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ABSTRACT: Responses to exercise were obtained in six patients with a 
biochemically diagnosed enzyme deficiency at the level of NADH-CoQ 
reductase. The responses were compar ed with those of a control group, 
consisting of fourte.en patients ~ith inexplicable dyspnoea or muscle pain 
during exercise, for which no firm djagnosis could be established and of which 
the exercise responses were in the normal range. Metabolic, ventilatory and 
cardJological variables such as oxygen uptake (Vo2), minute ventilation (VE), 
respiratory exchange ratio (R), heart rate (HR) and difference in blood lactate 
or base-excess (BE) between rest and maximal workload were measured during 
cycle ergometry from samples obtained in the last minutes of four minute 
periods, in which the load increased stepwise by 30 W per four minutes. The 
threshold of lad ate metabolism (T1 • • .) was assumed to be equal to the threshold 
determined both by the Vo2 at which the VE ••el'sus Vo1 response s tar ted to 
deviate from a s traight line and the ventilatory equivalent for oxygen {Vt/V01) 

showed a minimum (T.,.n1). T ._., was estimated from the mean of these values, 
obtained by linear and parabolic rcgre.<>Sion analysis respectiv~ly. ln the pa tient 
group, mean values for symptom limited maxima.! Vo2 (Vo1 m.,.,.1; % of 
V01.mu.r.r), T ••• , {% of Vo1 .mAJ<.ror) and R a t maximal workload were 43, 17 
and I .23 against 85, 47 and 1.06 for the same variables in the control group, 
respectively. The dJfferences were highly significant (p < 0.00 I; p < 0.005 for 
mean R difference). Mean maximal HR and mean change in blood lactate or 
BE were not significantly different in the two groups. Considering the 
physiological mechanisms influencing the exercise re.<;ponses, including the 
threshold of lactate metabolism, we hypothesize tha t the limited work 
performance in the patient group is given by a limita tion of the oxidative 
capacity of the respira tory cha in by the enzyme deficiency, giving an early 
energy supply by anaerobic glycolysis. Our investigation stresses the validity of 
exercise testing as an investigative strategy in neuromuscular disorders. 
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During exercise tests of nonnals, when applying 
progressively increasing workloads, a threshold was 
found in various metabolic and venLilato ry variables 
a l about 50 70% of Yo2.mox· 

The increase in ventilation became proportionally 
greater than the increase in oxygen uptake (Vo2) and 
followed the increase in C0 2 production (Vco2) [1 - 4]. 
Consequently, the respiratory exchange ratio (R) and 
the ventilatory equivalent for oxygen (VE) also started 
to increase. This threshold did not indicate the start of 
lactate production but can be considered as the Vo2 at 
which the lactate effiux from exercising muscle started 
to exceed the rate of removal by oxidative processes 
(5, 6]. 

In studies of pulmonary and cardiovascular func
tion the interpretation ofT1801 (Tven1) is often based on 
the balance between oxygen requirement and oxygen 
availability [ 1, 3, 4, ll). If, however, the T1• 01 is 
functionally defined as an imbalance between lactate 
influx and oxidative removal by the body, other 
mechanisms besides 0 2 supply might influence its 
value. 

The lactate threshold (T1• 01) was independent of 
ramp slope of increase in workload [7, 8]. Experimen
tal evidence was found for the coincidence ofT,•c• and 
the threshold derived from the discontinuity in the 
ventilation response (Tveno) [2, 4, 8- 11]. 

This was emphasized by a number of investigators, 
who explained that a single mechanism in terms of 
muscular oxygen supply and requirement implies an 
oversimplification of all the mechanisms behind the 
threshold of anaerobic metabolism [5, 12- 15). 

Also, mitochondrial enzyme deficiencies may cause 
a rate limitation of mitochondrial oxidative phospho
rylation and so decrease the threshold at which 
anaerobic glycolysis starts to contribute in the energy 
delivering metabolic processes. 

We have performed exercise testing in six patients 
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with symptoms of early fatigue during exercise, in 
which biochemically a mitochondrial enzyme defici
ency could be detected. The exercise responses will be 
interpreted in terms of current hypotheses, explaining 
the threshold of lactate metabolism. 

