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Introduction 

•  Chronic RAAS activation promotes  
–  Congestive heart failure 
–  Systemic hypertension 
–  Chronic kidney disease 

 
•  Excessive Angiotensin II (Ang II) & Aldosterone 

–  Pro-fibrotic 
–  Pro-inflammatory 
–  Pro-hypertrophic milieu 
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Introduction (2) 

•  Increased understanding of the role of the RAAS 
–  Led to numerous RAAS suppressive therapies  
–  This helps us to modulate the system 
–  Improve quality of life and survival 

 
•  This presentation will focus on 

–  An update on new findings on the RAAS 
–  Developments in RAAS suppressive therapy 
–  Congestive heart failure 
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A brief overview of the RAAS 

•  RAAS activation is compensatory in early stages 
–  Improves cardiac output 
–  Increases blood pressure 
–  Retains sodium and excretes potassium 

 
•  Long-term activation is maladaptive 

–  Numerous adverse effects at multiple sites 
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RAAS suppressive strategies 

•  ACE – inhibitors (ACEi) 
•  Angiotensin II, type 1-receptor blockers (ARB) 
•  Mineralocorticoid receptor antagonists (MRA) 

•  Reduced efficacy of RAAS blockade 
–  Redundancy that bypass the blockade (Aldosterone escape) 
–  Suppression of beneficial components (Bradykinin) 
–  Concomitant therapy that stimulate the RAAS 

•  Furosemide, Amlodipine, Hydralazine, low salt diet…. 
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Not all ACE-inhibitors are the same 

•  Benazepril (biliary and renal excretion) 
•  Enalapril (primarily excreted by the kidney) 
•  Ramipril (quite selective) 
•  Captopril, lisinopril, imidapril and elecapril 

–  Differences in structure of active moieties 
–  Lipophilicity 
–  Bioavailability 
–  Affinity for tissue – ACE 
–  Elimination method 
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Pathophysiology…….(1)…JGA 
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Vascular baroreceptors 
in the afferent arteriole 
stimulate renin release 
in response to reduced 
renal perfusion 
pressure, such as 
following reduced 
cardiac output 

The macula densa in the 
distal tubule, adjacent to 
the afferent arteriole, 
senses low distal 
tubular Na+ & Cl- 
delivery, resulting in 
renin release 



Pathophysiology (2)…RAAS components 
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Adrenal gland 
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Pathophysiology (3)…..RAAS receptors 
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Anti-inflammatory 
Anti-fibrotic 
Vasodilatory 
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Might be important in determining the time-dependent 
efficacy of RAAS suppression 



Chronobiology of the RAAS (1) 

•  RAAS peptides and ADH in a circadian periodicity 
•  Day-night-variation 

–  Urine flow 
–  Urinary electrolyte excretion 
–  Blood pressure 

•  Timing of feeding affects these rhythms 
•  Dietary sodium is a key modulator 
•  Improved understanding will inform timing of the drugs 
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Chronobiology of the RAAS (2) 
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Assessment of RAAS activity – RAAS fingerprint 
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AP = aminopeptidase
AT1R = Angiotensin type-1 receptor
NEP = neutral endopeptidase

Size of spheres and numbers beside
them represent absolute concentrations 
of angiotensins (pg/mL, median values) 
in serum samples from 6 middle-aged, 
healthy male Beagles

Chymase 

Counter-regulatory Ang1-7, 
vasodilatory pathway 
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Assessment of RAAS activity 

•  Plasma renin activity 
•  Direct plasma renin levels 
•  Serum Aldosterone 
•  Serum Angiotensin II 
•  Plasma ACE activity 
•  Urine/Serum Na/K ratios 
•  Urinary fractional excretion (Nafe and Kfe) 
•  24-hour urinary aldosterone excretion 
•  Urinary Aldosterone/Creatinine ratio 
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Genetic profiling of specific populations and individuals will also likely play a role 
in the development of future RAAS modulation strategies.



