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Meéreni tlaku - technika

* Prenos tlakového signalu tekutinou v katetru a senzor umistén mimo
télo pacienta (,kapsle”)

e Kalibrace !!



Méreni tlaku - chyby

e Kvalitni signal — tlumeni je zavislé na délce a kalibru katetru,
viskozité tekutiny, absence vzduchovych bublin !!

Viskdzni kontrast Dobra kvalita Vzduchova bublina
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Indikace invazivni hemodynamiky

e 1) ultzka - ARO, KJ — kritické stavy (dif.dg. Sok( a srdeéniho selhani)
— Typicky cestou v.jugularis interna, casto bez RTG navigace

e 2)v katetrizacni laboratori — drive Casté, dnes ¢asto nahrazeno
echokardiografii. Nejcastéji cestou v.femoralis.
— Zavazna rozhodnuti — pred Tx nebo jinou KCH operaci
— Potreba urceni typu, tize a event. reverzibility plicni hypertenze
— Nesouhlas mezi klinickym nalezem a echokardiografii
— Kvantifikace zkratovych vad
— Diagnostika konstriktivni versus restriktivni fyziologie

e 3) béhem invazivnich strukturalnich intervenci — TAVI, ASA

Vzdy je jasna otazka, ,,rutinni” postup jiz neexistuje



Rizika pravostranné katetrizace

e Krvaceni z mista vpichu, vznik AV fistule

* Arytmie pri manipulaci katetru v P oddilech. CAVE
kompletni AV blok pri manipulaci katetrem v RVOT u

pacientu s LBBB
e \/ysSSiradiacni zatez



Mereni srdecniho vydeje
(CO; L/min)

Indikace:
— Vypocet plochy usti u stenotickych vad

— Vypocet cévnich resistenci
— Vypocet u zkratovych vad

Metody stanoveni CO: Normalni hodnota 4-8L/min.

— Fickova metoda AV diference

— Dilucni metody (termodiluce, barvivova diluce)

— Angiograficky pfi ventrikulografii
Srdecni index (Cl) (L/min/m?) = CO (L/min) / plocha téla (m?)
— Normalni hodnota 2,5-4 (L/min/m?)
Tepovy objem (SV) (ml/stah) = CO (L/min) / srdecni frekvence (stah/min)




CO - Fickova metoda

CO (L/min) = spotieba O, (ml/min)
AV diference O, (ml/L)

Spotreba O, (ml/min):
— Primo mérenim dychanim do vaku (klaustrofobni)

— Odhadem dle tabulek (srdec¢ni frekvence, pohlavi,
vaha) — chyba az 40% !!!

AV diference O, (ml/L) = Hb (g/L) x konstanta
1,34 x rozdil saturace krve O, arterialni — zZilni

Priklad: CO=210ml/min / 130 x 1,36 x (0,95-
0,65)=210/53 = 3,96 L/min
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CO - termodiluce

Rychla injekce 10ml FS s pokojovou teplotou do PS a detekce zmény teploty termistorem v
plicnici. Nespolehlivda metoda u trikuspidalni regurgitace, zkrat(, nizkého vydeje a arytmii.

High cardiac output state
12 L/min
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Low cardlac outpirt state
3 L/min

Normal cardiac output state
6 L/min

Faulty injection—disregard
cardiac output value
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Cévni resistence

* Plicni cévni resistence = (PA, .., — LA/PCW__. )/ Qp
— Normadlni hodnota je do 2 Wood Units = 160 dyn-s/cm?

e Systémova cévni resistence = (A0, .., — RA ...) / Qs
— Normalni hodnota je do 20 Wood Units = 1600 dyn-s/cm?



Oxymetrie — kvantifikace zkratu

Prutok plicnim recistém neni stejny jako systémovym
recistém
Typicky odbér saturaci: (PCW, PA, RV, RA, SVC, IVC, aorta) x2

Technika
— vzdy odsat nekolik ml krve pred odbérem, bez bublin, led
— rychlé stanoveni saturace, v€etné iontl a Hb (identické hodnoty)

Lze detekovat vzestup saturace krve 02, typicky vzestup o
vice nez 7% budi podezreni na zkrat

Smisena zilni krev MV = (3xSVC + 1xIVC) / 4

— Saturace krve v IVC je ovlivnéna malou desaturaci krve v ledvinach



Oxymetrie — kvantifikace zkratu

e Defekt septa sini s L-P zkratem
—Spotfeba-02-
Hb x 1.34 x sat(aorta-PA)
—Spotfeba-02—
Hb x 1.34 x sat(aorta-MV)

Hb\x1/3ﬁ ¥ sat(aorta-MV)
T W6 x 134 x sat(aorta-PA)

HE 86
Pulse ox 98%

* Qp/Qs =
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Stenoticke vady

Pri znalosti prutoku a gradientu Ize vypocitat plochu usti
Am Heart J. 1951 Jan;41(1):1-29. GORLIN R, GORLIN SG.

