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Abstract  
 
 
Background: 
Cardiopulmonary exercise testing (CPET) provides a comprehensive objective 
assessment in patients with repaired Tetralogy of Fallot (rTOF). However, the evidence 
underpinning this practice is scanty as are the mechanisms which drive exercise ability.  
 
Objectives:  
To describe the current evidence linking CPET data and prognosis in addition to review 
the most important determinants of exercise.  
 
Methods:  
The preferred reporting items (PRISMA) guidelines were followed. A systematic search 
of CPET studies, with/without echocardiography was carried out on PubMed MEDLINE, 
EBM review-Cochrane Database, Wiley Online library and EBM reviews.  
 
Results: 
Of 400 studies identified, 21 met the inclusion criteria. 17 articles (81%) were reported in 
young adults, and 4 articles (19%) in younger group. The sample size ranged from 15 to 
875, and the publication year ranged from 2002 to 2019. Mean age was 25±7 years. 
Overall mean predicted VO2 peak was 68±2.8% (95% CI.62.3-74%). There was no 
difference in mean predicted VO2 between older and younger groups (68±2.7vs 
69±2.9,%, p>.05). Peak predicted VO2 was found to be higher in contemporary studies 
than historic investigations (76±6vs 59±13,%, p.001). Submaximal measures were rarely 
reported. Determinants of exercise capacity were reported in 9 studies (43%). Prognostic 
findings qualitatively suggested that mild exercise intolerance with preserved ventilatory-
equivalent for carbon dioxide is associated with better outcomes and lower mortality rate.  
 
Conclusions: 
The literature showed a high degree of heterogeneity which limited comparability. 
Marked reduction in functional capacity in patients with repaired TOF seems to be more 
dependent on surgical selection and developing technique than advancing age.  
 
 
Key words: Tetralogy of Fallot; Cardiopulmonary exercise; pulmonary regurgitation; 
respiratory exchange ratio; ventilatory-equivalent for carbon dioxide; predicted VO2 

peak. 
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Abbreviation and Acronyms 
 
 rTOF= repaired Tetralogy of Fallot 
 
CPET= cardiopulmonary exercise test 
 
VO2 peak (%)= maximum predicted oxygen uptake 
 
RER= respiratory exchange ratio 
 
VE/VCO2= ventilatory-equivalent for carbon dioxide 
 
VT= ventilatory threshold 
 
OUES= oxygen uptake efficiency slope 
 
PR= pulmonary regurgitation  
 
 
 
 
 
 
Unstructured Abstract 
 
This systematic review was conducted to review the evidence linking CPET data and 
prognosis in patients with repaired TOF. A literature review provided 21 studies that 
investigated exercise capacity in these patients. There was a marked reduction in exercise 
capacity with no difference between age groups. Submaximal effort data, determinants of 
exercise capacity and predictors of adverse outcomes were rarely reported. We concluded 
that marked reduction in exercise capacity in these patients seems to be more dependent 
on surgical selection and technique used. These findings should trigger more 
investigation into how CPET can aid the clinician’s decision making for intervention.  
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 Introduction 

 

Tetralogy of Fallot (TOF) is the most common form of cyanotic congenital heart disease 

(CHD) and accounts for 10 percent of all forms of CHD (1). The population of adult 

patients with surgically repaired TOF is increasing and knowledge about how objective 

exercise assessment can predict adverse late clinical outcomes is still evolving. Although 

the hemodynamic sequelae after primary repair are often well tolerated during childhood 

and adolescence, exercise intolerance, arrhythmias, heart failure and premature death are 

seen frequently in adulthood (2,3). The majority of patients with TOF have been shown 

to have exercise limitation which worsens overtime (4). Subjective evaluation of 

symptoms may be a poor guide of exercise intolerance, so exercise testing is routinely 

performed for an objective assessment (2,3,4,5). There are however no interventional or 

randomised trials to specifically support this practice. Exercise intolerance in this 

population is multifactorial and has been shown to relate to pulmonary regurgitation 

(PR), impaired lung function, chronotropic impairment and ventricular dysfunction (6-

11).  To what extent each of these factors is responsible for exercise intolerance remains 

poorly understood (12).  

