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Uvodnik / Editorial

Simpozij CRO-e-CARDIOLOGY 2014 

CRO-e-CARDIOLOGY 2014 Symposium
Goran KrstaËiÊ*     
Direktor Simpozija CRO-e-CARDIOLOGY 2014 
Symposium Director CRO-e-CARDIOLOGY 2014
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I
znimna mi je Ëast ugostiti Vas na Simpoziju CRO-e-CAR-
DIOLOGY 2014, znanstvenom i struËnom meunarod-
nom simpoziju u suorganizaciji Hrvatskog kardioloπkog

druπtva, Udruæenja kardiologa u Bosni i Hercegovini i Rus-
kog Novog SveuËiliπta iz Moskve.
Simpozij CRO-e-CARDIOLOGY 2014 se organizira kao in-
teraktivni, edukacijski simpozij visoke razine kvalitete koji Êe
obuhvatiti najzanimljivija podruËja uporabe informacijske
tehnologije (IT) kao πiroko rasprostranjene moguÊnosti pri-
mjene u razliËitim podruËjima kardiologije. To podrazumije-
va primjenu IT u istraæivanju, ali i svakodnevnoj kliniËkoj pra-
ksi unutar ili izvan bolniËkog okruæja. 
PodruËje rada i istraæivanja e-Kardiologije je promocija spe-
cijaliziranih raËunalnih postupaka u kardiovaskularnom sli-
kovnom prikazu, raËunalnom otkrivanju znanja, umjetnoj in-
teligenciji, strojnom uËenju, modeliranju i analizi biosignala,
bazi podataka, intra- i interbolniËkoj komunikaciji i razvoju
prediktivnih modela. Ove aktivnosti omoguÊavaju logistiËku
potporu znanstvenicima iz razliËitih podruËja u suradnji na
novim temama i primjenama u kardiologiji.
StruËni sadræaj Simpozija CRO-e-CARDIOLOGY 2014 do-
nosi pregled najvaænijih suvremenih tema iz elektrokardio-
logije, kardiometrije, elektrofiziologije, intervencijske kardio-
logije, ehokardiografije i ostalih slikovnih prikaza, analize po-
dataka, komunikacijskih servisa u kardiologiji i raËunarstva u
kardiologiji. Simpozij je namijenjen kardiolozima, specijali-
zantima kardiologije, internistima, anesteziolozima, medicin-
skim informatiËarima, medicinskim fiziËarima i svim drugim
lijeËnicima koji u svakodnevnom struËnom i znanstvenom
radu koriste IT. 
Veselim se Vaπem dolasku u Zagreb, u Hrvatsku kuÊu srca.  

I
am greatly honored to welcome you to CRO-e-CARDIO-
LOGY 2014 Symposium, the scientific and expert interna-
tional symposium co-organized by the Croatian Cardiac

Society, Association of Cardiologists in Bosnia and Herze-
govina and Russian New University from Moscow.  
CRO-e-CARDIOLOGY 2014 Symposium is organized as a

high quality interactive and educational symposium that will
cover the most interesting areas of using information tech-
nology (IT) applied in various areas of cardiology. It includes
the application of IT in research, and also in daily clinical
practice inside or outside the hospital environment. 
The field of work and research of e-Cardiology is the promo-
tion of specialized computer procedures in cardiovascular
imaging, computer-aided discovery of knowledge, artificial
intelligence, machine learning, modeling and analysis of bio-
signals, database, intrahospital and interhospital communi-
cation and development of predictive models. These activi-
ties provide logistical support to scientists and clinicians
from different fields to cooperate on new topics and applica-
tions in cardiology.
The professional contents of CRO-e-CARDIOLOGY 2014
Symposium gives an overview of the most significant con-
temporary issues in electrocardiology, cardiometry, inter-
ventional cardiology, electrophysiology, echocardiography
and other imaging modalities, data analysis, communication
services in cardiology and computing in cardiology. The
Symposium is intended for cardiologists, cardiology specia-
lists, cardiology residents, internists, anesthesiologists, me-
dical IT experts, medical physicists and all other physicians
who use IT in their daily professional and scientific work. 
I look forward to seeing you in Zagreb, in Croatian Heart
House. 
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Introduction: The literature contains various data regarding
the value of the exercise testing in patients with asympto-
matic aortic stenosis (AS). The aim: To determine the impor-
tance of exercise testing in cardiovascular risk stratification
in patients with moderate severe to severe aortic stenosis.
Methods and Results: Out of a total 33 patients with mod-
erate severe to severe asymptomatic aortic stenosis (mean
aortic area EOA 0.9±0.34 cm2) we followed up 31 patients
(two were excluded) during the 12 months’ period by clinical,
transthoracic echocardiogram and treadmill stress testing.
18 (58%) patients discontinued the test due to limiting symp-
toms, and had severe aortic stenosis (EOA ≤0.8 cm2).

During the follow-up, 11 patients spontaneously developed
severe symptoms within 12 months’ period, of whom 8 un-
derwent aortic valve replacement, one patient died (sudden
cardiac death), and two patients had a stroke. A total of 20
patients remained free of any symptoms. The highest pre-
dictive value is EOA ≤0.8 cm2 for the provoked symptom
test and it is 85%. ST depression had the highest negative
predictive value.  
Conclusion: Only limiting symptoms with critical aortic of
area (EOA ≤0.8 cm2) have a positive predictive value.