Hydraulic formula for calculation of the area of the stenotic mitral valve, other
cardiac valves, and central circulatory shunts.

AVA = CO / 44.3 x HR x ejekcni perioda x Vstredni gradient
Jednoducha kontrola — Hakki formule AVA=CO / vpeak grad.

Chyba v CO ma matematicky vetsi vliv nez chyba v gradientu
Pro Mitralni Stenosu se pridava do jmenovatele koeficient 0,85

Pro trikuspidalni a pulmonalni chlopen se pouzivaji pouze
gradienty, nikoliv Gorlinova formule



Aortalni stenosa



Aortalni stenosa - chyby

Srdecni vydej a gradient musi byt méreny soucasne !!

CO=4,1L/min < CHYBA » CO=4,9 L/min

/| | WY | W

200

Gradient 32 mm Hg Gradient 45 mm Hg
AVA 0.9 cm? AVA 0.9 cm?
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Aortalni stenosa - chyby

Pravidelny SR, pull-back je OK Arytmie, nebo cetné KES (katetr v LK)
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Ao Stenosa versus HOCM

e Rozliseni ECHO KG obtizné, jety se michaji

NS I
N e L NA e | ] \ /A | \|Ao Stenosa
NN a;\\ | M

HOCM

Prukaz gradientu mezi
hrotem LK a LVOT
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Mitralni stenosa

* Echokardiografie je velmi presna a spolehliva

 Potreba hemodynamiky je spiSe k posouzeni tize a typu plicni hypertenze, zvlasteé
pri nesouladu mezi ECHO KG a klinikou

e Méreni gradientu mezi tlakem v LK a PCW je zatizeno chybou (posun a tlumeni)

Mean Mitral Gradient Mean Mitral Gradient
15 mm Hg 6 mm Hg  ofiey N //\




Regurgitacni vady

e Angiograficky nehodnotime ,jety”, ale densitu KL

 Nutné podat dostatecné mnozstvi KL a zvolit vhodnou
projekci




Aortalni regurgitace

e Rozdil systolického a end-
diastolického tlaku v aorte nad
100mmHg

e Index Aortalni Regurgitace
AoR Index = (AoEDP — LVEDP) / Ao systolic

Hodnota nad 25 znaci méné vyznamnou vadu

Pulsus bisferiens - HOCM nebo AoReg
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Mitralni regurgitace

e \lysoka vina ,v“ v zaklinéni — definovana jako >2 x vyssi nez
stredni tlak v zaklinéni (LS). Neni prilis spolehlivy parametr.

e Postkapilarni plicni hypertenze = {7

o
=

Pressure |

-
L]

PCW
EGWWW})WJM
0
Source: Fauc AS, Kasper DL, Braunwald E, Hauser 5L, Longe DL, Jarmeson JL, Loscalzo 1
Harrison's Principles of Inkarnal Madicine, 17th Edition: http:/fwww, accessmedicine, com

Copyright @ The McGraw-Hill Companies, Inc All rights rezerved,
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Plicni hypertenze
e Obecné —znamka horsi progndzy mnoha diagnoz
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Tabulka 3 Stupné zavaznosti plicni hypertenze
Lehka | Stredni Telka

Stredni tlak v plicnici (imm Hg) 206-35 36-45 =45
Systolicky tlak v plicnici (imm Hg) 36-45 46-60 =60




Plicni hypertenze

Transpulmonalni gradient

PA

- PCW

mean mean

Tabulka 1. Hemodynamickeé rozdéleni plicni hypertenze (PH)(stredni tlak v plicnici 25mmHg a vice)

