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SUMMARY: Thirteen patients with 
classical Friedreich's ataxia underwent 
cardiac catheterization with recordings 
of retrograde cardiac pressures, meas
urements of cardiac output and calcula
tion of the left ventricular volumes and 
mass. The cardiomyopathy in 
Friedreich's ataxia falls into the hyper
trophic group of cardiomyopathies with 
decreased compliance of ventricular 
myocardium, varying degrees of concen
tric and asymmetric hypertrophy and 
outflow tract obstruction. Although 
there is no clear parallel between the 
degree of abnormal hemodynamic find
ings and the degree of neurological im
pairment, severely handicapped patients 
may present a diffusely hypertrophied 
and hypokinetic left ventricular myocar
dium. 

RESUME: line catheterisation cardia-
que fut faite chez 13 patients souffrant 
d'ataxie de Friedreich "typique". On 
mesura les pressions cardiaques 
retrogrades ainsi que le debit cardiaque 
et on fit le calcul du volume ventriculaire 
et de la masse gauche. La car-
diomyopathie de lataxie de Friedreich 
appartient an groupe des car
diomyopathies hypertrophiques avec 
diminution de Vaccommodation du 
myocarde ventriculaire, avec divers 
degres d'hypertrophic concentrique et 
asymetrique. Meme s'ii ne semble pas 
exister de parallelisme entre le 
degre d' anormalite des resultats 
hemodynamiques et le degre d'atteinte 
neurologique, il est certain que les pa
tients fortement handicapes peuvent 
presenter mi myocarde ventriculaire 
gauche hypertrophic de facon diffuse, et 
hypocinetique. 
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INTRODUCTION 
In recent years, hemodynamic 

studies of the cardiomyopathy in 
Friedreich's ataxia have contributed 
important information as to the type, 
severity and variation of this heart 
disease. Right heart catheterization 
in one patient reported by Boyer et 
al. (1962) revealed normal findings. 
Thoren (1964), in the most exhaus
tive study of cardiopulmonary func
tion in Friedreich's ataxia, reported 
the hemodynamic findings in seven
teen cases with right heart catheteri
zation. No systolic pressure gradient 
was demonstrated. The right ven
tricular end-diastolic pressures 
(RVEDP) were elevated (>9 mm. Hg) 
in 6 cases. The cardiac index was at 
the upper limit of normal or high in 4 
cases but often low, with a definite 
small stroke volume in most cases. 
Angiography in 2 cases revealed a 
distinct right infundibular systolic 
contraction and left ventricular free 
wall hypertrophy and small end-
diastolic volume. The elevated right 
and/or capillary wedge pressures in 
more than 15% of the cases with 
evidence of left ventricular hyper
trophy and small end-diastolic vol
umes in the 2 cases studied, were 
compatible with an hypertrophic 
type of cardiomyopathy with de
creased ventricular elasticity, ex
plaining the frequently elevated 
ventricular filling pressures. 

A study of 7 patients (Soulie et al., 
1966) reported the findings of 7 right 
and 5 left heart catheterizations. All 
had elevated RVEDP and/or 
LVEDP in basal conditions with 
moderate right ventricular outflow 
tract obstruction in 2 and a left sys
tolic gradient was present, at rest, in 
1 (40 mm. Hg), appearing in an addi
tional 3 cases during post ectopic 
beats or isoproterenol infusion. 

These were the first documented 
cases of Friedreich's ataxia as
sociated with an idiopathic hyper
trophic subaortic stenosis (IHSS) 
type of cardiomyopathy. 

Ruschhaupt et al. (1972) described 
the hemodynamic findings in 6 pa
tients. No significant right or left 
ventricular systolic gradients were 
present at rest. During isoproterenol 
infusion, an important left gradient 
was present in 1, a moderate one in 
another case and a discrete right 
gradient in another. The RVEDP 
was slightly elevated in 3 cases and 
the LVEDP in 1. The angiograms 
demonstrated increased left ven
tricular wall thickness in each pa
tient. 

Four additional reports of IHSS 
associated with Friedreich's ataxia 
are reported. Two cases had a sig
nificant left peak systolic left in
traventricular pressure gradient at 
rest (Moore and Lambert, 1968; 
Boehm et al., 1970), another a 160 
mm. Hg left gradient only during 
isoproterenol infusion (Gach et al., 
1971) and finally a case of typical 
IHSS left ventricular angiogram, but 
no gradient (Gabriel, 1974). The case 
reported by Cote and Elias (1972) is 
included in our study group. 