KEYWORDS: asymptomatic aortic stenosis, treadmill stress
testing, prognosis.
CITATION: Cardiol Croat. 2014;9(3-4):86.
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Proπireni saæetak / Extended abstract

Exercise testing to stratify risk in asymptomatic
moderate and severe aortic stenosis
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Melika AvdagiÊ1, Katarina KovaËeviÊ-DivkoviÊ1, Amira BijediÊ1

1University Clinical Center Tuzla, Tuzla, Bosnia and Herzegovina
2Clinical Center University of Sarajevo, Sarajevo, Bosnia and Herzegovina
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Our fundamental research in hemodynamics allows us to
develop a new mathematical model of blood flow in the car-
diovascular system which is in line with actual data in prac-
tice. It provides us some new data on the performance of
various cardiovascular system segments responsible for the
circulation maintenance. Our research has resulted in the
development of an innovative technology and a device for
accurate non-invasive measuring of hemodynamic parame-
ters which was not possible earlier. The use of the device
helps us obtain some new information that is the basis for a
radically new ECG and Rheo classification. It is based on

the cardiac cycle phase analysis. It is precisely the method-
ology that is capable of revealing the heart performance
mechanism, which could not be explored earlier, and inves-
tigating progression of various pathological processes.
Mechanisms of sudden cardiac death and those of energetic
resources responsible for maintaining the normal hemody-
namics have been detected by our R & D team. The method
for non-invasive assessment of cardiac muscle metabolic
processes has been developed. The core principles which
constitute the basis of cardiometry as a new scientific field
have been defined in our research. 

KEYWORDS: cardiometry, ECG, Rheo, hemodynamics,
mathematical model of blood flow.
CITATION: Cardiol Croat. 2014;9(3-4):87.

Proπireni saæetak / Extended abstract

Cardiometry as a new fundamental scientific field in
cardiology
Mikhail Y. Rudenko*, Vladimir A. Zernov, Olga K. Voronova
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At the turn of the millennium it became apparent that sci-
ence is fully losing its foundations — objective reality and
the consequent determinism. The illusion of objectivity has
already been eliminated by quantum science, showing how
human consciousness plays a significant role in the quan-
tum realm of subatomic matter. Scientists Descartes and
Newton founded the science on assumption that the con-
sciousness has no effect on reality. The consciousness itself
was shown isolated, even from the domain of religion. It was
believed that everything in nature could be explained by me-
chanistic terms, the universe itself was assumed to be a hu-
ge mechanical clock. Causal determinism, already damaged
by quantum science with the uncertainty principle in quan-
tum space was finally destroyed by the theory of chaos.1

The theory of chaos suggests that all events in nature are
chaotic and unpredictable and that physical laws can only
operate within the confined boundaries, giving space for cre-
ativity and spontaneity. Cause and consequence are rever-
sed, since the fractal as a cause attracts consequential ef-
fects. Chaos means a kind of temporal behavior in which the
difference between the two states initially grows exponen-
tially with time. Chaotic system is extremely sensitive to the
initial state and unpredictable in the long time scale, where
the initial state is rarely known with absolute precision.2 The
systems we find in nature exhibit the characteristics of non-
linear and chaotic behavior. We can attempt to show all sys-
tems as linear, near-equilibrium systems. However, if a con-
tinuous “flow” of energy is sufficient to arouse the system
sufficiently, it will become nonlinear or even chaotic. Chaos
can be more easily understood when compared with the
other two forms of behavior by a random, uncontrolled sys-
tem and system of periodicity. Random behavior is never re-
peated in the same form and it is unpredictable and disor-
ganized. A typical example is normal sinus rhythm recorded
by ECG. If we know the amplitude, frequency and phase of
the sine wave, we can at any time predict the incidence and
amplitude of the sine wave.3 Chaos is different from the be-
havior of periodicity and randomness, but it also includes the
features of the both systems at the same time. Although

chaotic behavior seems to be disorganized, random beha-
vior, it is actually a deterministic, periodic behavior. The
most important criteria of chaotic behavior are: Chaos can
be deterministic and aperiodic. Unlike the Newton’s laws of
physics, the chaotic behavior is never exactly repeated.
There are no visible cycles that circulate at regular time
intervals. Chaotic systems are very dependent on the initial
conditions.4 This means that very small changes in the initial
condition can result in large differences at a later time peri-
od. Even chaotic behavior is limited. As the system is beco-
ming controlled, behavior is becoming limited and predicta-
bility grows and eventually every chaotic behavior has an
ultimate form.5 Chaotic behavior in general has a definite
form, while parts of a pattern have a similar form.6 Thus, the
theory of chaos shows that our universe is in no way deter-
ministic, but it is creative and eternally evolving.7

