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Anaesthetic management 
of a patient with Leigh's 
syndrome 

~ r  Leigh's syndrome, a progressive neurodegenerative disorder of infancy and childhood, is dinically charac- 
terized mainly by developmental delay, nervous system dysfunction and respiratory abnormalities such as aspiration, 
wheezing, breathing ditf~ulties, gasping, hypoventilation and apnoea. Acute exacerbation and respiratory failure may 
follow surgery, general anaesthesia or intercurrent illnesses. Hypedactataemia is variably present. Histopathologlcal 
findings indude necrosis, vascular proliferation, astrocytosis and demyelinafion of several brain areas. We present a 
30-month-old patient ~ Leigh's syndrome anaest~zed for extracorporeal shockwave litf~tdpsy, and describe the 
anaesthetic considerations. 
tr'~linlcal features: Leigh's syrrlrome was diagnosed at f~e months of age based on failure to thrive, lethargy, hypo- 
tonicity, choreo-athetosis and lactic addaemia, with basal ganglia hypodense areas demonsbaled by brain computer- 
ized tomographic scan. Muscle p ~  dehydrogenase complex and NADH- coenzyme Q ~xidoreductase activity 
were 25% and 13% of control. No preoperative respiratory symptoms or signs were present. Preoperative fasting 
lasted two hours and gastric a s p i ~  was negat~e. Anaesthesia was induced with ketamine and midazolam ira, and 
N~O in oxygen, and maintained with propofol and N~O. No volatile anaesthetics were used. Intravenous fluids given 
were �89 normal saline and glucose 5% administered. Besides laryngospasm during anaesthetic indu~on, relieved by 
sublingual sucdnylcholine injection, the perianaesthe~ course was uneventful. The lungs were mechanically ventilat- 
ed and lithotripsy was performed. No adverse sequelae have occurred, and the patient was discharged one day later. 
Condmiom Perioperative management of patients with Lei~n's syndrome requires cautious attent~ to the rneta- 
bolic, neurological and respiratory aspects of the disease, and appropriate selection of anaestf~c drugs. 

O1~r162163 : Le syndrome de Leigh, une maladie infantile neuromusculaire progressive, est carac~ri~ par un retard 
clu dEveloppement, un dysfonctionnement nerveux et par des anomalies respiratoires comme I'aspiration, le wheez- 
ing, les diflicultEs respiratoires, le halEternent, I'hypoventilation et I'apr~e. Une agg~vation aiguE et une dCr4aillance res- 
piratoire peuvent survenir aprEs la chirurgie, I'anesthEsie gEn&ale ou une maladie concomitante. Le syndrome 
s'accompagne parfois d'hypedactat~mie, i'histopatholog~ r~vEle de la nEcrose, de la prolif~ratk~ vasculaire, de I'as- 
trocytose et de la d~my~linisation de plusieurs r~ons du cerveau. Nous pr~sentons le cas d'un enfant de 30 rnok 
souffrant du syndrome de Leigh anesth~si~ pour une lithotripsie extracorporelle par ondes de choc ainsi qu'un apergj 
des consid&ations anesth~iques. 
~r  cliques : Un diagnostic de syndrome de Leigh a ~ port~ ~ I'~ge de trois mois devant I'absence de 
d6veloppement, la I~tthar~, I'hypotonicit~, la ~ ~  et I'add6mie lacticlue et la d~monstr~on d'une 
d(~my~linisatJon des ganglions de la base par tomographie informatis6e. Le complexe pyruval:e-d~hydro~nase et 
I'activit6 du coenzyme NADH Q oxydorvaductase fitraient ~ 25% et 30% du contr61e. En ~ r e ,  le patient 
ne pr~sentait aucun signe sympt6mes respiratoires. Un jeQne i : ~ r a t o i r e  de deux heures a Cr~ impos~ ; I'aspira- 
tion gastrique s'est av~rvae n~agative. Uanestl~ a ~ induite avec de la ~ i n e  et du midazolam im et du N20 en 
oxy~ne et rnaintenue avec propofol et N20 sans agent volatil, be patient a reg~ en liquide i,,iJdveineux une solution 
de NaCl 0,45% et de glucose 5%./~ I'exception d'un laomgospasme trait(~ A la succinylcholine sublin~uale .~ I'induc- 
tion, la p&iode p6rianestt~que s'est d6roul6e sans incident. La lithotripsie a 6t6 r6alis~ sous v~lation m&anique. 
II n'a pas eu de s6quelles et le patient a obtenu son cong6 le lendemain. 
Condmdon : La prise en charge i~riopEratoire du syndrome de Leigh exige une attention particuli6re au profil 
m~abolique, neurologique et respiratoire de la maladie ainsi qu'une s~lection pertinente des agents anestt~ques. 
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L EIGH'S syndrome (subacute necrotizing 
encephalomyelopathy) is a progressive neu- 
rodegenerative disorder of infancy and early 
childhood, that was first described in 1951 

