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Hjerteklinikken



The Heart as a Symbol

“The Heart Offering,” 1338-1344

ca. 510-490 BC. Cyrenian 
coin with a silphium seed 
imprinted in it

Milton Glaser, I Love New York, 1977. 
Trademarked logo, New York State 
Department of Economic 
Development, New York, New York

https://ideas.ted.com/how-did-the-human-heart-become-associated-with-
love-and-how-did-it-turn-into-the-shape-we-know-today/

Red Heart Emoji





Phylogenetic Tree of Cat 
Breeds

• Genomics 2008 Jan;91(1):12-21.
• doi: 10.1016/j.ygeno.2007.10.009. Epub 
2007 Dec 3.

IKV



Master in Cardiology April-2022
Maiken Bach, PhD-student

A Heart-Sick Cat



Cardiomyopathies - Classifications

https://www.hospitalsenhedmidt.dk/patientvejledninger/hjertesygd
omme/familiaer-dilateret-kardiomyopati-dcm/

NSC

Primary and Secondary Cardiomyopathies





Definition of 
Hypertrophic 

Cardiomyopathy

• HCM is a primary disease of the cardiac muscle that is characterized 
by a hypertrophied and nondilated left ventricle, normal or enhanced 
contractile function, and impaired ventricular relaxation in the 
absence of other cardiac or systemic diseases 



Hjertesygdom vs. hjertesvigt

1 ud af 7 katte har 
en hjertelidelse

Medfødte
<5%?

Erhvervede
95%?



Complications

•Congestive Heart Failure
• Dynamic Obstruction of  the 

Left Ventricular Outflow Tract 
(SAM)
• Thromboembolism
• Arrhythmias

• Atrial Fibrillation
• Ventricular Tachycardia

• Sudden Death
• (Anorexia/Weight Loss)



Clinical 
Findings

•Any age
•Murmur

• Harsh systolic ejection 
murmur across entire 
precordium → apex & heart 
base

• MR: separate murmur -
severity of MR related to 
degree of outflow obstruction

•Gallop sounds 
•Dyspnea
•Depression and anorexia

• Weight loss!?

• Hind limb paralysis
•Syncope
•Sudden death



Maine 
Coon with 

Severe 
HCM

”Al Pacino” intact 
male, 4 years old
• Atrial Fibrillation
• Congestive 
Heart Failure
• Thromboembolic 
Disease



TREATMENT
OF 

CONGESTIVE 
HEART 

FAILURE IN 
CATS

• Treatment
• Oxygen
• Butorphanol
• Furosemide
• Thoracocentesis



CASE – L…

Signalement: 
• Norwegian Forrest 

cat
• 4,8 years old
• Neutered female
• 7,3 kg 

• Presentation
Gained weight à 0,5-1 
kg the last month



Initial Problem List
 1. Weight Gain

1. A recent increase in weight despite diet-
prescription food

2. Increased Abdominal Size
1. Possible causes: fluid accumulation, organ 

enlargement, or fat deposition

3. Hypertrophic Cardiomyopathy (HCM)
1. A chronic condition requiring ongoing 

treatment with Clopidogrel and Atenolol
2. Arrhythmia



ECHO
SAX –
heart base 
(RS)





Alternative treatment for cats with HCM  
• Nattokinase: 3-4 capsules bid (starting with 15 

Capsules) 2.000 FU (fibrinolytic units)
Nattokinase is an enzyme derived from natto, a traditional Japanese fermented soybean dish

How it works 

Fibrinolytic Activity Dissolves fibrin and hereby clots 

Blood thinning By promoting fibrinolysis, it can also help 
maintain healthy blood flow and circulation

Antihypertensive effects Antihypertensive effects by promoting 
vasodilation and enhancing blood flow

Anti-inflammatory properties Inhibits the expression of certain pro-
inflammatory mediators and hereby damps the 
inflammatory response



Alternative treatment for cats with HCM 
• Rutin: 1 tablet BID (450 mg)

Rutin is a bioflavonoid, a type of plant pigment found in certain fruits, vegetables, and herbs.

How it works 

Antioxidant activity Can neutralize harmful free radicals in the 
body 

Anti-inflammatory effects Inhibiting the production and activity of pro-
inflammatory molecules 

Vascular health Strengthening blood vessels and reducing 
permeability. This prevents leakage of fluid 
and nutrients into surrounding tissues

Cardiovascular protection Lowering blood pressure, inhibiting platelet 
aggregation, diuresis 

Anti-allergenic properties Inhibit the release of histamine and other 
inflammatory mediatiors involved in allergenic 
reactions 

Skin health Protects against oxidative damage caused by 
UV radiation and environmental pollutants





• HCM is common with an overall prevalence of 
15% (CatScan study)

