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in 12 sutogsy cases of phy, the most
gl ohserved !ﬁlons of me cardise
conduction systera were Sbrosis, fatty Infiltration and atro-
phy, Fibrosis involved the sinus node in 6 cases, atrioven-
tricular {AV}node in7, AY hundle In 8, bundle branches |

with myotoni
myacarditis in one,
phied In seven cases, }
disarray in two,

ystrophy in two and varicella
i were hyp
d in three and

0 and vent:ieular myocardivm in 11, Faity infiliration was
ehserved in the sinus node in two cases, AV nodein two, AV
bundie in six, bundie branches in one and

and extent of conduction sysiem lesions
tended to o
abnermalities, in:luﬁiug prolonged PR inferval in six cases,

myocardium in nine, Afrophy was prominent in the AV
bundle in five and bundle hranches in eight. Lymphocyl

delay in six and bundle bfmch
block in four. Cardiae invel: by

infittrated the conduction system in thrae ¢ases and were

may have to sudden death in four cases.
{7 Am Coll Cardiol 1988;11:662~71}

Myuotonic dystrophy is characterized by myotonia, delayed
muscle relaxation time, progressive muscular weakness and
atrophy and characteristic electromyographic abnormalities.
In addition to its neuromuscnlar features, the dlsorder is
frequently ; frontal b pto-
sis; various respiratory, gastrointestinal and cardiovascular
symptoms: and a history of mystonic dystrophy involving
other family members.

Cardiac dysfunction usualiy appears several years after
the onset of but fonally may
be the first manifestation of the disease. Cardiac firdings
include conduction abnormalities with or without arrhyth-
mins, dilated candiomyopathy, mitral valve prolapse and
sudden death (1-40). In three reviews (22,34,36) the fre.
quency of conduction abnormalities ranged from 62 10 75%.

The most commonly observed conduction defects are a
prolonged PR interval (first degree heart block) and intea-
ventricular conduction delay (22,34,36). Sinus arthythmia,
atrial flusier, atrial fibrillation, sccond and third degree heari
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block, bundle branch block and ventricular tachycardia also

have been d. b igations of the cond system
usmg en(her surface el di (ECG) or invasi
logic studies have d ated abnormalities,

often at multiple levels, in the atrioventricular (AV) node
and the AV bundle and bundle branches (His-Purkinie
system} {1,4,6,8-10,15,17).

Although the pathophysiologic findings of the cardiac
conduction system have been described in many chinical
studies of patients with myotenic d phy, the hi h
fogic findings. 1o our kanowledge, bave been reported in only
five cases (3,16,21,31). With these considerations in mind,
the present study of 12 autopsy cases was undertaken,

Methods

Study cases. From the medical records between 1950 and
1986 at our institution, 12 cases were identificd in which the
clinical diagnosis of myotonic dystrophy was established
unequivocably, and in which an autopsy was performed and
the heart was available from our tissue registry. Only those
cases were included in which classic clinical features were
described by a neurologist and in which there was either a
characteristic electromyogram or a family history of mye-
tonic dystrophy. One or more 12 lead ECGs, recorded within
2 years before death, were available in cach case and were
reviewed by one of us {(D.R.HL).
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Tahle L. Clinical Features in '2 Cases of Myolonic Dystrophy
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Sex & Age Duration of Family lectro-
Case yn Disease (y1) History myography 12 Lead ECG Cause of Deata®
1 F. 40 days <1 Yes Not done Mormal Respiratory failure
2 M. 13 4 Yeos Not dane Normal Sudden deatht
3 M. 20 20 Yes Diagnoslic 1° AV block, intermistent Varicella myocarditis
¥ AV black, LBRB.
bradycardia, IVCD.
VT
4 M43 3 No Diagnostic I AV block, Bronchopneumonia
ACD, IVCD
] F. 46 14 Yes Diagnostic Sinus arthythmia. Sudden death?
bradycardia
6 F. 48 2 No Diagnostic AF, tachycardia, Respiratory arrest
SVT
7 F.48 28 Yes Diagnostic 12 AV block, Sudden death
LBBB. ACD. IVCD
8 M, 49 9 Yes Diagnostic Sinus lachycasdia, Pulmonary embolus
LAD. SVT, VT
9 F.55 15 No Diagnostic 1” AV block. RBBB, Myocardial infasction
IVCD, 3VT, VT, LAD
10 M, 57 7 Yes Diagnostic 1° AV block, IVCD, Pulmonary embolus
VPC. bradycardia
1 F.57 9 Yes Diagnostic I” AV block. AF. Sudden death
ACD, IVCD, RBBB.
LBBB, LAD, S¥T
12 7,65 4 Yes Dagnostic AF. SVT
*Based on clinical and autopsy findings; tdeath accurred within 24 I of an operative procedure.
1° = first degree: 3° = third degree: ACD = atrial conduction delay: AF = atrial fibrillation; AV = 1 ECG = F = femals:

IVCD = intraventricular conduction defay; LAD = left axis deviation: LBBB

ieft bundle branch block: M = male: RBBB = right bundle branch block: SYT

= supraventricular tachycardia; VPC = ventricular premature complexes: VT = ventricular 1achycardia.

Pathelogic examination. For each cardiac specimen. the
weight was recorded and the extent of ischemic and valvular
disease was grossly evaluated. Tissue for study by fight
microscopy was obtained by one of us (W.D.E.) from the
sinus node, AV conduction sysiem, right vemiricular free
wall, ventricular septum and anterior, lateral and inferior
aspects of the left ventricular free wail.

Tissues were processed routinely. cut 5 um thick, and
stained with hematoxylin-eosin and Masson's trichrome.
From the tissue blocks of the AV conductian system, every
50th 5 um slice was retained for study. The number of slides
for each case ranged from 48 to 192 with an average of 85.
Slides were reviewed without knowledge of ECG features or
other clinical information.

The extent of fibrosis and fatty infiltration for the myo-
cardium and 1 tissues was d i i
tatively and expressed as a percentage, in 5% increments, of
Lhe tissue involved. By this method, intraobserver variation
was generally 0 to 5% and never >10%. Because there
rormally may be appreciable individual variation in the
structure of the cardiac conduction system, age-matched
contrals were not utilized. Rather, published descriptions
and photomicrographs, based on observations from a large
number of cases and investigators (41-44), served as normal
controls.

Results

Clinica} features {Table 1). Of the 12 patients, 7 were
female and 5 were male, and their ages ranged from 40 days
to 65 years (mean 42 years). The duration of myotonic
dystrophy ranged from 40 days to 45 years (mean 16 years).
The clinical and pathologic findings in one case (Case 9) have
been published previously {16).

A family history was positive in 9 cases, and an electro-
myogram was diagnostic in the 10 cases ia which it was
performed. Cataracts, frontal baldness and plosis were
present in nine cases, and ptosis alone was observed in one
(Case 6); these features were ahsent in the two youngest
patieals.

Respiratory and intestinal disorders were also
present and included aspiration pneumonia in six cases,
dysphagia in three and irritable bowel in two. Four patients
had had diabetes mellitus, and one {Case 6) had had Graves’
disease with thyrotoxicosis.

Cardiac symptoms included palpitation in five cases
(Cases 3, 6,9, 10 and 11), dizziness or syncope in two (Cases
5 and 9) and dyspnea in two Cases 4 and 6). Numerous ECG
abnormalities were documented (Table 1). In only one case
{Case 3) were cardiac catheterization and electrophysiologic
study done.
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Table 2. Cardiac Pathologic Features in 12 Cases of Myotonic Dystrophy

Hean Weight (g}

Penetsating AV

Case Observed Expected* Hypertraphy Dilation Sinus Node AV Node Bundle
! u % None None Normal Normal Normai
2 88 290 None None Fibrasis (70%) Fibrosis (40%) Normia)
3 560 340 LV.RV Four chamber Fibrosis (607} Fibrosis (20%). Normal
Iymphocytes
4 s 95 None Nong Fibrasis (60%, Fibrosis {30%) Fal (50%)
perinodat
fibrosis.
s 250 265 None Nore Normat Normat Normai
6 s 260 Lv None Fibrasis {66%} Norwal Fot (095
ki 480 280 LV, RV Four chunber Lymphocytes Fibrosis (15%) Lymphocytes
8 Bt s None Nore Fat (10%), Fibrosis (40973 Fibrosis (25%),
iymphacytes fat (239,
fymphocyles
% 458 0 v Noge Momal Seaalt Normal
i 345 360 LY, RV LA Ra Fibrosis {8075}, Fibrosts (3098, Fat {30%)
perinodal fal (3078}
fibrosis
n 41 m LV.RV Four chamber Fibsosis (806%), Fibrosis {36%) Atrophy
fat (109},
perinodal
fbrosis
Y] 395 280 Lv Nome Normal Fat (40%) Mormat
*Refer to Ludwig 1. Current Methods of Aulopsy Practice. 2nd cd. Philadelphia: WB Saunders, 1979:668-71. AV = atrioventricular; LA = left atriom; LV

