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Mitochondrial Disorders 
Mitochondrial Diseases 

• Minimal risk of 1 in 4000 
• Mitochondrial myopathies account for most 

common cause of muscle weakness in 
children. 
 





Mitochondria 
• Found in all cells (except 

RBCs) 
• Possess their own DNA, 

unique from other DNA 
– Maternal inheritance 

• Primary function 
– Energy (ATP) Production 

• Oxidative phosphorylation 
• Electron transfer chain 





 



http://classes.midlandstech.edu 



Modified from Chinnery.  Mito 
Gene Review, 2010 

Mitochondrial  
Disorders and  
Clinical Features 



Mitochondrial 
Disease and 
Multisystem 
Involvement 

• Nervous 
• Muscular  
• Renal  
• Cardiovascular 
• Respiratory 
• Hepatobiliary 
• Gastrointestinal 



Anesthetic Management of Children 
with Mitochondrial Disease 

• Preoperative 
evaluation 

• Preoperative 
preparation 

• Intraoperative 
management 

• Postoperative 
disposition 



Preoperative Evaluation 
in Mitochondrial Disease 

 
 

  
 History 
 Associated conditions 

 Physical exam 
 Laboratories 
 Diagnostic studies 



Laboratory Values 
• Electrolytes, LFTs 

– Looking for renal, hepatic dysfunction 
• Lactate 

– Elevation is nonspecific 
– NOT ALL PATIENTS WITH MITOCHONDRIAL 

DISEASE WILL HAVE ELEVATED LACTATE LEVELS 
– Fasting blood lactate >3 mm/L suggests MD 
– A lactate/pyruvate ratio > 20 suggests disorder in 

oxidative phosphorylation 
• Creatine Kinase 

– Typically normal or slightly elevated 
– Depends on muscle involvement 



Diagnostic Procedures 

• Respiratory 
• Cardiac 

– EKG 
– ECHO 

• Neuro 
– ?MRI 



Preoperative CV Workup 
• Mito patients are at higher risk for 

– Dilated and hypertrophic cardiomyopathies 
– Pre-excitation syndromes 
– Conduction blocks 
– Hypertension 
– Sudden death 



Preoperative Preparation 
• Minimize preop fasting 

period 
• Liberal glucose-containing 

clear fluids up until 2 hours 
prior to procedure 

• Intravenous glucose-
containing solution once 
NPO  
– Avoid lactate-containing 

solutions (no LR) 



I liter Lactated Ringer’s 
Contains Sodium Lactate 
Lactate = 28 mEq/L 
 
Sodium lactate 
metabolism to 
bicarbonate “depends 
on oxidative cellular 
activity” 



Anesthetic Management 

• Volatile agents 
• Intravenous 

agents 
• Muscle relaxants 
• Opioids 
• Regional 

anesthesia 
 

 





Table 1 

Table 1. Sensitivity of 16 Children with 
Mitochondrial Defects to SevofluraneBIS = 
Bispectral Index. 
 

Copyright © 2013 Anesthesiology. Published by Lippincott Williams & Wilkins. 27 

Mitochondrial Defects and 
Anesthetic Sensitivity 
               
Morgan, Phil G.; Hoppel, 
Charles L.; Sedensky, 
Margaret M. 
Anesthesiology. 
96(5):1268-1270, May 
2002 
 

http://journals.lww.com/anesthesiology/Fulltext/2002/05000/Mitochondrial_Defects_and_Anesthetic_Sensitivity.36.aspx
http://journals.lww.com/anesthesiology/Fulltext/2002/05000/Mitochondrial_Defects_and_Anesthetic_Sensitivity.36.aspx


Inhaled Agents 

• Abnormal halothane-
caffeine contracture 
test 
– 66 yo for hernia 
– Test requested by 

anesthesiologist 
– 4 prior GAs without 

issue 
– Hernia with 

nontriggering agents 

• “Mitochondrial 
diseases may be 
associated with an 
abnormal halothane 
caffeine contracture 
test.” and “It cannot 
be ruled out that 
MH-like 
manifestations may 
develop…” 

