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Cardiopulmonary exercise testing 
after organ transplantation and 
stem cell transplantation in 
children
Time to move !

Kristof Vandekerckhove
Pediatric Cardiology, Ghent University Hospital
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Physical fitness : advice in healthy children
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Chronic disease: spiral of disability
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Influencing factors
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heart transplantation
chronotropic incompetence
residual lesions
systolic function
diastolic function

post liver transplantation
chronic immunosuppression
hypertension
transplantation itself
underlying disease

post stem cell transplantation
cardiotoxic medication
corticosteroids
radiation
complications

post kidney transplantation
dialysis (hemo/PD)
catheters
longterm chronic hospital visits

immobilisation
overprotection

TIME TO MOVE
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evaluation of fitness

field tests laboratory tests

TIME TO MOVE
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Evaluation of physical fitness in children: CPET
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4bicycle vs treadmill
4duration, ramp
4 indications
4 contra-indications OUES

VAT
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VE/VO2 
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HR max, HR 
reserve
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3 studies
4 liver transplantation

4 hematopoietic stem cell transplantation

4 liver, kidney or heart

evaluation
4 assess physical fitness

4 assess potentially influencing factors; investigate correlations

4 evaluate quality of life (QOL); correlation with physical fitness

Studies: aims & objectives

TIME TO MOVE
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LV systolic function: 
Ejection fraction
fractional shortening

LV wall thickness
IVSd – IVSs
LVPWd – LVPWs
LVEDd - LVEDs

methods: echocardiography

TIME TO MOVE
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methods: echocardiography

LV diastolic function: 
PW doppler: E/A
Tissue doppler: E/E’

RV systolic function
TAPSE

TIME TO MOVE
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methods: PedsQL™

“health related quality of life”

Questionnaire with different domains:
school functioning
emotional
social
physical

2 extra domains
psychosocial
total

scoring: 0 - 4, scored on 100
Mean on 100%

TIME TO MOVE
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liver transplantation

cardiopulmonary 
exercise test

quality of life

heart function
systolic
diastolic

TIME TO MOVE
Transplantation 100, no. 7 (July 2016): 1525–31. 
https://doi.org/10.1097/TP.0000000000001167.

https://doi.org/10.1097/TP.0000000000001167
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CPET after liver transplantation
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PedsQL Questionnaire
Patient's psychological status was evaluated using the Pe-

diatric Quality of Life Inventory (PedsQL) questionnaire,
SDC, http://links.lww.com/TP/B256. This is a child self-
report (8-12 years), adolescent self-report (9-16 years), and
parent proxy-report scale developed to measure HR-QOL
in children and adolescents.20 The 23-item PedsQL Generic
Core Scales were designed to measure the core dimensions
of health as delineated by the World Health Organization
(physical, emotional, and social functioning) and also school
functioning. The summary scores consist of a total score
(23 items), physical health summary score (8 items) and psy-
chosocial health summary score (15 items). Parameters are
reverse-scored and linearly transformed to a 0 to 100 scale,
where higher scores indicate better QOL. Data were com-
pared with age-matched and sex-matched values from
healthy school aged children (N = 450) available at our de-
partment (child and adolescent reported).

Statistical Analysis
Descriptive statistics (mean and standard deviation) were

used for all continuous variables, and frequencies were gener-
ated for the noncontinuous variables. After checking for nor-
mality, independent t test or Mann-Whitney U test was used
to determine the difference between transplant group and
healthy controls, with P values less than 0.05 indicating sta-
tistical significance. To assess the relationship between fit-
ness, cardiac function, and QOL, the respective variables
were correlated using Pearson correlation and linear regres-
sion analysis. To consider the intraobserver reliability, saved
echocardiographic images of all patients were reviewed by
the same pediatric cardiologist. All data were analyzed using
SPSS. version 23 (SPSS Inc., Chicago, IL).

