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Background A reference set of data of normal values of newly developed cardiopulmonary parameters of exercise testing
in an 8-18-year-old population is lacking.

Patients and methods Cardiopulmonary exercise testing was performed in 175 healthy school children (8-18 years old).
Continuous electrocardiography was performed, and minute ventilation, oxygen uptake (VO,), and carbon dioxide (CO,)
production were measured continuously with a respiratory gas analysis system.

Results Peak VO,/kg did not change with age, whereas the ventilation to carbon dioxide exhalation slope was lower in the
older children. The decline in heart rate during recovery was much faster in the youngest children. Linear regression
analysis showed a significant effect of age on: peak work rate (WRpeak) and WR,eak/kg, ventilation to carbon dioxide
exhalation slope, heart rate recovery, and VO,,c.x (boys only) (All P<0.001). The AVO,/AWR slope remained constant
throughout all age groups.

Conclusion This study comprehensively provides a reference set of data for the most important cardiopulmonary
variables that can be obtained during exercise testing in children. Eur J Cardiovasc Prev Rehabil 00:000-000 © 2010
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Introduction

Cardiopulmonary exercise testing (CPET) is frequently
used as a tool for evaluating chronic condition [1],
including congenital heart disease (CHD) in children
[2,3]. Currently, most children who have undergone
surgical or interventional treatment for congenital heart
defect nowadays survive till adulthood. However, residual
defects or problems resulting in decreased exercise
capacity often occur relatively. Many cardiopulmonary
variables may contribute to a reduced exercise tolerance,
including systolic and diastolic ventricular dysfunction,
sinus node dysfunction, and changes in cardiac autonomic
nervous activity, whereas reduced physical activity in
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these patients may further lead to reduced exercise
tolerance [4]. Physical training at recommended levels
may increase exercise tolerance [5,6], while the use of
different cardiopulmonary parameters in the evaluation of
exercise tests may give more insight into the mechanisms
of reduced exercise tolerance. These parameters include
simple measures as peak work rate (WRc.) and heart
rate (HR) response to exercise, peak oxygen uptake
(VOzpeax), and more recently proposed measures as the
ventilation to carbon dioxide exhalation (VE/VCO,)
slope. Some of these parameters lack normal values for
the pediatric population. Moreover, published reference
values might not be representative for today’s children
[7-10]. Equipment for CPET has evolved from the
Douglas bag technique to breath-by-breath analysis of
expired gases [11]. Furthermore, important changes have
occurred in body weight and activity level of children
in the industrialized countries.
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To obtain reference data for exercise testing, we
investigated the CPET results of 175 healthy Dutch
school children with an age range of 8-18 years.

Methods

The study population consisted of 175 healthy school
children. They were recruited from a primary school (8-
12 years old) and a secondary school (12-18 years old)
from the city of Rotterdam. The study was approved by
the Institutional Review Board of Erasmus University
Medical Center, Rotterdam, The Netherlands, and
written informed consent was obtained from the legal
guardians and from the children if appropriate. Sporting
activities were performed only at a recreational level. All
children came to the hospital by car, or, they came by bike
or walking if their residence was within 10 min away from
the hospital.

Exercise testing was performed in the upright position
with a cycle ergometer (Jacger ER9000; Viasys Health-
care, Hoechberg, Germany). Breath-by-breath respiratory
gas analysis was performed using an Oxycon Champion
System (Viasys Healthcare). WR was increased stepwise
with 15 or 20 W/min according to length. Children shorter
than 150 cm underwent a protocol with 15W/min in-
crement, a2 20 W/min increment was used in the taller
children. Participants began exercise testing by cycling at
OW (unloaded) WR with a minimum of 3-min warm-up
phase. All participants were verbally encouraged to
exercise to exhaustion, as assessed using a cut-off greater
than 1.01 for the respiratory exchange ratio (RER) at
peak exercise. After maximal exercise has been reached, a
cooling down phase consisted of 5 min pedaling at a slow
rate (<40 revolutions/min) at a WR of OW. All equip-
ments were calibrated according to the instructions of the
manufacturer before testing. HR was measured by
continuous 12-lead electrocardiography.