 

We therefore undertook a systematic review evaluating determinants of cardiopulmonary 

exercise test performance in this patient group and based on current literature how it can 

best be used to predict clinical outcomes and plan intervention.  
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Material and Methods 

 

Systematic review analysis 

 

This review was performed in accordance with the preferred reporting items for 

systematic reviews (PRISMA) guidelines. The flow diagram in figure 1 demonstrates the 

literature search based on the PRISMA guidelines.  

 

Inclusion and exclusion criteria  

 

This review was limited to studies published in English. Inclusion criteria were (a) 

prospectively or retrospectively conducted cohort, cross sectional, single and multicenter 

studies and (b) CPET included in methodology; (c) both adult and adolescent patients 

with repaired TOF. Studies excluded from the review were those: (a) without CPET data; 

(b) other types of exercise test (e.g. Dobutamine exercise); (c) not published in English; 

(d) non rTOF.  

 

Information sources and search strategy 

 

A comprehensive retrospective search of the literature was conducted using  databases 

including MEDLINE, Pubmed, EBM review- Cochrane Database of systematic review, 

Wiley Online library and EBM reviews, utilising a combination of the following search 

keywords: “Tetralogy of Fallot’”, “Stress echocardiography”, “cardiopulmonary exercise 
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test in TOF with severe pulmonary regurgitation“,” Exercise capacity in TOF “, “Severe 

pulmonary regurgitation and functional capacity”. There was no limitation on age. The 

search included all studies between 1990 and 2019.  

 

Study selection and Eligibility criteria  

 

The following steps were performed (figure 1). (1) Identification of titles through 

database searching. (2) Removal of duplicates. (3) Titles and abstracts screening. (4) Full 

text sources for further screening. Eligible studies were either retrospective or prospective 

studies. 

 

Data Extraction 

 

Data collected by one reviewer (S.A) who determined the eligibility of the studies by 

screening the titles and abstracts of all identified literature and verified by a second 

reviewer (G.L). To prevent bias, the screening was performed independently. The 

following data were extracted: first author’s name, country, year of publication, number 

of patients included, study design, age at CPET, predicted VO2 peak (%), respiratory 

exchange ratio (RER), CPET protocol, ventilatory-equivalent for carbon dioxide 

(VE/VCO2), ventilatory threshold (VT) and oxygen uptake efficiency slope (OUES) 

when available and the conclusion together with main findings of the study. Because of 

the wide ranges of age included in the study and many of selected studies have reported 

oxygen uptake as a percentage of predicted (%), we have chosen to report oxygen uptake 
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as a percentage of predicted VO2. Older group was defined as studies with participants 

who were older than 18 years old and younger group who were under that age. 

Contemporary studies were defined as those published between 2011 to present and 

historic studies prior 2008.  

 

 

Statistical Analysis 

 

Studies were divided into (i) those that reported in an adult population and (ii) those 

reported in a population younger than 18 years old. For the continuous outcome 

variables, data were presented as mean differences (MD) ± standard deviation. The 

overall mean of age and different reported exercise parameters in 21 studies were 

calculated. The overall mean of different exercise parameters in older and younger 

groups were calculated independently. Comparison of mean exercise parameters was 

evaluated by paired student t-test with p<.05, level of significance. Statistical analyses 

were conducted using SPSS statistics version 23 (IBM corp, London, United Kingdom). 
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Results 

 

Literature search outcomes  

 

The literature search identified a total of 400 potentially eligible studies. After the 

exclusion of irrelevant studies, 273 were screened thoroughly though abstract and/or full 

text. 93 articles were excluded due to duplication. Of 180 articles, 60 articles were 

excluded, as they did not meet the inclusion criteria. Full text article assessment was 

performed for 120 articles and 99 articles were further excluded, leading to a total of 21 

articles included in this review. Figure 1 shows the PRISMA flow chart for the 

systematic selection of studies during the literature search.  

