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Cardiac Dysfunction in Patients with Chronic Progressive External 
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Summary 

Rutkground: Chronic progressive external ophthalmople- 
gia (CPEO), which includes Kearns-Sayre syndrome, is 
a mitochondrial disorder with large deletions of mitochon- 
drial DNA. Recently, mtDNA deletions in cardiac muscle 
cells were thought to be a cause of dilated cardiomyopathy. 
However, the cardiac involvement in patients with CPEO is 
generally considered to be limited to the cardiac conduction 
system. 

Hypothesis: The purpose of this study was to evaluate left 
ventricular hnction in patients with CPEO. 

Methods: We evaluated the cardiac function of five patients 
with CPEO by means of carotid pulse recording and Doppler 
echocardiograph y. 

Results: The ratio of the pre-ejection period to ejection 
time was increased to 0.67 in one patient and to 0.50 in anoth- 
er. Echocardiography showed left ventricular dilatation and 
diffuse hypokinetic wall motion in both cases. Left ventricu- 
lar fractional shortening was decreased to 5 and 19%, respec- 
tively, and the mean rate of circumferential shortening was 
decreased to 0.12 and 0.63 circ/s, respectively. One of the two 
patients died of congestive heart failure 2 months after the 
study. The Doppler pattern of left ventricular filling in the 
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three remaining patients showed a decrease in the ratio of 
peak flow velocity in early diastole to that in late diastole, 
with an increase in deceleration time. 

ConcZusion: Although cardiac involvement in patients with 
CPEO is generally considered to be limited to the cardiac con- 
duction system, left ventricular dysfunction may be present 
and should receive more attention in the management of pa- 
tients with CPEO. 

Key words: chronic progressive external ophthalmoplegia, 
mitochondrial myopathy, cardiac dysfunction 

Introduction 

Chronic progressive external ophthalmoplegia (CPEO), 
which includes Kearns-Sayre syndrome (KSS),’ is a mito- 
chondrial disorder with large deletions of mitochondria1 DNA 
(mtDNA).” Recently, mtDNA deletions in cardiac muscle 
cells were thought to be a cause of dilated cardiomyopathy.6, 
However, cardiac involvement in patients with CPEO is gen- 
erally considered to be limited to the cardiac conduction sys- 

In this paper, we report on left ventricular (LV) func- 
tion in five patients with CPEO using carotid pulse recording 
and Doppler echocardiography. 

Methods 

Study Population 

We evaluated the cardiac function in five Japanese patients 
with CPEO, two men and three women ranging in age from 20 
to 64 years (mean 48 years), by carotid pulse recording and 
Doppler echocardiography. As controls, we evaluated 40 nor- 
mal subjects without cardiac or neuromuscular disease, 18 
men and 22 women ranging in age from 20 to 65 years 146 2 
10, mean f standard deviation (SD)]. 

A biopsy of the deltoid muscle was obtained in the five pa- 
tients with CPEO. Specimens were examined by an evalua- 
tion of modified Gomori-trichrome staining and histochem- 



240 Clin. Cardiol. Vol. 20, March 1997 

ictry for cytochrome 0xida.e. Muscle tissue was also exam- 
ined by electron microscopy. Analysis of mtDNA was per- 
formed as described previously. In brief, mtDNA from the 
skeletal muscle specimens was examined by Southern blotting 
using the restriction enzyme, PvuII, and probes for human 
mtDNA (map position nt 3,153-3,551), and by the primer 
shift polymera5e chain reaction (KR)  using primers that were 
designed on widely separated regions of mtDNA. To deter- 
mine the deletion sites of mtDNA, the PCR products that 
contained breakpoints were sequenced by the dideoxy method 
using 7-deaza sequenase." 

