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24 h MH (33°C) after cardiac arrest
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Oscar Langendorff 
(*1853, †1908)

Langendorff O (1897) Untersuchungen am überlebenden Säugetierherzen. Über den Einfluss 
von Wärme und Kälte auf das Herz der warmblütigen Tiere. Pflügers Arch 66: 355–400

4



ESC Basic Science Summer School, Nice, 12-16 June 2011

Weisser et al., Basic Res Cardiol 96: 198-205 (2001)

Isolated human heart muscle strips

MH is a positive inotrope
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MH in normal pigs:
improved systolic, but decreased diastolic function

Post et al., Acta Physiol 2010
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MH in pigs: model

• 16 female, landrace pigs (63.6±1.8 kg)
• closed chest
• Swan-Ganz catheter
• PV catheter
• right atrial pacing probe
• aortic ballon catheter
• intravascular cooling device
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MH after cardiac arrest
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MH after cardiac arrest
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NT

MH

Schwarzl et al., Acta Physiol 2011

MH after cardiac arrest
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Schwarzl et al., Acta Physiol 2011

MH after cardiac arrest
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MH after cardiac arrest

Schwarzl et al., Acta Physiol 2011
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Heart rate variability

Poincaré plot
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MH after cardiac arrest

Schwarzl et al., Acta Physiol 2011
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MH after cardiac arrest

- increases contractility
- decreases diastolic function – compensated by bradycardia
- improves oxygen-supply demand
- does not potentiate sympathetic activation 
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NO-reflow myocardial infarction

Schwarzl et al., ESC abstract 2010
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Acute heart failure after CME
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Acute systolic and diastolic heart failure 
after CME

Schwarzl et al., ESC abstract 2011
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Ejection faction after CME

Schwarzl et al., ESC abstract 2011
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Pressure-time derived indices

• LVPmax

• LVPes

• LVPed

• dP/dtmax

• dP/dtmin

• 

LVP=LVPes * e-t/
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Active LV relaxation after CME
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Pressure-volume derived indices

• LVPes, Ves

• LVPed, Ved

• end-systolic pressure-volume 
relationship (ESPVR, VPes100)
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Acute systolic and diastolic heart failure 
after CME: how to treat?

Increase preload – pulmonary edema
Increase inotropy – ES volume already small
Decrease afterload – ES volume is already small
Increase heart rate – no effect
IABP – no reflow, ES volume is already small
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*

PV-relationships after CME
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Effect of cooling on acute heart failure after 
CME

Schwarzl et al., ESC abstract 2011



ESC Basic Science Summer School, Nice, 12-16 June 2011

Schwarzl et al., ESC abstract 2011

Effect of cooling on acute heart failure after 
CME
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Effect of cooling on acute heart failure after 
CME: PV-relationships

38,0°C 33,0°C after CME

Schwarzl et al., ESC abstract 2011
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Effect of cooling on acute heart failure after 
CME: challenging relaxation

Schwarzl et al., ESC abstract 2011
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O2-demand O2-delivery

preload
inotropics

pacing
devices:

(IABP, Impella
ECMO)

hypothermia

Mild hypothermia in acute heart failure
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MH and LPS/sepsis:
improved oxygen supply-demand balance
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MH and LPS/sepsis:
preserved pulmonary function
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isolated muscle strips:

MH and LPS/sepsis:
decreased symp. activation,
preserved myocardial ß-response
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MH and cardiac function

- reduces reperfusion injury

- positive inotrope
- decreases relaxation and distensibility, compensated by bradycardia
- improves systemic oxygen/supply balance, even at decreased cardiac output
- decreases sympathetic activation
- hypothesis: anti-inflammatory effects

- may evolve as a new therapy for
- acute myocardial infarction
- ICU: critical acute (but potentially transient) heart failure
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Systolic (HFREF) vs diastolic (HFPEF) heart failure
- Hemodynamics -
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Modified after: G. De Keulenaer, 2006
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HFREFHFPEF

healthy
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HFPEF vs HFREF

- infarction
- tachycardia
- aortic stenosis
- toxic
- shunt

- (aortic stenosis)
- risk factors
- no animal model
- no definite trigger
- no definite treatment! 