 

 

Characteristics of selected studies 

 

Of the 21 articles, 17 (81%) were reported in adult survivors of TOF(10,11,13-27), while 

4 studies (19%) were reported in younger group (5,8,28,29) . 8 studies (38%) were cross- 

sectional studies(13,19,21,23-27). 12 studies (57%) were cohort studies (5,8,10,11,14-16, 

18,20,22,28,29). 6 studies (29%) were conducted prospectively (8,13,16,28,29) and 10 

studies (48%) were conducted retrospectively (5,10,11,14,15,17,19,20,22,23). Sample 

size ranged from 15 to 875, and the publication year ranged from 2002 to 2019. Mean age 

of included participants ranged from 12 to 34 years. All included studies were single 

center designed except one big multicenter study with retrospective evaluation (17). 
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Bicycle ergometry protocol was the most frequently used protocol. Baseline 

characteristics of the included studies and CPET parameters are shown in table 1. 

 

Cardiopulmonary Exercise Testing Parameters 

 

In total, data was collected on 2239 young patients with repaired TOF with a mean age of 

25±7 years. Mean age of older group was 27±4 years in 17 studies in young adults and 

the mean age of younger group was 13±2 years in 4 studies in adolescents. All 21 articles 

have reported maximal exercise effort data as predicted VO2 peak (%). Higher proportion 

of population had undergone transannular patch repair in 10 studies (48%)(relatively less 

frequent surgical approach in recent years) (5,8,10,13,16,17,22,26,27,29). Respiratory 

exchange ratio (RER) was reported in 13 studies (61%) with a mean of 1.18±.09 

(5,8,10,13,14,16,17-19,20-23,29). 19 studies (90%) have used a bicycle ergometer 

protocol in their exercise methodology while only 2 (10%) studies have used treadmill 

protocol. An overview of the included 21 studies is provided in table 2.  

 

 

Maximum Oxygen Uptake (VO2) 

 

Overall mean peak predicted VO2 in patients with repaired TOF was 68 ± 2.8%, ranged 

from 40 to 85 %. Despite small individual studies showing a relationship with age 

(5,11,13,22,28), there was no overall difference in mean predicted VO2 between older and 

younger participants (68±2.7 vs 69±2.9, %, p>.05) (table 1). Contemporary studies (13-
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22,28,29) have demonstrated higher peak predicted VO2 comparing to historic 

investigations (5,8,10,11,23-27) (76 ±6 vs 59±13 %, p .001).  Among all studies, lower 

exercise performers were reported in populations where transannular patch (TAP) was 

used as a surgical approach (reported in 10 studies (48%)) (5,8,10,13,16,17,22,26,27,29). 

Distribution of exercise capacity in TAP and non-TAP studies (other type of surgery or 

unknown) is shown in figure 2. 

  

 

Moderate exercise intolerance (when max VO2 40 to < 65% of predicted), was observed 

in 6 studies (29%) (8,10,11,25-27). Mild exercise intolerance (when max VO2 65 to 80 % 

of predicted) was observed in 13 studies (62%) (5,13-18,20,22-24,28,29). Borderline 

exercise intolerance (when max VO2 81 to 85 % of predicted) was observed in 2 studies 

(9%) (19,21). The highest mean predicted VO2 peak was reported in only one study 

performed by O’Meager et al., 2012 who showed that preserved oxygen consumption in 

young adults with repaired TOF with mean predicted VO2 of 85 % (21) (table 2).  
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Exercise parameters as a predictor of death, arrhythmias and the need of 

reintervention  

 

The use of CPET to predict cardiac related mortality and the need for reintervention was 

reported only in two studies included in this review (10%) (17,25). Peak oxygen uptake 

and VE/VCO2 were reported as the most powerful predictors of cardiac related mortality 

and hospitalisation (25). Poor exercise capacity was associated with increased the risk for 

death and sustained ventricular arrhythmias (17). Peak oxygen uptake < 36% of predicted 

value was found to have the highest sensitivity and specificity to predict cardiac-related 

outcomes and death (sensitivity 89% and specificity 99%) (25). While a cut off value of 

peak predicted VO2 of 62 % was identified as an optimal cut -off value for 5-year 

freedom from death or ventricular arrhythmia (sensitivity 82% and specificity 63%) (17). 