Carotid Pulse Recording 

Electrocardiogram (ECG), phonocardiogram and carotid 
pulse were recorded simultaneously. Left ventricular ejec- 
tion time (ET) was measured as the interval from the begin- 
ning of the upstroke to the onset of the dicrotic notch on the 
carotid pulse tracing. QRS to the second sound interval (Q-2) 
was measured as the interval from the onset of the QRS com- 
plex to the earliest high-frequency vibrations of the aortic 
component of the second heart sound. Pre-ejection period 
(PEP) was calculated by subtracting ET from Q-2. The ratio 
of PEP to ET (PEPET) was calculated to evaluate LV sys- 
tolic function.I2 

Doppler Echocardiography 

Two-dimensional (2-D), M-mode, and pulsed Doppler 
echocardiographic examinations were performed with an ul- 
trasound system (Toshiba, SSH-160A) using mechanical and 
phaced-may sector scanners with a 2.5 or 3.5 MHz transduc- 
er. The interventricular septal thickness (IVS), LV posterior 
wall thickness (LVPW), LV end-diastolic dimension (LVDd), 
and LV end-systolic dimension (LVDs) were measured ac- 
cording to the recommendations of the American Society of 
Echocardiography. Fractional shortening (FS) was calculat- 
ed as (LVDd - LVDs)/LVDd. The mean rate of circumferen- 
tial shortening (mVcf) was calculated as (LVDd-LVDs)/ 

Left ventricular inflow velocities were recorded by pulsed 
Doppler echocardiography. The Doppler sample volume was 
placed at the level of the leaflet tips of the mitral valve using 
the apical long-axis view. Peak flow velocities of the LV in- 
flow in early diastole (peak-E) and late diastole with atrial 
contraction (peak-A) were measured from the baseline to the 
maximum tlow velocity, and the ratio of peak E to peak A 
(EIA) was calculated. Mitral deceleration time (Mdt) was 
measured as the time required for peak E velocity to decline 
to ba~e1ine.I~ Values were the mean of eight beats. 

LVDd.ET. 

Statistical Analysis 

Data are expressed as mean f SD. The upper and lower 
95% confidence limits of the measurements in carotid pulse 
recording and Doppler echocardiography are the mean -+ 
1.645 SD values obtained in normal subjects. 

ReSUltS 

Clinical Features of Patients with Chronic Progressive 
External Ophthalmoplegia 

The clinical features of the five patients with CPEO are 
summarized in Table I. None had a family history of CPEO 
or cardiomyopathy. None had a medical history of hyperten- 
sion, diabetes mellitus, hyperlipidemia, smoking, or alcohol 
abuse. Patient No. 1 experienced exertional dyspnea at the 
age of 19. His routine ECG showed QS in leads v1-7, T inver- 
sion in leads V4-6, and a normal PQ interval. He died ofcon- 
gestive heart failure at the age of 20,2 months after the pre- 
sent study. Patient No. 2 experienced exertional dyspnea at 
the age of 55. The ECG in this patient showed first-degree 
atrioventricular block. A His-bundle electrogram showed that 
the His-Purkinje interval was prolonged to 90 ms. No symp- 
toms of heart failure were observed in the other three patients. 
Their ECGs revealed no cardiac conduction disturbance. 
Skeletal muscle biopsy in the five patients revealed the pres- 
ence of 1.0 to 9.7% scattered ragged red fibers lacking cy- 
tochrome oxidase activity. Electron microscopic examination 
of the skeletal muscle in all patients showed variations in the 
size and structural abnormalities of the mitochondria with 
paracrystalline inclusions and abnormal cristae. Southern blot 
analysis showed mtDNA deletions of 10 kb in Patient No. I ,  
and of 5 kb in Patients No. 2 and 3. Southern blot analysis in 
Patients No. 4 and 5 didnot detect deletions, but primer shift 
PCR showed mtDNA deletions of 5.4 kb and 5.7 kb, respec- 
tively. Sequencing of the deleted mtDNA showed that the 
mtDNA deletions ranged from 5,920 nucleotides (nt) to nt 
16,012 in Patient No. 1; from nt 8,483 to nt 13,459 in Patient 
No. 2; from around nt 8,260 to nt 13,613 in Patient No. 3; 
from nt 8,139 to nt 13,577 in Patient No. 4; and from around 
nt 7,897 to nt 13,613 in Patient No. 5. 

