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Physiology/pathophysiology



Why is the cardiovascular system necessary 

for a complex vertebrate ? 

• Provide O2 (nutrients) and remove CO2 

to/from the cells 

• Provide a functional reserve if necessary

– Flight/fight 

– The maximum capacity of physical effort 

depends also on lung/skeletal 

muscle/vessels/capillaries/Hb….

• Functional reserve at nearly all levels 



British Journal of Anaesthesia 107 (S1): i41–i59 (2011)
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CO = EV x HR

Inotrope Inodilator/

Vasodilator (arterial) 

Vasodilator/inodilator 

= CO 

Inotrope/inodilator

Vasodilator (venous)

The cardiocentric 

view of 

haemodynamics 



Consider a patient with cardiogenic shock following 
myocardial infarction. How would you evaluate the 

efficacy of positive inotropic drug ?

• Haemodynamic criteria (CI, PCWP, PAP, RAP, 
iEV, iLVSW, iRVSW, function curves of LV/RV)

• O2 extraction
• Organ function (kidney, liver, skin…)
• Different time constants
• When would you define the failure of the 

positive inotrope ? 
• When would you indicate an ventricular 

assist device ? 



J Am Coll Cardiol 2004;44:340–8



CPO = MAP x DC / 451 (W)

J Am Coll Cardiol 2004;44:340–8



In the cardiocentric view

• There is the confounding effect of HR in 

CO

– Increases in HR can compensate for 

decreased EV

• It is energetically not good for the heart

• May explain the lack of beneficial effects of 

catecholamines on an acute/semi-chronic basis in 

heart failure

• No studies have addressed this issue….. properly
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Integrated

• Venous component of the circulation

– Congestion 

• Interactions RV/LV

• Cardiorespiratory interactions

• Ventricular-large artery coupling

• Intra-organ haemondynamics

– The waterfall  



Why would vasodilators improve 
outcome more than 

inotropes/inodilators ? 

The reshape of paradigm:

From “cardiocentric” to intergrated

www. Intensetimes.eu 
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Vs is stressed blood volume and C is systemic 

compliance (mean compliance of the cardiovascular circuit). 

The latter approximates the compliance of the venous reservoir

Crit Care Med 2013; 41:255–262
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4000 ml 

5000 ml 

PMSF= 7 mmHg

Normal SNS activation 



3400 ml 

PMSF= 17 mmHg

Maximal SNS activation 



4400 ml 

PMSF= 4 mmHg

Minimal SNS activation

(anesthesia ? ) 



Crit Care Med 2013; 41:255–262
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KEY MESSAGES (1)

• Mean venous pressure in humans 
– 10 to 15 mm Hg in small venules
– 4 to 8 mm Hg in peripheral veins 
– 1 to 2 mm Hg in the vena cavae

• THE GRADIENT THAT IS RESPONSIBLE for venous 
return (cardiac output) is less than 10 mmHg

• Given the very high compliance of the venous 
system, an increase in CVP is much more likely to 
be due to decreased venous compliance and not 
to increased intravascular volume. 

• Plus retrograde increase in CVP due to HF ?

C.C.Y. Pang / Pharmacology & Therapeutics 90 (2001) 179–230



Who would attempt to define 

congestion ?

(in heart failure for instance)
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Increased Volume Is Neither Necessary Nor Sufficient to Cause Congestion



European Journal of Heart Failure (2010) 12, 423–433



Increased LVEDP
(“left side” congestion)

Increased RVEDP
(“right side” congestion)
-Isolated
-Secondary to Increased

LVEDP

European Journal of Heart Failure (2010) 12, 423–433
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Gheorghiade de al. conclude 

• Congestion is a very frequent clinical problem 
in AHF/ADHF syndromes

• Is probably also a problem (with differences) 
in ICU patients

• Diagnosis is difficult

• Evaluation is complex

• Is associated with worse outcome initially and 
at distance

European Journal of Heart Failure (2010) 12, 423–433



The questions raised by the article of 
Gheorghiade et al. 

• Increased LVEDP/ RVEDP may be a problem of:
– Systolic RV/LV dysfunction
– Diastolic RV/LV dysfunction
– Increased volemia
– Normo-/ hypovolemia and decreased venous 

(pulmonary and systemic) compliance
• Secondary to activation of the SNS

• Does not clearly state that congestion and 
volume overload are not similar
– In routine clinical practice this results in the fact that 

diuretics are the (only) solution to congestion 

European Journal of Heart Failure (2010) 12, 423–433



A few considerations on “left side 
congestion”

What is the role of pulmonary veins in the transpulmonary vascular resistance ? 