• Finsterer. Metabolic 
Brain Disease, 2009 



Risk of Malignant Hyperthermia 
in Undiagnosed Hypotonic 

Children 

• True relationship exists with only two 
disorders 
– King’s Syndrome 
– Central Core Disease 



Rhabdomyolysis 

• Risk depends on degree of 
myopathy 

• Clinically and 
pathophysiologically 
distinct entity from MH 

• Can result in hyperkalemic 
arrest 

• Myoglobinuria may be early 
sign 



Intravenous Anesthetics 
• Propofol 
• Etomidate 
• Thiopental 
• Ketamine 
• Dexmedetomidine 

 
• Although children with mitochondrial disorders 

have increased sensitivity to these agents, all 
intravenous induction agents have been used 
safely and effectively in children with 
mitochondrial disorders. 



Risk Factors for 
Development of Propofol 

Infusion Syndrome 
 

• Young age 
• Dose >4 mg/kg/hr 
• Duration of >48 hours 
• Underlying illness 

(respiratory or neurologic) 
• Concomitant 

catecholamine or steroid 



Mitochondrial Disease and 
Propofol Infusion Syndrome 

• Mitochondrial dysfunction is underlying 
mechanism 
– Propofol diffuses easily across membranes 

• Lipophilic nature and small molecular weight 
• Intracellular mitochondrial binding 
• In vivo experiments show direct impairment of 

mitochondrial function 
– Inhibits electron flow along electron transport chain 
– Lower ATP production 
– Induces uncoupling and inhibition of Complexes I and II 
– Increased acylcarnitine concentrations 





Mitochondrial Disease and Propofol 
Another Issue… 

Propofol infusion given 
for status epilepticus. 

Multiorgan system 
failure. 

Muscle biopsy 
inconclusive due to 
fatty infiltration of 
sample. 

Returns to OR months 
later for definitive 
biopsy with “allergy to 
propofol”. 



Public Opinion of Propofol 

• “It therefore seems likely that patients with 
mitochondrial defects may be at seriously increased 
risk from this drug.” 
www.pedsanesthesia.org/meetings/2007winter/pdfs
/Morgan-Friday1130-1150am.pdf 

• ”Has been shown to impair mitochondrial function to 
a greater degree than other anesthetics.  Adverse 
events with other induction agents such as ketamine, 
thiopental and etidomate have not been reported to 
date.” www.umdf.org 
 

 

http://www.pedsanesthesia.org/meetings/2007winter/pdfs/Morgan-Friday1130-1150am.pdf
http://www.pedsanesthesia.org/meetings/2007winter/pdfs/Morgan-Friday1130-1150am.pdf
http://www.umdf.org/


Alternatives to Propofol 

• Thiopental 
• Ketamine 

– Analgesic properties 
may be beneficial 

• Etomidate 
– Effect of adrenal 

suppression 
• Dexmedetomidine 



Summary of IV Agents  

• All agents have been used with success in 
patients with mitochondrial disorders 

• Propofol clearly has effects at the 
mitochondrial level, although clinical 
relevance is unclear at normal anesthetic 
doses 

• There are alternatives to propofol that have 
not been associated with adverse outcomes 



Neuromuscular Blocking Agents 

• Possible decreased clearance 
– Hepatic involvement 
– Renal involvement 

• Consider atracurium 
• Increased sensitivity questioned 

– Depends on degree of myopathy 
– Depends on concomitant use of antileptics 

• All muscle relaxants have been used safely 
and effectively, but must be used in 
moderation and with close TOF monitoring. 

 





Opioids 

• All have been used and with 
variable reports. 