= left ventricle; RA = right atrinm; RV = right ventricle.

Cateses of death desermined at autopsy included sudden
death in four cases, resplratory failure in twa, bronch

disarray involved the ventricular septum in two. Although

mania in two, in twe, 1

ditis in one and ruptured acute myocardial infarction i m one,
FPathologic features of myocardium (Table 2). The heart

was appreciably enlarged in 6 of the 12 autopsy cases and

was consistent with dilated cardiomyopathy in 3 of the 6.

There was o gross evidence of a floppy mitral valve or other

chronic valvular disease among :hc

cardiac hypertrophy was obscrved on the basis of gross
heart weight in only 7 cases, myocyte nuclei were enlarged
and hyperchromatic in ali 12, Varicella myocarditis was
diagnosed in one case {Case 3).

Pathologic features of conduction system (Table 2). The
sinus node was excessively fibrotic in 6 of the 12 cases [Fig.
2). This finding was based on the gencralizaiion that the

mitral valve prolapse was d d di hically in
one case (Case 3),

Coranary atherosclerosis was severe (>75% obstruction
of cross-seclional luminal area) in four cases and represented
single vesset disease in three (Cases 4, 5 and 9) and three

vessel disease in one (Case 10}, No lesion of the d

normal p of coll in the sinus node is approxi-
mately equal to one’s age in years. Fatty infiltration was
present in only two cases and was mild in both, Small
clusters of lymphocytes were observed along the edge of the
sinus node in two cases. Myocardial tracts leaving the node
were fibrotic in three cases, and dense fibrosis encased

sysiem was considered to be due to ischemia. Ischemic heart
disease, however, was responsible for death in one case
(Case 9) and may have contributed to sudden death in
another (Case 5),

Microscopically, fibrosis involved 18 o 20% of the ven-
tricular myocardium in the 10 adult patients (Fig. 1). The
fibrosis tended o be perivascular, but periceliular and
paichy replacement patterns were also encountered. Faity
infiltration was observed in the right ventricle in nine cases
and in the lefl ventricle in three (Fig. 1}

Degenerative sarcoplasmic vecualization of veniricular
myocytes was focally present in three cases, and myofiber

several par pathetic ganglia near the sinus node in one
{Case 10). The sinus nodal artery was normal for age in all
cases.

FExvessive fibrosis invelved the AY nade and its internodsl
appraaches in 7 of the 12 cases (Fig. 3}, For the AV
conduction system, the normal percentage of collagen and
fat was considered to be <10% each. Fatty infiltration of the
AV node was observed in two nases, and a focal lymphocy-
tic infiltrate in ome. The AV nodal artery showed focal
intimal thickening in four cases.