No studies evaluated whether intervention could influence objective exercise 

performance.  

 

Sub maximal exercise effort data 

 

Only one study in this review reported OUES in adult patients with repaired TOF with a 

normal mean value of 90.3 % (normal >80%) (16,30).  Minute ventilation (VE) to carbon 

dioxide production (VCO2) slope was reported in ten studies (48%); one in younger 

group and 9 studies in adults (43%) (13,14,16,17,20-22,35,26,28). The observed mean 

VE/VCO2 slope was normal with a mean value of 29±2.2 (normal < 30) (31). In two 

studies, VE/VCO2 was used as a predictive tool to determine outcomes following 
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pulmonary re-intervention (17,25). A value of VE/VCO2 >39 has higher sensitivity to 

predict cardiac -related mortality and the need for reintervention in this group of patients 

(sensitivity 89% and specificity 99%) (25). While a value of VE/VCO2 >31 are at highest 

risk of cardiac related events or death (sensitivity 82% and specificity 63%) (17). These 

values were proposed as a risk model guidance for surgical intervention. Ventilatory 

threshold (VT) was reported only in two studies (19,20). Minute of ventilation (VE) was 

reported in five studies (23%) (10,14,24-26). 

 

Determinants of exercise capacity 

 

Hemodynamic determinants of exercise performance were reported in 9 studies (43%). 

These studies used echocardiography in addition to CPET. Impaired exercise tolerance 

was mainly explained by a variety of different measured echocardiographic parameters at 

rest and augmentation during exercise (13-16,19,22,23,26,27). At rest, severe PR and left 

ventricle (LV)/ right ventricle (RV) dysfunction were reported the most important 

determinants of exercise capacity in some studies (16,23,26), although this was not 

observed in all (13-15,19). Reduced LV stroke volume at peak exercise was related to 

more exercise deterioration in one study (22), while peak RV systolic pressure was 

associated with exercise impairment in two reports (15,27). 
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Discussion 

 

CPET has entered routine clinical cardiovascular practice as a reduced VO2 peak has been 

associated with poor prognosis in both ischemic heart disease and heart failure 

assessment (11). This has also been applied to patients with congenital heart disease and 

in particular those with repaired TOF patients, where CPET is used to predict early 

mortality and to provide clinically relevant data to determine optimal timing of 

pulmonary valve replacement (PVR)(11,17,25,32). However, the literature remains 

unclear about the extent of limitation, the causes of any limitation and there is scant data 

demonstrating an improvement in exercise performance after PVR.  

 

 

It has been extensively reported that asymptomatic rTOF patients have exercise 

intolerance (17,26,27,29,33). Identification of early functional impairment by CPET is 

intuitively important even though the underlying mechanisms may not be well 

understood (2,4,5). Most studies included in this review were single-centre cohort studies 

and few were originally designed for assessing the functional status in these patients. 

There were significant methodological weaknesses or limitations; for instance, predicted 

VO2 values were reported but infrequently with the associated RER. It cannot therefore 

be verified that these were maximal effort scans; other submaximal measures such as 

OUES, VT and VE/VCO2 were rarely reported. Finally, the majority of the tests were 

performed using a bicycle ergometer protocol, and although this allows for more accurate 

blood pressure, electrocardiogram and other physiological measures, treadmill protocol 
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produces higher maximum oxygen uptake (34,35). This finding of rare documentation of 

submaximal effort in the current evidence was highlighted also in a big recent systematic 

review in cardiopulmonary exercise test in healthy subjects (30). A summary of CPET 

studies and their findings in patients with repaired TOF is shown in table 2.  

 

 

Overall a marked reduction in exercise tolerance and functional capacity was noted in 

patients with repaired TOF with an overall mean peak predicted VO2 of 68± 2.8% (95% 

CI. 62.3- 74 %). 17 adult (81%) studies have shown impaired functional capacity with a 

mean peak of predicted VO2 of 68± 2.7% (ranging from 51 to 85 %). 16 of these were 

single-center studies with either prospective or retrospective design (10,11,13-16,18-27). 