Katz, 2002
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Remodeling in HFREF

Extension DilatationAcute MI

- diameter ↑
- wall thickness ↓
- ejection fraction ↓
- wall tension ↑ ↑

pressure * radius

2 * wall thickness
wall tension:
LaPlace

increased wall tension: - increased energy demand
- permanent maladaptive stimulus

regional stretch:
AT II, ET
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Wall stress in HFPEF vs HFREF

Iwanaga, JACC 2006
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pulmonary hypertension

chronotropic
incompetence

left atrial
dysfunction

left ventricle:
- relaxation
- stiffness
- torsion

arterial stiffening

HFPEF:
not only a LV disease

VA
coupling

√ ?
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Wachter et al., EHJ 2009

Pressure-volume
analysis in HFPEF: patients
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Pressure-volume analysis in HFPEF

Westermann et al., Circ 2008; Wachter et al., EHJ 2009

leftward shift of EDPVR slowed LV relaxation
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Ventricular-arterial coupling in HFREF

Chantler et al., J Appl Physiol 2008

control

SHF

Ees

EA

EDV
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Ventricular-arterial coupling in HFPEF

Borlaug et al., Heart Fail Clin 2008

Ees

EA

EDV
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PV-loops in HFPEF: exercise

Kawaguchi et al., Circ 2003

Ees

EA

EDV

=

=
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Aortic distensibility determines
exercise capacity

Hundley et al., JACC 2001
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HFREF, RR 100/60 mmHg : give a lot 
vasodilatator: SNP 7 mg/kg/min

Borlaug et al., Heart Fail Clin 2009

radial artery
pressure

pulm. pressure

wedge pressure
RA pressure
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HFPEF, RR 230/90 mmHg give a little
vasodilatator: SNP 2 mg/kg/min

Borlaug et al., Heart Fail Clin 2009
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Atrial function: HFPEF

Annular A’ velocity 
response to handgrip

H/LVH

cm/s

0

4

8

p = 0.008

HFpEF

Melenovsky V, JACC 2007; 49: 198-207

 Patients with HFpEF have decreased LA contractile reserve during stress 

 Reduced left atrial active emptying (LA EF) in HFpEF
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Chronotropic incompetence

Borlaug et al., Circulation 2006; 114(20)

HFprEF (n=17) and matched controls (n=19): maximal effort 
upright cycle ergometry & radionuclide-ventriculography

Matched workloads:

Reduced chronotropic, vasodilator,

and cardiac output reserve during exercise
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Pulmonary hypertension

Lam et al., JACC 2009 Lam et al., Circ 2009
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Buckberg, Circulation 2008

The contracts like a towel
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Rotation and twist

Control

Control HFPEF

HFPEF
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Tan et al., JACC 2009

Rotation is decreased in HFPEF
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Stuber et al., Circulation 1999

Rotation in physiol. vs path. hypertrophy
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Pts. with AST, all LV EF > 50%

LV biopsies during surgery

Fibrosis = longitudinal function

Weidemann, Circ 2009

Longitudinal strain (shortening):
- negatively correlated with fibrosis
- predicts recovery after aortic valve replacement
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Disturbed LV relaxation
in HFPEF: energetics

calcium transients: unknown!

ATP!

impaired myocardial 
energetics in DHF

Weisser et al., BRC 2001
Pieske et al., JMCC 2002 Phan et al., JACC 2009
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Hidalgo et al., Circ Res, 2009Bell et al., Circ Res 2000; 87:235-240

The titin spring : restoring forces and stiffness

Disturbed LV relaxation
in HFPEF: myofilaments

PKC
O2

-

PKA
PKG
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10 days NOS inhibition in dogs
mimicks a HFPEF phenotype

Post et al., J Physiol 2003
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HFPEF: what helps?

NYHA INYHA I NYHA IINYHA II NYHA IIINYHA III NYHA IVNYHA IV

?

Diuretics?

?

?

?

?

candidates:

- statines (NO-cGMP-PKG-Titin)
- PDE V inhibitors (sildenafil)
- sGC stim./activ.
- spironolactone
- exercise

Primary Endpoint: 
peak VO2

Maximum Workload

Edelmann, JACC 2011



ESC Basic Science Summer School, Nice, 12-16 June 2011

Exercise preserves your EDPVR!

LV end-diastolic volume (ml)
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How to model HFPEF? „bedside-to-bench“

RF:
- art. HTN
- obesity
- HLP, diabetes
- sedentary lifestyle

RF:
- DOCA 100 mg/kg/90d
- McDonalds´diet:

- high lipid/cholesterol
- 4% salt/ 20% sugar
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Take home message

HFPEF:

- evolves with accumulating risk factors
- small ventricles with thick walls
- slow relaxation, high end-diastolic pressures
- decreased rotation/suction, aggravated during exercise
- longitudinal LV function summarizes a complex 3-D phenotype
- systemic disease
- high Ea: very sensitive to blood pressure lowering drugs
- no uniform signal transduction
- no definite treatment
- no established experimental models
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Götberg, BMC 2008

MH before reperfusion reduces 
infarct size
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Götberg, Circ CI 2010

Rapid induction of MH in 
STEMI patients…
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Götberg, Circ CI 2010

time to reperfusion area-at-risk and infarct size (MRT)

…reduces infarct size
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MH in normal pigs

Post et al., Acta Physiol 2010