The penetrating AV (His) bundle was more oftes the site
of fatty infiltration than fibrosis, It was involved by fat in
four cases, fibrosis in one and small clusters of lymphiwoeyles
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Table 1. {rontinued)
Myocardium
Lase Brarchirg AV Bundle Lef: Bundle Branzh Right Buniile Branch Lv RV
i Normal Normal Normai Normal Normal
k3 Fibwosis {15%} Fibrosis (20%) Fitrosis (20%) Normal Fibrosis (16£6)
3 Lymphocytes Fibrosis (2075}, degeneration, Lymphocytes Fibrasis (16%), Lymphocytes
Iymphocytes fymphocytes
4 Fibrosis (309, fat (307 Fibrasis {30%}, wrophy Fibrasis Q%) Fibrosis {15%), fat (5%} Fibrosis (1673,
&l {15%)
5 Noxmal Fibrasis (40%), atraphy Normat Fibrosis (1091, Fibrosis (109}
degeneration, disarray Fat (1598)
6 Fat (4075, atrophy Fibrosis (759%), atsophy Fibrosis (20%) Fibrosis (109%), fat (5% Fibrosis (10963
fat {167,
7 Fibrosis (23%), fat (13%3 Fibrosis (60%), degensration, Fibrasis {35%3, atraphy, Fibrosis {209} Fibvosis {1098},
atrophy lymphacytes fat (16%6)
8 Fibrosis (35%), atrophy Fibrosis {25%), atrophy Not identified Fibrosis (15%), Fat (30%5)
Tymphocyres.
2 Fibrosis (30%), fat (20%5). Atrophy Nommal Fibrasis (1557} Fat (1558)
atrophy
1 Fibrosis (25%), Degeneration, ateoghy Fibrosis (4026). Fibrosis (10%), Fibrosis (105%]
degeneration, atrophy degeneration, aliophy degeneration fa1 (30%)
1n Fibsasis {5093, atrophy Fibrosis {50%, strophy Fibrosis (109%), atrophy ~ Fibrosis (15%) Fat (1095
2 Fibrosis {15%) Fibrovis (2095}, degeneration Fat {3095 Fibrosis {10%), fat (5%, Fat (30%)

degensration, disarray

Figare 1, Case 11, Histopathology of left veniricular

hout coexistent coronary artery dis-
dystrophy. A, Patchy repl

fibrosis and B, patchy fibroadipose tissue in a 57 year old

woman (hematoxylin-eosin stain, original magnification

myocardium, wit
ease, in

96, reduced by 20%).
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in two (Fig. 4). In contrast to the penetrating portion of the
His bundle, the branching portion was more often the site of
fibrasis than fatty infiltration. It was excessively fibrotic in
eight cases; in five, it was also atrophic and was involved by
fatty infiltration in four (Fig. 4). Lymphocytic infilrates were
encountered in one case.

The left bundle branch was fibrolic in nine cases, atrophic
in eight and the site of degenerative changes in four (Fig. 5).
In comparison, the right bundle branch was fibrotic in six
cases, airaphic in three and degenerative in one. In one case,
fat accounted for 30% of the right bundle branch. Small
clusters of lymphocytes were observed in two cases.

Clinicopathologic correiations. In Case I {the youngest
patient), both the ECG and the histologic findings in the
cardiac conduction system were normal, In Case 2 (the next
youngest patient), the ECG was normal, but microscopic
study showed extensive fibrosis of the sinus and AV nodes
and mild fibrosis of the branching AV bundle and both
bundle branches. Iz the other 10 cases (the 10 oldest
patients), abnormalities were observed in both the ECG and
the microscopic study of the cardiac conduction system.

Among the 12 cases, excessive fibrosis of the sinus node

JACC Vol. 11, No.
March 1988:662-71

was observed in 2 of 3 with atrial conduction delay, 2 of 3
with atrial fibrillation, 2 of 3 with bradycardia and only | of
3 with no sinus or atrial arvhythmia (Tables 1 and 2).

Excessive fibrosis of the AV node was present in five of
six cases of first degree heart block but was observed in only
two of six cases in which no AV conduction abnormalities
were recorded.

Fatty infiltration or excessive fibrosis of the AV (His)
bundle was noted in five of six cases of first degree heart
block; in all six, intraventricular conduction delay was also
present, Although similar lesions were also observed in four
of six cases in which there were no AV conduction abnor-
malities, the extent was mild (15% fibrosis) in two of the
four,

The left bundle branch was fibrotic in three cases of left
bundle branch block and in six of nine without block.
Fibrosis of the right bundle branch was observed in 1 of 2
cases of right bundle branch block and in 5 of 10 without
block.

Left ventricular fibrosis (>10%) was present in three of
four cases with intraventricular conduction delay and in only
two of eight without it.

Figure 2. Histopathology of sinus node in myotonic
dystrophy. A, Case 10. Severe fibrosis and focal fatty
infiltration in a 57 year old man (Masson trichrome stain,
original magnification %180, reduced by 20%). B, Case
8. Lymphocytic infiltration in a 49 year old man (hema-
toxylin-eosin stain, original magnification x360, re-
duced by 20%).
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Figure 3. Histopathology of atrioventricular node in
myotonic dystrophy. A, Fibrosis in a 13 year old boy
(Case 2) and (B) a 49 year old man (Case 8) (Masson

il stain, original ification x 180, reduced by
20%).