VO;pcak Was defined as the mean of the two highest
consecutive values of 15-s averages of VO,. The VE/VCO,
slope was obtained by linear regression analysis of the
data acquired throughout the entire period of exercise.

Resting HR was measured after at least 3 min in a seated
position before exercise testing, and peak HR (HRc,k)
was defined as the highest HR achieved during exercise.
HR reserve was calculated as the difference between
HR ..k and resting HR. HR was also recorded 1 and 2 min
after the cessation of the exercise, and HR recovery was
calculated as the difference between HR . and the HR
at these recovery points. The relative decrement in
HR was calculated as ((HR,c.x—HR recovery)/HR
reserve) *100%. WR,..x was measured in absolute values
and also in W/kg. VO, was plotted against VCO,, and
ventilatory threshold (VT) was determined as a sudden
rise in VCO, in excess of VO, [8], and was expressed

in ml/kg per min and also in percentage of VO,,car. VO,
versus WR (AVO,/AWR) was measured as the slope as
obtained by linear regression analysis of VO, (ml/min)

versus WR (W).

Statistics

Statistical analysis was performed with SPSS 11.5 (SPSS,
Inc., Chicago, Illinois, USA). Values are presented as
mean * standard deviation unless stated otherwise. A
two-sample 7-test was used to compare the means of
continuous variables with a normal distribution, and
Mann-Whitney test for continuous variables without
normal distribution. Categorical values were compared
using the x? test or Fisher exact test. Linear regression
analysis was used to determine VE/VCO, and AVO,/
AWR. The effect of age on the measured parameters was
determined by linear regression analysis as well. A P value
less than 0.05 was considered statistically significant.

Results

The study population consisted of 175 children (93 boys,
82 girls) with an age range of 8-18 years (mean 12.5 *
2.9). Mean height and body mass were 157 = 15 cm (range
124-197) and 47 = 14kg (range 25-81), respectively
(Tables 1 and 2; Fig. 1). Comparison of body height
and weight with a Dutch reference population showed
Z-values of 0.13 £ 0.94 and 0.16 = 0.82, respectively [12].
Thirteen children (six boys) had a body mass index
(BMI) greater than 90th percentile.

All participants performed the cardiopulmonary exercise test
without complication and were able to complete the pro-
tocol to volitional exhaustion. A 15W/min increment was
used in 68 children, in the other 107 children, 20 W/min
increment was used. The exercise duration was 8 = 2 min.
No electrocardiography abnormalities were noted during
exercise testing. HR,.,x and HR reserve did not change
with age. Compared with girls, boys reached a higher

Wieak, and had a higher VO,,c./kg.

Table 1 Baseline characteristics in boys and girls according

to different age groups

Age (years) 8-9 10-11 12-13 14-15 >16

Boys
Number® 21 24 20 7 21
Length (cm) 188+5 151+7  159%6* 17219 1824 8***
Weight (kg) 33+5 407 4618 56+13 68+ 8***
Body mass 171+£1.7 17.6£21 18.0%29 189+28 20419

index (kg/m?)

Girls
Number® 20 21 21 8 12
Length (cm) 140£8 152+8 1647 168%f6 1694
Weight (kg) 35+11 416 52+12 56%8 60+7
Body mass 175+3.2 17.7£2.0 19.1+41 19.8+23 21.0+25

index (kg/m2)

#Number of controls. *P<0.05 for the difference between boys and girls.
***P<0.001 for the difference between boys and girls.

