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Abstract

Background:

Cardiopulmonary exercise testing (CPET) provides camprehensive objective
assessment in patients with repaired Tetralogyatlb&(rTOF). However, the evidence
underpinning this practice is scanty as are thenan@sms which drive exercise ability.

Objectives:
To describe the current evidence linking CPET daid prognosis in addition to review
the most important determinants of exercise.

M ethods:

The preferred reporting items (PRISMA) guidelinesrgvfollowed. A systematic search
of CPET studies, with/without echocardiography wagied out on PubMed MEDLINE,
EBM review-Cochrane Database, Wiley Online librangl EBM reviews.

Results:

Of 400 studies identified, 21 met the inclusionata. 17 articles (81%) were reported in
young adults, and 4 articles (19%) in younger graupe sample size ranged from 15 to
875, and the publication year ranged from 2002 @h92 Mean age was 25%7 years.
Overall mean predicted \ peak was 68+2.8% (95% CI.62.3-74%). There was no
difference in mean predicted ¥(between older and younger groups (68+2.7vs
69+2.9,%, p>.05). Peak predicted ¥Was found to be higher in contemporary studies
than historic investigations (76x6vs 59+13,%, p)J0@ubmaximal measures were rarely
reported. Determinants of exercise capacity weperted in 9 studies (43%). Prognostic
findings qualitatively suggestatat mild exercise intolerance with preserved ventikator
equivalent for carbon dioxide is associated witttdvseoutcomes and lower mortality rate.

Conclusions:

The literature showed a high degree of heterogensttich limited comparability.
Marked reduction in functional capacity in patiemtish repaired TOF seems to be more
dependent on surgical selection and developingitqak than advancing age.

Key words: Tetralogy of Fallot; Cardiopulmonary exercise;lmponary regurgitation;
respiratory exchange ratio; ventilatory-equivaléot carbon dioxide; predicted VO
peak.



Abbreviation and Acronyms

rTOF= repaired Tetralogy of Fallot

CPET= cardiopulmonary exercise test

VO, 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 dhielence linking CPET data and
prognosis in patients with repaired TOF. A literatweview provided 21 studies that
investigated exercise capacity in these patiertterd was a marked reduction in exercise
capacity with no difference between age groupsn&uiimal effort data, determinants of
exercise capacity and predictors of adverse outsameee rarely reported. We concluded
that marked reduction in exercise capacity in theseents seems to be more dependent
on surgical selection and technique used. Thesdinfys should trigger more
investigation into how CPET can aid the cliniciadéecision making for intervention.



Introduction

Tetralogy of Fallot (TOF) is the most common forfncganotic congenital heart disease
(CHD) and accounts for 10 percent of all forms ¢i0C(1). The population of adult
patients with surgically repaired TOF is increasargl knowledge about how objective
exercise assessment can predict adverse lateatloutecomes is still evolving. Although
the hemodynamic sequelae after primary repair tiem ovell tolerated during childhood
and adolescence, exercise intolerance, arrhythinésst failure and premature death are
seen frequently in adulthood (2,3). The majoritypatients with TOF have been shown
to have exercise limitation which worsens overtifd. Subjective evaluation of
symptoms may be a poor guide of exercise intoleraso exercise testing is routinely
performed for an objective assessment (2,3,4,5¢réllare however no interventional or
randomised trials to specifically support this pice Exercise intolerance in this
population is multifactorial and has been showmnrdlate to pulmonary regurgitation
(PR), impaired lung function, chronotropic impaimheand ventricular dysfunction (6-
11). To what extent each of these factors is nesipée for exercise intolerance remains

poorly understood (12).

We therefore undertook a systematic review evalgatieterminants of cardiopulmonary
exercise test performance in this patient grouplasd on current literature how it can

best be used to predict clinical outcomes and iplamvention.



Material and M ethods

Systematic review analysis

This review was performed in accordance with thefered reporting items for
systematic reviews (PRISMA) guidelines. The flowgtam in figure 1 demonstrates the

literature search based on the PRISMA guidelines.

Inclusion and exclusion criteria

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

prospectively or retrospectively conducted cohombss sectional, single and multicenter
studies and (b) CPET included in methodology; @hbadult and adolescent patients
with repaired TOF. Studies excluded from the rewesve those: (a) without CPET data;
(b) other types of exercise test (e.g. Dobutamiexase); (c) not published in English;

(d) non rTOF.