In an attempt to unify Einstein’s theory of relativity and that
of quantum physics, and in accordance with the mainstream
physics, the Holy Grail of contemporary physics would be
the theory of string”. The theory of string should allow the
Einstein’s unification theory that would connect the four exi-
sting force fields (strong and weak nuclear forces, electro-
magnetic forces and forces of gravity) in a unified theory of
everything (theory of everything; T.O.E.).8 In theory, string is
the building block of a matter, a vibrating variable, which can
have loose ends or is one-dimensional closed loop. De-
pending on a variety of spins and frequencies of vibrating
string, various subatomic particles are reflected. In theory of
string, there is only one fundamental cause, vibration of the
string, but the note played on the string is actually account-
able for a different type of a particle. The string itself is so
small that it is impossible to imagine its existence. The string
is hypothetically said to be as big as an atom, if the atom is
as big as the Earth. This means that the string is incredibly
small. Should  the theory ever be effective, the basic inquiry
will be whether scientists will be able to prove the existence
of strings in their laboratories. The theory of string predicts
the existence of at least 10 or more dimensions. Physicists
around the world today still agree that such physical dimen-
sions themselves still cannot explain our physical reality.
The problem of the theory of string is also the existence of
several theories of string in order to obtain a more efficient
model and those theories of string are so complex that their
complete understanding and explanation is still eagerly ex-
pected. In fact, we are going to face an interesting future!
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Introduction: Most frequently used cardiovascular implan-
table electronic devices for the treatment of arrhythmias are
pacemakers and implantable cardioverter defibrillators
(ICDs). It has been shown that the function of these cardiac
rhythm devices can be impaired by electromagnetic interfer-
ence from the devices and systems emitting magnetic fields,
causing either temporary or permanent system malfunction.
Methods: Literature review1-3 and own results4 from the stu-
dies examining the potential electromagnetic interference of
hand metal detectors among the patients with implanted car-
diovascular implantable electronic devices performed in
Deutsches Herzzentrum Munich will be used.
Results: Sources of electromagnetic interference are fre-
quently encountered in daily life, emanating from cellular
phones, anti-theft devices, metal detectors, various remote
controls, improperly wired/grounded appliances coming into
the contact with the body, MP3 players, induction ovens and
many other devices1-3 Increasing global efforts to intensify
security screening measures in the past decade have also
brought into focus the use of metal detectors (which create
a magnetic field that might interfere with the function of car-

diovascular implantable electronic devices); they are nowa-
days routinely used in many settings to detect ferrous and
other dangerous items. Patients with pacemakers and im-
plantable cardioverter defibrillators are often advised to
avoid screening with metal detectors because of the risk for
electromagnetic interference. Another important group of
sources of electromagnetic interference is that which is en-
coutered in workplace and/or industrial environments, such
as high voltage power lines, transformers, welders, electric
motors, and many others. Last, but not least, are those sour-
ces are found in the medical environment: magnetic reso-
nance image scanners, electrosurgery, defibrillation, neuro-
stimulators, TENS devices, radiofrequency catheter abla-
tion, and therapeutic diathermy.
Conclusions: Altough the majority of data available is ba-
sed on case reports, there are a few studies examining ef-
fects of electromagnetic intereference on cardiovascular im-
plantable electronic devices. Majority of problems that oc-
curr are transient in nature, and, more important, easily
avoidable. Physicians should be aware of and familiarized
with the most common interactions of electromagnetic inte-
reference and cardiovascular implantable electronic devi-
ces.
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Introduction: Implantable Cardioverter Defibrillators (ICD)
are considered to be the treatment of choice for primary and
secondary prevention of sudden cardiac death. However,
the therapy is burdened by inappropriate ICD shocks (for
example for supraventricular tachyarrhythmias) which redu-
ce patient’s quality of life and acceptance of the device,
although dual chamber (DC) ICD have access to atrial and
ventricular information for tachyarrhythmia discrimination.
Recent studies have failed to show a clear benefit in reduc-
ing inappropriate shocks by these devices1-3. But adequate-
ly powered trials with a long-term follow-up are scarce.
Methods: Patients (pts) were recruited in 54 international
centres and supplied with a DC ICD. A total of 453 pts were
randomised to receive either standard SC programming or
optimised DC programming4. Optimised DC programming
was defined by the activation of the discrimination algorithm
(PARAD+) and a mode (SafeR) to minimise ventricular pac-
ing (Vp). ICD indications were primary (75%) or secondary
(25%) prevention of sudden cardiac death; pts were aged
63±11 years (86% males). For the both groups, zones of
arrhythmia detection were set with the following inferior cut-

offs: VF 240; Fast VT 200; VT 170; slow VT 120 bpm. ATP
and/or shock therapies were recommended to be activated
in all these zones. Pts’ outcome measures were the occur-
rence of inappropriate shocks, all-cause mortality and car-
diovascular morbidity.
Results: During an average follow-up (FU) of 23?8 months,
DC ICD-therapy, as compared to SC ICD-therapy, was as-
sociated with significantly fewer pts experiencing inappropri-
ate shocks (10/230 pts=4.3% vs. 23/223 pts=10.3%; p=
0.0146) and longer time to first occurrence of inappropriate
shock (p=0.0122 in Kaplan Meier analysis). Comparing DC-
and SC ICD-therapy referring to mortality or cardiovascular
events statistical equivalence was reached (p<0.0001), with
similar rates in the sub-items of all cause deaths (21/230
pts=9 % vs. 18/223 pts=8%) and cardiovascular events
(33/230 pts=14% vs. 40/223 pts=18%). 
Conclusion: DC-therapy with optimized arrhythmia discri-
mination and minimised Vp, as compared to standard SC-
therapy, was associated with a significantly lower occurren-
ce of inappropriate shocks over the 2 years follow up. This
benefit was reached with an equivalent rate of all-cause
mortality and cardiovascular events.

