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Abstract
Background: The aim of this study was to assess the relationship between extracorporeal blood flow
(EBF) and left ventricular (LV) performance during venoarterial extracorporeal membrane oxygenation
(VA ECMO) therapy.
Methods: Five swine (body weight 45 kg) underwent VA ECMO implantation under general anesthesia
and artificial ventilation. Subsequently, acute cardiogenic shock with signs of tissue hypoxia was
induced. Hemodynamic and cardiac performance parameters were then measured at different levels of
EBF (ranging from 1 to 5 L/min) using arterial and venous catheters, a pulmonary artery catheter and a
pressure–volume loop catheter introduced into the left ventricle.
Results: Myocardial hypoxia resulted in a decline in mean (±SEM) cardiac output to 2.8 ± 0.3 L/min and
systolic blood pressure (SBP) to 60 ± 7 mmHg. With an increase in EBF from 1 to 5 L/min, SBP increased
to 97 ± 8 mmHg (P < 0.001); however, increasing EBF from 1 to 5 L/min significantly negatively
influences several cardiac performance parameters: cardiac output decreased form 2.8 ± 0.3 L/min to
1.86 ± 0.53 L/min (P < 0.001), LV end-systolic volume increased from 64 ± 11 mL to 83 ± 14 mL (P <
0.001), LV stroke volume decreased from 48 ± 9 mL to 40 ± 8 mL (P = 0.045), LV ejection fraction
decreased from 43 ± 3 % to 32 ± 3 % (P < 0.001) and stroke work increased from 2096 ± 342 mmHg mL to
3031 ± 404 mmHg mL (P < 0.001). LV end-diastolic pressure and volume were not significantly affected.
Conclusions: The results of the present study indicate that higher levels of VA ECMO blood flow in
cardiogenic shock may negatively affect LV function. Therefore, it appears that to mitigate negative
effects on LV function, optimal VA ECMO blood flow should be set as low as possible to allow adequate
tissue perfusion.

ABSTRACT
Background: The role of extracorporeal life support (ECLS) in primary cardiogenic shock (PCS) is
well established. In this study, we evaluated the impact of etiology on outcomes.
Methods: Between January 2009 and March 2013, we implanted a total of 249 patients with ECLS;
we focused on 64 patients for whom peripheral ECLS was the treatment for PCS. Of these, 37 cases
(58%) were ‘‘acute’’ (mostly acute myocardial infarction: 39%); 27 (42%) had an exacerbation of
‘‘chronic’’ heart failure (dilated cardiomyopathy: 30%; post-ischemic cardiomyopathy: 9%; and
congenital: 3%).
Results: In the group with chronic etiology, 23 patients were bridged to a left ventricular assist
device (52%) or heart transplantation (33%). In the group with acute etiology, ECLS was used as a
bridge-to-transplantation in 3 patients (8%), a bridge-to-bridge in 9 (24%), and a bridge-to-recovery
in 18 (49%).
One patient in each group was bridged to conventional surgery. Recovery of cardiac function was
achieved in only the group with acute primary cardiogenic shock (18 vs 0 patients, P ¼ .0001). A
mean flow during support of ?60% of the theoretic flow(body surface area 32.4)was
apredictorofsuccessfulweaning (P¼.02).MediandurationofECLSsupportwas7days(range:2-
11.5days).Nine
patients (14%) died during support; 30-day overall survival was 80% (51 of 64 patients); and 59% of
patients were discharged, in whom survival at 48 months was 90%. Thirty-day survival was
correlated with duration of ECLS support.
Conclusions: In ‘‘chronic’’ heart failure, ECLS represents a bridge to a ventricular assist device or
heart transplantation, whereas in ‘‘acute’’ settings, it offers a considerable chance of recovery, and
is often the only required therapy.
(J Thorac Cardiovasc Surg 2015;150:333-40)
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Abstract
Background: The aim of this study was to assess the relationship between extracorporeal blood
flow (EBF) and left ventricular (LV) performance during venoarterial extracorporeal membrane
oxygenation (VA ECMO) therapy.
Methods: Five swine (body weight 45 kg) underwent VA ECMO implantation under general
anesthesia and artificial ventilation. Subsequently, acute cardiogenic shock with signs of tissue
hypoxia was induced. Hemodynamic and cardiac performance parameters were then measured
at different levels of EBF (ranging from 1 to 5 L/min) using arterial and venous catheters, a
pulmonary artery catheter and a pressure–volume loop catheter introduced into the left
ventricle.
Results: Myocardial hypoxia resulted in a decline in mean (±SEM) cardiac output to 2.8 ± 0.3
L/min and systolic blood pressure (SBP) to 60 ± 7 mmHg. With an increase in EBF from 1 to 5
L/min, SBP increased to 97 ± 8 mmHg (P < 0.001); however, increasing EBF from 1 to 5 L/min
significantly negatively influences several cardiac performance parameters: cardiac output
decreased form 2.8 ± 0.3 L/min to 1.86 ± 0.53 L/min (P < 0.001), LV end-systolic volume increased
from 64 ± 11 mL to 83 ± 14 mL (P < 0.001), LV stroke volume decreased from 48 ± 9 mL to 40 ± 8
mL (P = 0.045), LV ejection fraction decreased from 43 ± 3 % to 32 ± 3 % (P < 0.001) and stroke
work increased from 2096 ± 342 mmHg mL to 3031 ± 404 mmHg mL (P < 0.001). LV end-diastolic
pressure and volume were not significantly affected.
Conclusions: The results of the present study indicate that higher levels of VA ECMO blood flow in
cardiogenic shock may negatively affect LV function. Therefore, it appears that to mitigate
negative effects on LV function, optimal VA ECMO blood flow should be set as low as possible to
allow adequate tissue perfusion.