RESULTS
Thirty-one children were eligible and participated in the

study. Three patients performed a submaximal exercise test
and were excluded from the study. Children who succesfully
performed the exercise test (15 boys) were compared with 28
age-matched and sex-matched healthy children. Patient char-
acteristics are shown in Table 1. The patients and healthy
controls were similar in terms of length, weight, BMI Z score,
and body surface area. All liver transplant patients were on
maintenance immunosuppression. The majority (78%) of
LT patients was on tacrolimus, median through levels being
4.1 ng/mL (0.9-7.2). Extrahepatic biliary atresia was the
main indication for LT in 43% of cases. All patients had nor-
mal synthetic graft function and normal bilirubin. Transam-
inases were normal in all but 1 patient at the time of testing
(1 patient had a mildly elevated ALT of 40 IU/L, which nor-
malized spontaneously afterwards). Five patients have been
diagnosed with stenosis of the biliodigestive anastomosis re-
quiring percutaneous transhepatic cholangiography with di-
latation in 4 and retransplantation 4 years before the test in 1.
None of these patients had percutaneous transhepatic cholangi-
ography in the year preceding the test. In 1 of these patients,
there was a persistent elevation of gamma-glutamyltransferase
(58 IU/L), gamma-glutamyltransferase being normal in all
other patients tested.

Eight patients had suffered from acute cellular or chronic
rejection episodes, but in all patients, these episodes occurred

at least 3 years before the exercise test. Chronic rejection (2
patients) resolved after switching cyclosporine to tacrolimus.

Two patients had been diagnosed with de novo autoim-
mune hepatitis more than 2 years before the test. Both had
normal liver function tests on a low dose of steroids in associ-
ation with the maintenance immunosuppression. One patient
was treated with rituximab for posttransplant lymphoprolif-
erative disease 8 years before the test. Seven patients suffered
from de novo posttransplant food allergy but were on a sta-
ble diet and symptom free at time of testing.

Other postoperative complications were hepatotoxicity
due to iron overload in a patient with (transient) myelo-
suppression, aspecific posttransplant hepatitis (1) and poly-
clonal hypergammaglobulinemia of unknown origin (unrelated
to Epstein-Barr virus) in 1. These 3 patients had normal graft
function and were asymptomatic at the time of the exercise
test. None of the patients was diagnosed with diabetes.
Angiotensin-converting enzyme or calcium channel blockers
were used as antihypertensive drugs in 10 (36%) patients.
None of the patients received β-blockers, 7 of 28 (25%)

TABLE 1.

Patient characteristics

LT patients Controls P

Age, y 11.6 ± 2.9 11.6 ± 2.9 0.941
Boys/girls 15/13 15/13
Weight, kg 40.9 ± 13.1 40.2 ± 15 0.664
Length, cm 148.6 ± 17.3 148.7 ± 17.3 0.896
BMI 17.6 ± 2.2 17.5 ± 2.7 0.865
BSA, m2 1.28 ± 0.28 1.27 ± 0.31 0.870
Systolic BP, mm Hg 106 ± 14 109 ± 13 0.968
Diastolic BP, mm Hg 70 ± 9 67 ± 8 0.700
Time after transplant, y 8.2 ± 3.7
Age at transplantation, y 3.3 ± 3.1
Primary immunosuppressive
therapy
Tacrolimus 22/28 (79%)
Cyclosporine A 6/28 (21%)
Mycophenolate 6/28 (21%)
Corticosteroids 3/28 (11%)

On antihypertensive
medication, %

10/28 (36%)

Indication for LT
Biliary atresia 12/28 (43%)
Metabolic disorders 4/28 (15%)
Autoimmune disorder 1/28 (3%)
Progressive familial
intrahepatic cholestasis

3/28 (11%)
Othera 8/28 (28%)
Major complications

Pretransplant cirrhotic disease 19/28 (%)
Acute cellular rejection 6/28 (68%)
Chronic rejection 2/28 (7%)
Biliary complications 5/28 (18%)
Post transplant food allergy 7/28 (25%)
Otherb 3/28 (11%)

a Other: Caroli disease, Crigler Najjar, hemochromatosis, Wilson disease, idiopathic biliary cirrhosis.
b Other: hepatotoxicity due to iron overload, aspecific posttransplant hepatitis polyclonal hyper-
gammaglobulinemia of unknown origin
BSA, body surface area; BP, blood pressure.