KEYWORDS: arrhythmia discrimination, inappropriate
shocks, implantable cardioverter defibrillator, pacing, shock,
survival, tachyarrhythmias.
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Most myocardial infarction patients will undergo emergency
percutaneous intervention (PCI) today. However, most of the-
se patients will have diffuse cardiovascular disease and will
often show more disease than a single culprit lesion. It is im-
portant to identify those patients at risk after a myocardial in-
farction (MI). The current guidelines suggest that the resting
left ventricular (LV) function must be assessed as part of the
risk stratification by both the ESC (ESC ST-elevation myo-
cardial infarction (STEMI) in 2012)1 as well by the ACCF/
AHA (2013)2. The guidelines suggest that patients with an
LV ejection fraction (LVEF) <30-40% and New York Heart
Association (NYHA) functional class I or II should receive an
implantable cardioverter-defribilator (ICD) treatment.
However, there are two major concerns to this classification
and those are: 1) Are the current imaging methods accurate
enough to measure this threshold in LVEF? And 2) the great
majority of patients with a sudden cardiac death (SCD) have
an LVEF >30%3. So the major question is how we can iden-
tify the patient at risk and wheter we any other possibilities
to identify them by imaging4?
There are currently many additional imaging methods avail-
able who aimed at identifing vulnerable coronary lesions5,

such as: intravascular ultrasound (IVUS), optical coherence
tomography (OCT) and near infrared spectroscopy (NIRS),
to name a few. Some of these imaging methods can be used
for in-depth analysis of plaque components as by example
IVUS-Virtual Histology. Most of these intracoronary imaging
techniques are used to identify the so-called thin-cap fibro-
atheroma’s (TCFA’s)6,7. Also functional measurements of co-
ronary blood flow, e.g. fractional flow reserve (FFR)8 or even
virtual FFR by multi-slice computed tomography (MSCT)9.
However, not a single imaging method could identify these
vulnerable plaques at itself, the results up until now are so-
mewhat disappointing. We expect that combination of the
results of the individual methods by multi-modality imaging,
might improve this10. The ultimate multi-modality assess-
ment of the LV and the heart might be “electro-mechanical
imaging”11.
Identifying the vulnerable patient at risk after MI is a difficult
task3. Although the imaging guidelines today recommend to
measuring the LVEF at rest to identify patients at risk and
who might benefit from additional treatment, there is still a
large scientific debate if this is appropriate enough. More
recent imaging methods are necessary and perhaps multi-
modality imaging could provide better insight into the very
important topic of identifying patients at risk.
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Magnetic resonance imaging (MRI) of the heart is one of the
key non-invasive techniques in modern cardiology. In the
last period it developed from the useful research method in-
to a clinically evidence-based, safe and comprehensive dia-
gnostic test. The development of the technology has resul-
ted in its wider application in various fields of cardiology, in
evaluation of regional and global systolic function of the
heart, perfusion and tissue characterization of the heart
muscle, evaluation of pericardial disease, heart tumor and
follow-up of patients with congenital heart disease and dis-
eases of the aorta. In ischemic heart disease there are great
possibilities for identifying segmental contractility failures af-

ter administration of dobutamine, or applying vasodilatating
tests such as adenosine, with a satisfactory safety profile
and a good degree of diagnostic accuracy. The principle of
gadolinium-based imaging is based on a lower speed of
wash out of gadolinium from myocardium replaced by fibro-
sis or scar. On these grounds, a delayed imaging 5 to 20 mi-
nutes after injection of contrast agent will clearly show a fi-
brosis or a scar and thus also give an answer to the question
as to the benefits of further revascularization procedures.
The main advantages of cardiac MRI versus other nonin-
vasive imaging methods are high spatial resolution, excel-
lent reproducibility (suitable for monitoring patients), non-io-
nizing radiation, high intrinsic contrast, numerous techni-
ques within one method and 3D reconstruction. 
KEYWORDS: magnetic resonance imaging, perfusion, tis-
sue characterization.
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Coronary Computed Tomography Angiography (CCTA) is
now the fastest and only growing application for computed
tomography in the United States, with approximately
500,000 Americans undergoing CCTA each year1. On the
other hand, this has stimulated professional and public con-
cern about appropriateness of its widespread use.
AHA/ACC Appropriate Use Criteria (AUC) for CCTA from
2006 defined 37 clinical situations where this method was
considered appropriate, whereas in 2010 this has extended
to 93, demonstrating and obvious growth. 
However, although recommendations for CCTA still remain
cautious, on the other hand, diagnostic Invasive Coronary
Angiography (ICA) is now recommended only if the results
of non-invasive testing suggest high likelihood of significant
3-vessel dissease, or left main afliction, and also if the pa-
tient is willing to accept the posibility of imediate revascular-
isation2. In general, therefore, the AHA/ACC guideline up-
date was less prescriptive than the earlier NICE guideline,
perhaps partly because it put less emphasis on the cost effi-
ciency of its recommendations.
Although the indications might vary among different institu-
tions, ICA and CCTA are now being commonly, and widely,
used by clinicians to assess anatomic disease burden in pa-