by Denis Leigh.1 It is characterized by failure to thrive 
(FTT), developmental delay, brainstem dysfunction, 
seizures, peripheral neuropathy, optic atrophy, and 
altered temperature regulation, z-4 Respiratory abnor- 
malities may include breathing difficulties, propensity 
to aspiration, sobbing, sighing, gasping, suffocating, 
hypervenfilation, "asthma," stridor, gross rhythm irreg- 
ularity and apnoea, z,3,s With progression of the illness, 
central hypoventilation and apnoea become more 
apparent. 4 Acute exacerbation may follow surgical pro- 
cedures 3 or intercurrent illnesses 4 and respiratory failure 
has been reported after general anaesthesia, s,s Increased 
serum lactate and pyruvate concentrations are variably 
present. 2,s 

Histopathological findings include symmetrical foci 
of necrosis accompanied by vascular proliferation, 
astrocytosis and demyelination in the basal ganglia, 
brainstem and spinal cord. 2-4,6 

Leigh's syndrome has been reported in patients with 
pyruvate dehydrogenase complex (PDHc) defect and 
various defects of the mitochondrial respiratory chain. 7-11 
These conditions share in common impaired energy pro- 
duction and lactic acidaemia which possibly play an essen- 
tial role in the pathogenesis of the syndrome. 

Diagnosis is generally based on the combination of the 
specific clinical abnormalities, a characteristic magnetic 
resonance imaging (MRI) or computerized tomographic 
scan (CT) appearance (MRI is much more sensitive than 
CT scan), and raised serum or cerebrospinal fluid lactate 
and pyruvate, s,12,1s The most constant radiological find- 
ing is bilateral radiolucent or hypodense regions in the 
basal ganglia, most often localized in the putamina. 
Bilateral symmetrical low density areas have been report- 
ed in the thalamus, throughout the midbrain and adja- 
cent to the fourth ventricle, and scattered throughout the 
brain. These findings are dynamic and may vary with 
t i lde .  12 

Anaesthesia has rarely been reported in patients 
with Leigh's syndrome, s0L14 In addition, to the best 
of  our knowledge, urinary calculi have never been 
associated with this syndrome. In previously reported 
anaesthetics, thiopentone S,n04 and volatile agents s 
were used, although the potential adverse effects of 
these in Leigh's syndrome have been described. 3,11,14 
Attention to normoventilation, acid-base status, and 
iv administration of fluids without lactate, s,ll as well as 
the avoidance of elective anaesthesia in patients with 
respiratory manifestations of Leigh's syndrome s have 
been recommended. 

We describe the anaesthetic course for extracorpo- 
real shockwave lithotripsy (ESWL) in a child with 
Leigh's syndrome, and review the anaesthetic consid- 
erations. 

Case report  
A 30-month-old girl of Jcwish-Kurdish origin was 
admitted for lithotripsy of a right ureter calculus, man- 
ifested by recurrent vomiting, apathy and right 
abdominal tenderness. Abdominal ultrasound and 
intravenous pyelogram disclosed a 7 x 10 mm opaque 
stone in the proximal right ureter causing moderate 
hydronephrosis. A 24-hr urine oxalate was 26 mg 
(normal: 5-40) and a qualitative test for calcium- 
oxalate-phosphor crystals was positive. 