I nfor mation sour ces and sear ch strategy

A comprehensive retrospective search of the lixeeatvas conducted using databases
including MEDLINE, Pubmed, EBM review- Cochrane Bladse of systematic review,
Wiley Online library and EBM reviews, utilising @mbination of the following search

keywords: “Tetralogy of Fallot™, “Stress echocawdraphy”, “cardiopulmonary exercise



test in TOF with severe pulmonary regurgitatiorExXercise capacity in TOF “, “Severe
pulmonary regurgitation and functional capacityhefe 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). (Hentification of titles through
database searching. (2) Removal of duplicatesTi{&s and abstracts screening. (4) Full
text sources for further screening. Eligible stadiere either retrospective or prospective

studies.

Data Extraction

Data collected by one reviewer (S.A) who determitiesl eligibility of the studies by
screening the titles and abstracts of all iderdifigerature and verified by a second
reviewer (G.L). To prevent bias, the screening wasformed independently. The
following data were extracted: first author’'s naroeuntry, year of publication, number
of patients included, study design, age at CPE&dipted VQ peak (%), respiratory
exchange ratio (RER), CPET protocol, ventilatorpieglent for carbon dioxide
(VE/VCO2), ventilatory threshold (VT) and oxygentake efficiency slope (OUES)
when available and the conclusion together withnnfizidings of the study. Because of
the wide ranges of age included in the study andynod selected studies have reported

oxygen uptake as a percentage of predicted (%oJyave chosen to report oxygen uptake



as a percentage of predicted ¥@Ider group was defined as studies with partitipa
who were older than 18 years old and younger gradn® were under that age.
Contemporary studies were defined as those publiffeween 2011 to present and

historic studies prior 2008.

Statistical Analysis

Studies were divided into (i) those that reportedan adult population and (ii) those
reported in a population younger than 18 years &ldr the continuous outcome
variables, data were presented as mean differefMBy + standard deviation. The
overall mean of age and different reported exergiaeameters in 21 studies were
calculated. The overall mean of different exergmseameters in older and younger
groups were calculated independentGomparison of mean exercise parameters was
evaluated by paired student t-test with p<.05, ll®fesignificance. Statistical analyses

were conducted using SPSS statistics version 28 @&p, London, United Kingdom).



Results

Literature search outcomes

The literature search identified a total of 400 eotially eligible studies. After the
exclusion of irrelevant studies, 273 were screghedoughly though abstract and/or full
text. 93 articles were excluded due to duplicati®f. 180 articles, 60 articles were
excluded, as they did not meet the inclusion datefull text article assessment was
performed for 120 articles and 99 articles weréhierr excluded, leading to a total of 21
articles included in this review. Figure 1 show® tRRISMA flow chart for the

systematic selection of studies during the liteagearch.

Characteristics of selected studies

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

4 studies (19%) were reported in younger group,28,29) . 8 studies (38%) were cross-
sectional studies(13,19,21,23-27). 12 studies (5%&6§ cohort studies (5,8,10,11,14-16,
18,20,22,28,29). 6 studies (29%) were conductegpaatively (8,13,16,28,29) and 10
studies (48%) were conducted retrospectively (311,04,15,17,19,20,22,23). Sample
size ranged from 15 to 875, and the publicationr yaaged from 2002 to 2019. Mean age
of included participants ranged from 12 to 34 yedd$ included studies were single

center designed except one big multicenter study wetrospective evaluation (17).



Bicycle ergometry protocol was the most frequentiged protocol. Baseline

characteristics of the included studies and CPE&rpaters are shown in table 1.

Cardiopulmonary Exer cise Testing Parameters

In total, data was collected on 2239 young patieiitis repaired TOF with a mean age of
2517 years. Mean age of older group was 27+4 yeals studies in young adults and
the mean age of younger group was 13+2 years inddes in adolescents. All 21 articles
have reported maximal exercise effort data as prediVQ peak (%). Higher proportion

of population had undergone transannular patchrepaO studies (48%)(relatively less
frequent surgical approach in recent years) (5,83,06,17,22,26,27,29). Respiratory
exchange ratio (RER) was reported in 13 studie®oj6With a mean of 1.18+.09

(5,8,10,13,14,16,17-19,20-23,29). 19 studies (90%ye used a bicycle ergometer
protocol in their exercise methodology while only10%) studies have used treadmill

protocol. An overview of the included 21 studiepiisvided in table 2.