tients with coronary artery disease (CAD), while other non-
invasive imaging techniques are primarily used to ascertain
ischemic burden. 
Beside a recent analysis has de facto called into question
the rationale for many of the revascularization procedures
performed until recently, at least in patients with stable
CAD3. In the meta-analysis including more than 5,000 pa-
tients, PCI seemed to be no better than medical therapy alo-
ne, patients with documented ischemia on stress testing or
fractional flow reserve (FFR).
As a curiosity in this respect, when Geroge W. Bush was
stented in August 2013 a fierce dispute arose whether this
intervention was really necessary or if he would have fared
better off with only medical therapy. Also possibly intere-
sting, the primary diagnostic work-up used in his case was
CCTA, not ICA.
Luckily, we believe, this dispute was settled after the COU-
RAGE-trial systematically showed that patients with stable
angina fare as well with optimal medical therapy alone, as
they do with angioplasty/stenting, or by-pass.
In our own series of roughly 800 patients, we also tried to
evaluate how CCTA influenced the management and treat-
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Figure 1. Coronary computed tomography angiography and invasive coronary angiography. Borderline distal right coronary
artery stenosis, on coronary computed tomography angiography and invasive coronary angiography.



2014;9(3-4):95. Cardiologia CROATICA

Received: 15th Feb 2014
*Address for correspondence: Poliklinika Sunce, Trnjanska cesta 108, HR-10000
Zagreb, Croatia.

Phone: +385-1-304-6666

Email: mladen.jukic@sunce.hr

Literature

1. Berenson A, Abelson R. Weighing the Costs of a CT Scan's Look Inside the Heart. New York Times. Sunday, June 29, 2008. http://www.nytimes.com/2008/06/29/business/
29scan.html?pagewanted=all&_r=0

2. Fihn SD, Gardin JM, Abrams J, et al.; American College of Cardiology Foundation; American Heart Association Task Force on Practice Guidelines; American College of
Physicians; American Association for Thoracic Surgery; Preventive Cardiovascular Nurses Association; Society for Cardiovascular Angiography and Interventions; Society of
Thoracic Surgeons. ACCF/AHA/ACP/AATS/PCNA/SCAI/STS Guideline for the diagnosis and management of patients with stable ischemic heart disease: a report of the American
College of Cardiology Foundation/American Heart Association Task Force on Practice Guidelines, and the American College of Physicians, American Association for
ThoracicSurgery, Preventive Cardiovascular Nurses Association, Society for Cardiovascular Angiography and Interventions, and Society of Thoracic Surgeons. J Am Coll Cardiol.
2012;60:e44-164.

3. Stergiopoulos K, Boden WE, Hartigan P, et al. Percutaneous coronary intervention outcomes in patients with stable obstructive coronary artery disease and myocardial ischemia:
a collaborative meta-analysis of contemporary randomized clinical trials. JAMA Intern Med. 2014;174(2):232-240.

4. Jukic M, Pavic L, et al. Influence of coronary computed tomography-angiography on patient management. Croat Med J. 2012;53(1):4-10.

Figure 2. Cardiac computed tomography (CCT) and fractional flow reserve. Contrast-enhancement deficit on inferior left 
ventricular wall (under 10%) on CCT in the same patient, and hemodynamically non-significant stenosis on invasive 

coronary angiography-fractional flow reserve, which was not regarded to require stenting.

ment of patients with CAD, where we showed that CCTA
can reliably replace diagnostic ICA in majority of stable pa-
tients, no regardless of the pre-test risk stratification4.

In this respect, we would like to present a case “To stent or
not to stent” our own debate (Figure 1 and 2).

Having in mind the most recent evidence-based data that
suggests that revascularization (coronary stenting, as well
as by-pass) should probably be reserved only for patients
with non-stable CAD, while patients with stable CAD should
be treated conservatively, we think that also diagnostic

work-up for these patients should be kept as non-invasive
as possible, as the majority of the patients can be adequate-
ly managed in this way alone. 

To conclude, based upon this data and our clinical experi-
ence, we believe that CCTA can provide reliable diagnostic
and prognostic information for adequate clinical decision-
making and treatment of the majority of patients with stable
CAD. 

The still ongoing 8,000-patient ISCHEMIA and other trials,
will hopefully yield some more insights in this respect.
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Introduction: The precise localization of the site of origin of
a premature ventricular contraction (PVC ) or ventricular ta-
chycardia (VT) prior to ablation would facilitate the planning
and execution of the electrophysiological procedure1. Cur-
rent electrocardiographic imaging (ECGI) techniques uses
body surface mapping that is costly, complex, and requires
as many as 256 leads to localize the PVC origin. We have
developed and tested the novel cardiac isochrone position-
ing system (CIPS) utilizing the readily available 12 lead ECG
to localize the PVC origin. 
Methods: The myocardial activation based ECGI requires a
patient specific model of the heart and thorax. For the PVC
or VT origin localization, the fastest route algorithm2,3 is used
on patient specific models created by the newly developed
morphing software4.
For this study population the electrodes were not recorded
accurately. The influence of electrode misplacement was

Consequently we developed and tested new Kinect camera
software to document and determine the ECG electrode lo-
cations on the chest wall5. This software fuses the recorded

Proπireni saæetak / Extended abstract

Quantitative spatial cardiac localization of 
premature ventricular contractions using 
the cardiac isochrone positioning system
Peter van Dam*
University of Nijmegen, Nijmegen, The Netherlands

tested on one of the cases by moving the precordial elec-
trodes up and down. The amount of electrode misplacement
alters significantly the PVC location determined by CIPS,
shown with white dotes. An electrode misplacement of 5 mm
resulted in a range of 0-22 mm PVC location. 