CASE MATERIAL AND 
METHODS 

Thirteen patients with classical 
Friedreich's ataxia were studied. 
Twelve underwent both right and 
left cardiac catheterization and I, 
only right-heart catheterization. 
Eight were males and 5, females. 
Their age ranged from 11 to 27. Nine 
were neurologically moderately 
handicapped, 4 severely. Eight had 
no cardiac symptoms and in the re
mainder, the chief complaint was 
dyspnea. Seven presented systolic 
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TABLE 1 
Hemodvnamic Data 

No. 

1- MAB 
4- MGG 
7- MAB 

13- MAB 
19- MGG 
20- MGG 
21- MGG 
22- MGG 
23- MGG 
25- SBL 
27- SBL 
28- SBL 
35- SBL 

4 
6 
9 

23 
1 
2 
3 
4 
5 
6 
3 
4 

15 

PATIENT 

c.s. 
s.s. 
P.R. 
R.B. 
S.T. 
C D . 
D.D. 
A.B. 
G.L. 
G.H. 
L.F. 
D.F. 
G.M. 

HEART 
RATE 

(Beats/Min) 

92 
80 

110 
140 
100 
80 
70 

100 
115 
130 
80 
90 
80 

RIGHT 
ATRIUM 
(mm. Hg) 

8 
8 
7 
6 
5 
5 
3 
2 
4 

13 
12 
10 
9 

RIGHT 
VENTRICLE 

mm. Hg) 

26/8 
35/12 28/12 
36/14 30/12 

26/4 
30/2 
20/6 
20/5 
21/2 
19/3 

40/11 27/16 
38/16 
20/11 
25/5 

PULMONARY 
ARTERY 
(mm. Hg) 

24/6 
28/15 
32/12 
26/10 
30/12 
20/9 
20/9 
21/6 
21/8 
30/23 
38/22 
29/14 
22/9 

LEFT 
VENTRICLE 

(mm. Hg) 

108/14 
190/25 112/25 

96/14 
107/12 
112/10 
100/15 
130/16 
106/5 
100/8 

-/18 
76/20 
86/22 

160/20 100/15 

AORTA 
(mm Hg) 

108/72 
112/80 
100/74 
108/92 
125/85 
90/56 

120/90 
115/80 
110/78 

— 
74/43 
79/49 

100/65 

CARDIAC 
INDEX 

(L/min./M2) 

3.11 
— 

3.40 
1.35 
3.93 
4.81 
5.06 
6.60 
5.23 
— 

3.50 
— 

3.00 

25-

I 
E 2 0 -
E 
.• 15-
Q 
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P<0.01 
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• 

NORMAL FRIEDREICH 

Figure I — Left ventricular end-diastolic 
pressures (mm. Hg). 

murmurs on auscultation and 8 
either a third or fourth heart sound. 

Retrograde cardiac pressures 
were recorded with fluid filled 
catheters, the cardiac output was 
measured by the dye dilution techni
que and left ventricular volumes and 
mass were calculated from the right 
anterior oblique or antero-posterior 
single plane left ventricular angio
grams by the method of Kennedy 
etal. (1970). 

RESULTS 
Mean right atrial pressures were 

elevated (>9 mm. Hg) in 3 patients 
with elevated right ventricular end-
diastolic filling pressures in 5 (Table 
l). Mean wedge pressure or left ven
tricular end-diastolic pressures were 
increased (> 12 mm. Hg) in 10 of 13 
cases (mean of 14 mm. Hg) signific
antly different from a group of nor
mal controls (Table 1 and Figure 1). 

A left ventricular peak systolic 
pressure gradient was documented 

in 2 cases (78 and 60 mm. Hg) under 
basal conditions and in 5 of 8 cases 
during isoproterenol infusion. No 
significant right outflow tract ob
struction was evident at rest al
though 1 of 4 patients did develop a 
22 mm. Hg gradient with isop
roterenol (Table 2). Seven of twelve 
patients therefore had evidence of 
spontaneous or inducable obstruc
tive cardiomyopathy. All but one 
suffered a moderate neurological 
handicap. A systolic murmur was 
audible in 6, but in only 1 of 3 
patients with no obstruction at rest 
or with isoproterenol. The pulmo-

TABLE 2 

Intraventricular Systolic Pressure Gra
dients (mm. Hg) at Rest and During 
Isoproterenol Infusion 

No. 

