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ABSTRACT
Aims To define the prevalence of non- sustained 
tachyarrhythmias and bradyarrhythmias in patients with 
the m.3243A>G mitochondrial genotype and a previously 
defined, profile, associated with ‘high sudden- death risk’.
Methods and results Patients at high risk of sudden 
death because of combinations of ventricular hypertrophy, 
mitochondrial encephalopathy, lactic acidosis and 
stroke- like episodes family phenotype, epilepsy or high 
mutation load, due to the m.3243A>G mutation, were 
identified from a mitochondrial cohort of 209 patients. 
All recruited had serial ECG and echo assessments 
previously according to schedule, had an ECG- loop 
recorder implanted and were followed for as long as the 
device allowed. Devices were programmed to detect 
non- sustained brady- or tachy- arrhythmias. This provided 
comprehensive rhythm surveillance and automatic 
downloads of all detections to a monitoring station for 
cardiology interpretation. Those with sinus tachycardia 
were treated with beta- blockers and those with ventricular 
hypertrophy received a beta- blocker and ACE- inhibitor 
combination.
Nine consecutive patients, approached (37.2±3.9 years, 
seven males) and consented, were recruited. None died 
and no arrhythmias longer than 30s duration occurred 
during 3- year follow- up. Three patients reported 
palpitations but ECGs correlated with sinus rhythm. One 
manifest physiological, sinus pauses >3.5 s during sleep 
and another had one asymptomatic episode of non- 
sustained ventricular tachycardia.
Conclusions Despite ‘high- risk’ features for sudden 
death, those studied had negligible prevalence of 
arrhythmias over prolonged follow- up. By implication, 
the myocardium in this genotype is not primarily 
arrhythmogenic. Arrhythmias may not explain sudden 
death in patients without Wolff- Parkinson- White or 
abnormal atrioventricular conduction or, it must require 
a confluence of other, dynamic, proarrhythmic factors to 
trigger them.

INTRODUCTION
Mitochondrial disorders are a heterogeneous 
group of multisystemic diseases that develop as 
a result of mutations in nuclear or mitochon-
drial DNA.1 These conditions are estimated 
to affect about 1 in 5000 births.2 3 Cardiac 

involvement varies but can include the devel-
opment of left ventricular hypertrophy, 
systolic and/or diastolic left ventricular 
dysfunction with or without heart failure, 
Wolff- Parkinson- White (WPW)- syndrome, 
progressive atrioventricular (AV)- nodal 
conduction delay and sudden death (SD).4 5 
In a retrospective analysis of 691 patients with 
various mitochondrial genotypes, under 
regular follow- up by the Newcastle based, 
National Health Service (NHS) Highly 
Specialised Service and Wellcome Centre for 
Mitochondrial Research, we demonstrated 
previously that cardiac involvement occurred 
in 25% of patients with the most common 
form of mitochondrial disease—that due to 
the m.3243A>G variant.4 SD in this genotype 

Key questions

What is already known about this subject?
 ► The frequency of sudden death in patients with the 
m.3243A>G mitochondrial genotype is estimated to 
be 2.4/1000 patient years. These deaths have been 
assumed due to ventricular tachycardia/fibrillation 
because mitochondrial disorders can cause left ven-
tricular hypertrophy and some myocardial scaring. 
However, the cardiac phenotype is mild, with a scar 
burden unlikely to be sufficient to sustain arrhyth-
mias on its own.

What does this study add?
 ► The finding of a negligible burden of non- sustained 
arrhythmias during comprehensive, prolonged, ECG- 
rhythm surveillance argues against the myocardium 
being primarily arrhythmogenic in the m.3243A>G 
mitochondrial disorder.