Maximum Oxygen Uptake (VO,)

Overall mean peak predicted Y@ patients with repaired TOF was 68 + 2.8%, rahge
from 40 to 85 %. Despite small individual studidsoowing a relationship with age
(5,11,13,22,28), there was no overall differencengan predicted VEbetween older and

younger participants (68+2.7 vs 69+2.9, %, p>.Qablé 1). Contemporary studies (13-



22,28,29) have demonstrated higher peak predict€dp ®mparing to historic

investigations (5,8,10,11,23-27) (76 6 vs 59+136001). Among all studies, lower
exercise performers were reported in populationsrevtiransannular patch (TAP) was
used as a surgical approach (reported in 10 st4i&%)) (5,8,10,13,16,17,22,26,27,29).
Distribution of exercise capacity in TAP and nonH Atudies (other type of surgery or

unknown) is shown in figure 2.

Moderate exercise intolerance (when max,MO to < 65% of predicted), was observed
in 6 studies (29%) (8,10,11,25-27). Mild exercismierance (when max W5 to 80 %

of predicted) was observed in 13 studies (62%)3@3,20,22-24,28,29). Borderline
exercise intolerance (when max Y81 to 85 % of predicted) was observed in 2 studies
(9%) (19,21). The highest mean predicted ,\f@ak was reported in only one study
performed by O’Meager et al., 2012 who showed phaserved oxygen consumption in

young adults with repaired TOF with mean predidt€ of 85 % (21) (table 2).



Exercise parameters as a predictor of death, arrhythmias and the need of

reintervention

The use of CPET to predict cardiac related moytalitd the need for reintervention was
reported only in two studies included in this rewi€l0%) (17,25). Peak oxygen uptake
and /VCO,were reported as the most powerful predictors afiaa related mortality
and hospitalisation (25). Poor exercise capacity associated with increased the risk for
death and sustained ventricular arrhythmias (1&akRxygen uptake < 36% of predicted
value was found to have the highest sensitivity symecificity to predict cardiac-related
outcomes and death (sensitivity 89% and specif@@$o) (25). While a cut off value of
peak predicted V@of 62 % was identified as an optimal cut -off valige 5-year
freedom from death or ventricular arrhythmia (sevisy 82% and specificity 63%) (17).
No studies evaluated whether intervention couldluerfce objective exercise

performance.

Sub maximal exercise effort data

Only one study in this review reported OUES in aghaltients with repaired TOF with a
normal mean value of 90.3 % (normal >80%) (16,3d)nute ventilation (\¢) to carbon
dioxide production (VC@ slope was reported in ten studies (48%); one danger
group and 9 studies in adults (43%) (13,14,16,12235,26,28). The observed mean
Ve/VCO; slope was normal with a mean value of 29+2.2 (rars 30) (31). In two

studies, W/VCO, was used as a predictive tool to determine outcofo#ewing
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pulmonary re-intervention (17,25). A value ot/VCO; >39 has higher sensitivity to
predict cardiac -related mortality and the needréamtervention in this group of patients
(sensitivity 89% and specificity 99%) (25). Whilevalue of \E/VCO, >31 are at highest
risk of cardiac related events or death (sensjti82% and specificity 63%) (17). These
values were proposed as a risk model guidance ugical intervention. Ventilatory
threshold (VT) was reported only in two studies,209. Minute of ventilation (VE) was

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

Deter minants of exer cise capacity

Hemodynamic determinants of exercise performance weported in 9 studies (43%).
These studies used echocardiography in additic@RET. Impaired exercise tolerance
was mainly explained by a variety of different maasl echocardiographic parameters at
rest and augmentation during exercise (13-16,18326,27). At rest, severe PR and left
ventricle (LV)/ right ventricle (RV) dysfunction we reported the most important
determinants of exercise capacity in some studl€s28,26), although this was not
observed in all (13-15,19). Reduced LV stroke vauat peak exercise was related to
more exercise deterioration in one study (22), svlpkak RV systolic pressure was

associated with exercise impairment in two reprts27).