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



Table 2 Cardiopulmonary exercise data in boys (n=93) and girls

(n=82)

Boys Girls
Number® 93 82
Height (cm) 158+£17 156+13
Weight (kg) 47+15 46+13
Body mass index (kg/m2) 18.3x25 18.7+3.2
HRcak 184+12 186+ 10
Wocak 162+ 65 142 + 44*
VOopeak 47+7 40 + 6F**
VE/VCO, 30+4 31t4
RER ek 1.13+0.08 1.14+0.09
HR reserve 104+15 100+13
HRO1 percentage 0.35+0.13 0.32+0.11
HRO2 percentage 0.54+0.11 0.51%+0.12
VOLAET 28+2 26+5
VO, percentage AET 61+11 62+10
AVO,/kg/AWR 0.23+0.07 0.29+0.04
AVO,/AWR 9.9+0.9 9.3%+1.0
Woear/kg 3.4+0.6 3.1+£0.5%%*

HRpeaks maximal heart rate at peak exercise (beats/min); HR reserve, maximal
heart rate — resting heart rate (beats/min); HRO1 percentage, percentage heart
rate recovery at 1min (HRyax—HRpresent)/ (HRmax = HRyes) ¥100%; HRO2 per-
centage, percentage heart rate recovery at 2min (HRpax— HRpresent)/ (HRmax =
HR(6)*100%; REReak, maximal respiratory exchange ratio; VE/VCO,, slope of
respiratory minute volume to CO, production; VO,AET, oxygen uptake at
anaerobic threshold (ml/kg per min); VO, percentage AET, (VO, at anaerobic
threshold/VOomax) *100%; VOopear, maximal oxygen uptake (ml/kg/min); AVO,/
kg/AWR, slope of work rate (W) to oxygen uptake (ml/kg per min); AVO,/AWR,
slope of work rate (W) to oxygen uptake (ml/min); Wpear, maximal work rate
achieved (W); W,ea/kg, W/kg at peak exercise. *Number of controls. *P<0.05
for the difference between boys and girls. ***P<0.001 for the difference
between boys and girls.

Fig. 1
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Age and sex distribution of the study population is shown. The hatched
area represents boys, girls are represented by the white area.

Linear regression analysis showed a significant effect of age
on Wiea, Woea/kg, VE/VCO; slope, and HR recovery for
boys and girls and for VO, for boys only (Figs 2-5). The
corresponding regression equations are given in Table 3.
All were significant at P values less than 0.001. Thirteen
children with an increased BMI had a lower VOgpcax
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Fig. 2
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The relation between age and the maximal work rate for the individual
participants is shown. The mean value and the 95% confidence limits of
work rate related to age are shown. As the difference between boys
and girls is significant the results for boys (upper panel) and girls (lower
panel) are given separately.
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The relation between age and the power/kg for the individual
participants is shown. The mean value and the 95% confidence limits of
power/kg related to age are shown. As the difference between boys
and girls is significant the results for boys (upper panel) and girls (lower
panel) are given separately.

(38 £4.8ml/kg per min) as compared with the other
children (45.2=7.2ml/kg per min, P <0.01). When
expressed in absolute values (ml/min) this difference
disappeared. All other values were similar between the
two groups.
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Fig. 4
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The relation between age and the ventilation to carbon dioxide
exhalation (VE/VCO,) slope for the individual participants is shown.
The mean value and the 95% confidence limits of VE/VCO, slope
related to age are shown.

Fig. 5
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The relation between age and the heart rate (HR) recovery at 1 min
for the individual participants is shown. The mean value and the 95%
confidence limits of HR recovery at 1 min related to age are shown.