• 28% cardiac mortality at 10 years. (Reveal study)
• No difference between HCM and OHCM in 

time to CHF or ATE

CHF +/or ATE
26%

Sudden death 
2%Alive/Non-Cardiac 

death
72%

Substantial morbidity and mortality



Staging Feline Cardiomyopathy

• Gallop sounds
• Arrhythmia
• Poor LA function
• Extreme LV hypertrophy
• LV systolic dysfunction
• ”Smoke” / intracardiac 

thrombus
• Regional LV wall 

thinning/hypokinesis



”Enhedens navn” i Sidefod

Exploration in 
the 

microworld of 
the myocyte

http://de.academic.ru/pictures/dewiki/83/Skeletal_muscle.jpg

photo: Carli Hækkerup



Muscle Contraction

Cardiac myosin-binding protein C,
arrayed transversely along the sarcomere,
binds myosin and, when phosphorylated,
modulates contraction: 
- Not essential for cardiac development
and function, but involved in determining 
efficiency of muscle contraction

Morita et al. (2005) J. Clin. Invest. 115:518–526
www.banyantree.org/jsale/develop.html



SEM. Venstre ventrikel, DSH, 6 år

Mitochondria

Sarkomer

Sarcomeropathy



Sarcomer – multiprotein 
complexes

https://www.frontiersin.org/files/Articles/1143858/fphys-14-1143858-HTML/image_m/fphys-
14-1143858-g001.jpg



Muscle Contraction

Cardiac myosin-binding protein C,
arrayed transversely along the sarcomere,

binds myosin and, when phosphorylated,
modulates contraction: 
- Not essential for cardiac development

and function, but involved in determining 
efficiency of muscle contraction Morita et al. (2005) J. Clin. Invest. 115:518–526

www.banyantree.org/jsale/develop.html



Cat (Felix 
catus/i)

• Lifespan - up to 24 years

• 38 chromosomes
• > 350 genetical diseases 

• Burmese ”Cinnamon”, 4 
years old
• 2007
• 20285 genes
• 2.7 x 109 base pair

• A,T,C,G

Our feline friends share 90% of homologous genes with us



Genetic Disorders = diseases 
caused by mutations in one or 
more genes

IKV

https://drbillspetnutrition.com/
feline-genetic-diseases/

Modes of Inheritance
• Autosomal Dominant Inheritance
• Autosomal Recessive Inheritance
• X-Linked Dominant Inheritance
• Y-Linked Inheritance
• Mitochondrial Inheritance
• Multifactorial Inheritance

• Genes: exons, introns, allelles
• Transcription
• Translation 

Codons

https://drbillspetnutrition.com/


Types of Mutations

Missense Mutation Nonsense Mutation

Silent Mutation

Point Mutations

Mutations are changes in the DNA sequence. They 
can occur naturally or be induced by environmental 

factors. Here's a breakdown of different types:

• Insertions and Deletions 
(Indels)

• Frameshift Mutations

• Splice Site Mutations

• Repeat Expansion

IKV

Phenotype =
     Genotype x Environment



Sarcomeropathies (humans)

IKV



Feline HCM – American College of 
Medical Genetics Guidelines

IKV

Protein Mutation Breed Classification

MYBPC3 A31P MCO Pathogenic

MYBPC3 R820W Ragdoll Pathogenic

Alstrom syndrome 
protein 1

p.G3376R Sphynx Unknown significance

TroponinT2 TNNT2 c.95-
108G>A

MCO Unknown significance

MYH7 E1883K DSH Likely pathogenic

A relatively limited number of mutations identified à The genetic 
architecture of feline HCM susceptibility may follow an oligogenic or 
polygenic mode of inheritance.



Pathogenesis – Feline HCM

IKV



Pathogenesis of fHCM

IKV

Septum, 20x, Maisson’s trichrome 

40x. Vessel



Photo:  Assoc.prof. Pall S. Leifsson, IVH, KU 

Cardiac Myocytes

Normal alignment BSH, male, 2 years-old

Myocyte disarray

HCM



Pathogenesis

Enhedens navn



IKV



HCM in 
Cats

• Pathology: 
• Measure heart weight! 

• Normal < 20 g in a 5 kg cat
• 0.35% of bodyweight

• Heart weight from severe HCM 
affected cats often > 30-45 gram

Affected 
BSH, male, 4 years-old





Enhedens navn



Nye grænseværdier

Enhedens navn



Breed-differences in Phenotype



HCM in  
Ragdolls

Healthy Ragdoll HCM-affected





Bartonella henselae

Sted og dato
Dias 47



Enhedens navn



Bartonella?! 
(Restrictive 
Cardiomyopathy)

Sted og dato
Dias 

49



False Tendons in 
Humans and Cats

Sted og dato
Dias 

50Birman cat, 6Y, Male



False Tendons – Normal Variant eller Sygdom? 3 fænotyper?!



