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Telemedicine in cardiology 

• Telecardiology is one of the fastest growing fields in telemedicine: 

• Myocardial infarction:  
– tele-electrocardiogram (allows for prehospital triage),  

– tele-coronary care unit (connects the remote cardiologist to the cardiac care unit for 
consultation) 

• Monitoring of cardiac rhythm and heart failure 

• Development of imaging: 
– Portable scanners 

– Modern softwares and cloud based platforms for additional data analysis via a secure web 
interface 

• Telesurgery, robot-assisted surgery 

• E-health, health care databases, big data 

 



Telecardiology (1905) 
First telephonocardiographic transmission of ECG 

The volunteer ready for the 
transmission of the first a tele-ECG Hospital 

Hjelm NM, Julius HW. J Telemed Telecare. 2005;11(7):336-8.  

Most researchers consider March 22, 
1905, as the birthday of telemedicine. 
Wilhelm Einthoven professor of 
Leiden University transmitted a 
regular electrocardiogram and 
“phonocardiogrammes” via a 
protected telephone cable at a 
distance of about 1500 meters from 
the University Hospital laboratory at 
W. Einthoven’s house. 

 



Heart Attack or Myocardial Infarction 
ST elevation myocardial infarction (STEMI) 

Reperfusion (thrombus 
aspiration&stenting) 

ECG 

Before After 



Myocardial Infarction 
Time is muscle 

Gersh BJ et al. JAMA 2005 Feb 23;293(8):979-86. 
Gershlick AH et al. Lancet 2013; 382: 624–32 

Relationship Among the Duration of Symptoms of 
Acute Myocardial Infarction Before Reperfusion 
Therapy and Mortality Reduction 



Telemedicine for the accuracy of STEMI 
diagnosis 

Mehta S et al. In Hiremath S, Deshpande N (Eds). CSI: Cardiology Update 2016 by Jaypee Brothers Pvt Ltd 

The remote cardiologists 
hugely increase the accuracy 
of ECG interpretation and 
STEMI diagnosis. This 
particular observation makes 
telemedicine a pragmatic and 
cost-effective strategy 



Cardiac remote monitoring systems of cardiac 
rhythm and heart failure 

Abraham WT, et al.Nat Rev Cardiol. 2014 Oct;11(10):576-85.  



Effectiveness of telemedicine for individuals 
with heart failure: All-cause mortality  

Kotb A et al. PLoS One. 2015 Feb 25;10(2):e0118681.  RR 20% RR 47% 

RR 48% 

Systematic reviews of 
randomized controlled trials 
that examined telephone 
support, telemonitoring, video 
monitoring or 
electrocardiographic 
monitoring for heart failure 
The impact of different forms 
of telemedicine on the 
outcome of all-cause mortality 
patients 

The impact of different forms of telemedicine on the 
outcome of all-cause mortality   



Health care during the centuries 
19th century (before 1895)  
 Extensive patient‘s observation 
 Careful history taking 
 Skillful physical examination 
 Use of “Klinischer Blick” 
 “Analogous” way of thinking 

«The Doctor»  

by Sir Samuel Luke Fildes  

«Hippocrates examining a child»  

by Robert Thom 

German mechanical engineer and physicist Wilhelm 
Conrad Röntgen in 1895 produced and detected 
electromagnetic radiation in a wavelength range known 
as X-rays (Nobel Prize in Physics in 1901) 

http://www.scoliosisjournal.com/content/4/1/6/figure/F12


Health care during the centuries 

IVUS 
Tissue 

Characterization 

ChromaFlo 

FFR 

Image Guided 

Therapy 
OCT 

Forward 

Looking Dx 
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Looking 

Rx 

Co-Registration 

CFR 

ICE 20th century  
• Increasing use of technology: X-ray, 

endoscopy, sonography, clinical 

laboratory analysis, functional organ 

evaluation, “primitive” CT- and MR-

technologies 

• Development of medical sub-

specialties 

• Decreasing trust between patient 

and physicians 

• Increasing legal issues in 

diagnostics and therapy 

21th century 
• Evaluation of risk factors 

• Application of diagnostic and 

therapeutic guidelines 

• Evaluation of genetic and molecular 

biology 

• Improvement in time, spatial and 

contrast resolution of imaging 

techniques (MR, CT) 

• Deficits in inter-medical 

communication and work-flow 

organization 

• Increasing health care expenses   

• “Administrative Form of Medicine” 
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Modern CT imaging Portable CT  



Non-invasive assesment of human blood flow 
from CT angiography: CT-FFR, Heartflow 

Computational fluid dynamics 
(CFD), quantifies fluid pressure 
and velocity, based on physical 
laws of mass conservation and 
momentum balance  
 

CFD is widely used in the aerospace and automotive industries for design and testing 
CFD techniques have now been applied to analyze problems of  human blood flow 
 

Charley 
Taylor and 
Chris Zarins 

Mathematics 
and Physics 



Mathematic modelling for virtual stenting 

Taylor CA et al. J Am Coll Cardiol 2013;61:2233–41 

Animation and 
design 





 Robotic coronary artery bypass graft surgery: 
Transcontinental Robot-Assisted Remote Telesurgery 

https://www.hopkinsmedicine.org/healthlibrary/test_procedur
es/cardiovascular/robotic_cardiac_surgery_135,11 Haidegger T, et al. Surg Endosc. 2011 Mar;25(3):681-90.  



Technologies for patients and doctors 

17 



E-Health 

https://lvportals.lv/skaidrojumi/274621-e-veseliba-
bus-bet-ar-kavesanos-un-zaudejumiem-2015 

Gene Data Lake Project in 
Latvia 

Health data, 
medical history 

Gene data Medical equipment 
and sensors 

DataLake 

           Data analytics, modelling, predictions and 
visualisation 

Open data 
Personally 

reported data 

Scientific 
institutions 

Medical 
institutions 

Pharma 
companies 

Patients Society 



Precision medicine   

Chaussabel D, Pulendran B. Nat Immunol. 2015 May;16(5):435-9. 