3D Kinect camera image with the MRI derived thorax mo-
del4.

Results: Ten patients that underwent electrophysiological
mapping and ablation of PVCs were studied. The PVCs ori-
gins were localized on the endocardium of the mid left later-
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al wall, the anterior right ventricular outflow tract (RVOT),
the left ventricular superior septum, septal RVOT and mid
wall of the RVOT. In one patient the PVC origin was located
on the epicardial RVOT. PVC localization by the 12-lead
ECGI was correlated to the site of successful ablation. All
patients (10/10) had accurate prediction of the PVC origin.
However, in two patients without patient specific models the
localization was reversed between the RV free wall and sep-
tum of the RVOT. With patient specific models and accura-
tely reconstructed electrode positions, these latter two cases
would likely be localized correctly. 
Conclusion: This feasibility study of CIPS shows its ability
to localize the PVC origin based on only the standard 12
lead ECG. This ECGI method yields activation estimates of
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isochrones on both ventricles from which the PVC origin
location is derived. This new ECGI technique can localize
the PVC from any part of the ventricular endocardium, intra-
myocardium or epicardium. Accurate localization of the pre-
cordial ECG electrodes, however, is still required. The Ki-
nect camera offers the functionality to quickly and reliably
localize these electrodes on the chest wall, potentially in-
creasing the accuracy of CIPS. We are currently in the pro-
cess of designing a prospective study using CIPS with the
Kinect camera to localize PVCs and VT origins.
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Background: Information technology has transformed the
way healthcare is carried out and documented. Presently,
the practice of healthcare generates, exchanges and stores
huge amounts of patient-specific information. In addition to
the traditional clinical narrative information, databases in
modern health centres automatically capture structured data
relating to all aspects of care, including: diagnosis, medica-
tion, laboratory test results, imaging data and many other.
Electronic health record (EHR) data comprise various data
types, structured data as well as unstructured data, and can
be exploited for care, statistics and research.
Despite the great potential, researchers who wish to analyse
large amounts of patient data are still faced with technical
challenges of integrating scattered, heterogeneous data, in
addition to ethical and legal obstacles that limit the access
to the data. 
In short, the use of data from EHR systems is still hampered
by the lack (or lack of implementation of) standards for inter-
operability and schemes for privacy and consent.
Interoperability: When an EHR system is implemented, it is
often customized for the users. This means that even EHR’s
developed by the same vendor could collect the same infor-
mation in different ways for different institutions. Without the
use of common vocabularies, it is impossible for a given ho-
spital’s computer to understand a patient record from ano-
ther hospital, but also for researchers to compare data across
organizations. Therefore, the use of common vocabularies
should be implemented as much as possible in each EHR.
There are many interoperability domains: Organizational
interoperability (who does what when), semantic interoper-
ability (meaning of the data), syntax interoperability (struc-
ture of the data), and technical interoperability (connecting
computers on a technical level).

To solve these interoperability issues, many healthcare IT
standards have been developed; some of them are overlap-
ping. There are standards on medical/clinical content (e.g.
CDA, HL7), and standards on structure & implementation
(CCR, DCM)1.
Privacy: Privacy legislation in many countries has tradition-
ally placed a great weight on personal autonomy, and has
required informed consent for accessing personal health
data for research. A legitimate public concern related to the
use of personal health data is the risk of privacy breaches.
A technical solution is to de-identify research data according
to the specifications in the Health Insurance Portability and
Accountability Act privacy rule. De-identification (anonymi-
zation) allows researchers to circumvent costly and timely
consent procedures, but the lack of identifiers makes the in-
clusion of follow-up data difficult. In practice, the following
measures are taken to overcome this problem: attributes
with identifying information such as ‘name’, ‘phone number’,
‘SSN’ will be omitted. Necessary fields for later linkage such
as PatientID will be encrypted, with the decryption codes
only accessible for certain people2,3. 
Conclusion: The present widespread use of electronic
health record systems holds great promise for the use of this
data for clinical research. Despite the great potential, resear-
chers who wish to analyse large amounts of patient data are
still faced with technical challenges of integrating scattered,
heterogeneous data, in addition to ethical and legal obsta-
cles that limit access to the data. However, it is to be expect-
ed that large-scale adoption of health information technolo-
gy infrastructure in the form of EHRs and standards for inter-
operability and schemes for privacy and consent will allow to
fully exploit EHR data in clinical research.
However, it is difficult to predict when a major shift in avail-
ability of EHR data may take place. EHR’s and EHR related
data mining can further improve the quality of care and also
reduce overall cost of healthcare in the long-term.
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Introduction: Intelligent data analysis (IDA) is an important
tool for data based medical research. It is often combined
with statistical techniques. The primary goal of IDA is data
understanding and hypothesis creation while statistics is
used for hypotheses validation. Aim: Presentation of novel
approaches for pattern recognition, example clustering, and
data understanding tasks in cardiological applications.   
Methods: A new generation of machine learning algorithms,
like Random Forest1 and Random Rules, is based on effi-
cient and systematic construction of many independent clas-
sifiers. Besides increased predictive quality, the algorithms
have some distinguished properties like inherent estimation
of the probability of correct classification for each example
and estimation of the similarity of pairs of examples. The
probability of correct classification is measured by the differ-
ence in the number of votes for different classes while simi-
larity of examples is measured by the percentage of classi-
fiers that correctly predict both examples. These new op-
tions are potentially very useful for pattern recognition and
example clustering results that may be applied for the pre-
dictive and descriptive analysis of medical data.
Results: The problem of fetal heart rate (FHR) monitoring is
known as an important and difficult problem2. Typically it is
solved by sophisticated signal processing techniques. We
demonstrate how it may be solved by transforming the four