Patients and methods 

Patients 

The anthropometric data of the patients are shown 
in table l. In all patients a mitochondrial enzyme 
deficiency at the level of NADH-CoQ reductase 
was detected. In patients JJ and CB a hereditary 
connection was present because both belonged to the 
same family. 

Control group 

Our control group consisted of fourteen patients, 
admitted to our laboratory for subjective complaints 
such as dyspnoea (n = 13) or muscle pain (n = I) 
during exercise. 

Clinical anamnesis and pulmonary, cardiovascular 
and neurological function revealed no abnormalities 
at rest. The exercise responses of ventilatory, meta
bolic and circulatory variables were in the normal 
range. Therefore these responses were used as a 
reference for the responses of our patients with 
mitochondrial enzyme deficiency. Mean values for the 
anthropometric data are given in table I . 

Biochemical analysis 

Muscle biopsies were taken from the M. quadriceps 
under local analgesia. Small parts of the biopsy were 
frozen for histopathological routine investigation, 
and for the assay of carnitine and marker enzyme 
activities. The biggest part was immediately used for 
the isolation of mitochondria, which were used for the 
study of oxidative phophorylation with several sub
stratcs reducing the respiratory chain before NAD + 
(pyruvate + malate, glutam ate+ malate), at NAD + 
and CoQ (palmitoylcarnitioe + malate). at CoQ (suc
cinate+ rotenone) and at cytochrome ~ (ascor
bate+ N,N,N' ,N' -tetramethyl-p-Phenylenediamine). 
The rate of oxygen uptake by the isolated mitochon
dria was stimulated by ADP in the presence of 
glucose and hexokinase and was recorded at 25°C by 
polarographic oxygen tension measurement in the 
sample (16]. The energy production was determined 
by assay of the glucose-6-P fooned. More details and 
the methods used are given elsewhere [16- 18). The 
muscle biopsies were processed according to accepted 
procedures for morphological and histochemical 
investigations. 

Exercise protocol 

Metabolic, ventilatory and circulatory variables 
were measured in the last minute of four minute 



EXERCISE RESPONSES IN MITOCHONDRIAL ENZYME DEFICIENCY 447 

periods with constant workload, increasing stepwise 
per period. 

The load increased 30 W every four minutes, which 
is comparable with the increase reported by other 
authors [3, 19, 20]. The test was stopped when the 
patient was exhausted or intimated a subjective 
feeling of excessive fatigue. Other reasons were risk 
factors e.g. systolic blood pressure (upper limit 33 
kPa), which urged us in one patient (FVV) to 
terminate a test. 

The ergometer-workload was largely independent 
of pedalling frequency (hyperbolic type, Lode, Gron
ingen, The Netherlands) and ventilation was 
measured in the expiratory line with a Lilly type 
pneumotachometer, which was linear up to 750 
I · m in - 1 (Jaeger, Wiirzburg, Western-Germany). 
Volume was obtained as integrated flow. Volume 
calibration was done with a 1 I syringe and correction 
factors were applied for calculation of volume at the 
appropriate conditions of temperature and humidity. 
The patients breathed via a low resistance two way 
valve (Jaeger, Wiirzburg) into a mixing box of three 
litres, from which mixed expired gases were sampled. 
Concentrations of C02 and 0 2 were measured with 
an infrared-analyser (Jaeger, Wiirzburg) and a 
paramagnetic analyser (Taylor Servomex, OA 150) 
respectively. The oxygen analyser was adapted for our 
purpose by Mijnhardt, Odijk, The Netherlands. In 
four patients (CMZ, CB, JJ, HJB) lactate was 
determined at rest and at the symptom limited 
maximal Yo2 (Yo2,max.sl) from venous blood (brachial 
vein). In the other cases arterial blood was sampled, 
via a small catheter in the brachial artery, and blood 
gas variables were estimated with an automated blood 
gas analyser (ABL3, Radiometer, Denmark). 