Leigh's syndrome was diagnosed at the age of  five 
months based on a clinical picture of FTT, lethargy, 
muscle hypotonia, choreo-athetosis and absent deep 
tendon reflexes, lactic acidaemia (arterial blood PH- 
7.35, serum lactate concentration 4.4 and 6.1 
mMol.L -1 in fed and fasting states, respectively; nor- 
mal ~2.1), and symmetrical hypodense areas in the 
basal ganglia demonstrated by brain CT. In muscle 
tissue, the activity of PDHc and NADH-coenzyme Q 
oxidoreductase (complex I of  the respiratory chain) 
were reduced to 25% and 13% of control, respective- 
ly. The activities of citrate synthase, cytochrome C oxi- 
dase and succinate:cytochrome C oxireductase were 
within the normal range. Treatment with dichloroac- 
etate (40 mg.kg-l.day -l twice a day), riboflavin (50 
mg.day -1, once daily) and thiamine (25 mg.day q once 
daily) was initiated (and still continued during present 
admission). Serum lactate had normalized, and a 
brain MRI performed at the age of  12 mo was nor- 
mal. At the age of eight months, percutaneous feed- 
ing gastrostomy was inserted uneventfully under 
halothane-N20 anaesthesia because of feeding diffi- 
culties. The patient's medical history was negative for 
respiratory symptoms. 

On the present admission, weight was 13.3 kg and 
height was 82.5 cm (50th, and < 3rd percentiles, respec- 
tively). Psychomotor development was severely retard- 
ed. She understood simple words only, and did not talk. 
The choreo-athetoid movements had disappeared but 
dystonic posturing was still evident. She could roll over 
and sit steadily but did not crawl. She could perform 
only very simple fine motor tasks. Deep tendon reflexes 
were easily elicited. The rest of the physical examination, 
including the respiratory system and chest x-ray, were 
normal. Serum lactate concentration was 1.5 mMol-L -1. 
Arterial blood gas analysis revealed oxygen saturation of 
92%, PO2-65 mmHg, PCO2-31 mmHg, pH-7.36 and 
base excess of-6 mMol.L -1. 
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Preoperative fasting lasted four hours except for 
water administration through the gastrostomy which 
continued until two hours before anaesthetic induction. 
Aspiration of  the stomach through the gastrostomy 
before anaesthetic induction was negative for fluid or 
solid material. No drugs were given before anaesthetic 
induction. Intraoperative monitoring included ECG, 
non-invasive automatic arterial pressure, pulse oxime- 
try, CO 2 capnography and oesophageal temperature. 

General anaesthesia was induced with 80 mg keta- 
mine, 1 mg midazolam and 0.2 mg atropine im, and 
inhalation of  N20 70% in oxygen by face mask. While 
peripheral venous cannulation was attempted, laryn- 
gospasm with desaturation occurred. Since it did not 
respond to the administration of  continuous positive 
airway pressure (CPAP) with oxygen 100% and, to 
achieve prompt muscle relaxation, 30 mg succinyl- 
choline was injected sublingually. Successful mask ven- 
tilation was quickly resumed and haemoglobin 
saturation rapidly increased from 39% to 98%. Cardiac 
arrhythmias were not observed on the ECG monitor. 
After cannulation of  a peripheral vein and deepening 
of  anaesthesia with propofol (total dose 50 rag) and 
20 mg lidocaine iv, orotracheal intubation was easily 
accomplished using a 4.5 mm ID Portex tube and the 
lungs were mechanically ventilated. Anaesthesia was 
maintained with N20 70% in oxygen and propofol at 
a rate of  125-175 lag-kg-l.min -1. The patient was 
transferred to the hydraulic chair of  the Lithotriptor 
(HM3 Dornier, Munchen, Germany) and immersed 
in a warm water bath where lithotripsy was performed. 
The treatment was completed within 40 rain, during 
which the patient received 300 ml half normal saline 
in dextrose 5% iv. Oxygenation, ventilation, haemody- 
namic and metabolic status and temperature remained 
normal. 

The anaesthetic maintenance and recovery, and the 
postoperative course were uneventful. Plain abdomi- 
nal x-ray performed in the next day demonstrated few 
stone fragments along the ureter, and the patient was 
discharged home. Fourteen days later, no urinary cal- 
culi were seen, and the size of  the renal shadow had 
decreased. 