TABLE I Clinical featum of five patients with chronic progressive 
external ophthalmoplegia 

Patient No 
1 2 3 4 5  

Age (ye=) 20 57 61 38 64 
Sex M M F F F  
Clinical symptoms 

+ -  - - - Dementia 
Short stature - - + + -  
Ophthalmoplegia + + + + +  
Retinal degeneration - - - 

Hearing loss + + -  
+ -  

+ 
+ 
+ 

- 
- Limb weakness + + -  

Ataxia 
Heart block 

- - - - 
- - - + -  

- - Dilated cardiomyopathy + + -  
Abbreviations: M = male, F = female, + = present, - = absent. 
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Findings of Carotid Pulse Recording 

The PEPET in the normal subjects was 0.27 f 0.03 (mean 
f SD). This ratio was abnormally high in Patients No. 1 (0.67) 
andNo. 2 (0.5) (Fig. 1). 

M-Mode and Two-Dimensional Echocardiographic 
Findings 

M-mode echocardiographic measurements in normal sub- 
jects were as follows: IVS 8.9 f 1.1 mm, LVPW 8.8 f 0.9 
mm, LVDd 45.0 & 3.0 mm, LVDs 30.1 f 3.2 mm, FS 35.0 f 
4.8, and mVcf 1.4 f 0.3 circ/s. The IVS in Patient No. 1 was 
slightly decreased to 6 mm, but was within normal limits in 
the remaining four patients, as was the LVPW in all five pa- 
tients with CPEO. The LVDd and LVDs were enlarged to 63 
mm and 60 mm, respectively, in Patient No. 1, and enlarged 
to 53 mm and 43 mm, respectively, in Patient No. 2. The FS 
was decreased to 5% in Patient No. 1 and to 19% in Patient 
No. 2. The mVcf was decreased to 0.12 circ/s in Patient No. 1 
and to 0.63 circh in Patient No. 2 (Fig. 1). In these two pa- 
tients, 2-D echocardiography showed an enlarged LV dimen- 
sion with diffuse hypokinesis of the LV wall (Fig. 2). 

Pulsed Doppler Echocardiographic Findings 

In the normal subjects, peak E was 69 5 10 c d s ,  peak A 
was 37 k4.7 c d s ,  EJA was 1.9 50.4, andMdt was 117 f 13 
ms. In the patients with CPEO, peak E was decreased to 43 
c d s  in Patient No. 3, to 45 c d s  in Patient No. 4, and to 48 
c d s  in Patient No. 5. Peak A was increased to 57 c d s  in 
Patient No. 3, to 58 c d s  in Patient No. 4, and to 60 c d s  in 
Patient No. 5. Peak E to peak A ratio was decreased to 0.75 in 
Patient No. 3, to 0.78 in Patient No. 4, and to 0.80 in Patient 
No. 5. In Patient No. 1, peak A was decreased to 21 c d s ,  and 
EYA was increased to 3.3. Mitral deceleration time was in- 
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FIG. 1 Measurements of carotid pulse recording and M-mode 
echocardiography in five patients with chronic progressive external 
ophthalmoplegidKearns-Sayre syndrome. PEPET = ratio of pre- 
ejection period to ejection time, FS =fractional shortening, mVcf = 
mean rate of circumferential shortening. 01 = Patient No. 1. 0 2  = 
Patient No. 2. Shaded areas indicate the 95% confidence limits of 
normal values. 

creased to 160 ms in Patient No. 2, to 162 ins in Patient No. 
3, to 167 ms in Patient No. 4, and to 200 ms in Patient No. 5. 
and was decreased to 80 ms in Patient No. I (Fig. 3). 

Discussion 

Patients with mitochondrial disease related to the point 
mutation in mtDNA commonly exhibit cardiac involvement 
such as cardiomyopathy. Hypertrophic cardiomyopathy is 
frequently found in patients with mitochondrial myopathy. 
encephalopathy, lactic acidosis, and stroke-like episodes 
(MELAS).Is The A-to-G transition at position 3,243 in the 
tRNALEU(U1lR) gene, which is found in the majority of pa- 
tients with MELAS, is reportedly associated with hyper- 
trophic cardiomyopathy.I6 Mitochondria1 myopathy with an 
A-to-G transition at position 3,260 in the tRNALEU(UIJR) gene 
is also complicated by hypertrophic cardiomyopathy. An 
A-to-G transition at position 4,269 in the tRNA"' gene is 
complicated with dilated cardiomyopathy. IX On the other 
hand, cardiac conduction disturbance has been identified i n  
patients with CPEO including KSS, which had mtDNA dele- 
tions.*-" Although the ultrastructural investigation has re- 
vealed mitochondrial abnormalities in the heart muscle, '') LV 
dysfunction has been considered to be very rare in previous 
studies of the heart of patients with CPEO including KSS.X-ll 
Only three patients with KSS that was associated with dilated 