How might this impact on clinical practice?
 ► By implication, sudden deaths in patients may not 
be due to cardiac arrhythmias at all or, alternatively, 
arrhythmias may only be able to occur when meta-
bolic disturbances or other proarrhythmic contribu-
tors transiently coincide. The mechanism of sudden 
death in the m.3243A>G mitochondrial disorder 
remains unexplained.
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has not been studied systematically, despite reports of it 
occurring in patients who were not considered to be at 
arrhythmia risk because of having only a minor degree 
of left ventricular hypertrophy, no pre- excitation and no 
delay in AV conduction.6–9 By extrapolation from our 
large cohort of patients with complete follow- up, we esti-
mated the incidence of SD in these patients to be 2.4/1000 
patient years.9 Although little stratification of arrhythmia 
risk is undertaken routinely, we proposed a number of 
risk factors associated with SD in patients: maximum left 
ventricular wall thickness greater than 15 mm by echocar-
diography; family history of sudden cardiac death (SCD) 
or severe mitochondrial encephalopathy, lactic acidosis 
and stroke- like episodes (MELAS) phenotype; epilepsy; 
high blood m.3243A>G mutant load.9

SD could be due to diverse causes—ventricular tachy- 
arrhythmias (ventricular tachycardia/fibrillation), 
profound bradycardia/asystole, electromechanical disso-
ciation (pulseless electrical disease) or to non- cardiac 
causes such as epilepsy- associated SD or major aspiration 
due to bulbar dysfunction. SCD could be facilitated by 
either fixed (eg, fibrosis, premature failure of the conduc-
tion system, WPW) or dynamic arrhythmia substrates (eg, 
triggered by metabolic derangement such as hypogly-
caemia or lactic acidosis).10–12

This study aimed to determine whether the myocar-
dium of patients with the m.3243A>G mitochondrial 
disorder is primarily arrhythmogenic by documenting 
the spontaneous arrhythmia ‘burden’ (ie, non- sustained, 
minimally symptomatic) over prolonged, comprehen-
sive, ECG- rhythm surveillance.

METHODS
Two hundred and nine patients with mitochondrial 
disease due to the m.3243A>G variant and who are under 
regular follow- up by the NHS Highly Specialised Service 
for Rare Mitochondrial Disorders in Newcastle upon 
Tyne were identified from pre- existing data sets. As part 
of routine clinical care, all had previously had their clin-
ical status characterised comprehensively in terms of its 
clinical phenotype (ie, epilepsy; diabetes; stroke- like and 
encephalitis episodes; renal; other system involvement), 
disease burden as measured by Newcastle Mitochon-
drial Disease Adult Scale,13 and genetic mutation as well 
as mutant load in blood and urine. The results of serial 
ECGs and echocardiographic measures of heart func-
tion and wall thicknesses were also available. Together 
this data- set allowed patients with any of the five high 
risk features for SD, identified from our earlier retro-
spective analysis (ie, LVH >15 mm by echo- measurement; 
family history of SD; mutation load blood heteroplasmy 
> (79.6–15 × age); family history of MELAS phenotype; 
epilepsy), to be identified as eligible for inclusion. Some 
had data from cardiac MR- imaging, performed for clin-
ical reasons, to determine the extent of cardiac involve-
ment and presence intramyocardial scaring12

In advance of a routine follow- up clinic visit, those 
eligible for inclusion on the basis of mutation type were 
sent a patient information document, informing them of 
the study and what participation involved. Patients inter-
ested in taking part then had a discussion with a member 
of the clinical research team, in the course of which, they 
were made aware that their clinical and genetic profile 
carried a risk of SD Those agreeing to take part, gave 
written informed consent and were recruited to the study.

