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Abstract
Background: The aim of Fontan procedure is to restore a balance between pulmonary and systemic circulation and improve or nearly 
normalize arterial saturation in patients with functionally univentricular heart. Nevertheless, due to the lack of subpulmonary pump, 
the circulatory system becomes haemodynamically less efficient, what can lead to the impairment of exercise capacity. Aim: The aim of 
the study was to investigate exercise capacity by means of cardiopulmonary exercise test and pulmonary function tests, of 37 adult Fon-
tan patients with regard to the time passed from the index procedure. The patients were divided into 3 groups: group I – up to 15 years 
post procedure; group II – 16–20 years, group III – more than 20 years after Fontan procedure). Results: 37 Fontan patients (mean age 
was 24.4 ±5.7 years, 40% of women) were enrolled in the study. The mean postoperative time was 19.4 ±5.1 (13–30) years. Mean, peak 
oxygen consumption (VO2peak) was 22.7 ±7.1 ml/kg/min (64.2 ±18.5% of predicted value). According to postoperative time a significant 
increase of ventilatory equivalent of carbon dioxide (VE/VCO2) (p = 0.033) and significant decrease of forced expiratory volume in 1 s/
vital capacity (FEV1%VC) between group 2 and 3 (p = 0.026) were observed. Additionally, the age of the patients correlated negatively 
with and heart rate (HR) (r = -0.360, p <0.05) and peak oxygen consumption (VO2peak) (r = -0,337, p < 0.05). Moreover, age at Fontan opera-
tion and time after Fontan procedure was related to ventilator equivalent of oxygen (VE/VO2) (r = -0,343, p <0.05, and r = 0.393, p <0.05). 
Single ventricle ejection fraction (SVEF) and atrioventricular regurgitation degree did not corresponded with cardiopulmonary exercise 
test (CPET) values. Conclusions: Results highlight the complex problem of diminished exercise capacity of Fontan patients depending 
on the time passed from the procedure. Exercise tolerance deteriorates in time: VE/VCO2 increases, FEV1/VC markedly lowers in a group 
of Fontan patients at 20 years follow‑up. JRCD 2016; 2 (8): 254–258
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Introduction

Univentricular heart constitutes 8% of congenital heart diseases. 
The  Fontan procedure firstly introduced 40  years ago, still re‑
mains a preferable operative method in this group of patients [1]. 
The aim of Fontan procedure is to restore a balance between pul‑
monary and systemic circulation and improve or nearly normal‑
ize arterial saturation in patients with functionally univentricular 
heart. Nevertheless, due to the lack of subpulmonary pump, circu‑
latory system becomes haemodynamically less efficient, what can 
lead to impairment of exercise capacity [2–5]. Reduction in exer‑
cise capacity can be caused by many factors, including an increase 
in pulmonary artery systolic pressure with a reduction of preload 

of single ventricle, impairment of autoregulation of systemic vas‑
cular resistance, and the absence of a prepulmonary pump [6–12].

This study aimed to investigate exercise capacity of 37 adult Fon‑
tan patients, by means of cardiopulmonary exercise test and pulmo‑
nary function tests, with regard to the time passed from the index 
procedure.

Material and methods

Thirty seven adult patients after staged Fontan operation (Fontan 
patients), aged between 18–42 years were included in the  study. 
According to postoperative time patients were divided into 
three groups: up to 15 years, between 16 and 20 years and above 
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20 years after surgery. Clinical, demographic and anatomical data 
were studied by a  retrospective analysis of the  clinical records. 
All patients underwent clinical assessment including physical 
examination and functional status (NYHA class). Systolic frac‑
tion of systemic ventricle (SV) was assessed semi‑quantitatively. 
Furthermore semi‑quantitative assessment of atrioventricular 
valve regurgitation was provided using a  following scale: none, 
mild, moderate, severe. To evaluate an exercise tolerance cardio‑
pulmonary exercise test (CPET) was performed, using a modified 
Bruce protocol. Results of the test were interpreted according to 
guidelines described by Knap et al [13]. To access a ventilatory effi‑
ciency Fontan patients underwent whole‑body plethysmography. 
Pulmonary functions were expressed as absolute values and per‑
centage of predicted values (%N) based on the age, sex, height, and 
race of participants. The parameters were interpreted according to 
the previous study [14].