Our investigation was aimed at the detection of the 
lactate threshold c.q. ventilatory threshold (Tven1). We 
used the procedure, described by 0RR et al. [21] and 
performed linear regression analysis on the appar
ently linear first part of the YE response and the 
second part of the curve. Tvent was derived from the 
intersection of both lines. Another marker for Tv•n• 
gives the minimum of the (Ve{Vo2) versus Vo2 
response. This value was derived by parabolic 
regression analysis on the data around this minimum. 
For the linear regression analysis of the individual 
segments two to five data were used and for the 
parabolic regression analysis three to six data. For the 
final Tvent estimates the mean of those two estimates 
was taken. 

Moreover, the relationship between Yo2 ,max,sl and 
lactate at maximal workload was compared with 
data, obtained both in our control group and in 
another study, in which a group of patients with heart 
disease, sedentary normals and well trained indi
viduals was investigated [4]. 

Reference values for the variables, obtained during 
the tests, were obtained from JoNES et al. [19]. The 
significance of differences was derived from a t-test 
for differences between means of groups of unequal 
size [22]. 

Results 

Biochemical, histochemical and morphological 
analysis 

The mitochondria of the patients showed a defect 
in the mitochondrial respiratory chain at the level of 
NADH-CoQ reductase. The substrates which re
duced the respiratory chain before NAD + were 
oxidized (in the presence of ADP) at markedly 
reduced rates. With glutamate plus malate the oxygen 
uptake rates were 10- 35 nanoatoms oxygen 
(mg ·m in - l) protein compared with 59-170 in seven
teen controls. The oxidation rates of pyruvate plus 
malate were reduced likewise. The rates with succi
nate plus rotenone were in the range of 41 - 166, which 
was in the range of the controls, (72- 196). The P /0 
ratios (moles glucose-6-P formed/atom oxygen con
sumed) were normal. The mitochondrial inner mem
branes were perfectly closed as indicated by the low 
activity of Mg2 +-A TPase, and the high stimulation of 
this activity by uncoupler. These activities were in the 
control range, as was the oxidation rate of U- 14 C
palmitate in the presence of carnitine, which indicated 
an adequate amount of NAD + and coenzyme A in 
the mitochondrial matrix. No other deficiency was 
found in the mitochondrial oxidative phosphoryla
tion (succinate-cytochrome~ reductase, cytochrome 9 
oxidase, adenine nucleotide translocator). 

The number and distribution of the different fibre 
types was found to be normal. ln patient CB the 
mitochondrial density appeared to be approximately 
doubled with respect to normal. In the other patients no 
deviations with respect to the normal range were 
present. 

Exercise responses 

In table 1 the variables, obtained from the exercise 
tests, at first admission, are summarized. For the 
patient group individual data are presented, together 
with the mean values and so's of the whole group. For 
the control group only the mean values and so's are 
presented. 

Yo2 ,max.sl in the patient group was half the value of 
the control group, the Tvent was even lower. Both 
differences were highly significant (p <0.001). Tvenu as 
measured from the YEfYo2 response was on average 
nearly equal (mean difference 0.4% Vo2 mas ref• SE 
2.6%) to the same estimate, as derived from the YE 
response .. Maximal heart rate (HR) was not signifi
cantly different between both groups as was also 
found for the increase in lactate concentration, of 
which the mean values were equal. The respiratory 
exchange ratio (R) at maximal workload appeared to 
be significantly larger (p < 0.005) in the patient group. 
The only variable which was significantly lower 
(p < 0.00 I) in the patient group was maximal minute 
ventilation (YE) in % of maximal voluntary ventila
tion at a frequency of 30 per min (MVV 30). 