Prostaglandins & other Lipid Mediators 107 (2013) 48–55
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Ventricular-large artery 

coupling

LV-Ao

RV-PA
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THE message

• SVR/PVR (non pulsatile) are not the only 

determinant of the ventricular afterload

• Mechanical properties of the AO/PA are 

the pulsatile component of the afterload 

and are very important

– Chronic and acute basis



Volume

Pressure

Ees
Ea



RV Volume

RV
Pressure

Ees

Ea

SV

Pmax

Pes= mPAP



Ventricular-arterial coupling

Ea is a measure of impedance (being influenced by static and pulsatile

afterload and by heart rate) and is calculated as 

the ratio of systolic pressure/stroke volume

Ees is the slope of the end-systolic pressure-volume relation..

De Tombe et al. Am J Physiol 264:H1817-H18248 1993



Ea/ Ees ratio

• Physiologic increase of Ea with age
– Stiffening of large arteries

• Physiologic increase of Ees with age
– Ea/Ees ratio in healthy elderly patients is maintained 

close to 1. 

• In normal subjects
– 0.7-1

• In CHF patients
– Up to 4

• Decreased Ees (decreased systolic function)

• Increased Ea (increased systemic vascular resistance)



J Am Coll Cardiol 32:1221-1227, 1998

Slopes of volume

vs pressure different

despite similar

Ea/Ees values  

Greater variability of pressure

with changes in central volume

in the elderly patients



The role of cardiac power and systemic vascular resistance in the

pathophysiology and diagnosis of patients with acute congestive

heart failure. Cotter et al. Eur. J. Heart Fail. 2003;5: 443-415 + Editorial

Interactions cardiac output-arterial pressure



N Engl J Med 2003;348:1756-63.
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Pre-M and post-M: before and after metaraminol administration

Required for calculation of Ees 
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Assessment and treatment of right 
ventricular failure
Marc A. Simon

Abstract | Right ventricular (RV) failure is a complex problem with poor outcomes. Diagnosis requires a high 

degree of clinical suspicion, because many of the signs and symptoms of this condition are nonspecific and 

can be acute or chronic. Identification of the underlying aetiology, which can include pulmonary hypertension, 

cardiomyopathy, myocardial infarction, congenital or valvular heart disease, and sepsis, is essential. 

Echocardiography is the technique of choice for first-line assessment, but cardiac MRI is the current gold 

standard for anatomical and functional assessment of the right ventricle. Therapy for RV failure should be 

directed at the underlying cause, although management of symptoms is also important. Therapeutic options 

range from pharmacological treatment to mechanical RV support and heart transplantation. The complex 3D 

geometry of the right ventricle and its intricate interactions with the left ventricle have left many questions 

about RV failure unanswered. However, promising new targeted therapies are under development and 

mechanical support is becoming increasingly feasible. The next decade will be an exciting time for advances 

in our understanding and management of RV failure.

Simon, M. A. Nat. Rev. Cardiol. 10, 204–218 (2013); published online 12 February 2013; doi:10.1038/ nrcardio.2013.12

Introduct ion
Right ventricular (RV) failure can have various aetiologie s, 

and is universally associated with poor prognosis. 

Unfortunately, no estimates of the prevalence of RV failure 

in the population exist. The statistics that are known relate 

to the underlying diseases associated with this condition, 

which include systolic left ventricular (LV) heart failure, 

primary cardiomyopathies, coronary artery disease, 

intrinsic lung disease, congenital heart disease, pulmonary 

hypertension (PH), and hepatic failure. Cor pulmonale 

(RV failure secondary to intrinsic respiratory disease) 

is the third most-frequent cause of cardiac dysfunction 

after coronary and hypertensive heart disease in patients 

aged >50 years.1 Evidence of RV infarction is found in 

up to half of all inferior wall infarcts.2 The prevalence of 

congenital heart disease has been estimated at 4–10 per 

1,000 live births and 4.09 per 1,000 in adults, which has 

risen substantially with improvements in surgical repair 

techniques.3,4 Not all these occurrences of congenital heart 

disease will lead to RV dysfunction or failure.