• Risk of respiratory 
insufficiency  

• Use sparingly and consider 
postop ventilation 

 



Local/Regional Anesthesia 

 
 

Pros 
 May reduce requirements of 
 other agents 
 May improve postop 
 respiratory status 
  
Cons 
 Children often have peripheral 
 neuropathy 
 Effects of local anesthetics at 
 cellular level? 
  

http://www.ncbi.nlm.nih.gov/pubmed?term=Capdevila X[Author]&cauthor=true&cauthor_uid=17457136


Anesthesiology. 2007 May;106(5):1026-34. 
Effects of intermittent femoral nerve injections of bupivacaine, 

levobupivacaine, and ropivacaine on mitochondrial energy 
metabolism and intracellular calcium homeostasis in rat psoas 

muscle. 
Nouette-Gaulain K, Sirvent P, Canal-Raffin M, Morau D, Malgat M, 

Molimard M, Mercier J, Lacampagne A, Sztark F, Capdevila X. 
 

• Results:  Adenosine triphosphate synthesis 
and adenosine triphosphate-to-oxygen 
ratio were significantly decreased in the 
muscle of rats treated with local 
anesthetics. A global decrease (around 
50%) in all of the enzyme activities of the 
respiratory chain was observed. 
 

http://www.ncbi.nlm.nih.gov/pubmed?term=Nouette-Gaulain K[Author]&cauthor=true&cauthor_uid=17457136
http://www.ncbi.nlm.nih.gov/pubmed?term=Sirvent P[Author]&cauthor=true&cauthor_uid=17457136
http://www.ncbi.nlm.nih.gov/pubmed?term=Canal-Raffin M[Author]&cauthor=true&cauthor_uid=17457136
http://www.ncbi.nlm.nih.gov/pubmed?term=Morau D[Author]&cauthor=true&cauthor_uid=17457136
http://www.ncbi.nlm.nih.gov/pubmed?term=Malgat M[Author]&cauthor=true&cauthor_uid=17457136
http://www.ncbi.nlm.nih.gov/pubmed?term=Molimard M[Author]&cauthor=true&cauthor_uid=17457136
http://www.ncbi.nlm.nih.gov/pubmed?term=Mercier J[Author]&cauthor=true&cauthor_uid=17457136
http://www.ncbi.nlm.nih.gov/pubmed?term=Lacampagne A[Author]&cauthor=true&cauthor_uid=17457136
http://www.ncbi.nlm.nih.gov/pubmed?term=Sztark F[Author]&cauthor=true&cauthor_uid=17457136
http://www.ncbi.nlm.nih.gov/pubmed?term=Capdevila X[Author]&cauthor=true&cauthor_uid=17457136
http://www.ncbi.nlm.nih.gov/pubmed?term=Capdevila X[Author]&cauthor=true&cauthor_uid=17457136


 
 

Special attention to glucose stability, temperature, 
and respiratory parameters 
Mild disease, minor noninvasive procedure, no 
complications 

Observation in recovery area 
Moderate-severe disease, other procedures, with 
or without complications 

Overnight or greater observation 
Monitored setting for many children with 
mitochondrial disorders 

 

Postoperative Management 



Anesthesia-related morbidity and mortality after 
surgery for muscle biopsy in children with 

mitochondrial defects.   
Driessen et al.  Ped Anes 2007 

• Data from 122 children <10 years (mean age 
32.4 mos) for muscle biopsy 

• Preoperative evaluation 
– Encephalopathy in 93 
– Muscle weakness in 32 
– Lactic acidosis in 15 
– Cardiomyopathy or conduction defects in 10 
– Chronic respiratory problems in 7 



Driessen et al.  Ped Anes 2007 

• Anesthetic plan at discretion of anesthesiologist 
– Mask inductions and IV inductions 
– Dextrose infusions in all 
– Maintenance mostly with inhaled agents, few 

propofol 
– Most mask cases 
– No NMB, one sux 
– Wounds infiltrated with bupivacaine 

• No major anesthetic-related complications in 
children with mito for muscle biopsy 
 