simultaneous noninvasive fetal ECG signals into a single
probability sequence. From such probability sequence it is
much easier to identify positions of actual fetal QRS com-
plexes. A model based on many independent classifiers is
used for this transformation. The starting point for construc-
ting the model is a few ECG sequences on which medical
experts have already identified the positions of fetal QRS
complexes. 
The second application is clustering of coronary heart dis-
ease (CHD) patients. The experiments start from a set of
238 patients. A classification problem is formed so that the
original set of examples is used as positive examples while
negative examples are obtained by randomized shuffling of
attribute values of the original set. The goal of constructing
a predictive model for discriminating original from rando-
mized data is to obtain a similarity table for original exam-
ples. In the second step clusters of examples are iteratively
constructed by minimization of the internal variance of the
similarity table for all 238 examples. The main result is iden-
tification of relevant subgroups of CHD patients, description
of properties of these subgroups, and detection of outlying
examples.
Conclusion: The presented methodology and its appropri-
ate applications enable novel approaches to data analysis in
cardiology. The applications that are discussed in this work
are only an illustration of its potentials. A long term goal is
better understanding of the methodology and its compara-
tive evaluation with standard techniques.
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Introduction: The Acute Myocardial Infarction Register for
the City of Zagreb was established in 1979 in the Institute for
Cardiovascular Prevention and Rehabilitation as a popula-
tion-based register including all cases among Zagreb resi-
dents. It contained mostly epidemiological data. As time
passed and diagnostic procedures and therapy in cardiolo-
gy advanced, cardiologists were interested to get more cli-
nical information. In 2003 we established the Acute Coro-
nary Syndrome Register for the City of Zagreb containing a
series of clinical data. All age groups are covered. Sources
of information are: mortality data and hospital discharge of
consecutive patients admitted to all Zagreb hospitals with
Acute Cardiology Units. Main inclusion criteria: 

• suspected or confirmed acute coronary syndrome (ACS)
• those who died outside hospital with ACS as the main

cause of death (confirmed or not confirmed by autopsy).
• sudden cardiac death (in- and out-of-hospital)

Methods: Physicians regularly visit all Zagreb hospitals which
have Acute Cardiology Units. In the hospital admission list
they look for Zagreb residents who were discharged with a
diagnosis of ACS. Data collection method is cold pursuit.

They fill in a questionnaire with the following data: history
data (risk factors, previous  percutaneous coronary interven-
tions or coronary artery bypass graft surgery), exact date
and time of the onset of symptoms, date and time of admis-
sion, time of entering coronary care unit, 12-lead ECG on
admission, markers of necrosis (CK-MB, troponin), PCI or
PTCA, working diagnosis from the emergency clinic, diag-
nostic procedures during hospitalization, laboratory findings
(TC, HDL, LDL, triglycerides), therapy in the first 24 hours,
complications, final diagnosis, groups of drugs taken in the
last 3 months prior to arrival at the hospital and medications
recommended at discharge, date and place of death (hospi-
tal death occurring within 28 days) and whether autopsy was
performed. In fatal cases, autopsy report is checked and if it
is proven that the cause of death is not an ACS, the patient
is not entered in the Register. 
Results: The comparison between in-hospital and out-of-
hospital death from ACS by gender shows great differences.
Out-of-hospital death in men is much higher than in-hospital
death and the both show a declining trend seen from 2007
to 2011 (Figure 1). In women we see the opposite (Figure
2). In-hospital death is much higher than out-of-hospital
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death. There is no change in out-of-hospital death but the in-
hospital death shows a declining trend. Each year only
about 10% of the patients included in the ACS Register join
the outpatient cardiac rehabilitation program in Zagreb. 
Discussion: Advantages of the Register - It is intended for
health professionals and policy makers and gives the infor-
mation on the characteristics, the burden and consequences
of ACS in the City of Zagreb. It provides a more precise and
valid monitoring of ACS. Continuing hospital computeriza-
tion and personal identification number should allow record
linkage and better data quality. Data is published in the
Croatian Health Service Yearbook. Limitations: Financial