11



Discussion

CPET has entered routine clinical cardiovasculactixe as a reduced ¥Peakhas been
associated with poor prognosis in both ischemicrthelisease and heart failure
assessment (11). This has also been applied tenpatiith congenital heart disease and
in particular those with repaired TOF patients, ®h€PET is used to predict early
mortality and to provide clinically relevant data tletermine optimal timing of
pulmonary valve replacement (PVR)(11,17,25,32). E\osv, the literature remains
unclear about the extent of limitation, the causfeany limitation and there is scant data

demonstrating an improvement in exercise performafier PVR.

It has been extensively reported that asymptomallOF patients have exercise
intolerance (17,26,27,29,33). Identification of lgdunctional impairment by CPET is
intuitively important even though the underlying achanisms may not be well
understood (2,4,5). Most studies included in teisaw were single-centre cohort studies
and few were originally designed for assessingftimetional status in these patients.
There were significant methodological weaknessdsrotations; for instance, predicted
VO, values were reported but infrequently with the asgded RER. It cannot therefore
be verified that these were maximal effort scarieeilosubmaximal measures such as
OUES, VT and ¥/VCO, were rarely reported. Finally, the majority of ttests were
performed using a bicycle ergometer protocol, dticbagh this allows for more accurate

blood pressure, electrocardiogram and other phygichl measures, treadmill protocol

12



produces higher maximum oxygen uptake (34,35). fihdsng of rare documentation of
submaximal effort in the current evidence was hgitied also in a big recent systematic
review in cardiopulmonary exercise test in heakhpjects (30). A summary of CPET

studies and their findings in patients with rep&if®©F is shown in table 2.

Overall a marked reduction in exercise tolerance famctional capacity was noted in
patients with repaired TOF with an overall meankpgiedicted VQ of 68+ 2.8% (95%
Cl. 62.3- 74 %). 17 adult (81%) studies have shawpaired functional capacity with a
mean peak of predicted V@f 68+ 2.7% (ranging from 51 to 85 %). 16 of thesere
single-center studies with either prospective tmospective design (10,11,13-16,18-27).
Mild exercise intolerance was the most reporteckllesf functional capacity in this
review (13 studies, 62%). This was in keeping wihle only multicenter study that
performed by Muller et al., 2015 who have repomeitt exercise intolerance with an

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

Exercise performance in patients with repaired Ti©®Rhought to decline with age,
however, we found no difference in mean predictéd, Wetween populations drawn
from older and younger age groups suggesting thatg patients are equally affected by
functional limitation (68t 2.7 vs 69+2.9, %, p>.0B), 22). Similar findings were
reported in two adolescents’ studies included is téview as they have demonstrated an

exercise intolerance of 66 and 40% (8, 29). HoweBhatt et al found that in their small

13



but prospectively conducted recent study; there adsetter functional capacity with
higher performance in younger patients (13). Thé® das been reported in other two
contemporary studies in adolescents (5, 28). Is t&view, more contemporary studies
have shown higher predicted Y@eak comparing to historic investigations irrespect
of age and this is most likely to be related teesa of more careful surgical selection and
contemporary technique used to repair TOF(13-229gfigure 2). Because of the high
level of heterogeneity it is difficult to draw firmonclusions, but our analysis suggests
that subsequent exercise tolerance is more a @maif surgical technique than a

function to age.

Deter minants of exer cise capacity in patients with Repaired TOF

Due to multifactorial interaction behind the progpee exercise intolerance in adult
survivors of TOF, determining the precise relatltopsbetween each facet of heart
function exercise intolerance is challenging; copsatly, the major determinants of
exercise capacity in patients with repaired TOF ao¢ yet completely understood
(13,23,26,36,37). It has been found that the materdhinants of diminished peak YO
are: RVI/LV function, degree of PR severity (2338, older age at total repair (10,11),
age at cardiopulmonary exercise test (10), residumlnt (11), pulmonary arterial
hypertension (11), peak heart rate (11), and indidx¢ and RV end-diastolic volumes
(19). Approximately half of studies, 9 articles ¥4B have used echocardiography in

addition to CPET. In the literature, there is lieditevidence to support the use of stress

14



echocardiography and CPET to better understand ®RY/ L&/ function in relation to
exercise intolerance (37-43). Some studies haveodstrated the limited impact of RV
dilation on exercise performance when the bivealaicfunction is preserved (44,45), in
contrast to current clinical understanding. Othéwsnd that severe PR and RV
dysfunction were not predictors of exercise capaicitthis population (13,15). These
findings are consistent with previous reports fioand no relationship between exercise
intolerance and pulmonary regurgitation fractior9(46,47). However, these were low

powered cross-sectional studies.

