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ABSTRACT

BACKGROUND

Sudden death can occur as a consequence of cardiac-conduction abnormalities in the
neuromuscular disease myotonic dystrophy type 1. The determinants of the risk of
sudden death remain imprecise.

METHODS
We assessed whether the electrocardiogram (ECG) was useful in predicting sudden
death in 406 adult patients with genetically confirmed myotonic dystrophy type 1.
A patient was characterized as having a severe abnormality if the ECG had at least
one of the following features: rhythm other than sinus, PR interval of 240 msec or
more, QRS duration of 120 msec or more, or second-degree or third-degree atrio-
ventricular block.

RESULTS

Patients with severe abnormalities according to the entry ECG were older than pa-
tients without severe abnormalities, had more severe skeletal-muscle impairment, and
were more likely to have heart failure, left ventricular systolic dysfunction, or atrial
tachyarrhythmia. Such patients were more likely to receive a pacemaker or an im-
plantable cardioverter—defibrillator during the follow-up period. During a mean fol-
low-up period of 5.7 years, 81 patients died; there were 27 sudden deaths, 32 deaths
from progressive neuromuscular respiratory failure, 5 nonsudden deaths from car-
diac causes, and 17 deaths from other causes. Among the 17 patients who died sud-
denly in whom postcollapse rhythm was evaluated, a ventricular tachyarrhythmia was
observed in 9. A severe ECG abnormality (relative risk, 3.30; 95% confidence inter-
val [CI], 1.24 to 8.78) and a clinical diagnosis of atrial tachyarrhythmia (relative risk,
5.18; 95% CI, 2.28 to 11.77) were independent risk factors for sudden death.

CONCLUSIONS
Patients with adult myotonic dystrophy type 1 are at high risk for arrhythmias and
sudden death. A severe abnormality on the ECG and a diagnosis of an atrial tachyar-
rhythmia predict sudden death. (ClinicalTrials.gov number, NCT00622453.)
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YOTONIC DYSTROPHY IS AN AUTOSO-

mal dominant disorder that is the most

common muscular dystrophy presenting
in adults.® It is characterized by myotonia (delayed
muscle relaxation after contraction), progressive
weakness and atrophy of the skeletal muscles, and
systemic manifestations, including cardiac in-
volvement.? Myotonic dystrophy type 1, the more
common and typically the more severe of the two
major types, is caused by an expanded cytosine—
thymine—guanine (CTG) repeat on chromosome
19 in the 3’ untranslated region of a serine—threo-
nine protein kinase gene called DMPK (dystrophia
myotonica protein kinase).3-

Sudden death can occur in patients with my-
otonic dystrophy type 1 as a consequence of
myocardial fibrosis and degeneration of the car-
diac-conduction system.°** Cardiac involvement
initially manifests as asymptomatic electrocar-
diographic (ECG) abnormalities, commonly pro-
longation of the PR interval and QRS duration.
Arrhythmias can occur, including sinus-node dys-
function; progressive heart block; atrial tachycar-
dia, flutter, or fibrillation; and ventricular tachy-
cardia or fibrillation. Sudden death is believed to
result from asystole after atrioventricular block
or from a ventricular tachyarrhythmia.>'2 Because
of the unpredictable progression of atrioventricu-
lar block, pacemakers have been recommended for
patients with clinically significant conduction ab-
normalities.*> Implantable cardioverter—defibril-
lators have been used in patients with ventricular
tachyarrhythmias.121415

Efforts to develop a method to identify patients
with myotonic dystrophy type 1 who are at high
risk for sudden death have been stymied because
studies have failed to enroll and follow a suffi-
ciently large, prospectively characterized popula-
tion without referral bias. As a result, the optimal
clinical approach to the diagnosis and treatment
of arrhythmias is unclear, as is the effect of thera-
peutic interventions on the risk of sudden death.

There is evidence that patients with more se-
vere conduction abnormalities, as quantified on
the ECG, are at higher risk for arrhythmias.®1°
The ECG has therefore been recommended as an
appropriate screening test, but its usefulness for
the prediction of sudden death remains un-
known.%1” We tested the hypothesis that a severe
abnormality on the ECG would predict sudden
death in a population of patients with myotonic
dystrophy type 1.

METHODS

STUDY ORGANIZATION

The study was conducted at 23 neuromuscular-
disease clinics in the United States; it was initi-
ated in April 1997, and follow-up is ongoing. All
authors vouch for the completeness and accuracy
of the data and its analysis and participated in
writing the article. The institutional review boards
of Indiana University and of each clinic approved
the study.

