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General information

The project “Predicting adverse clinical outcomes in 
patients with implanted defibrillating devices” was 
awarded a research grant from the Foundation for Pol-
ish Science from Warsaw, Poland, in the 4th edition 
of the TEAM competition in February 2010. The con-
tract between the Foundation for Polish Science (FPS) 
and Poznan University of Medical Sciences (PUMS) in 
Poznan, Poland, was signed on the 1st of March 2010, 
and the duration of the project was planned for 48 
months, until the 28th of February 2014. 

This project is a prospective observational study in 
a group of high risk cardiac patients with already implant-
ed either an implantable cardioverter-defibrillator (ICD) or 
a cardiac resynchronization therapy device with defibril-

lating mode (CRT-D). The patients should have survived 
a myocardial infarction and/or suffered from chronic heart 
failure with severely depressed left ventricular (LV) func-
tion with ejection fraction (LVEF) of no more than 35% 
at the time of ICD or CRT-D implantation, or be survivors 
of sudden cardiac arrest with implanted ICD or CRT-D, or 
suffer from cardiac diseases with an increased risk of pre-
mature death like hypertrophic cardiomyopathy, LQT syn-
drome or Brugada syndrome. The project addresses the 
field of electrotherapy with implantable cardioverter-defi-
brillators (ICD or CRT-D) which main (ICD) or one of main 
(CRT-D) functions is the application of electrotherapy for 
the treatment of life threatening ventricular arrhythmias 
like ventricular tachycardia (VF) or ventricular fibrillation 
(VF). The electrotherapy is applied in a form of antitachy-
cardia pacing that is faster than VT or energy discharge 

ABSTRACT

The project “Predicting adverse clinical outcomes in patients with implanted defibrillating devices” is a prospective 
observational study in a group of high risk cardiac patients with already implanted either an implantable 
cardioverter-defibrillator (ICD) or a cardiac resynchronization therapy device with defibrillating mode (CRT-D). The 
primary project aim is to build predictive models for an appropriate ICD or CRT-D interventions and other adverse 
clinical outcomes based on clinical assessment of the cardiovascular system, general clinical status, advanced 
mathematical and statistical analysis of cardiovascular time series and biological signals, including pressure 
waveforms, ECG and cardiac impedance. Up to 600 ambulatory adult patients are scheduled to be enrolled 
and after the first visit they are expected to be followed-up every 6 months for a number of clinical outcomes, 
including antiarrhythmic therapy intervention, sudden and aborted cardiac death and total mortality. The project 
launched in March 2010 and is expected to end in February 2014.
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by intrathoracic defibrillating electrode to stop VT/VF. 
The project is interdisciplinary in nature and requires 
a close co-operation of specialists in medicine, engineer-
ing, software development, and basic science. 

Management

Principal Investigator: Associate Professor Przemyslaw 
Guzik from PUMS.

Co-investigators: Associate Professor Jaroslaw 
Piskorski from University of Zielona Gora in Poland, 
Professor Andrzej Wykretowicz from PUMS and Profes-
sor Henryk Wysocki from PUMS.

International partners: Professor Georg Schmidt from 
Klinikum rechts der Isar, 1. Medizinische Klinik, Technis-
che Universitat Munchen, Munich, Germany; Professor 
Adrian Baranchuk from Department of Cardiac Electro-
physiology and Pacing at the Kingston General Hospi-
tal of the Queen's University in Kingston, ON, Canada; 
Professor Wojciech Zareba from Heart Research Centre, 
University of Rochester Medical Center, Rochester, NY, 
USA; Professor Marek Malik Cardiac Electrophysiology 
at the University of London, Head of Non-Invasive Elec-
trophysiology unit at St. George's, London, UK.

Ethics

Bioethical Committee at Poznan University of Medi-
cal Sciences on 10th April 2010 accepted all project’s 
protocols and forms, including information for patients 
and the form of their consent for study participation 
and withdrawal. The permission number is 363/10. 

Finance

The total value of granted funds is 1,520,000.00 Polish 
Zloty which at the time of contract signing amounted 
to nearly 390,000.00 Euro. The funds were designed 
for research stipends for 3 medical students, 3 PhD stu-
dents and one post-doc – all of them had to be recruit-
ed from open calls. Additionally, funds were earmarked 
to purchase new equipment, tools and software, cover 
the costs of biochemical analysis, domestic and inter-
national exchange, promotion of study results and 
publications as well as for work remuneration. 