Study limitations

Review limitations include cross-sectional cohohsterogeneity in reporting functional
capacity and the absence of reporting standardaslitQdata can be further improved by
performing reliability and reproducibility analysdsarge, longitudinal, prospective and
randomised studies are needed to determine whE€ET is a valuable investigation for

these patients.
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Conclusions

We have demonstrated that despite the widesprea@dfuSPET in clinical practice the
literature shows a high degree of heterogeneiig. dtear that there is a marked reduction
in exercise capacity in young adults with rTOF watimean peak predicted Y&f 68 %.
This seems to be more dependent on surgical sslemtid technique than advancing age.
The comparability of the literature was limited bgriable techniques and reported
parameters. We strongly recommend that to allow paoieon of data sets including
RER, OUES, WVCO,and VT in addition to peak VO Moderate decline in peak MO
and high ventilatory-equivalent for carbon dioxidere the best predictors of adverse
outcomes. However, despite its widespread usdydumvestigation into how CPET can

aid the clinician’s decision making for intervemtis needed.

Clinical Implication

The use of CPET to identify patients who are aaggrerisk for adverse outcomes is
clinically relevant. However, only two studies hademonstrated the importance of
CPET testing in which the primary end point was,4@d \&/VCO,in the other (17,25).

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

less than 62 % is associated with higher risk okask outcomes.

16



An elevated ¥/VCO-in adult survivors of TOF could be associated viigher risk of
mortality and hospitalisation (17,22,25). The pt@rreasons for enhanced ventilatory
response in this population to exercise are pouorlglerstood. However, the possible
factors that contribute to this slope elevatiorthiese patients are pulmonary blood flow
mal-distribution, numerous surgical sternotomied #roracotomies, and the presence of
ventilatory/perfusion mismatch (48). Although thdjertive value of submaximal
measures and their relation to exercise intolerdwace been evaluated, these studies are

relatively small cross-sectional studies that caieogeneralised (16,17,20,22,25).
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FigureLegends
Figure 1. The PRISMA flow chart for the systematic selectidrstudies

Figure 2. Distribution of exercise capacity in TAP and nbAP studies
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Table 1. Baseline characteristics of the included studies@RET parameters

Baseline characteristics N= 2239* Older n=1" | Younger | P valut
n=4’

Mean agexSD , yee 257 274 132 p >.05

Study typ 20, Single Centi - - -
One, multicentre

CPET parameters

Peak predicted V(% pred 68+2.8 % CI.( 62.-74% 68 +£2.7% | 69+2.9% p >.05

RER ma: 1.18+.0¢ 1.2+.1 1.1+ p >.05

VE/VCO, 2942 2 2942 .« 29.¢" p >.05

QUES (% prec 90.3 %’ 90.: - -

Mode of CPET

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

Treadmill (n, % 2 (10% - - -

VO, (% pred) = maximum predicted oxygen uptake; RERspiratory exchange ratio; VE/VGO
ventilator-equivalent; OUES = oxygen uptake efiite slope
*Total number of patients in all studies.

? Number of studies in young adult survivors of Ti@pair.

? Number of studies in younger group.

? OUES derived from one adult study.

# VE/VCO, derived from one study in younger group.

Table 2. Summary of CPET studies and their findings in pasiewith repaired TOF

included in this review.
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Author