FIG. 2 Two-dimensional echocardiogram obtained in the paraster- 
nal long-axis view (A) and short-axis view (B), and M-mode echo- 
cardiogram (C) in Patient No. 1. The left ventricular (LV) dimension 
is markedly enlarged and the LV wall is thin. Motion of the interven- 
tricular septum and of the LV posterior wall is severely reduced. 
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FIG. 3 Doppler echocardiographic measurements in five patients 
with chronic progressive external ophthalrnoplegiaKeams-Sayre 
syndrome. EJA = the ratio of peak flow velocity of the left ventricu- 
lar inflow in early diastole to that in late diastole with atrial contrac- 
tion, Mdt = mitral deceleration time. 0 1 = Patient No. 1. 0 2 = 
Patient No. 2. Shaded areas indicate the 95% confidence limits of 
normal values. 

cardiomyopathy have been reported?’-22 There are few de- 
tailed reports about the mechanocardiographic and Doppler 
echocardiographic findings in patients with CPEO. 

The increase in PEP/ET and the decrease in FS and mVcf 
in Patients No. 1 and 2 indicates a reduction in their LV sys- 
tolic function. The transmitral flow observed in Patient No. 1 
could be explained as a pseudo-normalized pattern,l4 which 
suggested that the diastolic pressures of the left ventricle and 
the left atrium were markedly increased by the presence of 
severe LV dysfunction. These results and the 2-D echocardio- 
graphic findings showed that both patients had dilated car- 
diomyopathy. The decreased EVA and the increased Mdt in the 
remaining three patients indicated a reduction in LV diastolic 
function with preservation of systolic function. Using Doppler 
echocardiography, Suzuki et dZ3 observed adecrease in dias- 
tolic LV function in patients with MELAS who had no symp- 
toms of heart failure. The myocardial involvement of patients 
in an early phase of CPEO was thus characterized by diastolic 
dysfunction, which led to dilated cardiomyopathy at the ad- 
vanced stage. In addition, four of the five patients studied 
showed LV dysfunction with no apparent disturbance in car- 
diac conduction. Myocardial involvement as well as cardiac 
conduction disturbance should receive more attention in the 
management of patients with CPEO. 

Phenotypic expression in patients with mitochondrial my- 
opathy is considered to be determined by the relative propor- 
tion of mutant-type mtDNA in a given t i s s ~ e . ~ . ~ ~  In addition 
to the threshold effect:,” it is not known whether the deleted 
regions of mtDNA are related to cardiac function. Two pa- 
tients, a previously reported casezo, 25 and our Patient No. 2, 
who had dilated cardiomyopathy, shared a “common dele- 
tion” of mtDNAaZ6 This deletion has been observed in many 
patients with CPE0,3 and it is not specific for cardiomyopa- 
thy. The mtDNA deletion in Patient No. 1 was large and in- 
volved the major part of non-D-loop region. Besides the 
threshold effect. the site of mtDNA deletion in Patient No. 1 

may have been related to the development of fatal dilated car- 
diomyopathy. Further investigations are needed to elucidate 
the relationship between the deleted region of mtDNA and 
cardiac function. 

References 

1. Kearns TP, Sayre G P  Retinitis pigmentosa, external ophthalmo- 
plegia and complete heart block. Unusual syndrome with histolog- 
ic study in one of two cases. Arch Ophthalmol1958;60:280-289 

2. D M a w  S ,  Bonilla E, Zeviani M, Nakagawa M, DeVivo DC: 
Mitochondrial myopathies. Ann Neumll985; 1752 1-538 

3. Moraes CT, DiMauro S ,  Zeviani M, Lombes A, Shanske S, Mir- 
anda AF, Nakase H, Bonilla E, Werneck LC, Servidei S, Nonaka I, 
Koga Y, Spiro AJ, Brownell AKW, Schmidt B, Schotland DL, 
Zupanc M, DeVivo DC, Schon EA, Rowland L P  Mitochondrial 
DNA deletions in progressive external ophthalmoplegia and 
Keams-Sayre syndrome. N Engl JMed 1989;320: 1293-1299 