Discussion 
The anaesthetic management for lithotripsy of  a 30- 
month-old patient with Leigh's syndrome is described. 
The syndrome was previously diagnosed based on phys- 
ical and developmental delay, neurological manifesta- 
tions and lactic acidaemia, with basal ganglia hypodense 
areas demonstrated by brain CT. Treatment with 
dichloroacetatc, ribofla~n and thiamine was initiated 
and it seemed that the metabolic status of  the patient 

was optimized since serum lactic acid concentration and 
pH were normalized. Anaesthesia was induced with ket- 
amine and midazolam ira, and N20 in oxygen, and 
maintained with propofol and N 2 0 / O  2. No volatile 
anaesthetic was used. Laryngospasm during anaesthetic 
induction was relieved by sublingual succinylcholine 
injection. The lungs were mechanically ventilated to 
achieve normoventilation. A peripheral artery was not 
cannulated since the procedure was not a major opera- 
tion, and without fluid shifts. Intravenous fluids consist- 
ed of  1/2 normal saline in glucose 5%. Plasma lactate 
concentration and venous blood acid-base status were 
normal before and during anaesthesia. 

The metabolic lesion in Leigh's syndrome is related to 
deficiency of the EI~ subunit of PDHc, defects of the 
mitochondrial respiratory chain (complex I, II or IV), 
and a T - G / C  substitution at position 8993 of the mito- 
chondrial tDNA leading to impairment in complex V 
activity. 7-u These conditions share impaired energy pro- 
duction and lactic acidaemia which possibly play an essen- 
tial role in the pathogenesis of Leigh's syndrome. In our 
patient, PDHc and complex I activity was found to be 
reduced in muscle tissue homogenate. Didaloroacetate 
treatment was begun since it inhibits the activity of PDHc 
physiological inhibitor, i.e., PDHc khaase, is,16 Thiamine 
was added since it is overutilized by PDHc when 
dichloroacetate is administered. Riboflavin was added 
since there are few reports describing favourable clinical 
and/or  biochemical response to riboflavin administra- 
tion. ~7 The exact mechanism of action of riboflavin is 
unknown, but it may stabilize complex I assembly. ~7 All 
three drugs are administered orally. The beneficial effects 
of dichloroacetate appear within six hours ~s to seven 
days, 16 and its plasma half-life after a single po or iv dose 
is 0.5-2 hr. is The effect of dichloroacetate after a single 
oral dose is surprisingly long-lasting, with individuals 
requiring one to eight weeks between doses before the 
original plasma clearance rate is restored, is Dichloro- 
acetate administration has been associated with hyperox- 
aluria, is and it is possible that it contributed to the 
appearance of the urinary stone and the qualitative test for 
calcium-oxalate-phosphor crystals in our patient, 
although the 24-hr urine oxalate excretion was nomaal. 

Experience in the anaesthetic management of  flais 
syndrome patients is limited to a few patients.S,H,~4As 
opposed to previous reports, s,n,14 we avoided the use 
of  barbiturates and volatile agents which may adverse- 
ly affect patients with Leigh's syndrome (see below). 

The use of  neuromuscular relaxants in Leigh's syn- 
drome patients has never been studied, and it would be 
advisable to titrate the administration of  short acting 
muscle relaxants according to neuromuscular monitor- 
ing. The perioperative administration of  opioids and 
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H 2 receptor blocking agents or antacids, also have not 
been studied in these patients. Likewise, although 
myopathy may be associated with malignant hyper- 
thermia, no such association has been described for 
Leigh's syndrome. 