Two patients (CB and FVV) stopped at a heart rate 
lower than 80% of predicted maximum. FVV reached 
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that heart rate at a systolic blood pressure which 
markedly exceeded 33 kPa (37 kPa). In these patients 
Rm .. ( 1.14 and 1.26) and increase in lactate concentra
tion (6 and 8 mmol-/- 1 respectively) indicated that 
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their subjective feeling of exhaustion coincided with a 
marked lactate production and therefore muscle 
fatigue. From our data we considered Vo2 ,max,sl in the 
patient group as really symptom limited maximal 

Fig. I. Mean and ± l so range of the respiratory exchange ratio (R), ventilation (V E) in % of maximal voluntary ventilation at a frequency 
of 30 per min (MVV 30) and change in lactate concentration or base excess (BE) in the control group, as indicated by shaded areas. Also the 
mean ± I so range for Rand YE (%MVV30) in the six patients with a mitochondrial myopathy is indicated together with the lactate (BE) 
change for two patients and this change at maximal workload in the remaining four. 
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oxygen uptake. The number of workloads applied 
varied from one (patient CB) to three in the patient 
group and from four to nine in the control group. 

In figure I responses of R, VE in % of MVV 30 and 
lactate or -base excess (-BE) are presented against Vo2 
in % of predicted maximum, both for our control 
group and for the patients. For the control group the 
shaded areas indicate the mean ± I SD range. For the 
patient group the same is indicated with respect to 
R and VE in % MVV 30. In two patients (ADD, 
FVV) the BE response is given as detected from blood 
gas analysis at each workload. In the remaining 
patients only the lactate at symptom limited maximal 
Vo2 is indicated. 

All patient responses differ markedly from those of 
the control group. The early occurring lactate 
threshold, as can be derived from the lower figure, 
causes the C02 flux to the lungs and so R to increase 
much more steeply than in the control group. Despite 
the smoothing by averaging the fourteen responses in 
the control group a threshold of lactate metabolism is 
shown by the R response. For the patients, no 
threshold could be detected in the mean R response 
which showed an early and abrupt increase at low 
workloads. Although the patients reach lower VE 
values in % of MVV 30 at their Vo2 max si it is clearly 
shown that VE already increases more' than for the 
control group at low workloads. 

The early occurring lactate acidosis for the patients 
also becomes clear if the lactate increase at Yo2 ,max,s1> 

together with that for the control group is presented 
along with data from WASSERMAN and coworkers [4], 
(fig. 2). Our patient responses compare with those 
from Wasserman's group with heart disease. The 
control data coincide roughly with Wasserman's data 
for his group of sedentary normals. 
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Fig. 2. Change in blood lactate (BE) with respect to resting 
condition, at 'Vo2,,., . Patients with mitochondrial myopathy ( e ); 
control group (0). Ranges for patients with heart disease(- - -), 
sedentary normals (- ) and well trained individuals ( ...... ) from 
WASSERMAN et al. (4). 
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Fig. 3. Ventilation response of patient CZ before (-- ) and at 
two successive measurements with three months intervals after 
treatment with riboflavin (-.-.-.,-·-·, respectively). Normal range of 
responses from JONFS et al. [19]. 

Although our patient data are only derived from 
measurements at first admission, in some cases 
exercise responses were used as a criterion for the 
evaluation of therapy. 

In one patient (CZ) the condition drastically 
improved after treatment with riboflavin. The im
provement could be concluded both from the clinical 
picture and from the change in the exercise responses. 
Her case has been described in detail elsewhere [23]. 

In figure 3 the ventilation responses are shown, 
together with the range of normal responses [19], 
before and at two successive measurements after 
treatment. In the three successive measurements 
Vo2,max,sl in % of reference and R at maximal 
workload were 54, 71 and 76 and 1.20, 1.07 and 1.05, 
respectively [23]. The figure shows the shift of the 
threshold of lactate acidosis to larger Vo2 values after 
treatment. 

Discussion 

Besides analysis of maximum values for ventila
tory, metabolic and cardiovascular variables during 
exercise testing, the level of Vo2 , at which lactate 
effiux from exercising muscle starts to exceed the 
oxidative removal of the body, is also of diagnostic 
importance. In clinical function testing this level is 
often associated with the start of anaerobic metab
olism, supplementing energy to the oxidative pro
cesses, from which the term 'anaerobic threshold' is 
derived. 