4. DiMaw S, Moraes CT: Mitochondrial encephalomyopathies. 
Arch Neuml1993;501197-1208 

5. Flier JS, Underhill LH: Mitochondrial DNA and disease. N Engl J 
Med 1995;333:638-644 

6. Hattori K, OgawaT, KondoT Cardiomyopathy with mitochondri- 
al DNA mutations. Am Heart J 1991 ; 122:866-869 

7. Suomalainen A, Paetau A, Leinonen H, Majander A, Peltonen L, 
Somer H: Inherited idiopathic dilated cardiomyopathy with multi- 
ple deletions of mitochondrial DNA. Lancet 1992;340: 13 19-1 320 

8. Butler IJ, Gadoth N Keams-Sayre syndrome. A review of a multi- 
system disorder of children and young adults. Arch Intern Med 
1976; 136: 1290-1293 

9. Roberts NK, Perloff JK, Kark RAP Cardiac conduction in the 
Keams-Sayre syndrome (a newmuscular disorder associated with 
progressive external ophthalmoplegia and pigmentary retinopa- 
thy). Am J Cardiol 1979#: 139614OO 

10. Charles R, Holt S, Kay JM, Epstein El, Rees JR: Myocardial ultra- 
structure. and the development of atrioventricular block in Keams- 
Sayre syndrome. Circulation 1981;63:214-219 

11. Kawai H, Akaike M, Yokoi K, Nishida Y, Kunishige M, Mine H, 
Saito S: Mitochondrial encephalomyopathy with autosomal domi- 
nant inheritance: A clinical and genetic entity of mitochondrial dis- 
eases. Muscle & Nerve 1995;18:753-760 

12. Lewis RP, Rittgers SE, Forester WF, Boudoulas H: A critical re- 
view of the systolic time intervals. Circulation 1977;56: 146-158 

13. Sahn DJ, De Maria A, Kisslo J, Weyman A The committee on M- 
mode standardization of the American Society of Echocardio- 
graphy. Recommendations regarding quantitation in M-mode 
echocardiography: Results of a survey of echocardiographic mea- 
surements. Cixulation 197858: 1072-1083 

14. Appleton CP, Hatle LK, Popp RL: Relation of transmitral flow ve- 
locity patterns to left ventricular diastolic function: New insights 
from a combined hemodynamic and Doppler echocardiographic 
study. JAm Coll Cardiol1988;12:426-140 

15. Sat0 W, Tanaka M, Sugiyama S, Nemoto T, Harada K, Miura Y, 
Kobayashi Y, Goto A, Takada G, Ozawa T: Cardiomyopathy and 
angiopathy in patients with mitochondrial myopathy, encephalopa- 
thy, lactic acidosis, and strokelike episodes. Am Heart J 1994; 

16. Obayashi T, Hattori K, Sugiyama S, Tanaka M, TanakaT, Itoyama 
S ,  Deguchi H, Kawamura K, Koga Y, Toshima H, Takeda N, 
Nagano M, It0 T, OzawaT Point mutations in mitochondrial DNA 
in patients with hypertrophic cardiomyopathy. Am Heart J 1992; 

17. ZevianiM,GelleraC,AntozziC,Rimoldi M,MorandiL, VillaniF, 
Tiranti V, DiDonato S: Maternally inherited myopathy and car- 
diomyopathy. Association with mutation in mitochondrial DNA 
tRNALeu(UUR). Lancet 1991;338:143-147 

128~733-741 

124: 1263-1 269 



M. Akaike et al.: Cardiac dysfunction in CPEO 243 

18. Taniike M, Fukushima H, Yanagisawa 1, Tsukamoto H, Tanaka J, 
Fujita H, Nagai T, Sano T, Yamaoka K, Inui K, Okada S: Mito- 
chondrial tRNA1Ie mutation in fatal cardiomyopathy. Biochem 
Biophys Res Commun 1992; 186:47-53 