• Precision medicine is an evolving 
strategy for disease prevention and 
tailored treatment that incorporates 
individual biological (genetic), 
environmental, and socioeconimic 
factors 

 

Antman EM, Loscalzo J. Nat Rev Cardiol. 2016Oct;13(10):591-602 

• Precision medicine — describing individuals: 
biology, clinical research, laboratory tests 
(including molecular and «omic» data), 
imaging findings, and electronic health 
records 



J Am Coll Cardiol. 2017;69(21):2657–64.  







Back-up 



 
Medicine is a craft, science, and 
art at the same time 

Medicine is a profession that incorporates science and 
the scientific method with the art of being a physician.  

Pauls Stradiņš (1896-1958) 
Surgeon, oncologist, medical 
historian and doctor of 
medicine, scientist 

GOLDMAN-CECIL MEDICINE, 25 TH EDITION  
ISBN: 978-1-4557-5017-7 Copyright © 2016 by Saunders, an imprint of Elsevier Inc. 



The Continuum of Risk and Disease 

CV Risk 

Reichek N. J Am Coll Cardiol. 2006;47:1159-1160. Stary HC et al. Circulation 1995; 92:1355-1374 

“Where is the boundary between risk factor and disease?” 

CV Disease 

Hypertension 

Dyslipidemia 

Smoking 

Diabetes 

Age 

Gener 

Family hisotory 

Endothelial dysfunction 

Smooth muscle  
and collagen 

Age 0-20   Age 21-30   Age 31- 

Growth mainly by Lipid accumulation Thrombosis,  
hematoma 

Foam cells Fatty streak Intermediate lesion Atheroma Fibrous plaque 
Complicated 

lesion/Rupture Plaque rupture and 
thrombosis 

Atherothrombosis:  

• Myocardial infarction 
• Stroke 
• Critical leg ischemia and gangrene 

CV: cardiovascular 



Myocardial Infarction: Times delays 

ECG 

Ibanez B et al. ESC STEMI guidelines 2017. 
Eur Heart J. 2018 Jan 7;39(2):119-177. 



Atrial fibrillation and stroke 

Ko D et al. Nat Rev Cardiol. 2016 Jun;13(6):321-32. 
Dzeshka MS et al. Interv Cardiol Clin. 2017 Jan;6(1):91-117. 

Prevalence of atrial fibrillation 



Congestive symptoms 

Activity limitation 

Dysrhythmias 

Reduced survival 

Hospitalizations 

Heart Failure & Arrhytmias 
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Heart failure 

Heart failure 

Survival after heart failure and cancer 

Roger VL, et al. JAMA 2004;292:344-50.  
Brenner H. Lancet  2002;360:1131-5. 



Biology 
(anatomy, 

physiology, 
genetics etc.)  

Mathematics 
and Physics 

Biostatistics; 
Computer 
sciences; 

Engineering 

Animation and 
design 

Public health; 
Epidemilogy 

Social and 
behavioral 

sciences 

Clinical 
sciences Heart Team, 

Expanded and 
Science Team 

 

Clinical cardiologist 
(non interventional) 

Cardiac 
surgeon 

Interventional 
cardiologist 

The patient 
with complex 

CAD and 
co-morbidity 

General practitioner 

Geriatrician 

Nephrologist 

Rehabilitation specialist 

Neurologist Diabetologist 

Anesthesiologist 

Pneumologist 

Referring physician 

European Heart Journal (2010) 31, 2501–2555 
European Journal of Cardio-thoracic Surgery 38, S1 (2010) S1-S52 



Ultrasound for Intravascular Imaging: IVUS 
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Mathematics 
and Physics 



Near Infrared Light for Imaging: OCT 

Science 1991; 25: 1178-81  

Mathematics 
and Physics 



Team Science 

• Team science initiatives are designed to promote collaborative—and often cross-
disciplinary—approaches to analyzing research questions about particular 
phenomena 

• Collaborative science can: 
– Speed up the rate of discovery 

– Apply novel methods to solve old problems 

– Promote expanse of knowledge 

– Apply specialized knowledge to new problems 

• The science-of-team-science field is a branch of science studies concerned especially 
with understanding and managing circumstances that facilitate or hinder the 
effectiveness of team science initiatives.  

 

 

 
Daniel Stokols et al. Am J Prev Med 2008;35(2S):S77–S89 



Definitions of Scientific Orientations 

Unidisciplinarity is a process in which researchers from a single discipline work together to address a common 
research problem.  
Multidisciplinarity is a sequential process whereby researchers in different disciplines work independently, each 
from his or her own discipline-specific perspective, with a goal of eventually combining efforts to address a common 
research problem.  
Interdisciplinarity is an interactive process in which researchers work jointly, each drawing from his or her own 
discipline- specific perspective, to address a common research problem.  
Transdisciplinarity is an integrative process in which researchers work jointly to develop and use a shared conceptual 
framework that synthesizes and extends discipline-specific theories, concepts, methods, or all three to create new 
models and language to address a common research problem.  



Personalized and Translational Medicine 

Personalized medicine: 

•Drug development  - genotype 

• Personalized therapies based on 

genetic information 

• Tumor specific drugs 

• Personalized treatment strategies for 

individual patients 

•High resolution medical imaging – phenotype 

• CT, MRI, PET scanning 

• Computational tools for image analysis 

• Patient-specific treatments 

 

Translational Medicine - application of 

knowledge from basic biology and science to 

improve medical care 

Scientist Physician 

Patient 




