscular block- 
ade, especially in patients with severe muscle weakness, 
as seen in our case [6,7,10]. However, a large dose of 
vecuronium (0.3mg.kg 1) was ultimately required to 
induce muscle relaxation in the present case compared 
with the dose used for intubating a healthy man: 
0.07-0.1mg.kg -1 [15]. Since any drug that can influ- 
ence the central nervous system can also influence the 
neuromuscular junctions, anticonvulsants given as pre- 
operative medication might modify the neuromuscular 
blockade. Phenytoin produces resistance to neuromus- 
cular blocking drugs by antagonizing acetylcholine at 
the prejunctional receptors [16]. Pancuronium and 
carbamazepine compete for the same site at the neuro- 
muscular junction [17]. The numerous anticonvulsants 
administered to this patient might make him resistant to 
the competitive neuromuscular blockers. Since patients 
with mitochondrial cytopathies often receive anticon- 
vulsants, the possibility of the development of resis- 
tance to neuromuscular blockade must be kept in mind. 

Cardiomyopathy is another possible lethal com- 
plication of this disease [12,18]. Although no cardiac 
event occurred in the present case, the heart must 
be carefully monitored perioperatively, and temporary 
pacing might be necessary in the event of a sudden A-V 
block. 
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Table  2, Anes the t i c  m a n a g e m e n t  in ten cases of mitochondria l  cytopathy 

Author (year) Anesthesia F l u i d  Perioperative 
[reference No.] Age/Sex Diagnosis Major symptom Operation Muscle relaxant with l ac ta t e  complications 

D'Ambra (1979) [4] 23 Y/F KSS Ptosis, l i m b  N e p h r o s t o m y  GO-meperidine Not described None 
weakness SCC, pancuronium 

Ohtani (1985) [5] 2 Y/F U n k n o w n "  Lumbar lordosis, Muscle biopsy GOF SCC Not described Malignant hyperthernria 
muscle weakness 

Nogata (1986) [6] 42Y/F KSS Optha lmopegia ,  Mastectomy NLA pancuronium Not described None 
muscle atrophy 

Go (1987) [7] 12 Y/M MERRF Mental retardation, 1) Appendectomy GOF pancuronium (+) Hyperthermia (38.5~ 
15 Y myoclonus epilepsy 2) Laparotomy GOE pancuronium (+) Metabolic acidosis 
15 Y 3) Laparotomy GOE pancuronium (+) Metabolic acidosis 

Kameumi (1987) [8] 62Y/M KSS Optha lmopeg ia ,  Tarsoplasty GOF none (+) None 
muscle atrophy 

Shimizu (1988) [9] 6 Y/F MELAS Mental retardation, Muscle biopsy GOF none (+) Metabolic acidosis 
epilepsy 

Burns (1989) [10] 6 weeks/F Fumarase  Jaundice Liver biopsy GOI none ( ) Metabolic acidosis 
Deficiency Hypotonia 

Moritsune (1992) 21Y/F CCOD Lower diplegia, Phacoemulsification GOE vecuronium (-)  Metabolic acidosis 
[11] mental retardation 
Klockgether-Radke 1) 40 Y/F KSS Retinitis pigmentosa Mastectomy NLA vecuronium Not described Bradycardia 
(1993) [12] 2) 43 Y/M KSS Muscle weakness Hernioplasty NLA vecnronium Not described Bradycardia 
Breucklng (1993) 48 Y/F Luft's disease Fever, tachyeardia, Repair of A-V NLA vecuronium Not described None 
[13] sweating fistula 
Maegawa 5 months/M CCOD Mental retardation, Tracheotomy NLA vecuronium (+) None 
(present study) muscle weakness 

Y, year-old; M, male; F, female; KSS, Kearns-Sayre syndrome; MERRF, myoclonus epilepsy associated with ragged-red fibers; MELAS, mitochondrial myopathy, 
encephalopathy, lactic acidosis and stroke-like episodes; CCOD, cytochrome c oxidase deficiency; NLA, neuroleptanesthesia; E, enfiurane; F, halothane; I, 
isoflurane. 
Muscle biopsy disclosed ragged red myofibers and impaired oxidative phosphorylation in mitochondria. 

Diabetes mellitus is commonly accompanied by 
mitochondrial cytopathy and is sometimes uncontrol- 
lable for insufficient insulin secretion as seen in our case 
[19]. Hypoglycemia induces lipolysis and hyperglycemia 
induces activation of phosphofructokinase leading to 
hyperlactemia due to increased glycolysis. Although 
blood sugar was maintained at a normal level in our 
case, hyperkalemia was observed, which might be a 
rebound reaction to the infusion of the insulin sus- 
pension. Control of blood sugar and electrolytes was 
essential for the perioperative management of this 
disease. 

