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Abstract 
Introduction: The six minute walk test (6MWT) is generally used 
for evaluating the functioning of people with chronic diseases; the 
main result is the distance a person may walk for 6 minutes. The 
6MWT was originally developed to measure the submaximal level 
of functioning in adult cardiac or chronic disease patients with 
moderate-to severe heart or lung disease and has been widely 
used in other patient subgroups. Because the test provides a level 
of training close to that of daily life, it is easy to use and increasingly 
is being used as a functional outcomes measurement for people 
with chronic disease, to include pediatric populations.

Patients and methods: Our study is cross sectional study included 
100 cases (55 males and 45 females) who had congenital heart 
diseases surgically repaired in one stage (34 had Tetralogy of 
Fallot, 27 had ventricular septal defect, 15 had atrial septal defect, 
10 had patent ductus arteriosus, 5 had congenital valvular aortic 
stenosis, 4 had sub aortic membrane, 3 had coarctation of aorta 
and 2 had d-transposition of great arteries). The study included 
pediatric patients who had been admitted to the pediatric cardiology 
department of Assiut Children’s Hospital from 5 to 18 years of age 
and for a one year period from 1st August 2016 to 31st July 2017.

Control: One hundred (100) healthy children (55 males, 45 
females). 

Results and conclusion: The 6MWT is a simple, applicable test 
with a significant value in the demonstration of the effect of one 
stage surgically repaired congenital heart diseases on the functional 
capacity of pediatric cardiac patients.
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Introduction
The ability to walk a distance is a quick and easy way to determine 

the physical function of an individual. It is also an important part 
of the QOL because it reflects the ability to exercise daily life [1-4]. 
Balke developed a simple test to check the functioning by measuring 
the distance travelled over a defined time period [5]. A 12-minute 
performance test was then developed to assess the physical fitness of 
healthy people [6]. This test was then modified for use in patients with 

chronic bronchitis [7]. To enable patients with respiratory diseases for 
whom 12-minute walking was too demanding, a shortened version 
of 6 minutes was found to provide comparable clinical information 
[8]. A recent review of the functional walking attempts concluded 
that the six-minute walking test (6MWT) is simple to perform, better 
accepted by individuals and provides better reflection of daily lifestyle 
activities than other walking tests [4].

The American Thoracic Society has also recently approved and 
published a guideline for the clinical use of 6MWT [9], 6MWT has 
often been used to measure pre- and post-treatment results in patients 
with moderate to severe heart and lung disease [10].

Aim of the Work
Evaluations of the functional capacity of children with surgically 

repaired congenital heart disease through assessment of 6MWT and 
compare the results to those of healthy children of the same age.

Patients and Methods
Patients

The study included 100 cases (55 males and 45 females) who had 
congenital heart diseases surgically repaired in one stage (34 had 
Tetralogy of Fallot, 27 had ventricular septal defect, 15 had atrial 
septal defect, 10 had patent ductus arteriosus, 5 had congenital valvar 
aortic stenosis, 4 had subaortic membrane, 3 had coarctation of aorta 
and 2 had d- transposition of great arteries.

Control group

One hundred (100) healthy children (55 males, 45 females). 
From primary, preparatory and secondary schools from the same age 
category of the patients.

Inclusion criteria

Children age between 5 and 18 years old with previous one-stage 
corrective surgery for congenital heart disease after full recovery from 
acute illness.

Exclusion criteria

Children with acute respiratory condition, children with 
chronic systemic illness like respiratory, hepatic, renal, neurologic, 
or GIT conditions, children with skeletal disorders, children with 
hemodynamic disorders like anemia or thyrotoxicosis and cases with 
cardiac arrhythmia as detected by ECG.

Tools of study

ALL cases (patients and control) included in the study were subjected 
to Anthropometric measures like (weight and height) according to 
methods described by Reiter and Rosenfield. 6MWT was performed 
according to the guidelines of the American Thoracic Society [9].

Patient preparation

All patients’ worn comfortable clothes, appropriate shoes 
for walking were worn, the patient’s usual medical regimen was 
continued, a light meal was taken before the test and patients were 
not exercised vigorously 2 hours before the test.
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Safety issues: The test was performed in the pediatric cardiology 
unit of the Children’s Hospital of the University of Assiut, where a 
rapid emergency response was obtained. The oxygen source and the 
telephone were installed to enable the request for help.

Technical aspects of the 6MWT location

The 6MWT was performed in pediatric cardiology unit at Assiut 
University children hospital, where a long, flat, straight, enclosed 
corridor at a course of 30 m was assigned. The length of the corridor 
was marked every 3 m. The turnaround point was marked with a cone.