Statistical analysis

Categorical variables were expressed as frequency and percent‑
age; continuous variables were expressed as mean and standard 
deviation. The conformity of continuous variables to the normal 
distribution was analyzed with the Shapiro‑Wilk test. The χ2 test, 
Mann‑Whitney U test, student’s t‑test, and ANOVA with Tukey 
post‑hoc test were performed where appropriate. Parameters 
correlations were calculated by use of the  Spearman rank test. 
Statistical significance was set at  p‑value 0.05. Statistica version 
10.0.1011.7 (StatSoft Inc., USA) was used to analyze data.

Results

In total, 37 Fontan patients (mean age was 24.4 ±5.7 years, 40% of 
women) were enrolled to the study. The mean age at Fontan pro‑
cedure was 5.1 ±3.3 (2–14) years. The mean postoperative time was 
19.4 ±5.1 (13–30) years.

The group of patients with anatomically univentricular heart con‑
sisted of: 35% (13 patients) with tricuspid atresia, 32% (12 patients) 
with ventricular septal defect and pulmonary atresia, three patients 
(8%) were diagnosed a double outlet right ventricle with hypopla‑
sia of left ventricle, 8 patients (22%) had right ventricle hypoplasia 
and one (3%) with complete atrioventricular canal. Among patients 
with univentricular heart, 89% underwent total cavopulmonary 
anastomosis (TCPC), while rest of them (11%) underwent atrio‑
pulmonary anastomosis (APC). The morphology of SV was left in 
34 (92%) and right in 3 (8%) patients. The fenestration was present 
in 17 (46%) of patients. At the last follow‑up, the NYHA class was 
assessed as I in 9 (25%) patients, II in 26 (75%) and III in 2 (5%) 
subjects. Mean oxygen saturation (SaO2), measured by pulse oxim‑
etry was 89.8 ±5.9%.

Mean ejection fraction of SV was 51.3 ±7.3%. Atrioventricular 
valve regurgitation was assessed as mild in 17 (46%) patients, mod‑
erate in 10 (27%) and severe in 3 (8%) subjects.

In our study maximum VO2  at  the peak of exercise in Fontan 
patients was 22.7 ±7.1 ml/kg/min (64.2 ±18.5% of predicted value). 

Table 1.� Values of the CPET and bodyplethysmography 
parameters depending on follow-up duration