Tlak v zaklinéni| Transpulmonailni Klinicka
(mmHg) gradient Srdecni vvde]j skupina
Prekapilarni PH <15 snizeny ¢1 normalni 1,3.4.5
Postkapilarni
PH =15
pastviil <12 sniZzeny ¢1 normalni 2
reaktivni, drive
smiSena PH >12 snizeny ¢1 normalni 2
Hyperkineticka <15 >10 zvyseny (plicni prutok) | ¢ast 1.4




Konstrikce versus Restrikce

* Pravostranné srdecni selhani u pacienta s normalni EF LK

e Pribyva pacientl po radiaci hrudniku a chemoterapii a pacientu
po sternotomii

 Moderni zobrazovaci metody mohou vyznamné pomoci — napt.
kalcifikace perikardu na angiografii Ci CT, typicky nalez na MRI u
amyloidosy
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Konstrikce versus Restrikce

 Dip a plateau 100=

e Ekvalizace tlaku v LK a PK v diastole \ [\

e U pacientu vysSetrovanych ve
stabilnim stavu s normalnim tlakem
v PS muze byt nutna objemova zatéz 50~
k detekci téchto znaku

LV

RV

0~
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Konstrikce versus Restrikce
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Zaver

e Hemodynamické vysetreni v katetrizacni laboratori v 21.
stoleti neni nikdy rutinni — diagnosa u typickych a
jednoduchych nalezu je stanovena pomoci neinvazivnich
metod a invazivni vysetreni je indikovano pouze u
komplikovanych stavu

* |Individualni pristup a precizni technika je zasadni




Zdroje

Databaze hemodynamickych vysetreni, Oddeleni invazivni
kardiologie, Fakultni nemocnice Kralovské Vinohrady

Zaklady invazivni hemodynamiky, Jiri Widimsky, Petr Widimsky;,
Triton

Morton J Kern, The Cardiac Catheterization Handbook, Mosby

Hemodynamics in the Cardiac Catheterization Laboratory of the
21st Century, Nishimura and Carabello, Circulation. 2012;125:2138-
2150

Hemodynamic Principles, Alan Keith Berger, MD. Divisions of
Cardiology and Epidemiology. University of Minnesota. Minneapolis

http://www.google.cz/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CCOQFjAA&url=http%3A%2F%2Fwww.med.umn.edu%2Fintcardio%2Fcurriculum
%2Fmodules%2FHemodynamic%2FHemodynamic_files%2FHemodynamic.ppt&ei=BzWVUt28J4KFhQfWqlHoAw&usg=AFQjCNHYBVT02dOen1wQrCc4egMVcoS
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CASES

e Study range
e Synchronise with ECG
e Usually name of chamber is written
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Cardiac Output

5L/min. and more

Indexed to BSA — over 2.5L/min/m?2
Vascular resistence

Systemic resistence — Ao-RA/CO
Pulmonary vascular resistence—PA-LA/CO
Shunt calculation



Complications of Coronary Angiography

 Death 0.1%
* Neurological event 0.1%
* Arrhythmias(DC or pacing) 0.3%
e Local vascular problems 1.6%
e \Vasovagal reactions 2.1%
o Allergies 2.0%

e Air embolism
* Contrast nephropathy



Risk vs Benefit:
The code of appropriateness

B>>>R
‘ | (appropriate indication)
A
B>>R
%‘ lla (probably appropriate)
> ®
O

B=R

T lIb (possibly appropriate)
R>B
lll (inappropriate)
hghop PSIK 2014
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Informed consent: How to escape from a communication Inferno

1in 1,000
Peripheral interventional cardiology
Risk category Cardiac ablation
c M Zero
© ™ Negligible
X Minimal
Y Very low
E m Low
&)
C
©
o
M  1in2,000 . ”
% n Abdominal CT Stress Sestamibi
w— scintigraphy
(-
o
3‘,‘, Chest CT
=
@ Barium enema
=
=t
©
©
<
Bone
scintigraphy
1 in 20,000 _
Lung scintigraphy
50 500

— Workshop PSIK 2014
MRI, US Picano E. BMJ, October 9, 2004

Coronary stent

Equivalent number of chest 1000

X-rays



“Free of radiation”:
population perspective

e Stress perfusion imaging (Brindis RG, JACC 2005 ):
— 10 million /year in US

e Average dose per exam (Thompson RC, J Nucl Med, 2006):
— 1000 chest x-rays (500 to 1600)

e Risk per exam (BEIR VII, 2005):
— 1 cancer in 500

* Population risk: 20,000 cancer/year

Small individual risks multiplied by billion examinations become significant population risks
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Right Heart Catheterization
Inspiratory Effect on Right Atrial Pressure