Ear ly recogni t ion of RV dysfunct ion, before 

progressio n to full RV failure, is essential to improve 

patient outcomes. For the purposes of this Review, ‘RV 

dysfunction’ is defined as an abnormality of RV func-

tion found with any test (typically imaging), whereas 

‘RV failure’ is the clinical syndrome of right-sided heart 

failure, ha emodynamics notable for low cardiac output 

with high RV filling pressure (end-diastolic pressure), or 

both. Therapy for RV failure should be directed at the 

underlying cause, as in the case of pulmonary embolism 

or left-sided heart failure, but management of symptoms 

is also important. In severe cases, where death seems 

imminent, mechanical support of the right ventricle 

might be needed. Many advances in our understanding of 

the identification, pathophysiology, and treatment of RV 

dysfunction have occurred over the past decade. However, 

the complex 3D geometry of the right ventricle, its intri-

cate interactions with the left ventricle, and the lack of 

accepted approaches to assess regional and organ-level RV 

f unction, have left many questions unanswered.

This Review provides an overview of the various 

a etio logies and pathophysiologies of RV failure, tech-

niques for diagnosing RV dysfunction, and treatment 

modalities. Although RV failure has a multitude of 

aetiologies, much of the progress in the past few years 

has been made owing to advances in the field of PH. 

Additionally, many of the diagnostic and treatment 

modalities share common themes. Therefore, although 

this Review will touch upon the various aetiologies of 

RV failure, the p articular focus will be on PH.

Aetiology and pathophysiology
Cardiomyopathies, congenital or valvular heart disease 

(before or after surgical repair), sepsis, volume overload 

of the right ventricle, and pressure overload of the right 

ventricle (that is, PH) have all been identified as aeti-

o logies of RV dysfunction.5–7 Any cardiomyopathy can 

affect the right ventricle causing RV dysfunction and, 

eventually, failure. Therefore, the differential diagnosis of 
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from simultaneous recording of pressure and flow, 

has been shown to predict outcomes in patients with 

PAH better than pulmonary vascular resistance.112 

Understanding the pulsatile load could help us to under-

stand better the pathophysiology and natural history of 

RV failure, improve diagnosis, and tailor therapy.113,114

Biomarkers in RV dysfunction

B-type natriuretic peptide (BNP) is a hormone secreted by 

the ventricles in response to pressure overload, seemingly 

regardless of aetiology. BNP was originally described in the 

left ventricle, but has also been found in the right ventricle. 

An elevated plasma BNP level has been associated with RV 

dysfunction and worse outcomes in patients with LV sys-

tolic dysfunction or PAH.115–117 In congenital heart disease, 

plasma BNP and N-terminal-proBNP levels are useful for 

detecting heart failure.118 In patients with acute pulmo na ry  

embolism, an elevated plasma BNP level is associ-

ate  d with poor ou tcomes.119 The N-terminal-proBNP 

plasma level significantly decreases after success fu  l  

thrombolysis of massive pulmonary embolism with RV 

dysfunction, which can be useful to determine the success 

of therapy.120

Troponins are par t of the myocyte contract i le 

appara tu s, and detectable elevations in the blood indicate 

myocyte damage. Troponin elevations are seen in patients 

with LV damage, RV infarction, or acute pulmo nary 

embolism associated with RV dysfunction.121,122 Troponin 

elevation is associated with worse prognosis in patients 

with PAH.123

Management of RV dysfunct ion
As previously stated, therapy for RV failure should be 

ta rgeted towards the underlying aetiology. RV failure 

caused by acute myocardial infarction requires speci-

fi c treatment, different from that for acute pulmonary 

embolus or chronic PAH. Patients with RV failure caused 

by congenital or valvular heart disease might require 

surgi cal intervention to correct the underlying structural 

abnormality. Several new pharmacological and mechanica l 

approaches to RV dysfunction and failure are c urrently 

under investigation.