Discussion

The primary aim of this study was to provide cardiopul-
monary reference values for exercise testing with bicycle
ergometry in a contemporary cohort of healthy children
between 8 and 18 years of age. There was a significant
effect of age on HR recovery and VE/VCO, slope,
whereas age did not have an effect on HR reserve.
VOgpear/kg and Wi were significantly influenced by
sex, and this effect was more prominent at older ages.
Regression equations for age dependent variables are

Table 3 Regression equations for all variables that are age
dependent

SE r

Boys

Woea = (20*age)-94 26 0.91

VE/VNCO,=(-0.64*age) + 38 3.6 0.46

HRO1 percentage=(-2.16*age) + 63 11.0 0.50

VOopear=(0.66*age) +38.6 70 0.27

Whea’kg=(0.11*age) +2.04 0.47 0.56
Girls

Woea = (13*age)-23 24 0.84

VE/NCO,=(-0.64*age) + 38 4.0 0.40

HRO1 percentage= (- 1.84*age) + 55 9.2 0.49

Woearlkg = (0.07*age) + 2.16 0.48 0.39

The equations for boys and girls are given separately. All equations are significant
at P<0.001. No significant relation was found between age and VOgpeax for
the girls. HRO1 percentage, percentage heart rate recovery at 1 min (HRya—
HRresent)/ (HRmax— HR(e5) *100%; SE, standard error of the mean; VE/VCO,,
slope of respiratory minute volume to CO, production; VOgpear, maximal oxygen
uptake (ml/kg per min); Wpeai, peak work rate achieved (W); Wieac/kg, W/kg at
peak exercise.

given for boys and girls separately, which makes it
possible to use these values as reference data.

The VE/VCO, slope has been studied in patients with
congenital heart defects by Dimopoulos ez @/. [13]. These
authors showed this variable to be the only predictor of
death in a group of adults with CHD [13]. An increase
of this variable has been attributed to maldistribution of
pulmonary blood flow with increased physiological dead
space ventilation. The values obtained in this study are
higher when compared with their normal values, although
this difference is less prominent in our older children.
This age effect has been investigated before, and the
decrease in VE/VCO; slope with advancing age has been
explained by a slightly lower pressure of CO, set point
during exercise in the younger children [14], and higher
breathing efficiency in older children (e.g. larger tidal
volumes and a relatively lower breathing frequency).

A relatively new parameter in children with CHD is the
relation between AVO,/AWR slope [15,16]. Calculation of
the steepness of this slope is a valid measurement of O,
flow or utilization in the exercising tissues [17]. We found
a value of approximately 9.5 ml O,/min per W, irrespective
of age, which compares with earlier findings in healthy
children [17]. In patients after surgical repair for CHD this
value may be reduced, and this may be considered as a
factor limiting exercise capacity as it reflects impaired O,
delivery to the exercising muscles [15].

VT has been shown to be a useful submaximal parameter
in children [18]. Furthermore, it is a good indicator of
exercise capacity in children who are unable to perform
to maximum exhaustion [19]. The observed values in
this study compare well with VT values reported earlier
[8,20], with a VT occurring at 66% of VO, in the 8 and
9-year old children and approximate 60% of VO;pcac
in the oldest age group.
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The value for VOgpe increased with age in only boys
(Table 3). A lower VOgpeqk in girls in older age groups has
usually been attributed to the effect of increased body fat
[21]. This sex difference is present during adulthood as well
[22]. In heart failure patients, VOppeq is probably the best
single predictor of survival in ambulatory heart failure
patients [23]. Gas exchange analysis performed during
exercise has been shown to allow differentiation of children
with heart failure from healthy children [24]. Both a lower
VO, and an increased VE/VCO; slope have been found [24].

If more advanced measurements are not available, the
measurement of HR during exercise is simple and
inexpensive. A blunted HR response to exercise has been
related to diminished exercise capacity [25] while lower
HR reserve has even been related to a higher mortality risk
in these patients [25]. Factors influencing HRpcx in
children are intrinsic sinus node dysfunction, and impaired
sympathetic cardiac autonomic nervous activity [26] as well
as the mode of exercise (e.g. running provides a somewhat
higher HRc.x compared with cycling). The values of
HRc.x we obtained were 5 beats/min lower as compared
with earlier studies [7,27]. It seems, however, unlikely that
our participants did not reach a phase of maximal exercise,
as maximal RER was as high as 1.14 on average. A
somewhat lower HR,c.c does not invalidate the exercise
parameters obtained in a child. Schulze-Neck e 4/ [28]
found that VOppc./kg values were comparable in children
who achieved a HR¢,x greater than 180bpm compared
with children with a HRpe, lower than 180 bpm.