19. Schwartzkopff B, Frenzel H, Breithardt G, Deckert M, Losse B, 
Toyka KV, Borggrefe M, Hort W: Ultrastructural findings in en- 
domyocardial biopsy of patients with Keams-Sayre syndrome. J 
Am CollCurdiol1988;12: 1522-1528 

20. Kleber FX, Park JW, Hubner G, Johannes A, Pongratz D, Konig E: 
Congestive heart failure due to mitochondrial cardiomyopathy in 
Kerns-Sayre syndrome. Klin Wochenschr 1987;65:48&486 

2 I .  Channer KS, Channer JL, Campbell MJ, Ree JR: Cardiomyopathy 
in the Kerns-Sayre syndrome. BrHeurt J 1988;59:486-490 

22. Tueskov C, Angelo-Nielsen K Kerns-Sayre syndrome and dilat- 
ed cardiomyopathy. Neurology 1990;40553-554 

23. Suzuki Y, Harada K, Miura Y, Sat0 W, Hayasaka K, Kawamura K, 
Takada G: Mitochondrial myopathy, encephalopathy, lactic acido- 

sis, and stroke-like episodes (MELAS) decreased in diastolic left 
ventricular function assessed by echocardiography. Pediutr 
Curdiol1993;14: 162-166 

24. Hayashi J ,  Ohta S, Kikuchi A, Takemitsu M, Goto Y, Nonaka I: 
Introduction of disease-related mitochondrial DNA deletion into 
HeLa cells lacking mitochondrial DNA results in mitochondrial 
dysfunction. Proc Nut1 Acad Sci USA 1991 ;88: 10,6 14-10,618 

25. Obermaiser-Kusser B, Muller-Hiicker J, Nelson I, Lestienne P, 
Enter Ch, Riedele Th, Gerbitz KD: Different copy numbers ofap- 
parently identically deleted mitochondrial DNA in tissues from a 
patient with Keams-Sayre syndrome detected by PCR. Biochem 
Biophys Res Commun 1990; 1 69: 1 007- 1 01 5 

26. Schon EA, Rizzuto R, Moraes CT, Nakase H, Zeviani M, DiMauro 
S: A direct repeat is a hotspot for large-scale deletion of human mi- 
tochondrial DNA. Science 1989;244:347-349 

Clin. Cardiol. 20, 243-245 (1997) 

Association between Psychiatric Disorders and Marfan’s Syndrome in a Large 
Sardinian Family with a High Prevalence of Cardiac Abnormalities 
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Summary 

Background: Marfan’s syndrome is an inherited disorder of 
connective tissue associated with characteristic abnormalities 
of the skeletal, ocular, and cardiovascular systems. Marked 
clinical variability and age dependency of all manifestations of 
Marfan’s syndrome may render the unequivocal diagnosis dif- 
ficult in mildly affected, young subjects. 

Hypothesis: The study and care of a 32-year-old woman 
with evidence of Manfan’s syndrome, several cardiac abnor- 
malities, and paranoid schizophrenia led to an investigation of 
her consenting relatives to verify the penetrance of Marfan’s 
syndrome and the degree of comorbidity between the disease 
and psychiatric disorders. 

Methods: The patient and 12 subjects belonging to three 
generations of her family underwent cardiovascular, skeletal, 
ophthalmologic, and psychiatric examinations. -0-dimen- 
sional and Doppler echocardiography were performed. 

Results: One female index patient and six of her first-degree 
relatives were found to be affected by Marfan’s syndrome. All 
seven patients were found to have mitral valve prolapse asso- 
ciated with other cardiac abnormalities. Four of these patients 
were affected by the following psychiatric disorders: general- 
ized anxiety disorder, major depressive disorder, paranoid 
schizophrenia (two cases). Six more relatives without Mar- 
fan’s syndrome showed mitral valve prolapse in association 
with other echocardiographic features. Two of these were 
found to be affected by a major depressive disorder. 

Conclusions: The present data support the hypothesis that a 
psychiahic condition, associated with a significantly high fre- 
quency of cardiac involvement, may be part of the phenotype 
of Ma~fan’s syndrome. 
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Introduction 
Marfan’s syndrome is an inherited disorder of connective 

tissue associated with characteristic abnormalities of the 
skeletal, ocular, and cardiovascular systems.l The gene of fib- 