Ang II & aldosterone as cardiac & renal toxins (1) 

•  Fibrosis that accompanies the remodeling 
•  Leads to myocardial, renal and vascular dysfunction 
•  Multifactorial mechanisms 

–  Fibroblast stimulation 
–  Generation of ROS 
–  Inflammation via immune cell infiltration 
 

•  Aldosterone excess decreases baroreceptor sensitivity 
–  Leads to undesirable tachycardia 
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Ang II & Aldosterone as cardiac & renal toxins (2) 

 

•  More specifically the MR on macrophages gets stimulated 

–  Change from the anti-inflammatory M2-subtype 
–  To the pro-inflammatory M1-subtype 
–  Perpetuating inflammation & tissue remodeling 
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“Toxic” effects of Angiotensin II and Aldosterone  
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In sum…..(1) 

•  Chronic RAAS activation is maladaptive 
•  Direct “toxic effects of both Aldosterone and Ang II 
•  AT1R – vasoconstricting 
•  AT2R – vasodilatory 
•  Tissue RAAS generated by chymase pathway 
•  Various Ang peptides including the vasodilatory Ang1-7 
•  RAAS chronobiology unique to the dog 
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In sum…..(2) 

•  Individual RAAS fingerprinting likely in different dog breeds 
•  The MR is widely distributed throughout the body 
•  MR stimulation can change M2 to M1 phenotype 
•  Cortisol breakdown enzyme 11B-HSD2 scarce in the myocardium 
•  Role of ACE-I and MRA’s in reducing fibrosis 
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Evidence-based medicine (EBM) 

Clinical state and circumstances 

Patient 
preferences and 

actions 

Research 
evidence 

Clinical expertise 

Clinical expertise refers to competence that is gained through education, 
training and experience 

Sackett, D.L., Rosenberg, W.M.C., Gray, J.A.M., Haynes, R.B. & Richardson, W.S. 1996. 
Evidence based medicine: What it is and what it isn't: It's about integrating individual clinical 

expertise and the best external evidence. British Medical Journal, 312 (7023), 71-72. 
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Five steps in Evidence-based medicine 
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Case 
Babsie – 13-year-old Chihuahua 



Haematology 



Serum biochemistry 



Further investigations 

•  The patient was found to be mildly tachypnoeic (Resp. rate 35 bpm) 
•  She was subjected to lateral and DV chest radiographs 
•  Subsequently she underwent a lung ultrasound (LUS) examination 
•  She also underwent abdominal ultrasonography 

–  She should moderate hepatomegaly 
–  The adrenal glands were moderately enlarged 
–  There was no evidence of ascites 



ACTH stimulation test results 

•  Basal cortisol    102 nmol/l (10 – 160) 
•  ACTH-stimulated cortisol   698 nmol/l (220 – 450) 

 



3 x Lung 
ultrasound 
images 

DV thoracic radiograph 



Vezzosi et al 2017 



Lateral thoracic radiograph 



Heart size? 

•  Heart size can be determined radiographically as well as 
ultrasonographically 

•  Radiographic measures are called the Vertebral heart score 
(VHS) and the Vertebral left atrial score (VLAS) 

•  There are many different ways to determine both of these 
measures – one of the VLAS methods is illustrated in the preceding 
radiograph 



Puccinelli et al 2020 



Right parasternal long axis echocardiogram 
Demonstrating severe mitral valve regurgitation 



Mitral valve thickening, especially the septal 
leaflet 



Left atrium/Aorta ratio = 1.9 



Right parasternal short axis measurements 
FS = 51% (28 – 45) 
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Diagnosis 

•  Babsie was diagnosed with stage C, myxomatous mitral valve disease 
•  She has evidence of left heart failure with pulmonary oedema 
•  The clinician needs to formulate a treatment plan 
•  This plan has to be formulated according to current best evidence 