In our study we found a HR recovery after 1 min of 30—
40%. This corresponds to earlier studies in children
[26,27]. HR recovery is believed to be mainly influenced
by vagal autonomic activity, BMI, and fitness [27]. This
makes the HR recovery a good indication of vagal tone, and
it has been shown to be a useful marker for evaluating
patient outcomes in cardiac rehabilitation in children with
CHD [29]. Cardiac autonomic nervous activity has also
been shown to be useful in stratifying mild and severe heart
failure in pediatric heart failure patients [30,31]. This study
showed a faster HR recovery in the youngest children. This
confirms results of earlier studies showing a more rapid
decline in HR after cessation of exercise in younger child-
ren [27,32]. However, results of other measures of vagal
activity are equivocal. The high frequency component in HR
variability has found to be lower in older children, indi-
cating lower vagal tone from 12 years onwards [32,33]. How-
ever, other studies found the highest values of cardiovagal
autonomic function in older children, which is most likely
a result of maturation of neural mechanisms, attaining peak
level at adolescence [34]. Anyway, HR recovery has been
shown to be a strong predictor of survival in adults [35].

Limitations
We studied healthy school children, who actively
accepted the invitation to perform exercise testing. This
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procedure may have lead to bias towards active, nonobese
children [36]. However, none of the participants per-
formed dedicated exercise training programs. Further-
more, height and weight of these children were neither
different from those in earlier American [7] or Dutch
[37] studies, nor did they differ from the values obtained
in the population-based Dutch growth study that was
conducted in 1997 [12]. In this study we used an peak
RER (RER.) of greater than 1.01 as cut-off value.
Although an RER., greater than 1.1 is generally
accepted as a threshold for maximal exercise in adults,
most studies in children use a threshold of greater than
1.0 [38,39]. Furthermore, no correlation has been found
in children between RER. and other measures of
maximal exercise as the HR,c,x or reaching a VO, plateau
[39]. When data from earlier publications were compared
with ours, values for HR reserve and VOg,e.x were
comparable [7,27,28].

Conclusion

This study comprehensively provides a reference set of
data for the most important cardiopulmonary variables that
can be obtained during exercise testing in children. VE/
VCO,; slope decreased with age, suggestive of a more
effective gas exchange with advancing age. The faster HR
recovery in the younger participants suggests a more active
cardiovagal autonomic activity with younger age. The rather
uniform value of the AVO,/AWR slope through all age
groups makes it a potential valuable marker of exercise
capacity in longitudinal studies. Regression equations for
age dependent variables for boys and girls separately are
presented, providing a reference dataset.

Acknowledgement
Conflicts of interest and financial disclosure: none declared.

References

1 Wasserman K, Hansen JE, Sue DY, Casaburi R, Whipp BJ. Principles of
exercise testing and interpretation. 3th ed. Baltimore, Maryland, USA:
Lippincott, Williams & Wilkins; 1999.

2 Takken T, Blank AC, Hulzebos EJ, Van Brussel M, Groen WG, Helders PJ.
Cardiopulmonary exercise testing in congenital heart disease: equipment
and test protocols. Neth Heart J 2009; 17:339-344.

3 Connuck DM. The role of exercise stress testing in pediatric patients with
heart disease. Prog Pediatr Cardiol 2005; 20:45-52.

4 Reybrouck T, Mertens L. Physical performance and physical activity in
grown-up congenital heart disease. Eur J Cardiovasc Prev Rehabil 2005;
12:L498-1502.

5 Hirth A, Reybrouck T, Bjarnason-Wehrens B, Lawrenz W, Hoffmann A.
Recommendations for participation in competitive and leisure sports in
patients with congenital heart disease: a consensus document. Eur J
Cardiovasc Prev Rehabil 2006; 13:293-299.