Results and Discussion
The six-minute walking test (6MWT) is a functioning test 

performed in a conceptional submaximal effort proposed as a 
reflective of the activities of daily life [11]. Since the development of the 
6MWT in the initial phase, in 1970s [12], this test became increasingly 
significant in clinical practice and research. 6MWT has been gaining 
importance in clinical practice and in the scientific context because it 
is easy to apply, has low costs and the maximum distance travelled is 
a high diagnostic value for several cardiopulmonary diseases [13,14]. 
This test is also often used to assess exercise capacity both before and 
after an intervention, such as a training programme [12].

Surgical correction of congenital heart diseases (CHD) has 
contributed to a substantial increase in the survival rates of these 
patients, resulting in a quality of life close to normal [15]. However, 
reduced exercise capacity, may occur in patients, even after surgical 
correction of the disease [16].

This cross-sectional case-control study aimed at the evaluation of 
children with congenital cardiac defects that were corrected surgically 
in Assiut university hospitals to detect their anatomical and functional 
cardiac condition. In addition, the 6MWT was used to evaluate their 
exercise capacity. No significant difference could be detected between 

the studied patients and the control cases regarding age, sex and most 
of the subjects from rural area (Table 1). For every patient studied, an 
age and sex matched healthy control was studied.

Regarding distribution of the corrected cardiac defects among 
our studied patients (Table 2), it was observed that tetralogy of Fallot 
followed by ventricular septal defect, and then atrial septal defects 
and patent ductus arteriosus were the common defects corrected. 
This represents the surgical state of art in our pediatric cardiac center 
during this period. All defects in this study were corrected in one stage 
and without using synthetic conduits or patches (Figures 1 and 2).

It was observed that the mean weight and height was significantly 
higher in the control group than in the patient group (Table 3). This 
is in agreement with the results found by Norozi et al. [16]. These 
finding could be explained by the fact that malnutrition is common 
in children with congenital heart defects [17]. The mechanisms for 
growth deficiency in CHD are multifactorial [7-10] and include 
associated chromosomal anomalies/genetic syndromes, inadequate 
nutritional intake due to feeding difficulties, and poor absorption of 
nutrients from the digestive tract in chronic congestive heart failure 
(CHF). Also, increased calories are required to sustain the increased 
myocardial, respiratory and neuro-humoral functions in CHD-
related heart failure. Chronic CHF and chronic hypoxaemia in CHD 
impair cellular metabolism and cell growth, while repeated chest 
infections are associated with increased metabolic demands [17].

It was observed that the mean distance walked in the 6MWT by 
our cases with surgically corrected congenital cardiac defects was 
significantly lower than the control group (Figure 3 and Table 4). 
This applied to both males and females (Table 5). Our results in this 
regard are keeping with Feltz et al. [15]. Congenital heart diseases 
are associated with organic abnormalities, both previously as after 
surgical correction of the defect. Among these, changes in nutritional 
status, height and weight as well as reduced exercise capacity are 

Cardiac defects corrected surgically
Cases (n=100)
No. %

Tetralogy of Fallot (TOF) 34 34
Ventricular septal defects (VSD) 27 27
Atrial septal defects (ASD) 15 15
Patent ductus arteriosus (PDA) 10 10
Valvar aortic stenosis 5 5
coarctation of the aorta (COA) 4 4
subaortic membrane (SAM) 3 3
Transposition of the great arteries (d-TGA) 2 2

Table 2: Distribution of the corrected congenital cardiac defects among the studied cases.

Table 1: Demographic data of the studied cases with one-stage surgery corrected congenital cardiac defects and controls.

Variables
Cases (n=100) Control (n=100)

p value
No. % No. %

Age
From 5 to 12 years 67 67 67 67

NS
From 12 to 18 years 33 33 33 33
Mean ± SD 10.04 ± 3.63 10.68 ± 4.03 NS
Sex
Male 55 55 55 55

NS
Female 45 45 45 45
Residence
Rural 90 90 97 97

0.085
Urban 10 10 3 3
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Figure 1: Graphic presentation of the distribution of the corrected congenital cardiac defects among the studied cases.
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Figure 2: Graphic presentation of mean weight and height of the studied cases with one-stage surgery corrected congenital cardiac defects and their control 
group.
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Figure 3: Graphic presentation of the mean walked distance during the 6mwt by cases and controls.