Parameter
Sub‑
group

Mean SEM ANOVA
Tukey 
test

VO2

<15 23.67 2.55

0.68316–20 23.32 1.75

>20 21.22 2.08

VO2 % Pred

<15 57.42 8.21

0.27016–20 50.52 5.27

>20 41.08 6.27

Max % Pred 
VO2

<15 68.14 7.10

0.69916–20 65.00 4.56

>20 60.83 5.42

AT % Pred 
VO2

<15 57.42 8.21

0.27016–20 50.52 5.27

>20 41.08 6.27

HR

< 15 159.87 9.72

0.56416 – 20 149.23 6.67

> 20 146.91 7.94

HRR

< 15 36.12 9.19

0.68516 – 20 48.93 6.49

> 20 49.16 7.50

VE

< 15 51.75 6.31

0.27316 – 20 60.11 4.33

> 20 49.75 5.15

VE/VO2

< 15 29.10 1.95

0.05316 – 20 33.61 1.37

> 20 35.40 1.59

VE/VCO2

< 15 29.77 1.27

0.048

ab

16 – 20 31.21 0.87 a

> 20 33.66 1.03 b

Bf

< 15 35.75 2.74

0.56816 – 20 39.00 1.88

> 20 39.75 2.24

BR

< 15 67.70 6.63

0.37216 – 20 78.78 4.54

> 20 79.76 5.65

FEV1%VC

< 15 104.16 2.90

0.017

ab

16 – 20 107.09 2.14 a

> 20 100.62 2.37 b

CPET – cardiopulmonary exercise test, VO2 – oxygen uptake, AT – anaerobic threshold, HR 
– heart rate, HRR – heart rate reserve, VE – ventilator equivalent, VE/VCO2 – ventilatory 
equivalent of carbon dioxide, VE/VO2 – ventilatory equivalent of oxygen, Bf – breathing 
frequency, BR – breath reserve, FEV1 – forced expiratory volume in 1 s, VC – vital capacity
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Values of the CPET and bodyplethysmography parameters depend‑
ing on follow‑up duration are listed in Table 1.

In our study there were no significant differences in peak oxy‑
gen consumption (VO2peak) according to postoperative time: up to 
15 years, between 16 and 20 years and above 20 years after surgery, 
as well as VO2% of predicted value, oxygen uptake at  anaerobic 
threshold (VO2AT) however there was a trend towards the reduction 
of oxygen uptake during exercise between groups up to 15 years, 
16–20 and above 20 years after surgery.

Maximum heart rate (HR) reached at  the peak of exercise 
was 151  ±27  beats per minute and heart rate reserve (HRR) was 
46 ±26 beats per minute. Moreover a trend towards the decrease of 
maximum HR and increase of HRR between compared groups of 
Fontan patients was observed.

Ventilatory parameters: ventilatory equivalent of oxygen 
(VE/VO2) and breath reserve (BR) increased with postoperative 
time. We observed significant difference (increase) in the ventila‑
tory equivalent of carbon dioxide (VE/VCO2) parameter value be‑
tween group 2 and 3 (p = 0.033) (Figure 1).

Figure 1.� Mean values of VE/VCO2 grouped by the Postoperative Time Figure 4.� Correlation plot of VO2 with the age of the Fontan Patients

Figure 5.� Correlation plot of VE/VO2 with the age of the Fontan pro-
cedure and time after Fontan procedure

Figure 2.� Mean values of FEV1%VC MAX groupedby the Postopera-
tive Time

Figure 3.� Correlation plot of Heart Rate (HR) with the age of the Fon-
tan Patients
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Additionally we observed a significant association between post‑
operative time and dynamic ventilatory parameter: forced expira‑
tory volume in 1 s (FEV1%VC), which statistically significantly de‑
creased between group 2 and 3 (p = 0.026) (Figure 2).

Moreover, we found a  negative correlation between age at  the 
test and maximum HR reached at the peak of exercise (r = –0.360, 
p < 0.05) and maximum VO2 (r = –0,337, p < 0.05) (Figure 3,4). Age 
at Fontan operation and time after Fontan procedure was related to 
VE/VO2 (r = –0,343, p < 0.05, and r = 0.393, p < 0.05, respectively) 
(Figure 5).

Echocardiographic parameters did not reveal correlation be‑
tween single ventricle ejection fraction, severity of the  valve re‑
gurgitation and cardiopulmonary exercise parameters in studied 
patients.

Discussion

In presented study we describe the  results of cardiopulmonary 
exercise test and pulmonary function test in patients after Fon‑
tan procedure in the  long term observation. In spite of the  fact 
that Fontan operation significantly counteracted the  mortality 
of patients with hemodynamically single ventricle, they develop 
many complications including the impairment of exercise capac‑
ity [2,3,5,10].

Our study shows that Fontan patients exhibit a  decreased ex‑
ercise capacity which is in line with previous studies concerning 
the adult patients with Fontan circulation [12,15,16]. In our group 
of Fontan patients maximum VO2 was decreased.