We determined exercise responses in six patients 
with a muscle mitochondrial deficiency limited work 
performance. The differences between these responses 
and those of a control group will be discussed both 
with respect to maximum values, attained for ventila
tory, metabolic and cardiovascular variables, and to 
the level of Vo2 at which blood lactate started to 
increase markedly. 
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The exercise protocol; estimation of exercise 
variables 

For the analysis of discontinuities in the exercise 
responses, associated with the threshold of lactate 
increase (T1 •• 1) steady state approaches, as well as 
ramp slopes up to 50 W per min, are equally valid, if 
variables are plotted against Vo2 [7). Although higher 
ramp slopes shorten the exercise test and so are more 
:patient friend ly' we preferred a steady state approach 
m order to be able to compare actual values with 
reference data [19, 20). WASSERMAN et al. [3] argued 
that a steady state is reached within four minutes, the 
time duration of each step in our protocol, for not too 
heavy loads. This is in accordance with more recent 
studies on Vo2 , Vco2 and Vo2 kinetics [11]. The 
Scandinavian protocols, as mentioned by JONES et al. 
(19] use workloads of 5-8 minutes duration. At the 
heavier loads above T vent a true steady state is not 
fully reached because of the on-going lactate accumu
lation (11]. 

At the onset of lactic acidosis the increased C02 
flux appears to parallel the increase in ventilation 
causing isocapnic buffering [2-4]. From this mechan~ 
ism stems the estimation of T 1 •• 1 by Tvent· Although 
deviations between lactate and ventilatory thresholds 
are reported, for instance after endurance training 
[24], .the approximation of the T 1act by Tvent is 
expenmentally well established [2, 4, 8-11]. The 
physiological mechanisms, however, relating the VE 
response to the metabolic acidosis are not yet clear 
and most probably include metabolic, neurogenic and 
humoral influences [2, 25]. W ASSERMAN et al. (3] and 
0RR et al. [21] stated that the most sensitive index of 
~he anaerobic threshold, as assessed by gas exchange, 
IS the disproportionate increase in VE for an incre
ment in Vo2 • We applied the approach, suggested by 
ORR et al. and performed linear regression analysis on 
the curve parts before and after Tvcnt· Moreover, a 
p~ra?olic regress!on analysis was applied to the 
(VEjVo2) versus Vo2 response, in order to find its 
minimum. As a final T.ent we used the mean of those 
estimates in order to compensate, as accurately as 
possible, for random fluctuations that influence T . . vent 
esttmatwns by hand. 

Because, certainly in the children, not in all cases 
an arterial line was inserted, we used either changes in 
venous lactate or base-excess to determine blood 
lactate increase. These changes are, however, compar
able [3, 26) as are the lactate concentrations of arterial 
and venous blood from non-exercising muscle (27]. 

Comparison of patient-responses with those of the 
control group 

Our control group consisted of patients in whom 
extensive functional investigations in resting condi
tions and exercise responses, revealed no functional 
abnormalities. Although, in the strict sense, they were 
not normal volunteers, we used their responses as 
reference because they underwent exactly the same 
exercise protocol. Maximal Vo2, maximal heart rate, 

maximal VE in % of maximum voluntary ventilation 
at a rate of 30 per min and lactate increase with 
respect to resting values indicate (table I ) that on 
average the control group attained maximal work
load. The mean response of R and the mean VE at 
85% V02 ,max,rcr were not appreciably different from 
reference values described recently for fifty healthy 
men who underw~nt a comparable protocol (20]. 
Most probably Vo2 .max.sl was limited either by 
physical condition or by ending the test before 
complete exhaustion, which is the usual regime in our 
laboratory. The similar lactate increase at Vo2 in 
the control group and patient group indicat;; a 
corresponding subjective work performance. 

Because in the patients with mitochondrial myop
athy the duration of the test was shorter, the rate of 
t~e ~actate accumulation was larger, resulting in the 
stgnificantly larger R values at maximal exercise The 
lower Vo2 ,max in the patient group is associated ~ith a 
lowered Tvcnu indicating an early occurrence of 
lactate acidosis. Although the rate of increase in VE is 
larger in the patient group than that in the control 
g.ro~p (fig. 1), maximal VE in % of MVV30 was 
s1gmficantly lower. We cannot explain this difference. 
The maximal heart rate in the patient group was no 
different from the control group. 