6 Moalla W, Maingourd Y, Gauthier R, Cahalin LP, Tabka Z, Ahmaidi S. Effect of
exercise training on respiratory muscle oxygenation in children with congenital
heart disease. Eur J Cardiovasc Prev Rehabil 2006; 13:604-611.

7 Washington RL, van Gundy JC, Cohen C, Sondheimer HM, Wolfe RR.
Normal aerobic and anaerobic exercise data for North American school-age
children. J Pediatr 1988; 112:223-233.

8 Cooper DM, Weiler-Ravell D, Whipp BJ, Wasserman K. Aerobic parameters
of exercise as a function of body size during growth in children. J App/
Physiol 1984; 56:628-634.

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



20

21

22

23

24

European Journal of Cardiovascular Prevention and Rehabilitation 2010, Vol 00 No 00

Gulmans VA, de Meer K, Binkhorst RA, Helders PJ, Saris WH. Reference
values for maximum work capacity in relation to body composition in healthy
Dutch children. Eur Respir J 1997; 10:94-97.

Binkhorst RA, Saris WH, Noordeloos AM, van ‘t Hof MA, de Haan AF.
Maximal oxygen uptake of children (6-18 years) predicted from maximal
and submaximal values in treadmill and bicycle tests. Champaign, lllinois:
Human Kinetics Publishers; 1985.

Macfarlane DJ. Automated metabolic gas analysis systems: a review. Sports
Med 2001; 31:841-861.

Fredriks AM, van Buuren S, Burgmeijer RJ, Meulmeester JF, Beuker RJ,
Brugman E, et al. Continuing positive secular growth change in The
Netherlands 1955-1997. Pediatr Res 2000; 47:316-323.

Dimopoulos K, Okonko DO, Diller GP, Broberg CS, Salukhe TV,
Babu-Narayan SV, et al. Abnormal ventilatory response to exercise in adults
with congenital heart disease relates to cyanosis and predicts survival.
Circulation 2006; 113:2796-2802.

Nagano Y, Baba R, Kuraishi K, Yasuda T, lkoma M, Nishibata K, et al.
Ventilatory control during exercise in normal children. Ped Res 1998;
43:704-707.

Reybrouck T, Mertens L, Brusselle S, Weymans M, Eyskens B, Defoor J,
et al. Oxygen uptake versus exercise intensity: a new concept in assessing
cardiovascular exercise function in patients with congenital heart disease.
Heart 2000; 84:46-52.

Rhodes J, Geggel RL, Marx GR, Bevilacqua L, Dambach YB, Hijazi ZM.
Excessive anaerobic metabolism during exercise after repair of aortic
coarctation. J Pediatr 1997; 131:210-214.

Groen WG, Hulzebos EH, Helders PJ, Takken T. Oxygen uptake to work rate
relationship during exercise in children with lung, heart or muscle disease.
Int J Sports Med 2010; 31:202-2086.

Hebestreit H, Staschen B, Hebestreit A. Ventilatory threshold: a useful
method to determine aerobic fitness in children? Med Sci Sports Exerc
2000; 32:1964-1969.

Reybrouck T, Gewillig M. Exercise testing in congenital heart disease.

In: Armstrong N, Van Mechelen W, editors. Paediatric exercise science
and medicine. 2nd ed. Oxford: Oxford University Press; 2008.

pp. 421-430.

Reybrouck T, Weymans M, Stijns H, Knops J, Van der Hauwaert L. Ventilatory
anaerobic threshold in healthy children: age and sex differences. Eur J App/
Physiol 1985; 54:278-284.

Mota J, Guerra S, Leandro C, Pinto A, Ribeiro JC, Duarte JA. Association of
maturation, sex, and body fat in cardiorespiratory fitness. Am J Hum Biol
2002; 14:707-712.