Recent studies show that patients after Fontan operation have 
lower hemodynamic parameters including: maximum VO2, HR, 
cardiac index and stroke volume index at rest and during all stages 
of exercise compared to healthy, age‑matched controls [3]. During 
exercise in healthy population, to match the  metabolic demands, 
VO2  and cardiac output (CO) increase [3,17]. A  CO depends on 
HR, contractility of the ventricle, afterload and preload. Physiologi‑
cally an increase of the heart rate will increase the output of a ven‑
tricle with preload reserve. Moreover in the  biventricular physi‑
ological circulation, right ventricle ensures to increase pulmonary 
blood flow and left ventricular preload. Recent studies showed that 
CO in a Fontan circulation at rest is about 70% lower as compared 
to the  biventricular heart [18]. In the  Fontan circulation, due to 
the  lack of a pulmonary pump, the pulmonary blood flow is res‑
triced and as a result the return from the pulmonary circulation is 
limited [19], what causes the reduction or even absence of preload 
reserve. In Fontan patients the pulmonary blood flow depends on 
skeletal muscle pump, central venous pressure, inspiration and on 
pulmonary vascular resistance [17].

Moreover in Fontan patients a ‘chronotropic incompetence’ dur‑
ing exercise is observed [19], when a heart rate is consistently lower 
than in normal subjects. Those observations are in line with our 
study – we observed a trend towards a decrease of maximum HR 
and increase of HRR in Fontan patients according to postoperative 
time. A chronotropic incompetence can be related to an abnormal 
reflex control of heart rate or adrenergic dysfunction [2,16]. The HR 
plays an important role in controlling a CO in Fontan circulation 
during exercise [20]. It is also believed that abnormal autonomic 

control with a dysfunction of the sinus node can attribute to lower 
heart rate response to exercise in Fontan patients [21].

In our study, according to postoperative time, Fontan patients 
had increased VE/VCO2 with significance after 20 years follow up 
after Fontan procedure. We observed an  increase of VE/VO2 and 
BR in postoperative time. In several studies describing patients 
with congenital heart diseases, a  high slope of the  ventilation vs 
carbon dioxide relationship (VE/VCO2 slope) during exercise has 
been reported [15,22,23]. What is more, several studies showed that 
impaired ventilatory response to exercise assessed with inceased 
VE/VCO2  slope is a  predictor of mortality in patients with con‑
genital heart diseases, even stronger than peak VCO2. Furthermore, 
a  value of elevated VE/VCO2  has been described as a  prognostic 
marker in a patients with heart failure [23]. Changes in ventilatory 
efficiency assessed by increase of VE/VCO2 peak has had the pre‑
dictive value to identify exercise‑induced myocardial ischaemia. 
The study provided by Mezzani et al. demonstrated that the most 
dominant cause of low VE/VCO2 and VE/VO2 could be a reduction 
of lung perfusion and systemic circulation rather than excessive 
ventilation in adolescent and adult patients with CHD.

In our study we observed a  significant reduction in FEV1%VC 
according to postoperative time. Recent studies show that abnor‑
mal lung function is present in adult patients with congenital heart 
diseases and its severity is related with worse outcome. Moreover 
a severity of ventilator abnormalities corresponded with a complex‑
ity of heart defects and surgical history. Previous cardiac surgeries 
may lead to inadequate development of the thorax, diaphragmatic 
nerve palsy and abnormal respiratory muscle function [24,25,14]. 
Another cause of ventilatory abnormality in Fontan patients could 
be a pulmonary embolism. According to Varma et al. an asymp‑
tomatic pulmonary embolism was present in 17% of patients, what 
was detected on CT and ventilation/perfusion lung scintigraphy 
[26]. A pulmonary embolism impairs blood flow in the  lung and 
may aggravate the  ventilatory abnormalities in adult Fontan pa‑
tients. Importantly, moderate to severe lung dysfunction could be 
an independent predictor of mortality in the medium term [27].

Conclusions

Adult patients after Fontan procedure have significantly reduced 
VO2 and HR at the peak of exercise. Furthermore exercise capacity 
deteriorates in time: VE/VO2, VE/VCO2 increases. Also FEV1/VC 
is markedly reduced in a group of patients at 20 years follow‑up.
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