Mild exercise intolerance was the most reported level of functional capacity in this 

review (13 studies, 62%). This was in keeping with the only multicenter study that 

performed by Muller et al., 2015 who have reported mild exercise intolerance with an 

overall peak of predicted VO2 of 76 % (17). 

 

 

Exercise performance in patients with repaired TOF is thought to decline with age, 

however, we found no difference in mean predicted VO2 between populations drawn 

from older and younger age groups suggesting that young patients are equally affected by 

functional limitation (68± 2.7 vs 69±2.9, %, p>.05)(11, 22). Similar findings were 

reported in two adolescents’ studies included in this review as they have demonstrated an 

exercise intolerance of 66 and 40% (8, 29). However, Bhatt et al found that in their small 
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but prospectively conducted recent study; there was a better functional capacity with 

higher performance in younger patients (13). This also has been reported in other two 

contemporary studies in adolescents (5, 28). In this review, more contemporary studies 

have shown higher predicted VO2 peak comparing to historic investigations irrespective 

of age and this is most likely to be related to an era of more careful surgical selection and 

contemporary technique used to repair TOF(13-22,28,29) (figure 2). Because of the high 

level of heterogeneity it is difficult to draw firm conclusions, but our analysis suggests 

that subsequent exercise tolerance is more a function of surgical technique than a 

function to age.  

 

 

Determinants of exercise capacity in patients with Repaired TOF 

 

Due to multifactorial interaction behind the progressive exercise intolerance in adult 

survivors of TOF, determining the precise relationship between each facet of heart 

function exercise intolerance is challenging; consequently, the major determinants of 

exercise capacity in patients with repaired TOF are not yet completely understood 

(13,23,26,36,37). It has been found that the main determinants of diminished peak VO2 

are:  RV/LV function, degree of PR severity (23,26,36), older age at total repair (10,11), 

age at cardiopulmonary exercise test (10), residual shunt (11), pulmonary arterial 

hypertension (11), peak heart rate (11), and indexed LV and RV end-diastolic volumes 

(19). Approximately half of studies, 9 articles (43%) have used echocardiography in 

addition to CPET. In the literature, there is limited evidence to support the use of stress 
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echocardiography and CPET to better understand RV and LV function in relation to 

exercise intolerance (37-43). Some studies have demonstrated the limited impact of RV 

dilation on exercise performance when the biventricular function is preserved (44,45), in 

contrast to current clinical understanding. Others found that severe PR and RV 

dysfunction were not predictors of exercise capacity in this population (13,15).  These 

findings are consistent with previous reports that found no relationship between exercise 

intolerance and pulmonary regurgitation fraction (4,9,46,47). However, these were low 

powered cross-sectional studies. 

 

 

Study limitations 

 

Review limitations include cross-sectional cohorts, heterogeneity in reporting functional 

capacity and the absence of reporting standards. Quality data can be further improved by 

performing reliability and reproducibility analyses. Large, longitudinal, prospective and 

randomised studies are needed to determine whether CPET is a valuable investigation for 

these patients.  
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Conclusions 

 

We have demonstrated that despite the widespread use of CPET in clinical practice the 

literature shows a high degree of heterogeneity. It is clear that there is a marked reduction 

in exercise capacity in young adults with rTOF with a mean peak predicted VO2 of 68 %. 

This seems to be more dependent on surgical selection and technique than advancing age. 

The comparability of the literature was limited by variable techniques and reported 

parameters. We strongly recommend that to allow comparison of data sets including 

RER, OUES, VE/VCO2 and VT in addition to peak VO2. Moderate decline in peak VO2 

and high ventilatory-equivalent for carbon dioxide were the best predictors of adverse 

outcomes. However, despite its widespread use, further investigation into how CPET can 

aid the clinician’s decision making for intervention is needed.  

 

Clinical Implication  

 

The use of CPET to identify patients who are at greater risk for adverse outcomes is 

clinically relevant. However, only two studies have demonstrated the importance of 

CPET testing in which the primary end point was VO2 and VE/VCO2 in the other (17,25). 