1 
4 
7 

13 
19 
20 
21 
22 
23 
25 
27 
28 
35 

RIGHT 
Rest 

0 
0 
0 
0 
0 
0 
0 
0 
0 

13 
0 
0 
0 

Isopro
terenol 

22 
— 
12 
— 
— 

0 
0 

— 
— 
— 
— 
— 
— 

Rest 

0 
78 
0 
0 
0 
0 
0 
0 
0 

— 
— 
— 
60 

LEFT 
Isopro
terenol 

22 
— 
0 
0 
0 

38 
24 
33 
68 
— 
— 
— 
— 

nary artery pressure was slightly 
elevated in 2 patients. 

The cardiac index was normal in 
the majority of cases, but was 
clearly low in 1 patient with atrial 
flutter, a markedly hypertrophied 
and hypokinetic left ventricle as
sociated with severe neurological 
impairment. He died of renal failure 
18 months after this study. In 3 
cases, the cardiac output was above 
5.0 l./min./m2. All 3 were in their 
late teens. Thoren (1964) also found 
evidence of a hyperkinetic circula
tion in 5 of his 17 cases. 

The ejection fraction derived from 
the left ventricular cineangiogram 
(Figure 2) was normal in 10 of 12 
patients (range 55 to 83%) and de
pressed in 2 (39 and 44%) (Figure 3). 
End-diastolic volumes were normal 
or even small (range 24 - 120 ml./m2) 
in most patients (Figure 4). The left 
ventricular mass index, derived from 
the left ventricular free wall thick
ness, showed a wide range (64 - 240 
gm/m2) of values, half the cases 
compatible with moderate to severe 
hypertrophy (Figure 5). The major
ity of patients, although statistically 
not significantly different when 
compared to normals, had an ele
vated mass-volume ratio (range 1.2 -
3.6) reflecting the frequent finding of 
a normal or moderately hyper
trophied left ventricle associated 
with a normal or small end-diastolic 
volume (Figure 6). 

The hemodynamic data coupled 
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Figure 2 — Left ventricular end-systolic and end-diastolic outlines with left ventricular 
free wall thickness. 

with the angiographic studies are 
compatible with a hypertrophic type 
of cardiomyopathy with varying de
grees of dynamic ventricular outflow 
tract obstruction. 

DISCUSSION 
Previous reports (Boyer et al., 

1962; Ivemark and Thoren, 1964) of 
necropsy studies have universally 
observed evidence of severe 
myocardial damage, with diffuse 
myocardial fibrosis and varying de
grees of small and medium size 
coronary artery obstruction. 

The pathophysiology of this car
diomyopathy remains unexplained. 
There is no evidence of increased 
mechanical pressure after load 
(hypertension, valvular stenosis) or 
other congenital heart defects (tet
ralogy of Fallot, abnormal papillary 
muscle attachment). Thoren (1964) 
suggested a poor utilization or trans
porting capacity of oxygen as a pos
sible metabolic abnormality based 
on a high mixed-venous blood ox
ygen saturation in relation to heart 
rate even during work tests. In 
another group of patients with 
Friedreich's ataxia, we also ob
served evidence of high coronary 

sinus oxygen concentration suggest
ing, even though coronary flow was 
not measured, the same conclusion. 
Furthermore, evidence of myocar
dial anaerobic metabolism and in
creased hemoglobin affinity for ox
ygen was evident in some patients. 

Although diabetes mellitus is not 
associated with IHSS, the frequent 
finding of overt diabetes mellitus or 
glucose intolerance in patients with 
Friedreich's ataxia might explain in 
part the varying degree of small ves
sel disease in this cardiomyopathy. 

Recently, abnormalities in the 
main pathways of carbohydrate oxi
dation associated with slow pyru
vate oxidation and low activities of 
pyruvate and oxoglutarate dehyd
rogenase complexes have been de
scribed (Blass et al., 1976). It is 
possible that such biochemical dis
orders may help elucidate the 
pathophysiology, not only of the 
cardiomyopathy associated with 
Friedreich's ataxia, but of other 
hypertrophic cardiomyopathies . 
These measurable metabolic abnor
malities may also provide a useful 
test in identifying carrier states and 
help reduce the incidence of this 
fatal neurological disorder. 
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Figure 3 — Ejection fraction of normal 
and patients with Friedreich's ataxia. 
N. S.: no significant statistical differ
ence. 
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Figure 4 — End-diastolic volumes 
(ml./m2). N. S.: statistically not sig
nificant. 
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Figure 5 — Left ventricular mass index 
(gm./m2). N. 
nificant. 
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Figured— Left ventricular mass-volume 
ratio. N. S.: Not statistically signifi
cant. 
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