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UNIVERSITE LIBRE DE BRUXELLES

PULMONARY CIRCULATION SYSTEMIC CIRCULATION
Cardiac Output (CO) = Cardiac Output (CO) =
Pulmonary Arterial Pressure (PAP) - - - Systemic Arterial Pressure (SAP) ++

+ 10 mmHg (PAP-LAP) + 98 mmHg (SAP- RAP)

SVR = SAP — RAP/CO
= 10x PVR (~16,5 mmHg)

PVR = PAP-LAP/CO
= 1/10® SVR (~ 1,6 mmHQ)

- J.B. West
5%
:‘.‘_ﬂ-«’%.l(
& thin media
SPORT -A PVR = pulmonary vascular resistance SVR = systolic vascular resistance
SCIENCE PAP = pulmonary arterial pressure SAP = systolic arterial pressure

ECSS ® PARIS 2023 LAP = left atrial pressure RAP = right atrial pressure



PULMONARY VASCULAR RESISTANCE

x (s} At exercise, pulmonary vascular resistance (PVR) A Y
@ (Kovacs, Eur Respir J, 2012 ; Naeije, Am J Respir Crit Care Med,2013)
E . . R
= (&) PVR can be measured by echocardiography with
- greater precision by multiple measurements during meanPAP—LAP
5 stress echocardiography PVR = o
= /' Q) p—— V
I ’/ 45
| @ 30
E A mean PAPJACO =1
Es
E:nl /4-’./-“
€ 15 -
10
o - ~— B ®m- B n e
0 2 4 ] 8 10 12 ht"’
Cardiac Output (Liter/min) 5‘,}‘"‘ %

195
SPORT = - g
- Ferrara F et al. Int J Circ | 2021 i+
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(&) Distensibility of pulmonary vasculature
(&) mPAP-CO not strictly linear

() CURVILINEAR MODEL : distensibility of pulmonary resistive

vessels (Linehan, J Appl Physiol, 1992)

—_— 1

f\;Distensibility coeficient a&

PVR = [(1 + aPAP)5 - (1 + aLAP)3] / 5 a.CO

H'BEESEYEN UNIVERSITE LIBRE DE BRUXELLES

|
|
|
I
| : : -
| a : Percentage of diameter change in resistive
| pulmonary vessel per mmHg increase in transmural
g ? pressure during exercise (%/mmHg).
0

0
0
, CO (LI'ITIII'I) @ 1~-2 %/mmHg (Naeije, Am J Respir Crit Care Med,2013 ; 2 /// 2
@@(@ Reeves, Am J Physiol Lung Cell Mol Physiol, 2005) § / E
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| It remains uncertain how much training affects the vascular distensibility (a) of the pulmonary
circulation. A more distensible circulation would smoothen the RV afterload. This is of particular
interest as the right ventricle (RV) function is under heavy stress during exercise at high CO (acerche,
J Appl Physiol, 2010) .

Because right and left ventricles are working together, the aim of this study is to assess systemic
vascular compliance ; the less efficient factor would indeed limit the CO.

H'EEENEVYEE UNIVERSITE

Highly trained athletes should present vascular pulmonary and systemic adaptations compared
to sedentary controls.

thletes and sedentary subjects, with the exercise systemic vascular response.

@ We therefore compared the RV and pulmonary circulation response at exercise among
|a
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METHODOLOGY
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STUDY DESIGN

________________________________________________________________________ ~ N

| | | N
: , CPET : !
I I Stress echocardiography I :
! _ [) I Continuous BP : I
: w Weight ' | | :
I Height o) : | :
I HR I I :
| | |
I h@d Sa0, Echo- I . ' :
: cardiography | \ : |
I I | :
I ' I I :
| o | | I
: 5/ GPAQ @%\ Beat by beat : %\ : II
I finapress I I