In order to avoid hypovolaemia and hypotension dur- 
ing anaesthetic induction which may exacerbate lactic 
acidosis, clear fluid administration continued until two 
hours before the procedure. Since physical examination 
had revealed difficulties in venous catheterization, and 
since we wanted to avoid the use of volatile anaesthetics, 
anaesthetic induction was accomplished with im keta- 
mine and midazolam, and inhalation of N20 in oxygen 
by a face mask. Succinylcholine was administered due to 
laryngospasm that was unresponsive to CPAP with oxy- 
gen 100%, and resulted in a quick-onset muscle relax- 
ation. We injected it sublingually rather than im since it 
was estimated that the high vascularity of the floor of the 
mouth would allow rapid absorption of the drug, as 
opposed to the potentially decreased muscle blood flow 
in a myopathic patient. However, the prevention of  
hypoxaemia and hypercapnia, which are known causes of 
metabolic and respiratory acidosis, should be weighed 
against avoiding volatile anaesthetics in patients with 
Leigh's syndrome. It might have been safer to induce 
anaesthesia with inhalational agents and maintain it with 
intravenous anaesthetics, with the hope that the brief 
exposure to volatile anaesthetics would not lead to meta- 
bolic deterioration. Anaesthesia was maintained with 
N 2 0 / O  2 and propofol for rapid recovery, as well as to 
avoid the use of volatile anaesthetics. 

The major anaesthetic problems related to Leigh's 
syndrome are derived from the associated respiratory 
abnormalities, the tendency to metabolic acidosis and 
the possible adverse metabolic effects of some of the 
commonly used anaesthetic agents. 

Preparation for anaesthesia and surgery should 
include attention to the presence of respiratory symp- 
toms or signs, swallowing difficulties and propensity to 
aspiration, since the presence of the above respiratory 
abnormalities, which may be intermittent, not only con- 
stitutes a clue for diagnosis, but also often signals the 
beginning of  the final deterioration, s This may also pre- 
dict the development of post-anaesthetic respiratory fail- 
ure. s It has been recommended, therefore, to avoid 
elective anaesthesia in patients with respiratory manifes- 
tations of Leigh's syndrome, s It is suggested that, if 
operation is unavoidable in patients with respiratory 
manifestations, postoperative intensive respiratory care is 
needed. Since no clinical or laboratory respiratory 
abnormalities were present in our patient, it was decided 
that her mild hypoxaemia would not contraindicate 
anaesthesia for the relatively urgent lithotripsy. 

Inasmuch as pyruvate cannot enter the citric acid 
cycle in patients with a defect of pyruvate dehydroge- 
nase complex, lactic and pyruvic acidosis may devel- 
op. s,ll,t2 Therefore, blood lactate concentrations and 
pH should be monitored. Since it is not clear if lactate 
plays a role in the development of the syndrome or if 
hyperlactataemia is just one of  its manifestations and, 
since the liver does not completely metabolize the 
excess of endogenous lactate, lactate-containing fluids 
(e.g., lactated Ringer) are better avoided, a,14 In addi- 
tion, the acidic pH of lactated Ringer (pH-6.5) may 
also preclude the use of  this solution in Leigh's syn- 
drome patients. Mechanical ventilation may be desir- 
able during anaesthesia in Leigh's syndrome patients, 
to prevent respiratory acidosis and to compensate for 
the metabolic acidosis. If  metabolic acidosis is accen- 
tuated, iv sodium bicarbonate administration may be 
considered. However, hyperventilation should also be 
avoided, since hypocapnia might inhibit pyruvate car- 
boxylase and worsen lactic acidaemia, s,lI,14 Moreover, 
respiratory alkalosis can lead to the release of  lactate 
from muscle tissue, aggravating the lactic acidosis, ls-2~ 

Although experience in the anaesthetic manage- 
ment of patients with Leigh's syndrome is too limited 
to permit specific recommendations for drug selec- 
tion, s selection of anaesthetic agents should take into 
consideration the interference of barbiturates and 
volatile agents with mitochondrial respiration, 3,n,2~,22 
and the ability of halothane to inhibit gluconeogene- 
sis, leading to hyperlactataemia and exacerbating lactic 
acidosis. ~4,21 No such an association is described for 
propofol. 

In summary, the perioperative management of  a 
patient with Leigh's syndrome needs a carefial atten- 
tion to the metabolic, neurologic and respiratory 
derangements that occur with the disease. Meticulous 
attention to appropriate selection of anaesthetic agents 
and fluids, normoventilation and prevention of  acido- 
sis, and avoidance of elective anaesthetics in a patient 
with respiratory manifestations of the disease, are 
important issues in the perianaesthetic management of  
these patients. 
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