 Normal physiology
— Inhalation: Intrathoracic pressure falls = RA pressure falls
— Exhalation: Intrathoracic pressure increases = RA pressure increases

Inspiration



Inspiration

Davidson C]J, et al. Cardiac Catheterization. In: Heart Disease: A Textbook of Cardiovascular Medicine,
Edited by E. Braunwald, 5% ed. Philadelphia: W5 Saunders Company, 1997



Hemodynamic Principles

She has valvular aortic stenosis.

She has hypertrophic cardiomyopathy with obstruction.
She has an intraventricular pressure gradient.

She has a bicuspid aortic valve with mild stenosis.

She has a pressure gradient but it is likely an artifact.

MY QW




Hemodynamic Principles

C. She has an intraventricular pressure gradient.




Hemodynamic Principles

. Parallel increase in left and right ventricular end-
diastolic pressures.

Concordance of left and right ventricular systolic
pressures during normal respiration.

. Dyssynchronous increase in right ventricular systolic
pressure with left ventricular pressure at end
inspiration.

. Simultaneous increase in left ventricular, pulmonary
capillary wedge, and left ventricular systolic
pressures.

. Dip and plateau of LV diastolic pressure.




Hemodynamic Principles

B. Concordance of left and right ventricular systolic
pressures during normal respiration.




Hemodynamic Principles

. Abrupt cessation of ventricular filling with simultaneous right and left
ventricular diastolic pressures.

Respiratory disconcordance of simultaneous right and left ventricular
systolic pressures.

. Respiratory concordance of simultaneous right atrial and left ventricular
pressures.

. Respiratory disconcordance of simultaneous pulmonary capillary wedge
and right atrial pressures.

Dip and plateau of left ventricular diastolic pressure.




Hemodynamic Principles

B. Respiratory disconcordance of simultaneous right and left ventricular
systolic pressures.







Fick oxygen method total error = 10%

Error in O2 consumption = 6%

Error in AV O2 difference = 5%. Narrow AV O2 differences
more subject to error, and therefore Fick method is most
accurate in low cardiac output states

Sources of Error
Incomplete collection of expired air (Douglas bag)
- Underestimate O2 consumption and CO
Respiratory quotient = 1

* Volume of CO2 expired is not equal to O2 inspired
- Leads to underestimation of O2 consumption and CO

Incorrect timing of expired air collection (Douglas bag)




Sources of Error

Spectophotometric determination of blood oxygen
saturation

Changes in mean pulmonary volume

* Douglas bag and MRM measure amount of O2 entering lungs,
not actual oxygen consumption

- Patient may progressively increase or decrease pulmonary
volume during sample collection. If patient relaxes and
breathes smaller volumes, CO is underestimated

Improper collection of mixed venous blood sample
- Contamination with PCW blood
- Sampling from more proximal site




Requirements

Bolus of indicator substance which mixes
completely with blood and whose concentration
can be measured

Indicator is neither added nor subtracted from
blood during passage between injection and
sampling sites

Most of sample must pass the sampling site
before recirculation occurs

Indicator must go through a portion of circulation
where all the blood of the body becomes mixed




Indicators

Indocyanine Green
Thermodilution (Indicator = Cold)




Indocyanine green (volume and concentration
fixed) injected as a bolus into right side of
circulation (pulmonary artery)

Samples taken from peripheral artery, withdrawing
continuously at a fixed rate

Indocyanine green concentration measured by
densitometry

Recirculation

Extrapolation
(Cxt) of plot




Sources of Error
Indocyanine green unstable over time and with exposure to
light
Sample must be introduced rapidly as single bolus
Bolus size must be exact

Indicator must mix thoroughly with blood, and should be
injected just proximal or into cardiac chamber

Dilution curve must have exponential downslope of
sufficient length to extrapolate curve. Invalid in Low
cardiac output states and shunts that lead to early
recirculation

Withdrawal rate of arterial sample must be constant







Advantages
Withdrawal of blood not necessary
Arterial puncture not required
Indicator (saline or D5W)