Discussion

Clinical features, Among patients with myotonic dysiro-
phy, cardiac symptoms have been reported in 7 to 23% (22,
34). In the present study of 12 cases, palpitation occurred in
5 and light-headedness or syncope in 2. Four (33%) of the 12
patients had sought medical attention because of the severity
of their cardiac symptoms, and all 4 had had an AV conduc-
tion defect detected on the 12 lead ECG.

Abnormalities of the cardiac conduction system are com-
monly observed in patients with myotonic dystrephy. The
two most frequently reported findings are prolonged PR
interval and intraventricular conduction delay (22,34.36).
Among our 12 patients, the 10 oldest had an abnormal ECG
and 6 had both a profonged PR interval and an i i
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dial biopsy specimens in 1l cases (2,3.9,11,16-19,21,
23.25-29.31.32,35,3740).

The most frequently observed lesions include myocyte
hypertraphy, with or without sarcoplasmic vacuolization or
other degenerative changes, and interstitial fibrosis or fatty
infiltration (2,3,9,11,12,16-18.,21,23,25,26,28,29,31,
32,37-39). Even in patients wilh a normal heart weight,
myocyte nuclei may be enlarged and hyperchromatic, as
expected in hypertrophied cells. Moreover, myofiber disar-
ray and lymphogytic infiltrates oc lly may be d d
(3.11,17,19,29.31). Each of these features was observed in
the present study.

In regard to ventricular function, although myocardial

cular conduction delay.

Pathelogic features of myocardium. Although the myocar-
dium may seem normal on light microscopy in some paiiciiis
with myatonic dystrophy, it is the site of nonspecific abnor-
malities in most. These abnormalities have been noted in
autopsy specimens in 30 reported cases and in cndomyocar-

lities are ly observed grossly and micro-
scopically in patients with myotenic dystrophy, and al-
though 7% of patients have clinical evidence of heart faifure
(28), most ¢ch diographic i i have failed to
demonstrate abnormalities in ventricuiar funciion (4.5}, This
failure may be due to the mild nature of the pathologic
abnormalities in most patients (4.13,22) or to the early stage
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in the disease process at which some echocardi hi
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Figure 4. Histopathology of atriaventricular {AV} bun-
dle in myotonic dystrophy A, Case 10. Fatty infiltration
in 8 57 year old man {Masson trichrome stain, original
maganification %90, reducad 209%). B, Case 7. Focal
replacement fibrosis and atrophy in a 48 year old
womian. Arrows demarcate expected size and shape of

A¥ bundle fin and eosin stain,
original magnification X9, reduced by %), LBR =
{eft bundie branch; RBB = right bundle branch.

studies may have been performed (10,28).

Dilated cardiomyopathy in patients with myotonic dys-
trophy has been observed clinically by several authors (2,3,
25,26,31). Morcover, in a review of 23 autopsy c¢ases,
Kennel et al, {16) noted cardiomegaly in 8 (35%). In the
present study. biventricular hypertrophy and four chamber
dilation were noted in 3 (25%) of the 12 cases, and their
presence could not be explained on the basis of ischemia or
other causes. Diksted cardiomyopathy. however, was not
diagnosed clinically in any of the cases.

Severe coronary atherosclerosis was observed in four
cases in this swudy, but the jocation of paichy areas of
ischemic fibrosis was distant from the conduction tissues and
led to the conclusion that abnormalities of the cardiac
conduction system in our cases were the result of myotonic
dystophy rather than ischemic heart diseasc. Similar obser-
vations have been made by other investigators {1,4,15,19,
22,30.36).

ie features of conduction system: comparison with
previously reported cases (Tabie 3). Detailed histopathologic
investigations of the cardiac conduction system in myotonic
dystrophy have been previously reported in five cases
3,16,21,31). In four cases in which abnormalities were
ohserved, the lesions were multifocal and consisted pri-
marily of fibrosis, fatty replacement, degenerative changes
and atrophy. In the present study, the same types of
lesions were documented in 11 of the 12 cases and, in
general, their extent and severity tended to correfate with
the extent of ECG abnormalities. Four of the 12 patients,
however, were >58 years, and it is possible that aging
changes may also have contributed to the observed lesions
in these cases.