Research Basic Concept

Devices such as ICD and CRT-D save lives in high risk car-
diac conditions like post-infarction, non-ischemic heart 
failure, in survivors of sudden cardiac death secondary 

to VT/VF, hypertrophic cardiomyopathy, long QT syn-
drome or Brugada syndrome [1–3]. There are thousands 
of people with implanted defibrillating devices world-
wide and all these patients have created a new clinical 
population since ICD and CRT-D have been implanted. 
Only a minority of such patients have appropriate life-
saving intervention and for this reason the numbers of 
patients needed to treat in order to save one life is quite 
high. Based on the established criteria for ICD/CRT-D 
implantation, it is necessary to implant an ICD or CRT-D 
to several patients to save one life – the number need-
ed to treat patients with such a device depends on the 
duration of follow up [1–3]. Based on the MADIT II trial 
results this number was 133 after 1 year, and substan-
tially dropped to 17 after 2 years and to 8 the end of 
a 3-year follow-up [4–6]. These fi gures show that ear- [4–6]. These figures show that ear-
ly criteria proposed for ICRD and CRT-D implantation 
before 2010, when this project was launched, for the 
identification of high risk patients, were not effective. 

Numbers of studies attempted to establish optimal 
systems of identification high-risk patients. These stud-
ies, however, compared ICD/CRT-D with placebo or phar-
macological antiarrhythmic therapy or CRT-D vs CRT 
alone (CRT without defibrillating mode). However, before 
2010 not a single prospective study focused on patients 
with already implanted defibrillating devices. Our study 
hypothesis was that it is possible to improve the iden-
tification of high-risk patients eligible for ICD or CRT-D 
implantation based on a non-invasive assessment of the 
cardiovascular status and general patient condition.

Research Project Objectives

The study primary objective is to build various predic-
tive models for an appropriate ICD or CRT-D interven-
tions and other adverse clinical outcomes. The models 
will be based on both detailed and wide clinical assess-
ment of the cardiovascular system, general clinical 
status, and modern advanced mathematical and sta-
tistical analysis for cardiovascular time series and bio-
logical signals as pressure waveforms, ECG and cardiac 
impedance waves. The study secondary objective is to 
develop software and tools for the analysis of the vari-
ability and asymmetry of cardiovascular time series, for 
the detailed analysis of the ECG structure and arterial 
pressure waveforms mechanical properties.

Research Plan

Ambulatory patients with already implanted ICD or 
CRT-D and who fulfill the project’s inclusion criteria (Table 
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1) will undergo a detailed non-invasive clinical exami-
nation with biochemical analysis of their venous blood 
and urine samples. Patients will be followed-up every 6 
months during their routine visits at our out-patient clin-
ic or, in case of a missing visit, by phone or mail. Dur-
ing each visit the current status of the implanted device 
will be routinely checked by telemetry and all events 
(arrhythmias, interventions), if recorded by the device, 
will be transferred and stored for further analysis. 

Research methodology

study population
Up to 600 patients after an elective implantation 
of ICD or CRT-D, which were in agreement with the 
most current guidelines and recommendations for an 
implantation of a respective device. Summary of eligi-
ble patients is shown in Table 1.

Methods

All patients will undergo the following methodological 
approach:

history taking, physical examination and anthropo- –
metrics, including body composition analysis;
functional cardiovascular evaluation with the 4-de- –
gree New York Heart Association functional class, 
echocardiography, the 6-minute walking test, cardi-
ac impedance, arterial photoplethysmography and 
applanation tonometry [7–15];
structural cardiovascular evaluation of carotid arter- –
ies, aorta and the heart with ultrasound methods [8, 
9, 11, 13];
measurement of indices of autonomic modulation  –
of the cardiovascular system, and cardiovascular 
variability, including variability and asymmetry of 
haemodynamics parameters, heart rate and blood 

Table 1. Eligibility and inclusion criteria for patients enrolled to the project “Predicting adverse clinical outcomes in patients with implanted defibrillating 
devices”