Virtually no recirculation, simplifying computer
analysis of primary curve sample




Sources of Exrror (£ 15%)

Unreliable in tricuspid regurgitation

Baseline temperature of blood in pulmonary artery may
fluctuate with respiratory and cardiac cycles

Loss of injectate with low cardiac output states

(CO < 3.5 L/min) due to warming of blood by walls of
cardiac chambers and surrounding tissues. The reduction in
A Ty at pulmonary arterial sampling site will result in
overestimation of cardiac output

Empirical correction factor (0.825) corrects for catheter
warming but will not account for warming of injectate in
syringe by the hand




Volume of blood ejected in a single contraction

Volumetric analysis requires 3-dimensional
analysis to calculate end-diastolic and end-systolic
volume

Stroke volume = End-diastolic volume — End-systolic volume

Estimation based on cardiac output

Cardiac output

Stroke volume =

Heart rate




Hemodynamic Principles

. Using an assumed O, consumption of 125 ml/m? is acceptable
and results in minimal variability in cardiac output compared
with direct measurements of O, consumption.

. The thermodilution method underestimates cardiac output in
patients with low forward flows (cardiac outputs <3.5 L/min).

. The thermodilution method underestimates cardiac output in
the presence of important tricuspid regurgitation.

. O, saturation measured in blood collected from a central line
in the right atrium is an acceptable substitute for a pulmonary
artery sample when calculating the AV O, difference.

. A high cardiac output will produce a large area under the
temperature-time curve in thermodilution determinations.




Hemodynamic Principles

C. The thermodilution method underestimates cardiac output in
the presence of important tricuspid regurgitation.




Pressure measurement

Right and left heart catheterization

Cardiac output measurement
Fick-oxygen method

- Arterial-venous oxygen difference
Indicator-dilution methods

- Indocyanine green
- Thermodilution

Shunt detection and measurement
Gradients and valve stenoses







SAVA

PVR




Increased
Systemic HI'N

Cardiogenic shock with compensatory arteriolar
constriction

Decreased
Inappropriately high cardiac output

- Arteriovenous fistula
- Severe anemia

- High fever
°© Sepsis
- Thyrotoxicosis




Increased
Primary lung disease
Eisenmenger syndrome

Elevated pulmonary venous pressure
- Left-sided myocardial dysfunction

- Mitral / Aortic valve disease
Decreased




Hemodynamic Principles

A. He would be a candidate for cardiac transplantation based
upon the calculated pulmonary arteriorlar resistance.

B. He should undergo further evaluation with infusion of
nitrprusside.

C. He would not be a candidate for cardiac transplantation based
upon pulmonary arteriorlar resistance.

D. He should be considered for combination heart-lung
transplanation.

E. More information is required to determine the pulmonary
arteriorlar resistance.




Hemodynamic Principles

A. He would be a candidate for cardiac transplantation based
upon the calculated pulmonary arteriorlar resistance.




Hemodynamic Principles




Hemodynamic Principles
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Hemodynamic Principles

c-—




Hemodynamic Principles

Further reductions in pulmonary artery pressure can likely be
achieved at higher dose of this prostaglandin.

The hydrogen curve result suggests there is an intracardiac
left-to-right shunt.

At baseline, the pulmonary resistance is elevated at 20 Wood
units.

At baseline, the pulmonary resistance is elevated at 20
dyne/sec/cm-5.

Primary pulmonary hypertension has no genetic
determinants.




Hemodynamic Principles

C. At baseline, the pulmonary resistance is elevated at 20 Wood
units.




Hemodynamic Principles




Hemodynamic Principles

S

M O

The Qp/Qg suggests that no therapy is required at this time.

The PVR/SVR ratio suggests the elevated PA pressure is due to
Eisenmenger’s syndrome, and it is too late to consider ASD closure.

The PVR/SVR ratio is low enough that she would be a candidate for ASD
closure at this time.

There are inadequate data to decide the patient’s operability.
Endocarditis prophylaxis is highly recommended to prevent endocarditis
given these hemodynamics.