Model chronického srdečního selhání

Model post-tachykardické kardiomyopatie

• Prasečí biomodel (Ø 40kg, n=5)

• RV stimulace

• Titrovatelná frekvence: 200 .. 240/min

• Délka indukce srdečního selhání 4 - 8 týdnů

Charakteristika:

• Dilatace srdečních oddílů
• Systolická dysfunkce
• Neurohumorální aktivace
• Buněčné změny:

• úbytek kardiomyocytů
• změna morfologie myofibril

Parametry cirkulace:
(mean ± SEM)

LVEDV = 173 ± 33 ml
LVESV = 142 ± 26 ml

LVEF = 18 ± 4 %
SV = 31 ± 10 ml

stěna LV ≤ 10 mm
CO = 2.5 ± 0.1 l/min
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Aplikace VA ECMO na chronický model

Protokol experimentu 

• Dekompenzované selhání oběhu

• Zavedení podpory oběhu VA ECMO femorálním přístupem

• Průtok stupňovitě od minimálního do 5 L/min

stupně:    0   - 1   - 2   - 3   - 4   - 5  L/min

• Dostatečná hydratace nutná k udržení dostatečného preloadu

• Měření hemodynamických parametrů a práce levé komory

PV katetr

• Transaortálně do dutiny LK

• Hodnocení srdeční práce

Průtoková čidla

• Perfuse mozku a končetin

Tkáňová saturace 

• Kraniální a končetinová

0 l/min

5 l/min



Výsledky - detaily

EBF = průtok VA ECMO [L/min]
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Porovnání chronické a akutní etiologie selhání
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SW = 1434
EBF 0

SW = 1892
EBF 5

SW = 2884
EBF 5

SW = 2096
EBF 1



• Post-tachykardická kardiomyopatie
– představuje model chronického srdečního selhání
– výhodou titrovatelnost
– rozvinutí adaptačních mechanismů

• VA ECMO
– dokáže překlenout kritické období u kardiogenního šoku
– má negativní vliv na práci dekompenzované chronicky 

selhané LK
– aplikovat s ohledem nejen na orgánovou perfusi, ale i na 

srdeční práci

Závěry