The study was funded by Medtronic, the Mus-
cular Dystrophy Association, and the National In-
stitutes of Health. The funding entities had no
role in the design of the study, the analysis or in-
terpretation of the data, or the decision to publish
the results.

PATIENTS

Adult patients (18 years of age or older) with a clin-
ical diagnosis of myotonic dystrophy were invited
to participate. Analysis of the CTG repeat sequence
was performed on leukocytes (at the Athena Di-
agnostics Laboratory) with the use of polymerase-
chain-reaction assays and analysis of restriction-
fragment-length polymorphisms, as well as the
Southern blot technique.>*® Only patients with an
abnormal CTG repeat sequence (one or both al-
leles with >38 repeats) confirmatory of myotonic
dystrophy type 1 were included.® All patients pro-
vided written informed consent.

EVALUATION AT STUDY ENTRY

The clinical characteristics of the patients were as-
certained from history and examination. An atrial
tachyarrhythmia was diagnosed if the patient had
a history of sustained atrial tachycardia, flutter,
or fibrillation. A ventricular tachyarrhythmia was
diagnosed if the patient had a history of sustained
ventricular tachycardia or fibrillation. Cardiac-
imaging studies assessing left ventricular func-
tion were reviewed, and a patient was considered
to have systolic dysfunction if it was reported in
the study results or if the ejection fraction was less
than 50%. The severity of weakness was scored by
a standardized five-point muscular-impairment
rating scale, in which a score of 1 indicates no
clinical muscular impairment, 2 minimal signs
without distal weakness except for digit flexors,
3 distal weakness without proximal weakness ex-
cept for elbow extensors, 4 moderate proximal
weakness, and 5 severe proximal weakness.2° For
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analysis, patients with no or minimal weakness
(muscular-impairment rating of 1 or 2) were
grouped.

All patients underwent a 12-lead ECG that was
analyzed by one investigator (Dr. Groh). A patient
was classified as having a severe abnormality in-
dicative of conduction disease if the ECG had at
least one of the following features: rhythm other
than sinus, PR interval of 240 msec or more, QRS
duration of 120 msec or more, or second-degree
or third-degree atrioventricular block.

CAUSES OF DEATH
Follow-up was performed annually and could in-
clude a clinic visit, a newsletter with a reply ques-
tionnaire, or telephone contact. The decision to
refer patients for cardiac evaluation was made by
local care providers. New cardiac diagnoses were
confirmed by a review of the records. Annual ECGs
were recommended but not required. National
death indexes were searched regularly.

Deaths were classified as sudden or nonsudden.
Sudden death was defined as death occurring sud-
denly and unexpectedly in a patient who was stable
before the event.2%:22 Witnessed deaths were clas-
sified as sudden only if death occurred within
1 hour after the onset of new symptoms. Unwit-
nessed deaths were considered sudden if the pa-
tient was seen alive and stable during the previous
24 hours. If the temporal sequence was consistent
with sudden death but a specific cause of death
other than arrhythmia was confirmed, the death
was classified as nonsudden. When available, ECG
recordings were used to characterize the initial
rhythm. Nonsudden deaths were subclassified into
those related to progressive neuromuscular respi-
ratory failure, cardiac deaths, and other deaths.
Progressive neuromuscular respiratory failure was
defined as death resulting from respiratory dys-
function related to myotonic dystrophy. Cardiac
death was defined as death related primarily to
a cardiac cause. Causes of death were adjudicated
by a committee of study investigators who were
unaware of all other patient data.

STATISTICAL ANALYSIS
Characteristics at study entry and non—time-depen-
dent characteristics at follow-up were compared
between patients with and those without severe
abnormalities on the entry ECG with the use of
Student’s t-test for continuous variables and the

chi-square test or Fisher’s exact test for categori-
cal variables.

The times to new events occurring during fol-
low-up were compared between patients with and
those without severe ECG abnormalities with the
use of Kaplan—Meier analysis and the log-rank
test. The relative risks of sudden death, death due
to progressive neuromuscular respiratory failure,
and death from any cause were estimated for in-
dividual covariates with the use of a Cox propor-
tional-hazards model. Variables associated with
ECG abnormalities and death were entered into
multivariate Cox proportional-hazards models in
a stepwise selection procedure based on the like-
lihood-ratio test to determine the independent ef-
fect of patient characteristics on the relative risk
of death. The follow-up time was the interval
from study entry to the most recent evaluation or
death and was censored at death for the determi-
nation of time to sudden death or death due to
progressive neuromuscular respiratory failure in
patients dying of other causes. Characteristics
changing during follow-up were incorporated as
time-dependent covariates. The sensitivity, speci-
ficity, and positive and negative predictive values
of a severe abnormality on the ECG and a clinical
diagnosis of an atrial tachyarrhythmia for sudden
death were determined.