Participants then had an ECG loop- recorder implanted 
(Reveal or LINQ Insertable Cardiac Monitor, Medtronic, 
USA) subcutaneously in the left parasternal area in a 
day- case procedure under local anaesthesia.14 15 Devices 
were programmed to detect pathological brady (ie, 
heart rate <30 /min for >3 s) or tachycardia (ie, heart 
rate >150/ min for >3 beats) episodes automatically. Each 
patient was provided with a unique remote telemetry 
device, which allowed full disclosure of all predefined 
ECG- episodes detected, and these were transmitted auto-
matically to a commercially provided website. All record-
ings were reviewed by a cardiologist at the implanting 
centre, along with their date, time, nature and a high- 
quality ECG of each episode. This was all possible without 
the patient having to re- attend the hospital. Patients were 
also shown how to make recordings at time of any symp-
toms, using a hand- held device- activator. Implantable 
loop- recorders have battery life of more than 3 years. The 
primary aim was to define the spontaneous ‘arrhythmia 
burden’ over prolonged follow- up (ie, until transmissions 
ended. battery expiry or censure 31 December 2019) 
as an indirect measure of the arrhythmogenicity of the 
myocardium in this condition. A secondary aim was to 
correlate arrhythmias with the occurrence of any illnesses 
(eg, seizures/encephalopathy; infection; hypoglycaemia) 
over the same time period.

Patient and public involvement
Neither patients nor the public were involved in the 
design, conduct, reporting or dissemination plans of this 
exploratory study of enhanced arrhythmia surveillance.4

RESULTS
From a cohort of 209 patients with the m.3243A>G 
mitochondrial genotype, nine consecutively recruited 
patients, mean age at implant 37.2±3.9 years, seven 
males, were consented and had their device implanted in 
the period February–October 2016. Data collection was 
censured on 31 December 2019. Participant age catego-
ries and m.3243A>G heteroplasmy levels are summarised 
in table 1 and examples of ECG and cardiac MR- abnor-
malities in figures 1 and 2).

Their clinical features listed were all attributable to 
the m.3243A>G variant. Those recruited had a wide age 
range and were at varying stages in the evolution of their 
mitochondrial phenotype. All had genetic and some clin-
ical features to indicate that they were at increased risk 
of SD.9
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Patient and/or ECG-recorded events during follow-up
During 3 years of follow- up, three participants activated 
their devices on a total of 20 occasions to make record-
ings because of symptoms. None of the corresponding 
ECGs detected anything other than sinus rhythm at 
varying rates. Devices ‘captured’ 68 ECG- episodes 

automatically in nine patients. Sixty- four (94%) of these 
were ‘false positives’, meaning that the corresponding 
ECGs confirmed sinus tachycardia without ectopy or any 
pathological bradyarrhythmias (table 2).

One patient, known to have sleep apnoea, had a 
single 3.6 s sinus pause, during sleep (figure 3A) and 
another (P5) had an asymptomatic run of non- sustained 
broad- complex tachycardia recorded on one occasion 
(figure 3B). The proportion of ‘false’ automatic, device 
activations is consistent with loop- recorders having higher 
sensitivity than specificity in arrhythmia detection.14 15

Effects of episodes of intercurrent illness on arrhythmia 
detections
Only two patients (P2&3) experienced significant 
episodes of illness over the 3 years when their devices 
were able to record and transmit ECGs. One had a series 
of close- coupled seizures and frequent ‘absences’ and 
the other gastroenteritis with vomiting and dehydra-
tion, requiring hospital admission. Neither manifested 
arrhythmia symptoms, nor were any arrhythmias detected 
automatically at these times.

DISCUSSION
Previously, our group proposed ‘high- risk’ features 
associated with the occurrence of SD in patients with 
m.3243A>G- related mitochondrial disease and estimated 
the event rate to be 2.4/1000 patient years.9 The mech-
anisms underlying SD, however, have not been studied 
systematically. This is the first study which aimed to deter-
mine the burden of spontaneous arrhythmias, occurring 
over prolonged follow- up in a uniformly well character-
ised ‘high risk’ group, using implanted loop recorders 
as a measure of myocardial electrical instability in this 
disorder. There were no deaths, none developed sustained 
arrhythmias and only two showed any abnormality—one, 
known to have sleep apnoea, had a three- second sinus 
pause during sleep and another had a six- beat ‘run' of 
ventricular tachycardia on one occasion. Even in those 
reporting palpitations, symptoms correlated only with 
sinus rhythm at varying rates. The essentially negative 
findings argue against the myocardium being primarily 
arrhythmogenic in this mitochondrial disorder.