ELIGIBILITY AND INCLUSION CRITERIA
Patients with an already implanted ICD or CRT-D device for the following clinical indications:

post-infarction patients with LVEF <35 % at the time of implantation;  –
patients with chronic heart failure on an optimal pharmacological treatment, QRS duration >130 ms and functional dysfunction (NYHA III or IV)  –
and LVEF < 35% at the time of implantation; 
survivors of sudden cardiac arrest or aborted sudden cardiac death in a mode of ventricular tachycardia or ventricular fibrillation;  –
patients with hypertrophic cardiomyopathy;  –
patients with Brugada syndrome;  –
patients with LQT syndrome; –
patients with right ventricular arrhythmic cardiomyopathy. –

Patients who underwent an implantation of ICD or CRT-D at least 1 month earlier.
Ambulatory patients who do not require hospitalization due to their haemodynamic status.
Patients who will give their informed consent to participate in the study, both in the enrolment and later follow-up.

Table 2. Clinical outcomes of the project

PRIMARY OUTCOMES

1. Mortality of any cause;
2. Fatal sudden cardiac death, aborted sudden cardiac death or sudden cardiac arrest;
3. Appropriate antiarrhythmic therapy of discharge of the ICD or CRT-D;
4. Combination of 2 & 3;
5. Combination of 1 & 3.
SECONDARY OUTCOMES

1. Hospitalization due to advancing heart failure;
2. Death related to heart failure aggravation;
3. Non-cardiac death; 
4. Recurrent arrhythmic events defined as: an appropriate antiarrhythmic therapy of discharge of the ICD or CRT-D, or aborted sudden cardiac death, 

or sudden cardiac arrest;
5. Electrical storm defined as at least 3 appropriate antiarrhythmic therapy of discharge of ICD or CRT-D during 24 hours with at least 1 minute gap 

between each;
6. Syncope of any cause;
7. Syncope of an unknown cause;
8. Combination of fatal sudden cardiac death, aborted sudden cardiac death or sudden cardiac arrest or an appropriate antiarrhythmic therapy of 

discharge of ICD or CRT-D, or syncope of an unknown cause.
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pressure variability and asymmetry, arterial barore-
flex function [16–27];
biochemistry of fasting blood and urine samples for  –
NT-pro-BNP (N-terminal prohormone of brain natri-
urectic peptide) and standard clinical biochemical 
parameters [28–29].
All data will be collected in the dedicated data-

base-analytical system Granary (www.OpenGranary.
com, version 2.3, Poland). 

Statistical analysis – basic and advanced for build-
ing multivariate models predicting an appropriate anti-
arrhythmic intervention and other clinical outcomes 
defined in Table 2. 

Expected results

According to existing publications we expect that 
some of the variables like very low left ventricular ejec-
tion fraction, increased end-diastolic diameter of the 
left ventricle, reduced deceleration capacity, the dis-
tance covered during the 6-minute walking test, the 
increased C-reactive protein, NT-pro-BNP, creatinine or 
mean resting heart rate will have a significant associa-
tion with adverse clinical outcomes. However, in this 
study we plan to analyse many more variables which 
have never been studied in patients with implanted 
defibrillating devices. Moreover, we intend to build 
several predictive models starting from the simplest 
possible, to the minimal number of included variables, 
the cheapest to put into practice and ending with the 
most sophisticated and most precise in identification 
of high risk patients. All of the models will be pub-
lished and available for free in a variety of ways, like 
e.g. stand-alone programs or Excel macros. We hope 
that with the obtained models we will be able to iden-
tify more precisely than it is possible now the high-
risk patients who need an extra medical attention and 
treatment like invasive electrophysiological ablation of 
the heart. We also hope that with the identification 
of low-risk patients it will be easier to re-define some 
indications for ICD or CRT-D implantations and thus, 
finally, further reduce the costs of implantation pro-
cedures. 

We plan to develop software for the analysis of 
the variability and asymmetry of various cardiovascu-
lar time series like heart rate, blood pressure, stroke 
volume, cardiac output or vascular resistance. We 
also intend to develop another software for the pres-
sure waveform analysis and check the clinical value of 
obtained quantitative parameters. Finally, we want to 
develop the software for a detailed analysis of digital 

ECG and apply mathematical, physical and statistical 
algorithms to study its clinical utility. 

We also assume that with the collected data from 
all patients with huge number of parameters and out-
comes we will built our own database for big data 
analysis.
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