Pharmacological RV support

Once the aetiology of RV failure is identified and specific 

therapies engaged, the mainstays of the pharmaco logical 

management of RV failure should include judicious volume 

control in all aetiologies, inotropic therapy for low output 

systolic heart failure, and vasodilator therapy for PAH, with 

or without invasive haemodynamic monitoring as needed 

to assess the effects of therapy and guide management. The 

goals of volume management should be to maintain suf-

ficient preload for adequate cardiac filling, while providing 

relief from RV volume overload and septal shifting that can 
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Figure 2 | Pressure–volume loops of the right and left ventricles. a | RV pressure–volume loops in patients with two 

extremes of RV pressure overload. Multiple loops are generated for each patient by altering preload. The ESPVR (solid 

purple lines) and EDPVR (dashed purple lines) are defined by the upper left and lower right corners, respectively. The slope 

of the ESPVR is end-systolic elastance, which represents the contractility of the ventricle, with a steeper slope indicating 

greater contractility. The ratio of end-systolic pressure (upper left corners of the loops) to stroke volume (width of the loops) 

is the arterial elastance (blue lines) and is a measure of afterload, with a steeper negative slope indicating greater 

afterload (greater pressure per volume ejected). Permission obtained from Wolters Kluwer Health © Champion, H. C. et al. 

Comprehensive invasive and noninvasive approach to the right ventricle-pulmonary circulation unit: state of the art and 

clinical and research implications. Circulation 120 (11), 992–1007 (2009). b | LV pressure–volume loops in a patient with 

heart failure with preserved systolic function (diastolic dysfunction) before and after exertion. With mild exertion (isometric 

handgrip), high baseline arterial elastance (in this case representing afterload of the left ventricle induced by the systemic 

circulation) increases markedly (arrow), with notable systemic hypertension and severely elevated end-diastolic pressure. 

Such elevated LV end-diastolic pressure causes pulmonary venous congestion leading to pulmonary hypertension that 

results in dyspnoea. Permission obtained from Wolters Kluwer Health © Borlaug, B. A. & Kass, D. A. Ventricular–vascular 

interaction in heart failure, Heart Fail. Clin. 4, 23–36 (2008). Abbreviations: EDPVR, end-diastolic pressure–volume 

relationship; ESPVR, end-systolic pressure–volume relationship; LV, left ventricular; PAH, pulmonary arterial hypertension; 

RV, right ventricular.
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J Appl Physiol 109:1080-1085, 2010
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Intra-organ haemodynamics 

The “waterfall”
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This pressure changes with vasoconstrictors
and vasodilators

The arterial and venous resistances are 
regulated separately and differently !



Pharmacology 



(Crit Care Med 2004; 32:1928 –1948





Mebazaa et al. Critical Care 2010, 14:201
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0.2 mcg/kg/min

Time 0 24 h     30 h2 h

0.1 mcg/kg/min

5 mcg/kg/min

10 mcg/kg/min

Levosimendan 103 pts

100 pts

PA Catheterization

Stabilization

Bolus Continuous Infusion

Dobutamine

24 mcg/kg bolus

-2 h

(if CI     <30%)

Follath F, et al. Lancet. 2002;360:196-202.

*Within one month of enrollment.

203 patients
With Low-Output HF 
Requiring IV Inotrope

EF < 35%*
CI < 2.5 L/min/m2

PCWP >15 mm Hg

LIDO Study Design
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In CHF : Desensitization/downregulation B1 / Resensitization if beta-blockers chronically
Preserved beta-2/ alpha 1 receptor numbers/signaling 

J Am Coll Cardiol 2009;54:1747–62
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One of the first explanations why VD 
would save lives

• Inotropes do not save lives or even increase mortality
– CHF patients

– ADHF patients

– AHF patients

– Many types of ICU patients
• Cardiac surgery

• Patients with severe sepsis 

• Mechanisms of the deleterious effects of inotropes ?
– MvO2 ?

– Heart rate ? 



Therapeutic approach of 
inotropes/inodilators/vasodilator

s



Meta-analyses for 
dobutamine/milrinone/levosimendan

• Heterogenous groups of patients

• Statistical associations with outcomes:

– Neutral/deleterious for dobutamine/milrinone

– Beneficial for levosimendan ?

Intensive Care Med (2012) 38:359–367

Journal of Cardiothoracic and Vascular Anesthesia, 

Vol 26, No 1 (February), 2012: pp 70-77

Journal of Cardiothoracic and Vascular Anesthesia, 

Vol 26, No 1 (February), 2012: pp 70-77

Critical Care 2011, 15:R140
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Second reasons why VD would 
improve survival

• Because of intrinsic beneficial effects

• Why ?