For clinical application, these findings from this systematic review suggest that a value of 

less than 62 % is associated with higher risk of adverse outcomes. 
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An elevated VE/VCO2 in adult survivors of TOF could be associated with higher risk of 

mortality and hospitalisation (17,22,25). The potential reasons for enhanced ventilatory 

response in this population to exercise are poorly understood. However, the possible 

factors that contribute to this slope elevation in these patients are pulmonary blood flow 

mal-distribution, numerous surgical sternotomies and thoracotomies, and the presence of 

ventilatory/perfusion mismatch (48). Although the objective value of submaximal 

measures and their relation to exercise intolerance have been evaluated, these studies are 

relatively small cross-sectional studies that cannot be generalised (16,17,20,22,25).  
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Figure Legends 

Figure 1. The PRISMA flow chart for the systematic selection of studies 

Figure 2. Distribution of exercise capacity in TAP and non-TAP studies 
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TAP = studies with transannular patch; non-TAP = studies with other type of surgery 

(e.g. pulmonary valvotomy) or not known.  
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Table 1.  Baseline characteristics of the included studies and CPET parameters 

 

 
VO2 (% pred) = maximum predicted oxygen uptake; RER = respiratory exchange ratio; VE/VCO2 =   
ventilator-equivalent; OUES = oxygen uptake efficiency slope. 
*Total number of patients in all studies.  
? Number of studies in young adult survivors of TOF repair. 
? Number of studies in younger group.  
? OUES derived from one adult study.  
# VE/VCO2 derived from one study in younger group.  

 

 

 

 

 

Table 2. Summary of CPET studies and their findings in patients with repaired TOF 
included in this review. 

Baseline characteristics N= 2239* Older n=17? Younger       

n=4? 

P value 

Mean age±SD , years 25±7  27±4  13±2  p >.05 

Study type 20, Single Centre 

One, multicentre 

- - - 

CPET parameters     

Peak predicted VO2 (% pred) 68±2.8 % CI.( 62.3-74%) 68 ± 2.7 % 69±2.9% p >.05 

RER max 1.18±.09 1.2±.1 1.1±.1 p >.05 

VE/VCO2 29±2.2 29±2.4 29.6# p >.05 

OUES (% pred) 90.3 %? 90.3 - - 

Mode of CPET     

Bicycle ergometry protocol (n, %) 19 (90%) - - - 

 Treadmill (n, %) 2 (10%) - - - 
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Author  Country  Study type N* Age at 

CPET 

(Years) 

Peak Vo2 

         (%) 

RER VE/VCO2 

    

OUES  Conclusion  

Hock et al., 

2019 

Germany Single-centre, 

prospective cohort  

55 13.5±3.8 80.4±16.8 n/a 29.6±3.6 n/a -Limited exercise capacity  

-No predictive analysis 

Bhatt et al., 

2019 

USA 

 

Single-centre, cross 

sectional 

Prospective 

29 18.3± 4.83 75±10 1.24 31±4.2 n/a -There was low and high 

exercise performers 

-Chronotropic response was a 

predictor of exercise capacity, 

neither RV or PR 

Dluzniewska et 

al., 2018 

Poland  Single-centre, 

retrospective 

cohort  

52  29±8.9 67.2±16.7 1.1±.2 25.8± 6.2 n/a -Markedly reduced exercise 

tolerance 

-Impaired RV function was 

associated with exercise 

intolerance 

Meierhofer et 

al., 2017 

Germany  Single-centre, 

retrospective 

cohort  

132 29±11 77.5±19.3 n/a n/a n/a -Limited exercise capacity 

-RVSP predicts functional 

capacity (not RV or PR)  

Yang et al., 

2015 

Taiwan  Single-centre, 

Prospective cohort  

158 29.5± 12.2 68±14 1.09 27.1± 5.3 90.3± 

14.1 

-Impaired  exercise capacity 

-Normal submaximal 

measures  

-PR fraction, LV function and 

age at repair were the most 

important exercise 

determinants 

Muller et al., 

2015 

Germany Multicentre, 

retrospective  

875 25.5± 11.7 67.6±19.7 1.11±.