Yanovich R, Evans R, Israeli E, Constantini N, Sharvit N, Merkel D,

et al. Differences in physical fitness of male and female recruits in
gender-integrated army basic training. Med Sci Sports Exerc 2008;
40:5654-S659.

Mancini D, LeJemtel T, Aaronson K. Peak VO,. A simple yet enduring
standard. Circulation 2000; 101:1080-1082.

Guimaraes GV, Bellotti G, Mocelin AO, Camargo PR, Bocchi EA.
Cardiopulmonary exercise testing in children with heart failure

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

secondary to idiopathic dilated cardiomyopathy. Chest 2001;
120:816-824.

Diller GP, Dimopoulos K, Okonko DO, Uebing A, Broberg CS,
Babu-Narayan SV, et al. Heart rate response during exercise predicts
survival in adults with congenital heart disease. J Am Coll Cardiol 2006;
48:1250-1256.

Ohuchi H, Watanabe K, Kishiki K, Wakisaka Y, Echigo S. Heart rate
dynamics during and after exercise in postoperative congenital heart disease
patients. Their relation to cardiac autonomic nervous activity and intrinsic
sinus node dysfunction. Am Heart J 2007; 154:165-171.

Singh TP, Rhodes J, Gauvreau K. Determinants of heart rate

recovery following exercise in children. Med Sci Sports Exerc 2008;
40:601-605.

Schulze-Neick IM, Wessel HU, Paul MH. Heart rate and oxygen uptake
response to exercise in children with low peak exercise heart rate. Eur J
Pedliatr 1992; 151:160-164.

Singh TP, Curran TJ, Rhodes J. Cardiac rehabilitation improves heart rate
recovery following peak exercise in children with repaired congenital heart
disease. Pediatr Cardiol 2007; 28:276-279.

Ohuchi H, Takasugi H, Ohashi H, Okada Y, Yamada O, Ono Y, et al.
Stratification of pediatric heart failure on the basis of neurohormonal and
cardiac autonomic nervous activities in patients with congenital heart
disease. Circulation 2003; 108:2368-2376.

Davos CH, Francis DP, Leenarts MFE, Yap SC, Li W, Davlouros PA, et al.
Global impairment of cardiac autonomic nervous activity late after the
Fontan operation. Circulation 2003; 108 (Suppl I1):1-180-I1I-185.

Tanaka H, Borres M, Thulesius O, Tamai H, Ericson MO, Lindblad LE.
Blood pressure and cardiovascular autonomic function in healthy children
and adolescents. J Pediatr 2000; 137:63-67.

Ohuchi H, Suzuki H, Yasuda K, Arakaki Y, Echigo S, Kamiya T. Heart rate
recovery after exercise and cardiac autonomic nervous activity in children.
Ped Res 2000; 47:329-335.

Lenard Z, Studinger P, Mersich B, Kocsis L, Kollai M. Maturation of
cardiovagal autonomic function from childhood to young adult age.
Circulation 2004; 110:2307-2312.

Cole CR, Blackstone EH, Pashkow FJ, Snader CE, Lauer MS. Heart-rate
recovery immediately after exercise as a predictor of mortality. New Eng/
J Med 1999; 341:1351-1357.

Mitchell JH, Saltin B. The oxygen transport system and maximal oxygen
uptake. In: Tipton CM, editor. Exercise physiology people and ideas. Oxford:
Oxford University Press; 2003. pp. 255-291.

Van Leeuwen PB, Van Der Net J, Helders PJM, Takken T. Exercise
parameters in healthy Dutch children. Geneeskunde en Sport 2004;
37:126-132.

Rowland TW, Cunningham LN. Development of ventilatory responses

to exercise in normal white children. A longitudinal study. Chest 1997;
111:327-332.

Karila C, De Blic J, Waernessyckle S, Benoist MR, Scheinmann P.
Cardiopulmonary exercise testing in children. An individualized

protocol for workload increase. Chest 2001; 120:81-87.

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.