In conclusion, prevention of metabolic acidosis, 
control of blood sugar and electrolytes, monitoring 
for the possibility of MH, cardiac failure due to 
cardiomyopathy, and administration of adequate 
doses of muscle relaxants are the major considera- 
tions for anesthesia in patients with mitochondrial 
cytopathy. 

References 

1. Egger J, Lake BD, Wilson J (1981) Mitochondrial cytopathy. A 
multisystem disorder with ragged red fibers on muscle biopsy. 
Arch Dis Child 56:741-751 

2. Rowland LP (1983) Molecular genetics and clinical neurology. 
Neurology 33:1179 1191 

3. Dimauro S, Bonilla E, Zeviani M, Servidei S, DeVivo DC, Schon 
EA (1987) Mitochondrial encephalomyopathies. J Inher Metab 

4. 
Dis 10:113-128 
D'Ambra MN, Debrick D, Savarese JJ (1979) Kearns-Sayre syn- 
drome and pancuronium-succinylcholine-induced neuromuscular 
blockade. Anesthesiology 51:343-345 

5. Ohtani Y, Miike T, Ishitsu T, Matuda I, Tamari H (1985) A case 
of malignant hyperthermia with mitochondrial dysfunction. Brain 
Dev 7:249 

6. Nogata S, Morooka H, Kawahara K, Ariyoshi S, Haseba J, Gotou 
H (1986) Anesthesia for a patient with Kearns-Sayre syndrome 
(in Japanese with English abstract). Nippon Rinshou Masui 
Gakkaishi (J Jpn Soc Clin Anesth) 6:69-72 

7. Go R, Sakata M, Kato M, Arase T, Saitou T (1987) Anesthetic 
management of mitochondrial encephalomyopathy (in Japanese). 
Rinshou Masui (J Clin Anesth) 11:57-61 

8. Kameumi A, Komura Y, Mishima S (1987) Anesthetic manage- 
ment of mitochondrial myopathy (in Japanese). Rinshou Masui 
(J Clin Anesth) 11:1377 1378 

9. Shimizu H, Suzuki H, Fujita M, Kitano S, Hayashi K, Fukayama 
Y (1988) Anesthetic management of a child with mitochondrial 
encephalomyopathy (in Japanese). Tokyo Jyoshi Ika Daigaku 
Zasshi (J Tokyo Women's Med Coll) 58:1132-1134 

10. Burns AM, Shelly MP (1989) Anaesthesia for patients with mito- 
chondrial myopathy. Anaesthesia 44:975-977 

11. Moritsune O, Horibe M, In-nami H, Okada K, Ochiai S, Gotou S 
(1992) Anesthetic management of mitochondrial encephalo- 
myopathy (in Japanese with English abstract). Nippon Rinshou 
Masui Gakkaishi (J Jpn Soc Clin Anesth) 12:83-87 

12. Klockgether-Radke A, Henze T, Braun U, Kettler D (1993) 
Anesthesia in two patients with mitochondrial myopathy. Anaes- 
thesist 42:111-114 

13. Breucking E, Mortier W, Lampert R, Brandt L (1993) 
Anaesthesia and intensive care for a patient with mitochondriai 
myopathy and a general condition similar to that seen with malig- 
nant hyperthermia. Anaesthesist 42:719-723 

14. Figarella Branger D, Kozak Ribbens G, Rodet L, Aubert M, 
Borsarelli J, Cozzone PJ, Pellissier JF (1993) Pathological findings 



Y. Maegawa et al.: Anesthesia for mitochondrial cytopathy 379 

in 165 patients explored for malignant hyperthermia susceptibil- 
ity. Neuromuscul Disord 3:553-556 

15. Miller RD, Savarese JJ (1990) Pharmacology of muscle relaxants 
and their antagonists. In: Miller RD (ed) Anesthesia. Churchill 
Livingstone New York, pp 389-435 

16. Ornstein E, Matteo RS, Schwartz AE, Silverberg PA, Young WL 
(1987) The effects of phenytoin on the magnitude and duration of 
neuromuscular block following atracurium or vecuronium. Anes- 
thesiology 67:191-196 

17. Roth S, Ebrahim ZY (1987) Resistance to pancuronium in 
patients receiving carbamazepine. Anesthesiology 66:691- 
693 

18. Anan R (1991) Cardiac involvement in mitochondrial disease: a 
clinical study of 38 patients (in Japanese with English abstract). 
Igaku Kenkyu (Acta Medica) 61:49-59 

19. Piccolo G, Aschei M, Ricordi A, Banff P, Curto FL, Fratino P 
(1989) Normal insulin receptors in mitochondrial myopathies 
with ophthalmoplegia. J Neurol Sci 94:163-172 