In some of the cases, however, histopathologic lesions
existed without ECG counterparts (and vice versa), and
{esions of the bundle branches had the poorest correlations.
‘This lack of correlation may be expected bacause investiga-
tors using either external His bundle recordings (6) or
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electrophysiologic testing (10) have indicated that the stan-
dard 12 lead ECG may not be sensitive enough to detect
early lesions of the cardiac conduction system in patients
with myotonic dystrophy.

Bharati et al. (3) found mononuclear infiltraes in the
sinus node and left and right bundle branches of one pa-
tient and in the approaches to the sinus node of another.
In the present series of 12 cases, small clusters of lympho-
cytes were observed in the conduction system in three cases
and involved the sinus node in two, AV node in one, AV
bundle in three, left bundle branch in one and right bundle
branch in two. In one of these (Case 3), inflammation of the
AV node and right bundle branch was considered te be due
!o i varicella yocarditis. In the olher lwo cases,

I fil were ! to repre-
sent part of the spectrum of histopathologic lesians in
myotonic dystrophy. Whether the lymphocytes were caus-
ing myocyte injury or were simply responding Lo it is
unclear.

Causes of death. Death is generally refated to cardiopul-
monary causes and, in the presen. series of 12 cases, was
due to i y failure in 2, br ia in 2 and
pulmonary embolus in 2. In two cases, death was not
directly refated to myotonic dystrophy. In one. death was
associated varicella myocarditis. and in the other it was
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Figare 5. Case 7. Histopathology of bundle branches in myotanic
dystrophy. Multiple tesions in a 48 year ofd woman, with focal
interruption of left atrioventricular bundle (AVB) proximally (A,
arrows), dense coll sheath and d atrophy of
left bundle (B, arrows), dense replacement fibrosis within left
bundle tissue (C) and dense fibrosis surrounding severely atro-
phic right bundle (D, arrows). RBB = right bundle branch; V§ =
ventricufar septum. (A, Masson trichrome siain, original mag-
nification x 36, reduced by 32%:; B through D, hematoxylin-eosin
stain. original magnificatian (B and D) x90. (C) X 180, reduced by
32%.)

due to hemopericardium and cardiac tamponade that re-
sulted from rupture of an acute myocardiai infarction.

Sudden death occurred in 4 (33%) of the 12 cases in the
present study, and in2 of the 4, death occurred within
24 h of an op well ized risk in
myotonic dystrophy (45) Among 30 prcvmusly reported
autopsy cases, sudden death occurred in 5 (17%) and
was attributed to ventricular arrhythmias or third degree
neart block (2.3,11.16,19,2,25-28,31.32.35,37-40). Thus,
cardiac involvement in myotonic dystrophy occurs rela-
tively frequently and appears to have a predilection for
multifocal fibrotic and degenerative lesions of the conduc-
lion system. The resulting rhythm disturbances may be life
threatening.
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Table 3. Pathologic Findings of Cardiac Conduction System in Five Reported Cases of Myotonic Dystrophy

Source and

Sex & Peneteating Branching AV Left Bundle Right Bundle
Reference Age (yr) Sinus Node AV Node AV Bundle Bundle Branch Branch
Hharati et al. .15 Perinodal fibrosis, Normal Fragmentation  Fibrosis, Fibrosis. Fibrosis. fat,
(1984) (3) mononuclear fat, atrophy atrophy. atrophy
cells degeneration
Kennel et al. F.55 Fibrosis, fal Fibrosis. Fibrosis. fat Fibrosis, Fibrosis, fat Fibrosis, fat
{1974) (16} fat fat
Cannon M. 60 Nos examined Normal Noimal Narmal Normal Normal
{1962) 31)
Bharati et al. M. 67 Degeneration, Fibrosis Fibyosis, Atrophy Fibrosis. Fibrosis. atrophy.
{1984) (3) mononuclear atrophy mononuglear degeneration,
cells cells manoauclear
cells
Thomson (1958} F. 69 Fibrosis, Fibrosis, Fibrosis Fibrosis Degeneration Fibrosis, atrophy,
n degeneration degeneration degenerzlion
Abbreviations as in Table 1.
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