Hemodynamic Principles

C. The PVR/SVR ratio is low enough that she would be a candidate for ASD
closure at this time.




Hemodynamic Principles




Hemodynamic Principles




Hemodynamic Principles

B. The PVR is 21.7 Wood units.




Pressure measurement
Right and left heart catheterization
Cardiac output measurement
Fick-oxygen method
- Arterial-venous oxygen difference

Indicator-dilution methods
- Indocyanine green
- Thermodilution

Vascular resistance

Gradients and valve stenoses




Arterial desaturation (<95%)

Alveolar hypoventilation (Physiologic Shunt)
corrects with deep inspiration and/or O,
- dedation from medication

- COPD / Pulmonary parenchymal disease
- Pulmonary congestion

Anatomic shunt (Rt—>Lf) does not correct with O,

Unexpectedly high PA saturation (>80%) due
to L{>Rt shunt




Shunt Detection
Indocyanine green method
Oximetric method

Shunt Measurement
Left-to-Right Shunt
Right-to-Left Shunt
Bidirectional Shunt




Indocyanine green (1 cc) injected as a bolus into
right side of circulation (pulmonary artery)
Concentration

measured from

peripheral artery

Appearance and

washout of dye

produces initial 15t

pass curve followed

by recirculation in

normal adults










Normal M Right to Left Shunts
lﬂt Pass M Left to Right Shunts
ppearance

/

o Early Recirculation

Appegrance - Normal Recirculation

5 10

A
Injection
l Seconds




Shunt Detection
Indocyanine green method
Oximetric method

Shunt Measurement
Left-to-Right Shunt
Right-to-Left Shunt
Bidirectional Shunt




Obtain O2 saturations in
sequential chambers,
identifying both step-up
and drop-off in O2 sat
Insensitive for small
shunts (< 1.3:1)




Ve
X
X
X
X
X
X
X X
X
X
X
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RA receilves blood from several sources

SVC: Saturation most closely approximates true systemic
venous saturation

IVC: Highly saturated because kidneys receive 25% of CO
and extract minimal oxygen

Coronary sinus: Markedly desaturated because heart
maximes O2 extraction

Phlamm Equation: Mixed venous saturation used to
normalize for differences in blood saturations that
enter RA

3 (SVC) + IVC
4

Mixed venous saturation =




Left to right shunt results in step-
down in O, between PV and Ao
Shunt is the difference between
systemic flow measured and what it
would be in the absence of shunt
(EPBF)

Pulmonary Blood Flow = EPBF

Right-Left Shunt = Systemic Blood Flow — Effective Blood Flow

O, consumption O, consumption

(B0O,-MVO,)x10  (PvO,—-MVO,) x 10
(A0O, - MVO,)

Qp / Qs Ratio = PBF / SBF =

(PvO, — PaO,)




Tetralogy of Fallot

Eisenmenger Syndrome

Pulmonary arteriovenous malformation
Total anomalous pulmonary venous return
(mixed)




Shunt Detection
Indocyanine green method
Oximetric method

Shunt Measurement
Left-to-Right Shunt
Right-to-Left Shunt
Bidirectional Shunt




Q, MV O, content — PA O, content)

(MV O, content — PV O, content)

Q, (PV O, content — SA O, content) (PA O, content — PV O, content)

(SA O, content — PV O, content) (MV O, content — PV O, content)




Transposition of Great Arteries

Tricuspid atresia

Total anomalous pulmonary venous return
Truncus arteriosus

Common atrium (AV canal)

Single ventricle




Requires steady state with rapid collection of O,
samples
Insensitive to small shunts

Flow dependent

Normal variability of blood oxygen saturation in the right
heart chambers is influenced by magnitude of SBF

High flow state may simulate a left-to-right shunt
When O, content is utilized (as opposed to O, sat),
the step-up is dependent on hemoglobin.




Hemodynamic Principles

5.0 liters/minute.
5.3 liters/minute.
5.8 liters/minute.
6.2 liters/minute.
6.5 liters/minute.
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Hemodynamic Principles

A. 5.0 liters/minute.




Hemodynamic Principles

3-to-1 shunt at the atrial level.

2-to-1 shunt at the ventricular level.

Bidirectional shunting at the atrial level with a 1.8-to-1 left to right shunt
and 1.2-to-1 right-to-left shunt.

2-to-1 at the atrial level.

Qx>

Mo

3-to-1 at the ventricular level.




Hemodynamic Principles

D. 2-to-1 at the atrial level.




Hemodynamic Principles
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Flow

Ce+ 443 -V h




CO / (DFP or SEP) * HR
n =

Ce+443 AP

CO
Peak gradient