The risk of malignant hyperthermia in children 
undergoing muscle bopsy for suspected neuromuscular 

disorder. Flick et al. Ped Anesth  2007 
• 274 children for muscle bx 

– All exposed to volatile 
– 3 received sux 

• Results 
– None with s/sx MH or rhabdomyolysis 

• Zero CCD or King syndrome 
• 7 muscular dystrophy (2 DMD) 
• 3 confirmed mitochondrial disorder 

• Conclusion/Thoughts 
– Only CCD and King syndrome clearly linked 
– Risk of developing MH or rhabdomyolysis 1.09% 



Mitochondrial disease and general anesthesia: a case 
series and review.  Footitt et al.  BJA 2008 

• 38 mito patients for 58 procedures under GA 
– Mean age 4 years 
– Median duration 1 hour 
– Variety of IV and inhaled agents, NMBs (2 sux), 

analgesics 
– Most had dextrose infusions and prior to 

procedure 
– No episodes MH or rhabdomyolysis 

• 1 patient with respiratory failure, acidosis 24 hours 
postop---?etiology? Presumed Leigh’s 

 
 



Intraoperative Management 
Generalizations 

• Avoid increased 
energy 
production 
– Normothermia 
– Pain-free 
– No acidosis 

 

• Avoid decreased 
energy supply 
– Shortened NPO 

period 
– Provide glucose 
– PONV 

prophylaxis 
– Euvolemia 



Kearns-Sayre Syndrome 
• Slowly progressive 

mitochondrial DNA deletion 
disorder 

• Triad of features: 
– Onset before age 20 
– Progressive, external 

ophthalmoplegia 
– Pigmentary degeneration of 

retina 
• Cardiac conduction defects 

 



Intraop Management of Child 
with Kearns-Sayre Syndrome 

• Unique anesthetic management geared 
towards AV-conduction block 
– Increased risk of dysrhythmias 
– Have external pacing capability 
– Have isoproterenol infusion in room 



Leigh Syndrome 

• Subacute necrotizing 
encephalomyelopathy 

• Fatal disease 
• Diagnosis 

– MRI/CT  
– neuropathological exam 

• General anesthetics highly risky, 
particularly in the presence of 
respiratory symptoms 

trialx.com  

http://trialx.com/curebyte/2011/08/27/what-does-leigh-syndrome-look-like/
http://trialx.com/curebyte/2011/08/27/what-does-leigh-syndrome-look-like/


Saudi J Anaesth. 2012 Apr-Jun; 6(2): 181–185. 
 



Saudi J Anaesth. 2012 Apr-
Jun; 6(2): 181–185. 
 



Keys to Anesthesia for 
Mitochondrial Disease 

 
Thorough preop workup. 

 
Do not increase energy 

requirements. 
 

Provide supplemental energy 
supply.  

 
 



UMDF Website  

  



Specific Recommendations 
• Preop 

– Cardiac workup in Kearns-Sayre or others Liberal fluids 
and/or IV dextrose 

– Converse with your consultants 
• Intraop 

– No significant myopathy 
• Sevoflurane in limited concentrations 

– Significant myopathy 
• May induce with inhaled agent, then switch to TIVA 

– If propofol is used, limit its dose/duration 
– NMB with close monitoring of effect 

• Avoid succinylcholine 
– Regional/local (caution with dosing) and opioids to help 

reduce requirements 
– Fluids 

• Dextrose containing fluid at maintenance 
• Close glucose monitoring 
• Normal saline, colloid, blood for surgical losses 

– Avoid lactated Ringer’s 
– Normothermia 
– PONV prohylaxis 

• Postop 
– Monitored care depending on disease and case 

 



Treatment 
• No treatments 
• Dichloroacetate 

– Trial discontinued due to 
peripheral toxicity 

• CoQ 
– Supports respiratory chain 

• L-arginine 
– May have some promising 

effects 
• Symptomatic management 

 



Mitochondrial Disease 
Special Interest Group and Data 

Collection  
 
 

MitoGA@duke.edu 



Dream a Little Dream… 