The prevailing assumption, that arrhythmias account 
for SD in the m.3243A>G- related disease, is based on 
evidence of arrhythmias occurring in patients with a 
quite different mitochondrial disorder—Kearns- Sayre 
syndrome (KSS).6 7 16–19 In KSS symptomatic bradycardia, 
asystole and SD have been documented to occur as a 
progression of, previously identified, AV- conduction 
abnormalities.7 16 Others describe cases of ventricular 
tachyarrhythmias—including torsades- de- points16 17 or 
ventricular fibrillation,18 occurring in the context of 
recurring episodes of bradycardia or complete AV- heart 
block. The importance of these reports is, first, in high-
lighting the need for surveillance to identify progressive 
abnormalities in AV- conduction in KSS and, second, the 

Figure 1 Examples of ECG abnormalities in the patients 
studied. P1,5,6 correspond to patient numbering in table 1; 
P1—left ventricular hypertrophy and ‘strain’ pattern; 
P5—pathological left axis QRS—deviation and left atrial 
hypertrophy; p6—repolarisation changes (T- wave ‘flattening’) 
V5- 6. aVF, augmented vector foot; aVL, augmented vector left; 
aVR, augmented vector right.

Figure 2 Cardiac MI images of patient with heart 
involvement in mitochondrial disease. Short axis, mid- 
ventricular cardiac MR image of left (LV) and right ventricles 
(RV) (A) of patient ‘5’. (B) shows extensive intramyocardial 
fibrosis (arrowed) in the lateral LV- wall on late- Gad 
sequences due to m.3243A>G mitochondrial disorder.
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role of prophylactic pacing in preventing SD from either 
asystole or bradycardia- induced ventricular fibrillation in 
that particular form of mitochondrial disease.6 However, 
such patients may still be capable of sustained ventricular 
tachycardia, despite pacing, when damage to the intra-
ventricular conduction system or the extent of myocar-
dial fibrosis can support localised or bundle branch 
re- entrant arrhythmia circuits.19 This has led some to 
suggest that when patients with KSS come to device 
implant, they should receive an implantable cardioverter 
defibrillator rather than a simple pacing device.19 Taken 

together, these reports all implicate fibrotic damage to 
the AV- conduction system as the primary contributor to 
arrhythmias in the KSS form of mitochondrial disorder. 
There are similarities between some of the mechanisms 
underlying life- threatening arrhythmias in KSS and 
those that contribute to arrhythmias in hypertrophic 
cardiomyopathy.20

In the m.3243A>G variant of mitochondrial disease, 
however, progressive AV- conduction problems rarely 
occur and so the brady- induced or brady- induced tachy-
cardia arrhythmia mechanisms seen in KSS are unlikely 
to apply. Of possible relevance to the m.3243A>G pheno-
type are the rare reports of polymorphic ventricular 
tachycardia occurring in patients with KSS in the absence 
of abnormal AV- conduction, bradycardia or QTc- interval 
prolongation.8 This scenario is more akin to the context 
of patients with the m.3243A>G phenotype. The mecha-
nism can be explained in either mitochondrial variant by 
the development of sufficient myocardial fibrosis to make 
scar re- entrant arrhythmias possible. In mitochondrial 
patients with normal AV- conduction, extensive myocar-
dial fibrosis on cardiac MRI might prove useful in identi-
fying those at higher risk of lethal arrhythmias.7 12

The implication of not finding a recurring pattern of 
‘warning arrhythmias’ is this study may also point to rarer 
arrhythmia mechanisms, allowing lethal arrhythmias to 
only occur when transient other factors interact with the, 
typically mild, degree of ventricular hypertrophy and 
minimal fibrosis.8 10–12 Such scenarios have been thought 
particularly likely in patients with extensive respiratory 
chain deficiency in the heart.21–25 Arrhythmias might be 
triggered, for example, during episodes of sepsis,26 lactic 
or keto- acidosis, metabolic or electrolyte derangement23 27 
or with medication, toxin or alcohol ingestion.24 28–30