Variables
Cases (n=100) Control (n=100)

p value
Mean ± SD Mean ± SD

Mean Weight (kg) 28.46 ± 12.892 37.05 ± 17.391 <0.001**
Mean Height (cm) 130.12 ± 21.720 139.45 ± 22.321 0.003**

Table 3: Mean weight and height of the studied cases with one-stage surgery corrected congenital cardiac defects and their control group.

Table 4: The mean walked distance during the 6MWT by cases and controls.

 
Cases (n=100) Control (n=100)

p value
Range Mean ± SD Range Mean ± SD

6MWD 385-512 440.77 ± 38.13 466-700 600.22 ± 54.5 <0.001

Sex No. The mean distance of 6MWD of the cases (Mean ± SD) No. The mean distance of 6MWD of the controls (Mean ± SD) p value
Males 55 446 ± 37.79 55 621.36 ± 54.88 <0.001
Females 45 434.38 ± 37.99 45 579.08 ± 45.58 <0.001

Table 5: The mean walked distance during the 6MWT by cases and controls in male and female children.
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included. The causes of reduced exercise capacity in CHD patients 
may be related to hemodynamic changes, to electrical conduction 
disturbances, ventricular pressure and volume overload, change in 
simpatovagal activity, increased neurohumoral activity, reduction in 
lung function and changes in muscle metabolism [18]. 

This is further supported our results in Table 3 that show 
statistically significant decrease in weight and height of our cases 
compared to the control group.

The physiologic response of our cases with surgically corrected 
congenital cardiac defects after exercise testing using the 6MWT was 
studied by measuring vital signs and oxygen saturation before and 
after the test in both cases and controls (Tables 6-9).

It was observed that there was no statistically significant difference 
in the mean heart rate in cases before and after the exercise test, while 
statistically significant difference occurred in the control group. 
The mean heart rate in cases was significantly higher the that of the 
control group before the exercise test while no statistically significant 
difference could be detected after the exercise test. This is in agreement 
with Norozi et al. [16], Massin et al. [19], and Heiberg et al. [20]. It 
could be explained by the permanent chronotropic impairment that 
occur after surgical correction of cardiac defects either simple like 
ASD and VSD or complex like tetralogy of Fallot.

Factors like sedentary lifestyle that may reflect both inherent 
physiological limitations in addition to overprotection of parents [21]. 
Residual defects after surgery may contribute to this chronotropic 
impairment [16,19]. The activity of the sympathetic and parasympathetic 
nervous system, which plays an important role in the modulation of 
HR during exercise, can be affected by ischemia and/or denervation 
resulting from surgical procedure or, in cases of cyanotic CHD, by 
chronic hypoxemia [19]. Massin et al. concluded that the chronotropic 
impairment is significantly less important after trans catheter closure of 
atrial septal defect than after surgical closure (Figure 4).

It was observed that the mean respiratory rate was significantly 
higher after exercise test both in cases and controls. It was also observed 
that the mean respiratory rate was significantly higher in cases that in 
controls before and after the exercise test. Increased respiratory rate is 
an indication of decreased (VO2 max). Maximal oxygen consumption 
(VO2 max) has been widely used as gold standard for evaluation of 
functional capacity in healthy or ill individuals. There is a difference 
in cardiorespiratory responses between adults and children. The 
anatomically smaller heart size in children results in lower venous 
return, and therefore lowers cardiac output, which in turn results 
in lower VO2 max when compared with adults. Therefore, the most 
important compensatory mechanism for children is through the 

Variables Before After p value
Mean Heart Rate 97.9 ± 8.21 99.97 ± 8.48 NS
Mean Respiratory Rate 22.3 ± 3.73 29.46 ± 3.41 <0.001**
Mean Blood Pressure
Systolic 88.11 ± 9.32 98.43 ± 9.59 <0.001**
Diastolic 60.55 ± 7.64 61.31 ± 7.74 NS
S O2 95.2 ± 0.68 94.61 ± 1.81 NS

Table 6: Vital signs and pulse oxymetry results in the studied cases before and after the 6MWT.

Variables Before After p value
Mean Heart Rate 89.18 ± 11.99 98.86 ± 9.71 <0.001**
Mean Respiratory Rate 18.1 ± 2.59 24.04 ± 3.38 <0.001**
Mean Blood Pressure
Systolic 90 ± 9.32 103.5 ± 8.92 <0.001**
Diastolic 60.5 ± 6.72 61 ± 6.44 NS
S O2 96.03 ± 1.77 96.59 ± 0.93 NS

Table 7: Vital signs and pulse oxymetry results in controls before and after the 6MWT.