Two-sided P values were calculated for all
analyses; values of 0.05 or less were considered
to indicate statistical significance. Data were ana-
lyzed with SPSS software for Windows, version
14.0, and SAS software, version 9.3.1.

RESULTS

CHARACTERISTICS OF THE PATIENTS
Of 443 patients evaluated, 37 did not have an ab-
normal CTG repeat sequence and were excluded.
The remaining 406 patients made up the study
population. Of these, 310 did not have a severe
ECG abnormality at study entry and 96 did. The
characteristics of the patients at entry are shown
in Table 1. Patients with severe ECG abnormali-
ties were older, had more CTG repeats, and had
more severe muscular impairment.

Seven of the 406 enrolled patients (1.7%) were
lost to follow-up after study entry. None of these
patients died during follow-up, according to a re-
view of national death indexes. The mean and
median durations of follow-up were 5.7 and 6.5
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years, respectively. There was no difference in du-
ration of follow-up between patients with and
those without severe ECG abnormalities.

Table 1 also includes events occurring during
follow-up according to the presence or absence
of a severe ECG abnormality at study entry. There
was no difference between the two groups in the
rate of progression of muscular impairment dur-
ing follow-up. Heart failure and left ventricular
systolic dysfunction at entry or newly diagnosed
during follow-up were more frequent in patients
with severe ECG abnormalities at entry. Nineteen
of the 23 patients with left ventricular systolic dys-
function had nonischemic cardiomyopathy attrib-
uted to myotonic dystrophy.

A diagnosis of atrial tachyarrhythmia was com-
mon, especially in those with severe ECG abnor-
malities at entry (29 of 96 patients). A diagnosis
of ventricular tachyarrhythmia was less common.
Pacemakers and implantable cardioverter—defibril-
lators were more frequently used in patients with
severe ECG abnormalities. Among the 41 patients
with pacemakers, 27 had either no or minimal
symptoms and had received their pacemakers be-
cause of concern about conduction abnormalities.
Nine of the 14 cardioverter—defibrillators were
implanted in patients who did not have a diagno-
sis of spontaneous ventricular tachyarrhythmia.

There were no differences between the two
groups in the likelihood of obtaining follow-up
ECGs or in the interval between the first and last
ECG. The ECGs typically showed concordant pro-
longation in the PR interval and QRS duration.
Patients with severe ECG abnormalities at entry
had greater rates of progression of the PR inter-
val and of QRS duration and were more likely to
have a new atrial tachyarrhythmia or a paced
rhythm on subsequent ECGs. Sixty-nine patients
without a severe ECG abnormality at study entry
received a diagnosis of a severe abnormality on
ECGs that were recorded during follow-up.

DEATH
Eighty-one of the 406 patients (20.0%) died dur-
ing follow-up. The median age at death was 54
years. Twenty-seven (33.3%) of the deaths were sud-
den; details of events for the patients with sud-
den death are given in the Supplementary Appen-
dix, available with the full text of this article at
WWW.nejm.org.

Nonsudden deaths were categorized as result-

ing from progressive neuromuscular respiratory
failure in 32 patients (39.5%), cardiac causes in
5 (6.2%), and other causes in 17 (21.0%). Of the
five nonsudden cardiac deaths, three were due to
progressive heart failure in patients with a cardio-
myopathy attributed to myotonic dystrophy and
two to coronary artery disease.

The relationship between the characteristics of
the patients and the cause of death is reported in
Table 2. A univariate association with sudden
death was identified for age, severe proximal
muscle weakness, all the cardiac and arrhythmia
diagnoses except ventricular tachyarrhythmia, the
presence of a pacemaker or cardioverter—defibril-
lator, and each of the ECG indicators except paced
rhythm. A significant univariate association with
death due to progressive neuromuscular respira-
tory failure was identified for age, moderate and
severe proximal muscle weakness, heart failure,
atrial tachyarrhythmia, the presence of a pace-
maker, and each of the ECG indicators except QRS
duration. Death from any cause was significantly
associated with ventricular tachyarrhythmia and
with all the characteristics associated with sudden
death and death from progressive neuromuscular
respiratory failure.