– How documentation of these mechanisms could 
contribute widen the use of VD ?
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NOT a prospective study 
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From the most (but also less)
recent literature

• The goals of HS for ICU patients  (mortality)
– AHF/ADHF

– Cardiac surgery

– Septic shock patients

– Other pathologies

• Are not obvious anymore
– Classical approaches (inotropes/vasoconstrictors) do 

not improve survival

– “Counter-intuitive” interventions (vasodilators, b-
blockers) are under new scrutiny



Clinically unused determinants of 
heart function 

• LV-aorta coupling

• RV-pulmonary artery coupling

• P artery to P veins coupling +++

– Mechanisms of dyspnea ?

• Critical closing pressure within vital organs

– Brain, heart, kidney lower than in other organs

• Arterial and venous resistances regulated 
differently



Why would vasodilators improve 
outcome more than 

inotropes/inodilators ? 

The reshape of paradigm:

From “cardiocentric” to intergrated

www. Intensetimes.eu 
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CO = EV x HR

Inotrope Inodilator/
Vasodilator 

Vasodilator/inodilator 

= CO 

Inotrope/inodilator
Vasodilator 



Crit Care Med 2013; 41:255–262

The venous circulation should be approached by bearing in mind not only pressures
but mainly compliance +++++++ 



Anesth Analg 2012;114:803–10)



• Veins, relative to arterioles, are less affected 
by locally released metabolic vasodilator 
factors but are more dominated by 
sympathetic activity and probably 
pharmacological interventions 
(catecholamines)

C.C.Y. Pang / Pharmacology & Therapeutics 90 (2001) 179–230

KEY MESSAGES (2)





In many situations

• AHF
• ADHF
• ICU patients

The patients have “normal” arterial circulatory function
BUT are “congestive” because of decreased venous compliance (either 

with hyper or with normovolemia or even hypovolemia)
“right side” and “left side” decreases in venous compliance 

The main credible explanation for the deleterious effects of inotropes/ 
vasoconstrictors versus (ino)dilators is that vasodilators improve 
compliance
-venous side (systemic and pulmonary) 
- arterial side (ventricle/large artery coupling)



Right ventricular dysfunction 
predicts renal dysfunction after 

cardiac surgery: a possible role for 
venous congestion 

P-G Guinot1, MD; O Abou Arab1, MD; D 
Longrois2, MD, PhD; H Dupont1, 3 MD, 

PhD.

Presented at ESICM 2013, Paris,
Manuscript submitted



TTE evaluation of RV function

• RVEF: biplane Simpson’s method on a four-chamber view. 
• The systolic tricuspid annular motion at the lateral wall 

(Sr(t)) 
• M-mode annular systolic excursion plane (tricuspid annular 

systolic plane excursion (TAPSE)) were measured by placing 
the tissue-Doppler pulse wave and M-mode sample volume 
at the level of the basal RV free wall. 

• Qualitative measure of right ventricular dilatation was 
estimated from multiple views and graded as no dilation or 
dilatation. 

• Inferior vena cava (IVC) diameter was measured on a 
subcostal view

• CVP



Definition of RV dysfunction

• Due to the complex geometry and lack of 
accepted standards for echocardiographic 
evaluation of RV function, RV dysfunction 
(RVd) was defined as ≥ 2 echocardiographic 
variables of significant RV dysfunction from 
among the following RV parameters: RVEF, 
TAPSE, Sr(t) (all in the lowest quartile) and RV 
dilatation



Correlation between haemodynamic, right ventricular 
and left ventricular echocardiographic variables (all 

measured upon ICU admission) and POD1 sCr variation

 Univariate 

 r (CI95%) p 
value 

RVEF -0.36 (-0.54- -0.14) 0.004 

TAPSE -0.33 (-0.52- -0.11) 0.004 

Systolic lateral tricuspid annular motion velocity -0.03 (-0.26-0.19) 0.07 

IVC diameter  0.31 (0.09-0.5) 0.007 

CVP 0.36 (0.14-0.54) 0.001 

LVEF 0.03 (-0.19-0.26) 0.78 

MAP 0.16 (-0.23-0.23) 0.91 

Cardiac index -0.09 (-0.32- 0.14) 0.43 

Postoperative fluid balance -0.11 (-0.33-0.12) 0.35 

CPB duration 0.16 (-0.09-0.36) 0.17 

	