Variables Cases Controls p value
Mean Heart Rate 97.9 ± 8.21 89.18 ± 11.99 <0.001**
Mean Respiratory Rate 22.3 ± 3.73 18.1 ± 2.59 <0.001**
Mean Blood Pressure
Systolic 88.11 ± 9.32 90 ± 9.32 NS
Diastolic 60.55 ± 7.64 60.5 ± 6.72 NS
S O2 95.2 ± 0.68 96.03 ± 1.77 NS

Table 8: Vital signs and pulse oxymetry results in cases and controls before the 6MWT.

Variables Cases Controls p value
Mean Heart Rate 99.97 ± 8.48 98.86 ± 9.71 NS
Mean Respiratory Rate 29.46 ± 3.41 24.04 ± 3.38 <0.001**
Mean Blood Pressure
Systolic 98.43 ± 9.59 103.5 ± 8.92 <0.01**
Diastolic 61.31 ± 7.74 61 ± 6.44 NS
S O2 94.61 ± 1.81 96.59 ± 0.93 NS

Table 9: Vital signs and pulse oxymetry results in cases and controls after the 6MWT.
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Figure 4: Graphic presentation of the mean walked distance during the 6mwt by cases and controls in male and female children.

increase in HR. During exercise, the systolic volume increases around 
20% in a normal heart, and the further increase in the cardiac output 
is due to an increase in HR. Although expected, the information that 
children and adolescents with CHD in fact have lower functional 
capacity than their peers, even after corrective surgery, is first 
summarized in the meta-analysis of Schaan et al. [21].

Individuals with CHD have insufficient chronotropic response, 
which leads to a decreased maximum HR, consequently reducing the 
VO2 max in this population [22]. Our results in this regard are also in 
agreement with those concluded by Reybrouck et al. [23].

It was observed that there was statistically significant increase 
in the mean systolic blood pressure after the exercise test both in 
cases and controls while no significant increase in the mean diastolic 
pressure was detected. While no statistically significant difference 
could be detected between cases and controls in the mean systolic 
and diastolic blood pressure before the exercise test, the mean systolic 
blood pressure in controls was significantly higher than that in cases 
after the exercise test. Systolic blood pressure rises with increased 
dynamic work load as a result of increasing cardiac output. At 
each level of exercise there is a more consistent increase in systolic 
blood pressure during the first few minutes, and then a steady state 
is attained. Systolic blood pressure generally correlates with the 
maximal exercise level achieved.

You can define normal values for maximum systolic blood 
pressure. After maximum exercise there is a decrease in systolic 
blood pressure, which usually reaches a basal level in six to seven 
minutes and then often remains below the level before exercise for 
several hours. During exercise, there is immediate vasodilatation 
of the arteries and capillaries in active skeletal muscle tissue due to 
increased metabolic demand, compared to tissue that is not involved 
when peripheral vascular resistance increases. The overall result is a 
decrease in total systemic vascular resistance. While systolic blood 
pressure increases simultaneously, diastolic pressure usually remains 
more or less the same [24].

An inadequate increase or fall in systolic blood pressure during 
exercise can be caused by aortic outflow obstruction, severe mitral 
disease, left ventricular dysfunction or limited compliance of the 
systemic ventricle. Additionally, conditions of reduced preload can 
affect significantly the systolic blood pressure by a reduction of the 
stroke volume during exercise. Since changes of blood pressure also 
depend on peripheral resistance, they reflect more than the contractile 
function of the left ventricle [25].

The significant increase in systolic blood pressure in controls 
than in cases after exercise test could be explained by the significant 
difference in weight and height between the two groups (Table 3) 

and by the insufficient chronotropic response occurring in cases with 
congenital heart disease after surgical correction [19].

Conclusion
Exercise testing should be an essential part of the evaluation of 

children and adolescents with congenital heart disease before and 
after intervention.

The six-minute walk test is a simple noninvasive easy to perform 
and cheap exercise test that should be used for evaluation of children 
and adolescents to detect the ordinary effort performance and its 
change after intervention for congenital heart disease.

Obtaining normal body measurements and physical fitness 
of children with congenital heart disease should be the goal of all 
personnel caring for those children by early intervention, proper 
nutritional management, physical fitness rehabilitation and avoiding 
overprotection and activity limitation.

Recommendations
Researches should be directed to the factors improving physical 

fitness of children with congenital heart disease like preoperative 
preparation, time of intervention, mode of intervention, postoperative 
rehabilitation in each individual congenital cardiac defect.
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