Dr Jessica Ward 
DVM, DACVIM(Cardiology) 
Associate Professor 
Assistant Dean for Extramural Student 
Programs 
Veterinary Clinical Sciences 
jward@iastate.edu 
Acknowledged for slides from here 
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Formulating a treatment plan 

–  Treatment of MMVD 
•  Including echocardiographic criteria for diagnosis and treatment 
•  Formulate your treatment plan for a dog in stage C MMVD 



 ACVIM consensus statement 



ACVIM cardiac disease classification 
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Staging of heart disease 
Dr J. Ward Iowa State University 

Stage A Stage B1 Stage B2 Stage C Stage D 

Heart disease 
Moderate to 
severe heart 
enlargement 

Current or 
previous CHF 

(decompensated 
vs. compensated) 

Refractory CHF 
(decompensated 

vs. 
compensated) 

This classification system was designed for MMVD but has 
been adapted for HCM and DCM. Learn more about MMVD 
staging and treatment by reading the 
ACVIM Consensus Statement! 

Heart disease 
No to mild heart 

enlargement 

Breeds at 
risk 

No current 
heart 

disease 

Severe LA and LV 
enlargement Normal cardiac silhouette 

Severe LA and LV enlargement 
Caudodorsal interstitial pattern 

Mitral valve thickening and 
mild regurgitation  

Mitral valve thickening and 
severe regurgitation  

Severe LA and LV dilation Normal LA and LV size 

Mitral valve thickening and 
severe regurgitation  

Severe LA and LV dilation 
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Categories of drug therapy for heart disease reflect the pathophysiologic 
basis of CHF 
Dr J. Ward Iowa State University 

Pathophysiologic 
target 

Drug categories Examples 

Decrease preload 
Diuretics Furosemide, spironolactone 
Venodilators ACE inhibitors, 

nitroprusside 
Increase inotropy Positive inotropes Pimobendan 
Decrease afterload Arteriodilators ACE inhibitors, amlodipine 
Optimize heart 
rate 

Anti-arrhythmics Diltiazem, sotalol 

Neurohormonal 
modulation 

RAAS inhibitors ACE inhibitors, 
spironolactone 

For detailed information regarding individual drugs used in the treatment of 
heart disease (including mechanism of action, indications, side effects, and 
dosages), please see the Cardiology Drug Formulary available in the ISU 
Clinical Cardiology Survival Guide.  



Trajectory method 
Dr J. Ward Iowa State University 

Stage A Stage B1 Stage B2 Stage C Stage D 

ACE inhibitor 

Pimobendan 

A
C

U
TE

 
TR

EA
TM

EN
T  

C
H

R
O

N
IC

 
TR

EA
TM

EN
T 

ACE inhibitor 

Pimobendan 

Furosemide 

Spironolactone 

Dietary Na+ restriction 

ACE inhibitor 
Pimobendan 

    Furosemide à 
torsemide 

Spironolactone 

Dietary Na+ restriction 

+/- Sildenafil (if PHT) 

+/- Hydrochlorothiazide 

+/- Amlodipine 

Oxygen 
supplementation 

Sedation (butorphanol) 

Furosemide 

Pimobendan 

Oxygen 
supplementation 

Sedation (butorphanol) 

Furosemide 

Pimobendan 

+/- Dobutamine 

+/- Nitroprusside 

Oxygen and sedation (with a 
cardiovascularly-sparing 
sedative like butorphanol) are 
nonspecific treatments 
indicated for any patient with 
respiratory distress. 



For patients with arrhythmias, heart rate optimization is required 
for adequate CHF control 
Dr J. Ward Iowa State University 

•  Treat tachyarrhythmias or 
bradyarrhythmias that compromise 
cardiac output 

•  The most common pathologic 
arrhythmias in dogs and cats are atrial 
fibrillation and ventricular ectopy 
(VPCs/VT) 

This chart shows the relationship between HR (X-axis) and CO 
(Y-axis, as percent of maximal CO) in dogs. Note that maximal 
CO occurs at a heart rate of ~150bpm. This is the expected heart 
rate of a dog with sympathetic nervous system stimulation – 
which explains why dogs with CHF typically have sinus 
tachycardia at hearts rates of ~150bpm! 