0 BP p P /l

“7‘1,0



Administrateur
Texte surligné 

Administrateur
Texte surligné 

Administrateur
Texte surligné 
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UNIVERSITE LIBRE DE BRUXELLES

! i P = 0.0073 150~ \I
L= | P =0.0045 |
: 9 : Height (cm) — 100- ] :
: I<T: : Weight (kg) ‘E’ + :
: 5| I Age (years) > oo :
o BMI (kg/m?) |
. O ! _ BSA (m?) 42+6 36+6 80+9,568+13 |
! o | Professional Sedentary | | 0 . . |
) | Football controls m Sedentary \\0@ (.\(z}* *@@ \q}* I
\\ ' Players e Players ¥ @oP@ ® OJQPQ’Q //'

o e e e e e M e e mmm M e e Mmm M e M Mmm M e Mmm Mmm Mmm e Mmm Mmm Mmm e R Mmm Mmm e M Mmm Mmm e M Mmm Mmm e M Rmm M M M Mmm Mmm e Mmm Mmm Mmm e Mmm Mmm M e Mmm Mmm M e M M M e

LVM = Left Mass Ventricle (echocardiography)
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EXPERIMENTS

LIBRE DE BRUXELLES

STRESS
ECHO

)}

0%
SBP TAC
mBP Ea

H'BEENEYEE UNIVERSITE

MAX REST

MAX COi max

N5 veo, \oy VO,/FC
5 RER (VCO,/VO,

q
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\ovo, Nsw \S co
N VE N VENVCO, Ny sv

mPAP \_3 TAPSE

o wp Nys

N\ PVR  \o TAPSE/PAPs
N\ PAPs 3 mPAP/CO



Administrateur
Texte surligné 

Administrateur
Texte surligné 
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RESULTS AND DISCUSSION
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<0.0001

280+40 18030

X
Q\@e

- —————

HR peak VO, VT1
(bpm) (ml/min/kg)

(o2}
o
|

(on)
(@)
1

VO, peak (ml/min/kg)
w B
o o
1 1

173+16 121,15%5,93

114 + 17

I_|

42+6 3616

N
o

Q\

1 1
& S
O
®

RER peak

P <0.0001

21+3 15%2

VE/VCO, slope

As expected, athletes displayed smoothened chronotropic and enhanced
inotropic response to exercise as compared to sedentary subjects.

P =0.0002

_______________________________________________________________________________________________

Despite lower relative exercise intensity among athletes (RER peak), they
reached higher VO, max.

[ —

_______________________________________________________________________________________________



SYSTEMIC CIRCULATION  ~p=-mnt i

3 cotot
MBP rest MBP peak SVR rest SVR peak : :

H H Hg/L/mi Hg/L/mi .
(mmHg) (mmHgQ) (mmHg/L/min) | (mmHg/L/min) Arterial Elastance
836 111+ 15
14,67+ 3,68 5,86 £ 1,63

*kk*k *k%k

Total Arterial Compliance

SV .
SBP-DBP : 95%8 13910 14,7 + 3,3 7,27 2,52

P=00478 P = 0.0075
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Ea at rest (mmHg/ml)
Ea peak (mmHg/ml)

2+0,4 1,7+0,2

16+0,2 1,6+0,4

o

o
o
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" TAC during exercise are greater in compliant arteries than stiff arteries : compliant arteries being
g i more sensitive to blood pressure changes than stiff arteries «ingwei, am 1 physiol Heart circ Physiol 1995).
1 :\W|th training, TAC tendS tO increase and Ea tO decrease (Otsuki, Am J of Physiol-Reg, Int and Comparative Physiology 2008). ,
. T :
Sl;% él'NéE m + Systemic circulation seems to be more adapted among athletes than sedentary controls (Ea).
& \ ]
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SYSTEMIC AND PULMONARY CIRCULATIONS

i Correlation of VO, peak and SVR .
2 2P Correlation of SVR and PVR at rest
= 15
o - m Sedentary 25 g
E = | o P - - m  Sedentary
= E ayers £ 490 e Players
= 410 ° S ] LI
= T > ° e P=0,0049
o £ = L4415 = o °
: £ g £ et p =-0,4850
= ; " ° P =0,0343 £ L