Interpretation of the lactate threshold 

In clinical exercise testing emphasis was often given 
to the interpretation of the lactate or ventilation 
threshold as the threshold of anaerobic metabolism. 
The physiological concept, explaining the existence of 
an anaerobic threshold, may be defined as an 'oxygen 
availability concept' [1, 4, 8, 26]. According to this 
concept, an imbalance between the 0 2 supply and 0 2 
requ~rement . in exercising muscle, where oxygen 
requtrement IS greater than oxygen supply, will result 
in a net increase in anaerobic oxidation in the cytosol 
of the cell with pyruvate conversion to lactate. 
Evidence for this hypothesis mostly comes from 
clinical physiological investigations in patients in 
whom the oxygen transport capacity is limited T 
was found to be lowered in cardiac patients (4, 2s, 2•9] 
and the decrease was related to the degree of 
circulatory impairment [29]. Anaemia [4, 30, 31] and 
lowered inspiratory oxygen concentrations [32] also 
caused a lowered T vent· 

Lactate production and removal processes in the 
body, such as oxidation in muscles, heart, Jiver and 
kidneys, and gluconeogenesis, however, determine the 
disproportionate rise in muscle and blood lactate at 
higher exercise levels. So the lactate threshold has to 
be considered with respect to energetics in the total 
body. This implies a number of other factors which 
influence it [5, 12, 14, 15] e.g. the composition of the 
skeletal muscles with respect to fibre types (slow- and 
fast-twitch red fibres, type I and Ila, and fast-twitch 
white fibres, type lib) and the density and biochemi
cal composition of skeletal muscle mitochondria. 

A recent investigation [13] showed that lactate 
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accumulation occurred in canine red gracilis muscle, 
performing work by external twitching, at local 
oxygen tension (Po2) above the critical mitochondrial 
0 2 tension. It was concluded that, in this specific 
situation, lactate accumulation was not simply due to 
an 0 2 limit on mitochondrial ATP production. 

Because our patients differed from normals almost 
exclusively due to a mitchondrial enzyme deficiency, 
this aspect will be discussed in more detail. 

Enzyme activities and exercise tolerance 

Studies, on changes in endurance capacity under 
influence of various types of training activities, 
indicate a relationship between composition, activity 
and density of enzymes and physical perfo rmance [5, 
12, 14]. Ho LLOSZY [5] mentions two-fold increases in 
enzyme activities both for animal experiments (ra ts) 
and human studies on endurance. Such a rise was a lso 
confirmed by adaptive increase in mitochondrial 
respiratory enzyme levels in humans. Although after 
endurance tra ining Vo2 was unchanged as a function 
of wo rkload, lacta te accumulation at each Vo2 level 
decreased, shifting the lactate threshold to a higher 
Vo 2. DAVJES et al. [I 0] found the same after endurance 
training of middle aged man but mentioned also an 
increased capilla ry proliferation of skeletal muscle 
and so a more efficient blood supply to the tissue as 
one of the possible mechanisms. 

In our patients we found five had a normal 
mitochondrial density of skeletal muscle. In only one 
patient (CB) was the density doubled, so a diminished 
mitochondrial density can certainly be excluded as a 
mechanism for the limited performance. 

An analysis of the enzyme activities revealed a 
marked deficiency only at the level of NADH-CoQ 
reductase in the respiratory chain. In two patients 
(ADD, FVV) an abnormally high systolic blood 
pressure was found at maximal exercise, 250 and 280 
mmHg respectively, which caused us to stop the test 
in patient FVV. 

We found no evidence for an impaired 0 2 supply of 
working skeletal muscle or for an impaired distribu
tion of blood flow to organs (Jiver, kidneys, heart) 
involved in oxidative removal of produced lactate. A 
hypo thesis for the limited work perfo rma nce in our 
pa tients is given by a limitation of the oxida tive 
capacity of the respiratory chain by the enzyme 
deficiency, causing a n early energy supply by a naero
bic glycolysis. In pa tient CZ the substantia l improve
ment of the physical condition by a la rge dose of 
ri bofl avin ma y well be due to an increased activity of 
the fl avine mononucleotide-containing NADH-CoQ 
reductase [23]. The changes in the exercise responses 
remained highly significant even after correction for 
the growth of the child between the tests [33]. 