Factors associated with AKI

 Univariate Multivariate 

 OR (CI95%) p value OR (CI95%) p value 

Right ventricular 

dysfunction 

17.7 (3.7-83.9) 0.0001 12.7 (2.6-63.4) 0.02 

Diuretic treatment 7.9 (2.5-24.9) 0.0001 5.2 (1.5-18.3) 0.01 

Norepinephrine treatment 4.9 (1.8-13.4) 0.002   

Postoperative transfusion 5 (1.5-16.9) 0.01   

	

Mechanisms of RV dysfunction ? 
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My conclusions (2)

• When designing clinical trials on vasodilators 
one should have a (validated) hemodynamic 
model with

– Monitoring tools that can be used in clinical 
practice +++++

– Defined therapeutic goals

• The present-day hemodynamic model is 
WRONG 



Clinical reasoning

How do you evaluate the 
efficacy/side effects of inotropic 

drugs/interventions ? 



Evaluation of clinical efficacy of 

inotropic interventions 

Ed Volume 

V
en

tr
ic

u
la

r
p
er

fo
rm

ac
n
e

E. Braunwald, 1992

(CVP/PCWP , area, etc.)

SV
LVSWI
CP

DC
sans
FC



Treat the cause Symptomatic treatment

+

Symptomatic treatment

Clnical diagnosis of card. Shock/ AHF

(Plus imaging , Hemodyn., LVSW/CP, SVO2, échography.)

Mechanisms/causes of CS/AHF

Cause/mechanisms specific treatment (ACS)

Catecholamines 

(alone/ association)

No increase 

In SV/

LVSWI

Increase in SV

And LVSWI

Increased  LVSW

But NOT SV

Continue

+   vasodilators

+  optimise

preload

Attempt to introduce

vasodilators

Re-evaluate 

Preload and RV 

(échography)

YES NO



Treat the cause Symptomatic treatment

+

Symptomatic treatment

Clnical diagnosis of card. Shock/ AHF

(Plus imaging , Hemodyn., LVSW/CP, SVO2, échography.)

Mechanisms/causes of CS/AHF

Cause/mechanisms specific treatment (ACS)

Catecholamines 

(alone/ association)

No increase 

In SV/

LVSWI

Increase in SV

And LVSWI

Increased  LVSW

But NOT SV

Continue

+   vasodilators

+  optimise

preload

Attempt to introduce

vasodilators

Re-evaluate 

Preload and RV 

(échography)

YES NO



Examples

• HR= 90 bpm; SV= 35 ml; CO = 3.15 l/min

– SvO2 = 55 %; Lactate 2.9 mmol/L; SBP : 92 mmHg

• Inotropes (dobutamine)

– Scenario 1: HR = 95; SV= 42 ml; CO= 3.99 l/min

• Sv02= 65 %; Lactate ?; SBP 100 mmHg

– Scenario 2: HR= 120; SV= 32; C0= 3.84 l/min

• SvO2= 62 %, Lactate ? ; SBP 100 mmHg

– Scenario 3: HR= 140; SV= 20; CO = 2.8 l/min

• SvO2= 40; Lactate ?; SBP 70 mmHg 

• Possible causes ? 



Possible causes of scenario 3

• Obstructive CM

– SAM ++++

• Atrial fibrillation

• Myocardial ischemia

• Hypovolemia

• Acute RV dilatation 

– Why with dobutamine ? 





Treat the cause Symptomatic treatment

+

Symptomatic treatment

Catecholamines 

(alone/ association)

No increase 

In SV/

LVSWI

Increase in SV

And LVSWI

Increased  LVSW

But NOT SV

Continue

+   vasodilators

+  optimise

preload

Attempt to introduce

vasodilators

Re-evaluate 

Preload and RV 

(échography)

New HD/ Echo

evaluation
Failure of 

Medical treatment

NO RESERVES

No preload 

reserve

ECLS/ LVAD

YES NO



Conclusions (1)

• Inotropes/vasodilators may have complex 
effects

• The most important issues are:

– Understanding physiology/pathophysiology

– Measuring

• Hemodynamics +++++
– Heart, heart vessels/interactions, organ hemodynamics

• Echocardiography ++++++++++++++++++++++++++

• Biology



Conclusions (2)

• In chronic/acute settings, a pharmacological 
intervention can modify the system

– One can become pre-load dependent even if one 
has CHF/ AHF +++++

• Essential to understand/use an algorithm to 
define the failure of pharmacological 
interventions rapidly (< 6 hours)

• Possibility to mechanically assit the heart

– ECLS/LVAD/VAD