Multivariate Cox regression models were con-
structed to determine which characteristics were
independently associated with death (Table 3).
Because a severe ECG abnormality was defined by
the rhythm, PR interval, QRS duration, and pres-
ence of atrioventricular block, these individual co-
variates were not included in the multivariate
models. All models were adjusted for age, the pres-
ence or absence of a pacemaker, and the presence
or absence of a severe ECG abnormality, even when
these variables were not significant predictors.
A diagnosis of atrial tachyarrhythmia and a severe
ECG abnormality were independent risk factors
associated with sudden death. Other character-
istics were not significant independent predic-
tors of sudden death and had minimal effect on
the multivariate model if they were included. Age,
severe proximal muscle weakness, heart failure,
and atrial tachyarrhythmia were independent risk
factors for death from progressive neuromuscular
respiratory failure. Age, severe proximal muscle
weakness, heart failure, atrial tachyarrhythmia,
and ventricular tachyarrhythmia were indepen-
dent risk factors for death from any cause.

The presence of a severe ECG abnormality had
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Table 2. The Relation between the Characteristics of the Patients and Sudden Death, Death from Progressive Neuromuscular Respiratory
Failure, and Death from Any Cause.*

Death from Progressive

Sudden Death Neuromuscular Respiratory Failure Death from Any Cause

Characteristic (N=27) (N=32) (N=81)
Univariate Univariate Univariate
Relative Risk Relative Risk Relative Risk
(95% CI) P Value (95% CI) P Value (95% ClI) P Value

Age 1.46 (1.02-2.09) 0.04 1.98 (1.44-2.73) <0.001 1.73 (1.41-2.12) <0.001
Male sex 0.89 (0.42-1.90) 0.77 1.27 (0.63-2.55) 0.51 1.05 (0.68-1.62) 0.83
No. of CTG repeats 1.26 (0.87-1.82) 0.22 0.94 (0.66-1.34) 0.72 1.03 (0.83-1.29) 0.78
Muscular-impairment scoret

lor2 1.0 1.0 1.0

3 1.40 (0.52-3.78) 0.50 0.77 (0.23-2.49) 0.66 1.45 (0.79-2.66) 0.23

4 1.67 (0.68-4.07) 0.26 2.27 (1.04-4.95) 0.04 1.96 (1.18-3.26) 0.009

5 3.61 (1.33-9.82) 0.01 10.26 (4.76-22.11) <0.001 7.13 (4.25-11.97) <0.001
Heart failure 4.13 (0.97-17.51) 0.05 5.49 (1.67-18.10) 0.005 5.10 (2.34-11.10) <0.001
Left ventricular systolicdys-  3.93 (1.18-13.14) 0.03 0.97 (0.13-7.14) 0.98 2.54 (1.10-5.84) 0.03

function

Atrial tachyarrhythmia 8.19 (3.79-17.68) <0.001 5.60 (2.70-11.64) <0.001 5.36 (3.37-8.54) <0.001
Ventricular tachyarrhythmia 7.09 (0.92-54.71) 0.06 4.07 (0.55-30.18) 0.17 10.78 (4.26-27.28) <0.001
Pacemaker 3.77 (1.51-9.40) 0.004 4.09 (1.82-9.19) <0.001 3.48 (2.03-5.96) <0.001
Cardioverter—defibrillator 7.97 (1.75-36.16) 0.007 6.66 (2.37-18.66) <0.001
ECG findings

Severe abnormality:: 5.53 (2.33-13.17) <0.001 4.78 (2.21-10.37) <0.001 4.16 (2.60-6.65) <0.001

PR interval 1.50 (1.01-2.24) 0.04 1.88 (1.48-2.39) <0.001 1.69 (1.40-2.04) <0.001

QRS duration 1.76 (1.28-2.43) <0.001 1.33 (0.91-1.96) 0.14 1.43 (1.14-1.80) 0.002

Atrial tachyarrhythmia 9.34 (3.80-22.95) <0.001 6.49 (2.64-15.96) <0.001 6.64 (3.74-11.79) <0.001

Paced rhythm 3.15 (0.94-10.52) 0.06 5.53 (2.26-13.56) <0.001 4.90 (2.70-8.92) <0.001

* Univariate relative risks and P values were calculated with the use of Cox proportional-hazards analysis for time to sudden death, death

from progressive neuromuscular respiratory failure, and death from any cause. For continuous variables, the relative risk is expressed for an
increase of 1 SD, which for age is 12 years, for number of CTG repeats is 386, for PR interval is 41 msec, and for QRS duration is 25 msec.
For muscular impairment, the relative risks are calculated in comparison with the combined rating of 1 or 2, which was assigned a risk of
1.0. A relative risk left blank indicates that no patient with this characteristic died during follow-up. All covariates except age, sex, and num-
ber of CTG repeats were time dependent. Cl denotes confidence interval.