Table 2 Device activations (automatic or patient activated) during 3- year follow- up

Age range
(years) Automatic detections (N) Events with symptoms (N) Arrhythmia nature/ECG symptom correlation

40s 9 0 3.6 s sinus pause during deep sleep*
8 ‘false positive’ recordings

20s 9 0 9 ‘false positive’ recordings

20s 11 0 11 ‘false positive’ recordings

40s 11 0 ‘3 tachy recordings and 6 brady recordings’—all false positives

50s 1 0 Short NSVT × 2 (176 /min)*; one previous Holter NSVT

30s 22 0 All ‘false positive’
9 brady and 13 tachycardia designated

30s 2 16 2 automatic detections, both false ‘pauses’
16 symptomatic episodes—all normal SR

50s 3 1 3 automatic false pause detections
1 symptomatic showed normal SR

20s 0 3 3 symptomatic recordings—all normal SR

‘Automatic detection’=device made recording/no symptoms reported; ‘Patient symptom event’=patient made a recording using ‘device 
activator’ at time of some symptom(s); ‘false positive’=device activated automatically but no arrhythmia corresponding on ECG review; 
N=number of separate events recorded.
*Arrhythmias depicted in Figure 3 A and B.
NSVT, non- sustained ventricular tachycardia; SA, sleep apnoea; SR, sinus rhythm.

Figure 3 (A and B) Arrhythmias recorded over 3- year 
surveillance. (A) Sinus bradycardia and 3 s sinus arrest 
during sleep—median ventricular rate 41 /min (B) Automatic 
recording of asymptomatic ‘run’ of irregular, non- sustained 
ventricular tachycardia. ECG recording speed 25 mm/s.
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There is also the alternative possibility that some SD in 
the m.3243A>G mitochondrial disorder are not primarily 
due to cardiac arrhythmias at all.30 SD in some patients 
with tonic- clonic forms of epilepsy31 32 have been shown 
to occur due to prolonged, post- ictal hypoxia and brain- 
stem dysfunction with asystole occurring terminally.33 34 A 
similar scenario might also explain some SDs in patients 
with mitochondrial disease, during epileptic or encepha-
lopathic crises. Implanted ECG- loop recorders could be 
deployed in further studies to explore whether rhythm- 
events occur selectively at these times.

Limitations
The study has a number of obvious limitations. The 
number of participants studied was small and may not 
represent the wider group from which they were drawn. 
Although recruited sequentially on the basis of having 
a pre- defined, perceived ‘high risk’ mtDNA variant for 
SD, participants were at varying stages in the evolution of 
their mitochondrial phenotype and none had abnormal 
AV- conduction, WPW syndrome or experienced stroke- 
like episodes during follow- up. Six of the nine patients 
studied were taking beta- blocker therapy which might 
have prevented arrhythmias. Only two subjects were 
assessed for the presence and extent of myocardial 
fibrosis. The burden of non- sustained, ventricular 
arrhythmias might differ significantly between those with 
and without intra- myocardial scaring, despite having 
similar measures of ventricular function and hypertrophy 
on echocardiography. Perhaps most importantly, the 
negligible prevalence of arrhythmias observed cannot 
exclude categorically the possibility that these patients 
were capable of arrhythmias that could cause SD under 
specific conditions.

CONCLUSIONS
Patients in one of the perceived higher ‘risk groups’ for 
SD from the m.3243A>G mitochondrial disorder had 
negligible prevalence of arrhythmias during prolonged 
ECG surveillance. This suggests that the myocardium 
in the m.3243A>G disorder is not primarily arrhythmo-
genic. It was always unlikely that, the typically mild, 
degree of ventricular hypertrophy or dysfunction in 
most mitochondrial patients with this phenotype could 
provide sufficient substrates for tachy- arrhythmias. The 
main implication of our results is that, the mechanism 
of SD in these patients remains unknown and may not 
be primarily arrhythmic. If arrhythmias are responsible, 
they can probably only occur when a range of dynamic, 
proarrhythmic factors interact transiently.
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