country Stuay type N® Ageat Feak v o RER VEIVCU, uuES Lonciusion
CPET %)
(Years)
Hock et al., Germany Single-centre, 55 13.543.8 80.4116.8 n/a 29.6+3.6 n/a -Limited exercise capacity
2019 prospective cohort -No predictive analysis
Bhatt et al., USA Single-centre, cross 29 18.3+4.83 7510 1.24 31+4.2 n/a -There was low and high
2019 sectional exercise performers
Prospective -Chronotropic response was
predictor of exercise capacity
neither RV or PR
Dluzniewska et | Poland Single-centre, 52 29+8.9 67.2+16.7 1.1+2 | 25.8£6.2 n/a -Markedly reduced exercise
al., 2018 retrospective tolerance
cohort -Impaired RV function was
associated with exercise
intolerance
Meierhofer et Germany Single-centre, 132 | 29411 77.5419.3 n/a n/a n/a -Limited exercise capacity
al., 2017 retrospective -RVSP predicts functional
cohort capacity (not RV or PR)
Yang et al., Taiwan Single-centre, 158 | 29.5+12.2 68t14 1.09 27.1+5.3 90.3+ -Impaired exercise capacity
2015 Prospective cohort 141 -Normal submaximal
measures
-PR fraction, LV function and
age at repair were the most
important exercise
determinants
Muller et al., Germany Multicentre, 875 | 25,5+ 11.7 67.6+19.7 114 | 30.5+7.3 n/a -Impaired exercise capacity
2015 retrospective 16 -Poor exercise capacity was
associated with poor
outcomes(death and
arrhythmias)
Eindhoven et al.,| Australia Single-centre, 177 | 34+11.8 77+12 1.37 n/a n/a -Impaired exercise capacity
2014 prospective cohort -No predictive analysis
Yap et al., 2013 | Singapore Single-centre, 36 30+10 83t18 1.1 n/a n/a -Near normal exercise
cross sectional capacity
retrospective -Indexed RV and LV volume
were associated with exercig
capacity
-No predictive analysis
Fernandes et al.| Canada Single-centre, 124 | 12+3 6615 1.01 n/a n/a -Impaired exercise capacity
2012 prospective cohort -No predictive analysis
-Impaired exercise capacity
Buys et al., 2011] Netherland | Single-centre, 98 25.67.7 74£15 1.13 26.2+5.5 n/a -Exercise duration and
retrospective chronotropic response were
predictors of all-cause
mortality and hospitalisation
O’Meagher et., | England Single centre, crogs55 26+8.8 85+15 1.2%#. | 2844 n/a -Preserved exercise capacity
2012 sectional 12 -No predictive analysis
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[ Kipps et ., - S BT alls o : __.. ... ___ __pacity tha
2011 retrospective decline overtime
-No predictive analysis
Samman et Canada Single-centre, 99 34t11 6613 11 n/a n/a -Impaired exercise capacity
al.,2008 cross sectional -RV/ LV function were
retrospective associated with exercise
intolerance
Izbicki et al., Israel Single-centre, 50 29+11 757 n/a n/a n/a -Mild limitation of
2008 cross sectional exercise capacity
-No predictive analysis
Giardini et Italy Single-centre, 118 | 2448 58+17 n/a 31.14.6 n/a -Impaired exercise capacity
al.,2007 cross sectional -Peak VQ and VE/VCQ
were the most important
predictors for poor
outcomes and plan
intervention
Giardini et Italy Single-centre, 61 23.1+12.1 | 54+18 n/a 327 n/a -Impaired exercise capacity
al.,2006 cross sectional -CPET could be used to
guide intervention
-Severe PR and RV
dysfunction were associated
with exercise intolerance
Norozi et Germany Single-centre, | 50 30.5+1.6 | 64+3 n/a n/a n/a -Impaired exercise capacity
al.,2005 cross sectional -RV dysfunction was
associated with exercise
intolerance
Diller et al., England Single-centre, 107 | 31+11 56+20 n/a n/a n/a -Impaired exercise capagity
2005 retrospective -Chronotropic response
and pulmonary artery
pressure were the most
important exercise
determinants
Fredriksen et | Canada Single-centre, 168 | 3215 51+12 1.1+ n/a n/a -Impaired exercise capacity
al.,2002 retrospective .10 -No predictiveanalysis
Roest et al., Netherland Single-centre, 15 17825 | 40412 1.16t. | n/a n/a -Impaired exercise capacity
2002 prospective cohor 05 -First exercise with MRI
-PR and RV Dysfunction
were not associated with
exercise intolerance
Mabhle et al., USA Single-centre, 57 12.543.2 | 80t10 1.12+. | nla n/a -Nearly normal exercise
2002 retrospective 07 capacity
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VO, (% pred) = maximum predicted oxygen uptake; RERespiratory exchange ratio; VE/NVG@& ventilatory-
equivalent; OUES = oxygen uptake efficiency sloR&/ = right ventricle; LV = left ventricle; PR= pulomary

regurgitation; RVSP= right ventricular systolic psare. *N= number of patients in each stud; n/atawailable
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