A score of 1 indicates no clinical muscular impairment, 2 minimal signs without distal weakness except for digit flexors, 3 distal weakness

without proximal weakness except for elbow extensors, 4 moderate proximal weakness, and 5 severe proximal weakness.?®

I A severe ECG abnormality was defined by the presence of at least one of the following features: rhythm other than sinus, PR interval of 240

msec or more, QRS duration of 120 msec or more, or second-degree or third-degree atrioventricular block.

2694

also the initiating rhythm is unknown. Although
our study used an accepted definition of sudden
death, appropriate classification remains diffi-
cult.222¢ Mechanisms other than arrhythmias
could have had a role in some of the sudden
deaths.?s

Patients with severe abnormalities on the entry
ECG were more likely to have or to receive a diag-
nosis of other factors that adversely affected out-
come. These patients were older, had more mus-

cular impairment, and were more likely to have or
to receive a diagnosis of heart failure, left ventricu-
lar systolic dysfunction, or atrial tachyarrhythmia.
Nonetheless, when these characteristics were eval-
uated in the multivariate model, an abnormal ECG
remained a significant predictor of sudden death,
with an adjusted relative risk of 3.30.

Despite a substantial burden of sudden death,
the major cause of death was respiratory failure
associated with progressive muscular weakness
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Death from Progressive
Neuromuscular Respiratory Failure

Table 3. The Relation between Patient Characteristics and the Risk of Death.*
Characteristic Sudden Death
Relative Risk Relative Risk Relative Risk
(95% Cl) P Value (95% Cl) P Value (95% Cl)
Aget 1.16 (0.76-1.75) 0.50 1.81 (1.20-2.74) 0.005 1.46 (1.13-1.87)
Muscular-impairment
scorex
lor2 1.0 1.0
3 1.28 (0.20-8.19) 0.80 1.13 (0.47-2.73)
4 2.85 (0.60-13.55) 0.19 1.47 (0.67-3.19)
5 13.07 (2.77-61.61) 0.001 4.54 (2.02-10.19)
Heart failure 5.39 (1.46-19.82) 0.01 2.85 (1.20-6.74)
Atrial tachyarrhythmia 5.18 (2.28-11.77) <0.001 2.41 (1.10-5.31) 0.03 2.59 (1.55-4.32)
Pacemaker 1.35 (0.51-3.56) 0.54 1.80 (0.77-4.20) 0.17 1.46 (0.82-2.60)
Ventricular tachyarrhyth- 6.41 (2.30-17.89)
mia
Severe ECG abnormality§ ~ 3.30 (1.24-8.78) 0.02 1.33 (0.53-3.33) 0.55 1.58 (0.90-2.81)

Death from Any Cause

P Value
0.003

0.79
0.33
<0.001
0.02
<0.001
0.19
<0.001

0.11

* All multivariate Cox proportional-hazards models were adjusted for age, the presence or absence of a pacemaker, and the presence or ab-
sence of a severe ECG abnormality, even when their effects were not significant. All covariates except age were time dependent. Cl denotes

confidence interval.

" The relative risk is expressed for an increase of 1 SD (12 years).
I A score of 1 indicates no clinical muscular impairment, 2 minimal signs without distal weakness except for digit flexors, 3 distal weakness

without proximal weakness except for elbow extensors, 4 moderate proximal weakness, and 5 severe proximal weakness.?® The relative risk
was calculated in comparison with the combined rating of 1 or 2, which was assigned a risk of 1.0.
§ A severe ECG abnormality was defined by the presence of at least one of the following features: rhythm other than sinus, PR interval of 240
msec or more, QRS duration of 120 msec or more, or second-degree or third-degree atrioventricular block. Characteristics evaluated for in-
clusion in the models for sudden death, death from progressive neuromuscular respiratory failure, and death from any cause included age,
number of CTG repeats, muscular impairment, heart failure, left ventricular systolic dysfunction, atrial tachyarrhythmia, ventricular tachyar-
rhythmia, the presence of a pacemaker, the presence of an implantable cardioverter—defibrillator, and the presence of a severe ECG abnor-
mality. The characteristics were entered into the multivariate Cox proportional-hazards models by a stepwise procedure on the basis of the
likelihood-ratio test. Characteristics that are not listed or for which no risk values are given were not included in the final model because

their P values were greater than 0.05.