S -5 m N pr — 10 o ©
o @ . ® | p=-0,5008 2 o

xx = 5

S '

>

I 7 N I I I I ? C 1 1 1 |
- 20 30 40 50 60 0 1 5 2 A

____________________________________________________________________________________________________________________

____________________________________________________________________________________________________________________

___________________________________________________________________________________________________________________

" Athletes are chronlcaly exposed to high CO states, and that seems to lower the vascular resistance.:

This could be an advantage for both ventricles whose function is determined by the ventrlcular:
afterload. :

___________________________________________________________________________________________________________________

®
SPO T.ﬁ-\x “Pulmonary or systemic vascular resistive vessel sifening could eventually mit maximum cardiac
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= b = 0.0201 Poon-transform of mPAP = f(CO)
" 37 | 50
- n S 40-
. o 5 _ %
- £ g 307
S Hall & 20
a S <
(o] I
I £ 104
1,39+ 0,54 1,02+ 0,39
“ 0
0 | — @ U [rrrrrrrr1 [rrrrrrrr1 |
0 10 20 30
X
) N Cardiac output (I/min)
& &%
(OQ

P e e e e e e e e e e e e T e el e e e e e e e e e e e e e e e e e e e
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Va.rla.tlons in cardiac Output (Krenz, American Journal of Physiology-Heart and Circulatory Physiology 2003).

PULMONARY VASCULAR DISTENSIBILITY a

Players
= Sedentary

RO = 2,957 mmHg/min/L
a=1,28%/mmHg

RO =2,776 mmHg/min/L
a=1,09%/mmHg

' Vessel distensibility in the pulmonary vasculature may be an adaptation for
g . preserving the optimal distribution of pulmonary blood flow in the face of large

~_______¢




PULMONARY VASCULAR DISTENSIBILITY a

E %orrelatlon of a and TAPSE/PAPs peak Correlation of a and VO, peak
a I 415
- S m Sedentary =60
: £ Plavers = m  Sedentary
= [
; E_ 10 ° 9 Y § Js0 . . e Players
_ ’ [ | _ [ J =
@ x ¢ "= — P=0,0010 E . .- e P=0,0356
> S > o p =0,6390 Edaw " ° e ° p=0,3851
= %) ‘. [ 4 o
B o -40.5 8 ] °
& e -
n | o [ u
N >
D— JaWal
< T J 1 1 26 T T 1
I o 1 2 3 0 1 2 3
& a (%/mmHg) a (%/mmHg)

____________________________________________________________________________________________________________________________

' a,um IS correlated with TAPSE/PAPs ratio among football players and sedentary subjects, suggesting that al
ﬂ . better a,,,,, allows a better RV-arterial coupling, an ideal advantage for aerobic capacity.

—— - - = e e e e e e Em Em e mm e mm Em Em e e e mm Em mm e e M e mm m mm M e M e e m M Em M e M m M Em e e e M Em M e e m M e e e e e m e e e m M M M e e m M M mm e e m e e M e e m e e e e e e e e e e e e e e e e e e

___________________________________________________________________________________________________________________________

: In healthy individuals, VO,,,,, IS linked with a more distensible pulmonary circulation, which is in keeplng

'Wlth the notion that a greater pulmonary vascular reserve allows for a higher aerobic exercise capaC|ty
\ (Lalande, The Journal of Physiology, 2012).

___________________________________________________________________________________________________________________________
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CONCLUSION



CONCLUSION

PULMONARY and SYSTEMIC CIRCULATIONS

" Athletes seem to present\\,
/ adaptations in both
circulations. Subjects  with !

