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 Exercise is a well-known cardiovascular protective factor in 
patients with ischemic heart disease and/or chronic heart 
failure.     
(Herhan et al. 2011, Taylor et al. 2014) 

 

 Many patients with cardiac disease have comorbidities that 
hinder exercise on land.  
(Dahlström et al. 2005, Holmström et al. 2013) 

 

 Aquatic exercise (training in warm water) could be 
appropriate for elderly patients who find it difficult to 
exercise on land. 

 

Introduction 



Introduction  

 Water immersion cause a move of blood from the 

periphery to the intra-thoracic circulation. 

 

 Due to the hydrostatic induced volume shift, water 

immersion has been considered as a challenge for 

patients with ischemic heart disease and chronic heart 

failure. 

 
ESC-guidelines. 2001, Meyer et al. 2004 

Arborelius et al. 1972 



Study population 
 

25 patients (8 females) 

 

Age 73±5.2 years 

 

Ejection fraction 31±8.3 % 

Exercise program 

 

Frequency: 3 times per week for 8 weeks  

 

Intensity:40-80% of heart rate reserve 

 

Time/occation:45 minutes 

 

Type:  Aquatic exercise; 

combined aerobic and muscular 

resistance training in 33-35 C 



 

 

 

Results 

Cider et al 2003 







Gas analysis measurement Studypopulation 

12 patients (3 female) 

Age : 64±6 years 

 

12 healthy age and 

sex matched persons 



 

Patients with CHF 

(n=12) 

Healthy subjects 

(n=12) 

 Rest Exercise Recovery Rest Exercise Recovery 

 Land Water Land Water Land Water Land Water Land Water Land Water 

V02
  ml/kg/min 3.1(0.5) 2.9(0.6)†† 6.5(1.3) 6.5(2.1) 3.2(0.7) 3.5(0.8)† 3.0(0.5) 3.3(0.6) 7.0(1.6) 8.3(2.1)* 2.7(0.7) 3.5(0.7)** 

VCO2  l/min 188(35) 182(42)† 390(74) 421(170) 208(41) 250(69)† 184(36) 225(40)* 422(140) 523(166)** 178(54) 269(58)** 

VE l/min 10.1(1.9) 9.4(2.1)* 21.9(14.5) 19.6(8.8)† 11.1(1.9) 12.0(2.5)† 8.5(1.6) 10.0(2.3)* 15.7(3.5) 23.1(14.4)** 8.4(1.9) 11.4(1.8)** 

RF breaths/min 18(4) 19(5) 24(4) 27(6)* 19(5) 20(4)* 15(4) 16(5) 20(4) 23(5)* 16(5) 18(4) 

RER 0.82(0.05) 0.86(0.06)* 0.83(0.05) 0.86(0.12) 0.88(0.05) 0.97(0.1)* 0.8(0.04) 0.86(0.07)* 0.78(0.04) 0.79(0.06) 0.86(0.05) 0.98(0.1)** 

02-kinetics ( )    0.8(0.3) 1.0(0.2)* 0.9(0.5) 1.4(0.3)*   1.0(0.3) 1.5(0.2)* 1.0(0.4) 1.4(0.5)* 

Gasanalyses measurements in patients with CHF 



13 patients with CHF mean age 72(6) 

years, EF 32(7)% and 13 healthy matched 

persons were assessed with 

echocardiography on land and  in water. 



Echocardiographic measurement in water 



Results 





Patients/Methods 
  

 18 Patients (5 women)  

 NYHA II-III 

 Age 69±8 years 

 LVEF  40±8%   

 Peak VO2 14.6±4.5 mL/Kg/min 

 Echocardiography on land and in 34º C warm water 

 

The protocol consisted of three observed sessions:  

(1) baseline (acute effect),  

(2) After 8 weeks without exercise (control period),  

(3) After 8 weeks of hydrotherapy, twice weekly, 45 min in a heated pool, 33-34°C at 40–70% of maximal heart rate 

reserve.  



The patient has given her 

consent to present the photo 
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Land vs warm water 

Land 

Water 

**p<0.01, # p=0.075. Mean±SEM 

A:Baseline (acute effect) 

B:After 8 weeks without exercise (control period) 

C:After 8 weeks with exercise  

** ** ** 

** ** **            

A B C A B C 

# 



Land vs warm water immersion 
 

LAND 

LVOT VTI 13.6 cm 

Stroke volume 57mL 

HR 74 

CO 4.2L/min 

WARM WATER IMMERSION 

LVOT VTI 20.9 cm 

Stroke volume 88mL 

HR 58 

CO 5.1 L/min 

LAND 

LVOT VTI 13.6 cm 

Stroke volume 57mL 

HR 74 

CO 4.2L/min 



AVP septal H2O 10.4mm AVP septal land 5.7mm 

LVOT VTI H2O 17.4cm, HR 60 LVOT VTI land 10.5cm, HR 70 









   Head-out of water immersion

      (33-34°C) 

  

Central blood volume 

 

Hydrostatic pressure 

Adapted from Arborelius, 1972,  

Gabrielsen, 2001,  Meyer, 2004, Cider 2006  

Stroke volume 

Cardiac output 

Heart rate 

Systemic vascular  

resistance 

 

Cardiopulmonary receptors 

Renin  

Angiotensin II 

Aldosteron 

Antidiuretic   

hormone 

Atrial naturetic 

 peptide 

Sympathetic activity 

 

Diureses 





Conclusion 

 
 Aquatic exercise was well tolerated by ”all” patients.  

 Acute warm water immersion reduce heart rate, which, together 

with a decrease in afterload, resulted in increases in systolic and 

diastolic biventricular function.  

 Exercise in warm water is an acceptable regime that improve 

aerobic and muscular function for patients with chronic heart failure.  

 However more studies are needed and these should also include 

investigations of patients that react differently compared to the mean 

values. 
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