© 2016 Wolters Kluwer Vandekerckhove et al 1527

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.

31 patients vs. 31 healthy controls

indications:
biliary atresia
metabolic disorder
autoimmune
other

immunosuppressant
tacrolimus
cyclosporin A
mycophenolate

complications
rejection
pre-tx cirrotic disease
biliary complications
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Results: CPET after liver transplantation
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↓ VO2 max (absolute, %)
↓ duration
↓ load
↓ VAT

↓ LV diastolic function
increased wall thickness

↓ total
↓ emotional
↓ school 
↓ psychosocial functioning 
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Results: CPET after liver transplantation
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4age at tx or time since -> no impact on CPET

4physical functioning ~ CPET

4younger age at tx -> more diastolic dysfunction

4antiyhypertensive treatment: ↓ physical fitness

TIME TO MOVE
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cardiopulmonary 
exercise test

quality of life

heart function
systolic
diastolic
RV function
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CPET after HSCT
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4 43 HSCT patients 

4age 13.6+/-3.4 yrs

4age at HSCT 7+/-4.6 yrs, time since HSCT 6.6+/- 4.5yrs

4MDS 6 / ALL 11 / AML 7 / JMML 2

4¾ cyclofosfamide; ½ anthracyclines; 1/3 TBI

4GVH : 1/4

TIME TO MOVE

CPET after Stem cell transplantation
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↓ VO2 max (34.7 ml/kg vs. 46.3ml/kg)
↓ duration
↓ load
↓ VAT

↓ systolic function (11%)
↓ RV systolic function (20%)
↓ LV diastolic function 
↓ wall thickness
Increased lv diameter

↓ total
↓ emotional QOL
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4 later after hsct -> better LV function

4 left ventricular dilatation -> ↓ VO2 max 

4anthracyclines -> ↓ VO2max

4TBI -> ↓ psychosocial functioning

4 lower physical fitness -> ↓ social functioning

CPET after Stem cell transplantation

TIME TO MOVE

4 Aim:
4 Compare levels of deconditioning in different patient groups
4 Matched controls

4 Methods:
4 2012-2016: evaluation of children 6 -16 yrs after kidney, liver, heart tx

4 Comparison of exercise test parameters

20 /

CPET after solid organ transplantation: comparison liver / kidney /heart

TIME TO MOVE
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CPET after Solid organ Transplantation
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transplant patients 
(n=51)

controls (n=51) p-value

Age (yrs) 12.6±3.6 12.6±3.5 NS

Boys/girls 29/22 29/22

Weight(kg) 44.3±16.1 43.7±14.9 NS

Length(cm) 150.3±18.4 152.8±17.9 NS

BSA BSA (m2) 1.35±0.34 1.35±0.31 NS

Transplant type
(liver/kidney/heart)

31 / 13 / 6

Time post transplant 6.7±4.3/6.9±4.1/1.8±3.3

Age at transplant 4.5±4.8/8.4±4.3/12.7±2.8

Heartrate rest (bpm) 95.5±13.4 94.5±12.4 NS

VO2rest(ml) 329.7±120.8 332.1±135.1 NS

VO2rest/kg (ml/kg) 7.7±3.2 7.8±2.4 NS

TIME TO MOVE

CPET after Solid organ Transplantation
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Liver Kidney Heart Control

VO2max/kg 
(ml/kg/min)

36.3±8.8*** 30.5±6.4 *** 27.6±9.8 ** 41.6±6.7

VO2max% (%) 87.7±15.1 *** 69.0±14.2 *** 61.8±24.0 ** 99.4±15.1

Heartrate max 
(bpm)