Cardiac 
output (CO) 

Stroke 
volume (SV) 

Heart rate 
(HR) 

Too low:     
↓CO 

Too high:     
↓CO 



Monitoring cardiac therapy involves assessing for  
  resolution of CHF and  

 screening for drug side effects  
Dr J. Ward Iowa State University 

Resolution 
of CHF? 

Drug side 
effects? 

Renal 
values and 
electrolytes 

Blood 
pressure 

Point-of-
care 

ultrasound 

Thoracic 
radiographs 

Side effects of  
diuretics: 

Side effects of 
vasodilators: 

Polyuria/polydipsia 
Dehydration 

Azotemia 
Electrolyte imbalances 

Hypotension 

“Gastrointestinal upset” is a relatively uncommon 
side effect for cardiac drugs; most cardiac drugs 
only cause hyporexia or vomiting if they cause 
azotemia or electrolyte disturbances. However, a 
few cardiac drugs are more commonly associated 
with GI upset, including diltiazem, mexiletine, 
clopidogrel (the pill itself is bitter-tasting and can 
cause hypersalivation). 



Moderate dietary sodium restriction is indicated 
for heart disease stages C and D 
Dr J. Ward Iowa State University 

•  Moderate Na+ restriction 
–  50-80mg Na+ per 100kcal  
–  ~0.2% Na+ on dry matter basis 
–  Consider food AND treats 

•  Ensure adequate protein/calories to avoid 
cachexia 

•  Refer owners to Tufts Veterinary Nutrition 
website:  

–  http://vet.tufts.edu/heartsmart/diet 



Patients with CHF will require lifestyle changes 
Dr J. Ward Iowa State University 

•  Medications 
–  Frequency: every 8-12 hours 
–  Administration: food, treats, “pill 

popper” guns, capsules 

•  Exercise/activity 
–  Allow pets to self-regulate 
–  Avoid strenuous or repetitive activity 
–  Keep cats indoors 



Preserving quality of life is the goal of CHF treatment 
Dr J. Ward Iowa State University 

•  Maintain “compensation” (no fluid) 

•  Minimize hospitalizations 

•  Maintain acceptable activity tolerance 

•  Maintain acceptable appetite/weight 



78 



79 



80 



81 



82 



Suppressive therapy: Stage B 
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5. Kvart et al JVIM 2002, 16: 80-88 
6. Atkins et al JAVMA 2007, 231: 1061-1069 



First MMVD meta-analysis in veterinary cardiology 
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Another meta-analysis….. 
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Forest plot following a meta-analysis 
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RAAS suppressive therapy Stages C, D 
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1. Ettinger et al JAVMA 1998, 213:1573 
2. BENCH J.Vet Cardiol 1999, 1: 7-18 
3. Besce et al JSAP 2007, 48: 265-270 
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  Questions? 
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Recommendations for treatment of Stage B2 
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Suppressive therapy: Stage B 
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5. Kvart et al JVIM 2002, 16: 80-88 
6. Atkins et al JAVMA 2007, 231: 1061-1069 



Recommendations for treatment of Stage C 
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RAAS suppressive therapy Stages C, D 

126 

1. Ettinger et al JAVMA 1998, 213:1573 
2. BENCH J.Vet Cardiol 1999, 1: 7-18 
3. Besce et al JSAP 2007, 48: 265-270 



VALVE study by Wess et al 2021 



Letter by Atkins et al. 



Atkins et al write…..criticism of the VALVE 
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Atkins et al write…..criticism of the VALVE 
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Atkins et al write….. 
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Atkins et al authors….. 
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Response to Atkins et al. letter 



Wess and Glaus respond…… 
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