attributed to myotonic dystrophy, a finding simi-
lar to findings observed in other large regis-
tries.’®11 Independent predictors of death from
progressive neuromuscular respiratory failure in-
cluded older age, more severe muscular impair-
ment, and a diagnosis of heart failure or atrial
tachyarrhythmia. Because respiratory failure ac-
counted for more deaths than did any other cause,
these same characteristics were also independent
predictors of death from any cause. The progres-
sive muscular weakness observed in these patients
affected their treatment after cardiac arrest and
the subsequent outcomes. In three patients with
acute unstable arrhythmias, resuscitative measures
were aborted after the initial evaluation of rhythm
because of advance health care directives. In an-
other patient, resuscitative measures were stopped
after defibrillation of a ventricular tachyarrhyth-

mia resulted in asystole. These four patients all
had severe proximal muscle weakness, as assessed
at the last study follow-up. It is likely that their
stable but severe muscular involvement influenced
decisions regarding emergency medical care.
The most common clinical arrhythmia ob-
served was an atrial tachyarrhythmia. A diagno-
sis of atrial tachyarrhythmia was the only char-
acteristic independently predicting both sudden
death and death from progressive neuromuscular
respiratory failure. Different mechanisms could
be responsible for the association of an atrial
tachyarrhythmia with these two causes of death.
An atrial tachyarrhythmia could reflect the pres-
ence of atrial fibrosis indicative of conduction in-
volvement and an increased risk of sudden death.”
Atrial tachyarrhythmias could also be more com-
mon in patients with pulmonary dysfunction who
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are at higher risk for death due to progressive neu-
romuscular respiratory failure.?®

By the time of the last follow-up visit, 10 of the
96 patients with severe ECG abnormalities at study
entry had received a diagnosis of heart failure. The
majority of patients with heart failure had a diag-
nosis of nonischemic cardiomyopathy attributed
to myotonic dystrophy.3° A diagnosis of heart fail-
ure was associated with death from progressive
neuromuscular respiratory failure and death from
any cause. Screening patients with myotonic dys-
trophy type 1 for signs and symptoms of heart
failure, especially those with an abnormal ECG,
is appropriate.

On the basis of nonrandomized observations,
some investigators have recommended pacemak-
ers for patients with myotonic dystrophy and as-
ymptomatic cardiac-conduction abnormalities.?53
Pacing guidelines have been updated to reflect
these recommendations.** Such recommendations
appeared to affect the use of pacemakers in our
registry. By the time of the last follow-up visit,
10% of the patients had pacemakers, two thirds
of which were prophylactic. However, we did not
observe that pacemakers decreased the rates of
sudden death or death from any cause. We and
others have recognized that patients with myo-
tonic dystrophy continue to die suddenly despite
having functioning pacemakers.10:11,25:26

A small number of the patients received im-
plantable cardioverter—defibrillators, most of which
were prophylactic. These devices are capable of
delivering both pacing and defibrillation and
therefore can treat both bradycardia and ventricu-
lar tachyarrhythmias. Sudden death occurred in
two patients with implantable cardioverter—defi-
brillators. In one patient, postmortem evaluation
of the cardioverter—defibrillator memory was avail-
able. The stored ECGs implicated an atrial tachyar-
rhythmia with recurrent delivery of inappropriate
cardioverter—defibrillator therapy, provoking a lat-
er ventricular tachyarrhythmia and ultimately asys-
tole not responding to pacing. The predominance

of ventricular tachyarrhythmias observed in pa-
tients at the initial evaluation of rhythm after
collapse lends support to the concept that cardio-
verter—defibrillators could be beneficial in pre-
venting sudden death. However, the effectiveness
of cardioverter—defibrillators in reducing mor-
tality in patients with myotonic dystrophy type 1
remains unknown. Mortality from progressive
neuromuscular respiratory failure could limit the
overall duration of benefit of implantable cardio-
verter—defibrillators in patients with myotonic
dystrophy type 1.

In conclusion, our study shows that adult pa-
tients with myotonic dystrophy type 1 are at high
risk for sudden death. The presence of a severe
ECG abnormality and a clinical diagnosis of atrial
tachyarrhythmia were the only independent pre-
dictors of sudden death detected in our analysis.
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