173.3±18.7 ** 175.8±14.9 * 143.7±15.2 *** 188.5±13.3

Duration (min) 8.6±2.7 *** 8.4±2.1 ** 7.6±3.0 ** 11.2±2.9

Load (%) 69.4±13.5 *** 59.2±16.2 *** 53.5±18.6 ** 88.3±16.9

VAT (%) 53.6±10.8 ** 49.8±9.4 58.3±19.6 ** 47.4±8.9

HR at VAT 123.3±13.8 119.±23.7 109.3±13.3 ** 124.2±12.6

RER 1.03±.04 ** 1.16±0.07 * 1.1±0.2 1.09±0.08

VE (l/min) 49.7±24.3 64.9±22.2 47.7±26.0 59.5±24.0

VE/VCO2 30.6±5.0 *** 28.3±3.2 28.3±26.6 26.6±3.7 

* p<0.05 ** P<0.01 ***p<0.001
TIME TO MOVE
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CPET after Solid organ Transplantation
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What to do ?

4Faster recovery

4better mobility

4Shorter LOS

TIME TO MOVE
Pediatric Critical Care Medicine 20, no. 2 (February 2019): e91–97. 
https://doi.org/10.1097/PCC.0000000000001815.

https://doi.org/10.1097/PCC.0000000000001815
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What to do ?

4 Study of 52 children , exercised vs non exercised, controls vs tx

4 Transplanted exercised children

4 level of sedentary controls

4 better than sedentary transplanted

4 Exercise diminishes LV hypertrophy in exercised transplanted chldren

26 /

What to do ?

4 6 studies

4 Improved VO2max

4 Better QOL

4 Higher levels of fitness -> better QOL

Most studies suggested that rehabilitative sessions have to last 
approximately 60 min and that patients have to do 3–5 sessions per week. 
Most suggested exercises were as follows: aerobic activities, strength
training, and endurance/resistance training accompanied by articular 
motion, and stretching exercises. 

TIME TO MOVE

Pediatric Blood & Cancer 63, no. 11 (2016): 1895–1904. 
https://doi.org/10.1002/pbc.26114.

https://doi.org/10.1002/pbc.26114
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What to do ?

4 Pilot study - HSCT
4 6 patients 1 yr after HSCT

4 3 month program with local physiotherapist, psychologist

4 Online evaluation system

4 Better load and exercise time, not yet VO2

TIME TO MOVE
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What to do ? – importance of participation in group

TIME TO MOVE

4 Study of 26 children , participating “Brithish transplant games” – 4 days

4 Psychological evaluation:

4 13 domains

4 overall score
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What to do ? – importance of participation in group

TIME TO MOVE
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Importance of participation in group : Ado - day

TIME TO MOVE
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The broader perspective… chronic disease

TIME TO MOVE
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The broader perspective… chronic disease

TIME TO MOVE
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The broader perspective… chronic disease

TIME TO MOVE
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insight improved diagnostic 
evaluation

guidance for rehabilitation

self-esteem
parent anxiety

opportunity for
communication

CPET: advantages

TIME TO MOVE
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Practical: Pediatric exercise laboratory
UZ Gent

TIME TO MOVE

• Children with chronic diseases

• Suspected diminished exercise performance

• Non-cardiac: preceding cardiac investigation

• Evaluation of exercise performance compared to healthy peers

• NOT sports screening

VOETTEKST36 /

future perspectives…

CPET :

• need for research trials

• broader framework

• individualized rehabilitation programs

• need for more guidelines

• new, less time consuming tests
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4M otivate

4O bjectify exercise performance

4V iew on obstacles

4E xplore rehabilitation possibilities

VOETTEKST37 /

TIME to…
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Ghent University Hospital
C. Heymanslaan 10  |  B 9000 Gent | Belgium
T +32 (0)9 332 21 11
E info@uzgent.be

www.uzgent.be
Volg ons op

KRISTOF VANDEKERCKHOVE
Pediatric Cardiologist/cardiac rehabilitation specialist
Dept Pediatric Cardiology
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Titel hoofdstuk
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tekstregels