L]
e
=
—
[T1]
=
2
o
-
[TT]
[=1]
[T1]
[- 4
[-<]
=

AEROBIC PERFORMANCE \
. Greater pulmonary vascular \5

. distensibility seems beneficial
 to reach greater VO, ..

e e e = e = e = e = e e e e e e e e e e e e e e e e e e e

the greatest systemic
adaptations also present
greatest pulmonary
adaptations
\ ﬁ PULMONARY CIRCULATION
{ Athletes show better pulmonary
. adaptations with a higher pulmonary

1
1
1
[}
1
1

e = e = e = —

Bl UNIVERSITE
&‘
\

P e e e e e e e e e e e

Ifl Athletes show better
®. systemic adaptations with a
 higher TAC compared with

[ J S

- ———

. sedentary controls _ e _
---------------------------------- ’ t  vessel distensibility compared with :
. sedentary controls )
It remains to be determined whether this is a training-related pulmonary vascular
‘ physiological effect and whether it constitutes an advantage for aerobic performance, //
ﬁL given that better pulmonary vascular distensibility was associated with better function éf // %
SRR cE right ventricular during exercise. % Q:::s(gqoé”
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® vaP J —# BARORECEPTORS

(&) Attenuation of the sympathetic outflow to the peripheral

vessels and the heart
& MAP normalized

@ MAP J =% BARORECEPTORS

(&) Increase sympathetic outflow : vasoconstriction +) CO

@ MAP normalized (Trasher, Am J Physiol Regul Integr Comp Physiol, 2012)

&

2. Signals sent
to the medulla
of the brain stem

Glossopharyngeal
nerve

Vagus
nerve

(

3. Heart rate
adjusted

)

1. Baroreceptors
detect changes
in arterial pressure



ECHOCARDIOGRAPHY
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B it CO =SV *HR
vTi 26.7 cm

AVVR 0.94

MVA (VTI) 2.70 e

SV (LvOT) 84 m! —
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AVA (Vmax) 2.96 cm’
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Pulmonary Artery
Systolic Pressure
(PASP)

Inferior vena cava diameter
(cm)

Tricuspid Annular Plane
Systolic Excursion
(TAPSE)

Respiratory collapse
(%)

<2.1
>2.1
>2.1
<21

>50%
<50%
=50%
<50%

RAP = Right atrium pressure
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- Correlation of VO, peak and VE/NVCO, slope
- 60
5 m Sedentary
E o u e Players
o o
= o 40 .
5 z .

N Py e —

S o ow, % P=0,0147

E 420 ° p=-0,4411

>

hd I I | 1
20 30 40 50 60

___________________________________________________________________________________________________

VE/VCO2 slope witness of the respiratory efficiency during the effort : the higher the
ﬂ . VO, peak, the better respiratory efficiency

gy T LLonbeh e et st st S
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PULMONARY VASCULAR DISTENSIBILITY a

m Sedentary
e Players

Correlation of a and mPAP/CO slo Correlation of a and TAPSE/PAPs peak Correlation of a and VO, peak
125 £ 15 - 60
0,0001 | £ 2 .
H2.0 o P< £
g me ! £ . = 450 o >
g 1. p =-0,7583 ;E,_ 1.0 . £ °. = o ® [p=0,0356
Q 8 al ..- o % Esp w_ o o™ o
3{ —41.0 % ‘.%. — x e
3 . g Jos P =0,0010 gg = . P =0,0356
o5 o p =0,6390 S 30 ge m p=0,3851
. ? >
1 -0 i é é % 8-6 T T 1 205 | | !
F o 1 2 3 0 1 2 3
a (%/mmHg) a (%/mmHg) a (%/mmHgQ)

____________________________________________________________________________________________________________________________

: a,um IS correlated with TAPSE/PAPSs ratio among football players and sedentary subjects, suggesting that a E
' better a,,m could allow to have a better RV-arterial coupling, an ideal advantage for aerobic capacity.
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