Conclusion 

In addition to investigations, stressing the relation
ship between mitochondrial activities and endurance 

[5, 14] we have found a severely limited exercise 
performance in patients with a mitochondrial enzyme 
deficiency, in which the exercise response was even 
comparable with that of patients with severe cardio
vascular impairment. In three of our patients (CMZ, 
CB, HB) the exercise responses led to a biochemical 
analysis of a muscle biopsy from which a mitochon
drial myopathy was diagnosed. Our investigation 
strengthens the importance of the recognition of 
metab olic disturbances by mea ns of clinical exercise 
testing and stresses, as previously mentioned [6], the 
validity of exercise tests as an investigative strategy in 
neuromuscular disorders. 
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RESUME: La reponse a l'exercice a etc obtenue chez six malades 
alleints d'une carence enzym:uique diagnostiquec biochimique
mcnt au nJveuu de la reductase NADH-CoQ. Lcs rcponscs ont ete 
companies :wee cellcs d'un groupc de controlc. comprcnant 
quatorte patients uyant une dyspnee d'effort unexplicable ou des 
douleurs musculaires durant l'exercicc pour lesqucllcs on n'a pu 
chabJir aucun diagnostic SUr Cl dont Jcs reponses a J'exercice SC 

trouvaicnt dans l'cvcntail normal. Lcs variables metaboliques, 
vcntilatoircs et cardiologiqucs tels !'absorption d"oxygime (Vo2). la 
ventilation minute (Yil), le taux d '&:hnnge rcspir:noire (R). la 
frequencc cardiaque (1-1 R) et la difference de lactate du sang ou 
d'exces·base (13E) entre le repos et l'cll'ort maximum ont ete 
mesurees au cours de l'ergometrie cyclique a partir d'echantillons 
obtenus durant la dcmiere minute de periodes de quatre minutes 
chacune et durant lesquelles !'effort a ete accru par paliers a raison 
de 30 W toutes les quatre minutes. Le seuil du metabolisme des 
lactates (T, •• J a etc suppose et re egal a celui determine a la fois par 
la vo2 (niveau Oll la ri:ponse VE I'CfSIIS Vo2 a commence itlors a 
devicr de sa lignc droite et ou !'equivalent vcntihttoirc pour 
l'oxygcne (Vr.tyo2) a cxhibe une valeur minimum (T ... ,)). T,.., .a 
l:tc esLime :i partir de la moycnne de ces valeurs. obtenues par des 
analyses de regression respectivement lineaire et parabolique. Pour 
le groupc de patients, les valeurs moyennes pour la vol maximum 
~ symptomes limitcs (Vo2 .mu,. 1), % Vo 2,.,.,,,,). T ••• , (% de 
Vo2.m ... ur) et pour R a !'effort maximum onl eti: de 43, 17 et 1,23 
contre 85,47 et 1,06 respectivement pour les memes variables dans 
le groupc de controlc. Lcs differences ctaient trcs signitlcatives 
(p < 0.00 I; p < 0,005 pour la difference moycnne R). La moyenne 
maximum I fR et le changcmcntmoyen de lactate du sang ou de BE 
ne difl'emicnt pas de fa~'On signilicative entre lcs deux groupes. 
Etant donne les mi:canismes physiologiques qui influent sur la 
reponse a rcxercice y compris le scuil du metabolisme de lactates. 
nous cmcttons l'hypothese que le rendemcnt limite de travail dans 
le groupe de patients s'explique par une limitation de la capacitc 
oxyditive du systeme respiratoire due li lu carence cnzymatique. ce 
qui donne un approvisionnement cnergetique precoce par glycolyse 
anaerobique. Notre enquete souligne la valeur des tests d'cxcreice 
en tant que strategic investigatricc dans le cas des maladies 
neuromusculaires. 