16 

30.5± 7.3 n/a -Impaired exercise capacity  

-Poor exercise capacity was 

associated with poor 

outcomes(death and 

arrhythmias)  

Eindhoven et al., 

2014 

Australia Single-centre,  

prospective cohort  

177 34±11.8 77±12 1.37 n/a n/a -Impaired exercise capacity   

-No  predictive  analysis 

Yap et al., 2013 Singapore Single-centre,  

cross sectional 

retrospective 

36 30±10 83±18 1.1 n/a n/a -Near normal exercise 

capacity  

-Indexed RV and  LV volume 

were associated with exercise 

capacity  

-No  predictive analysis 

Fernandes et al., 

2012 

Canada Single-centre, 

prospective cohort 

124 12±3 66±15 1.01 n/a n/a -Impaired exercise capacity  

-No  predictive  analysis 

 

Buys et al., 2011 

 

Netherland  

 

Single-centre, 

retrospective 

 

98 

 

25.6±7.7 

 

74±15 

 

1.13 

 

26.2± 5.5 

 

n/a 

-Impaired exercise capacity 

-Exercise duration and 

chronotropic response were 

predictors of all-cause 

mortality and hospitalisation  

O’Meagher et., 

2012 

England  Single centre, cross 

sectional 

55 26±8.8 85±15 1.27±.

12 

28±4 

 

n/a -Preserved exercise capacity 

-No  predictive  analysis 
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Kipps et al., 

2011 

USA Single-centre, 

retrospective   

70 27.8±15 78±19 n/a 28.2±4.6 n/a -Low exercise capacity that 

decline overtime 

-No  predictive  analysis 

 

Samman et 

al.,2008 

Canada  Single-centre, 

cross sectional 

retrospective 

99 34±11 66±13 1.1 n/a n/a -Impaired exercise capacity 

-RV/ LV function were 

associated with exercise 

intolerance 

Izbicki et al., 

2008 

 

Israel  Single-centre, 

cross sectional  

50  29 ±11 75±7 n/a n/a n/a -Mild limitation of 

exercise capacity 

-No  predictive  analysis 

Giardini et 

al.,2007 

Italy  Single-centre, 

cross sectional  

118 24±8 58±17 n/a 31.1±4.6 n/a -Impaired exercise capacity 

-Peak VO2 and VE/VCO2 

were the most  important 

predictors for poor 

outcomes and plan 

intervention 

 

Giardini et 

al.,2006 

 

Italy   Single-centre, 

cross sectional 

61 23.1±12.1 54±18 n/a 32±7 n/a -Impaired exercise capacity 

-CPET could be used to 

guide intervention  

-Severe PR and RV 

dysfunction were associated 

with exercise intolerance 

 

Norozi et 

al.,2005 

Germany   Single-centre, 

cross sectional 

50 30.5±1.6 64±3 n/a n/a n/a -Impaired  exercise capacity 

-RV dysfunction was 

associated with exercise 

intolerance  

Diller et al., 

2005 

England  Single-centre, 

retrospective 

107 31±11 56±20 n/a n/a n/a -Impaired  exercise capacity 

-Chronotropic response 

and pulmonary artery 

pressure were the most 

important exercise 

determinants  

Fredriksen et 

al.,2002 

Canada  Single-centre, 

retrospective 

168 32±15 51±12 1.1± 

.10 

n/a n/a -Impaired exercise capacity 

-No  predictive analysis 

Roest et al., 

2002 

Netherland  Single-centre, 

prospective cohort 

15 17.5±2.5 40±12 1.16±.

05 

n/a n/a -Impaired exercise capacity 

-First exercise with MRI 

-PR and RV Dysfunction 

were not associated with 

exercise intolerance 

Mahle et al., 

2002 

USA Single-centre, 

retrospective 

57 12.5±3.2 80±10 1.12±.

07 

n/a  n/a  -Nearly normal exercise 

capacity  
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VO2 (% pred) = maximum predicted oxygen uptake; RER = respiratory exchange ratio; VE/VCO2 = ventilatory-

equivalent; OUES = oxygen uptake efficiency slope; RV = right ventricle; LV = left ventricle; PR= pulmonary 

regurgitation; RVSP= right ventricular systolic pressure. *N= number of patients in each stud; n/a = not available  
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