Burmeser med Mislyd



False 
Tendons



Differential 
Diagnosis

• Aortic stenosis
• Hyperthyroidism
• Hypertension

• Chronic renal disease 
• Papillary muscle malpositioned
• False tendons
• Transient Myocardial Thickening
• Myocarditis
• Myocardial fibrosis
• Dehydration
• Lymphoma
• Acromegaly
• Amyloidosis
• Intra- and inter-breed variation
• Observer variation



Prognosis

Symptomatic – Median survival 194 days 
(Paine et al, 2010)

• Median survival time 1129 daysAsymptomatic for 
years

• MST 654 daysSyncope

• MST 563 days Congestive heart 
failure

• MST 183 days
• Poor to guardedThromboembolism

• Genotype?Sudden death less 
than 5-10%?

• Future - gene therapyGenotype!? 



Maiken Bach, Studieadjunkt i klinisk kardiologi og Ph.D studerende



Tidlig detektion af HCM Risiko vurdering af HCM katte

Ph.D. i avanceret ekkokardiografi 2025: Nye ekkokardiografiske markører for …

Detektion af hjertesvigt

Status: Data opmåles!

Left ventricular myocardial dyssynchrony
and 2D strain in cats with hypertrophic 
cardiomyopathy

M.B.T. Bach, J.L. Willesen, J.Koch (et al.)



HCM-genetik i Norsk Skovkat HCM-genetik i British shorthair

Igangværende forskningsprojekter indenfor HCM

Myosin funktion & Behandlingsmuligheder

Der inkluderes NFO’er med HCM 
diagnosticeret før 5 års alderen!

I DK, fokus på familiestudier af katte med 
tidlig udviklet sygdomspræsentation <3år.

Der inkluderes katte med  HCM der skal 
aflives. Pjece for mere information.



Katte med HCM 
kan registreres
online til
behandlingsstudie
…



”Enhedens navn” i Sidefod

Rapamycin 
Inhibition of 

mTORC1

Enhedens navn • Rapamycin specifically 
inhibits mTORC1 by binding to an 
intracellular protein 
called FKBP12 (FK506 binding protein 
12). This complex then interacts with 
mTORC1, leading to its inhibition. The 
effects of rapamycin on mTORC1 are as 
follows:

• Reduction in protein synthesis: By 
inhibiting mTORC1, rapamycin reduces 
the synthesis of proteins involved in 
hypertrophy, leading to a suppression 
of the pathological growth of 
cardiomyocytes.

• Restoration of autophagy: Inhibition of 
mTORC1 allows autophagy to resume, 
helping cells clear out damaged 
proteins and organelles, improving 
cellular health and mitigating 
hypertrophic signaling.



mTORC1 & mTORC2 Effects 
(Multiprotein Complexes) 

• Protein synthesis and cell growth

• Lipid biosynthesis

• Inhibition of autophagy

• Metabolic regulation, including enhanced 
glycolysis and mitochondrial biogenesis

• Inhibition of catabolic processes

• Angiogenesis regulation

• Involvement in cellular senescence and 
aging

• Cardiac hypertrophy (pathological 
remodeling in diseases like hypertrophic 
cardiomyopathy)

• Modulation of inflammatory responses

IKV

Panwar, V., Singh, A., Bhatt, M. et al. Multifaceted role of mTOR
(mammalian target of rapamycin) signaling pathway in human health
and disease. Sig Transduct Target Ther 8, 375 (2023). 
https://doi.org/10.1038/s41392-023-01608-z



Mavacamten 
in HCM 

Treatment

Enhedens navn

• Pathophysiology: Mutations in 
sarcomeric proteins (e.g., 
myosin) lead to excessive 
contractility, myocardial 
thickening, and impaired 
relaxation. Overactive myosin-
actin cycling increases ATP 
consumption and causes 
dysfunction

Mechanism:

• Binds to β-cardiac myosin, 
reducing ATPase activity

• Stabilizes myosin in a "super-
relaxed" state (SRX), lowering 
cross-bridge formation and 
decreasing contractile force



Mavacamten 
in HCM 

Treatment

Enhedens navn

• Therapeutic Effects:

• Reduces hypercontractility and
ATP consumption.

• Improves diastolic function, 
reducing symptoms like 
shortness of breath.

• Relieves LVOT obstruction, 
improving blood flow.

• May reverse myocardial 
hypertrophy and reduce 
arrhythmia risk.

• Clinical Outcomes: Improved 
symptoms, cardiac function, and 
reduced hypertrophy over time.

Journal of the American College of Cardiology
Volume 78, Issue 25, 21–28 December 2021, Pages 2518-2532

https://www.sciencedirect.com/journal/journal-of-the-american-college-of-cardiology
https://www.sciencedirect.com/journal/journal-of-the-american-college-of-cardiology/vol/78/issue/25


IKV

Difficult to continue to believe
that HCM is generally a disease
caused by single mutations in the 
sarcomere (or, in the jargon of 
genetics, an autosomal dominant 
mutation). Leading researchers 
today are investigating broader
hypotheses about the causes of 
HCM (Maron et al. 2019, Harper 
et al. 2021, Watkins 2021).

https://4hcm.org/updated-thinking-on-hcm-genetics/