problems, lack of data collection staff, unrecognized value of
such population-based registers among health profession-
als, lack of validation of discharge diagnoses. One of the
problems is, also, that we no longer have the possibility to
check the diagnosis on the death certificate at the Hospital
Department of Pathology because the Central Bureau of
Statistics refuses to give us the names of deceased patients
due to data protection.  
Conclusion: Out-of-hospital mortality has declined in the
last few decades, but it still remains high representing great
concern in men. From the epidemiological point of view
emphasis should be placed on CV prevention, population
education and better out-of hospital emergency care. The
use of a reliable information system has enabled the deve-
lopment of such a register and contributed to a relatively
simple data processing. Medical professionals and patients
should be better informed on the advantages of the cardiac
rehabilitation program.
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tation program
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Heart disease is the leading cause of death in the modern
world. Cardiac image processing is now routinely applied for
detecting, classification and diagnosis of heart diseases.
One of the most common uses of processing methods that
are now widely applied are cardiac segmentation1 and regi-
stration methods2, that are used in order to extract the de-
tailed anatomy and function of the heart. 
Automatic segmentation plays a central role when inspect-
ing reconstructed 3D cardiac images from CT or MR scan-
ners. An accurate classification of the different cardiac re-
gions is usually the first step of tasks like: cardiac visualiza-
tion, coronary artery inspection, measurement of the ejec-
tion fraction for the left and right ventricles and wall motion
analysis.
In a clinical context, physicians often mentally integrate ima-
ge information from different modalities. Automatic registra-
tion, based on computer programs, might, however, offer
better accuracy and repeatability and save time3. Cardiac
image registration remains a challenge because of the nu-
merous specific problems mainly related to the different
motion sources (patient, respiration, heart) and to the speci-
ficity of each imaging modality. Up to now, no general me-
thod ould  automatically register any modality with any other
modality so far. 

This paper presents a survey of shape modeling applica-
tions to cardiac image analysis from MRI, CT, echocardiog-
raphy, PET, and SPECT and aims to introduce new method-
ologies in this field, classify major contributions in image-ba-
sed cardiac modeling, provide a tutorial to beginners to initi-
ate their own studies, and introduce the major challenges of
registration and segmentation and provide practical exam-
ples. 
Image-driven processing methods, such as thresholding, re-
gion-based or edge-based techniques, or else pixel classifi-
cation4-6, provide a limited framework for further medical ima-
ge analysis. They can include geometrical information, as
well as high level information, in the so-called shape prior
based segmentation framework, or through active shape
models and active appearance models. At last, atlas guided
segmentation also make use of a set of manually segment-
ed images. 
By using different analysis software of cardiac images, CAD
prototypes can be used in clinical routines in order to pro-
vide a computer output as a second reader to assist physi-
cians in the detection of abnormalities, quantification of dis-
ease progression and differential diagnosis of lesions7.
Computerized analysis of cardiac images in combination
with artificial intelligence can be used in clinical practice and
may contribute to more efficient diagnosis. 
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The development of mobile telecommunications and multi-
media technologies has resulted in providing one segment
of medical services when a patient and a physician are at
remote locations. Mobile health (mHealth) is a system of re-
mote monitoring the health status during the 24/7 and is pri-
marily designed for patients with chronic diseases, but also
those who are at home care after acute events and/or emer-
gency medical intervention, patients involved in programs
for the improvement of health status or for clinical trials. 

The basis of the mHealth is supported by enthusiasm of a
growing use of technologies in the community that keeps up
with the 21st century developments and medical equipment
that gathers information from the body (the sensor for a pa-
tient, communication device, medical application), and ac-
cessories. Blood pressure, heart rate, electrocardiogram,
blood glucose, oxygen saturation and other variables are
collected by sensors and can be simultaneously or in a cer-
tain period of time transmitted to the server, enabling the
option of integration with electronic medical record and sig-
naling in case of any disorders. 

In addition to the unequal development of broadband com-
munication networks, the main problems of mHealth are: 

• Lack of technical skills of medical professionals, particu-
larly middle-aged and elderly ones;

• Technical problem of sensors — devices dependent on
the size, design and battery life;

• The need for interoperability — linking diverse technolo-
gies for the purpose of exchanging and using information
(from textual to complex multimedia messages), technology
(WLAN, Bluetooth, satellite communications, etc.) and con-
nectivity (wireless, wired, PC, PDA devices);

• Necessity of certifying the devices — the credibility of
procedure (information of mobile monitoring are credible
medical information or additional indicators), data protec-
tion, lack of standards and unclear legislation; 

• Lack of financial incentives for the application of
mHealth technology.
Telecardiology and mHealth principles and technology in
cardiac rehabilitation can be used as a tool for promoting
ever greater involvement of patients with coronary heart dis-
ease, which, in addition to the availability and price is the
global problem for the mentioned cardiovasculae activity.
Mobile technology has proved to be potentially useful in
intervention programs that detect and modify risk factors in
psychosocial support, physical activity programs and thera-
peutic education. Time will show whether this mHealth po-
tential will increase availability, participation and outcomes
of patients with coronary heart disease.
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The practice of collecting and maintaining information on
health is as old as the history of medicine itself. Since the
earliest times, those who were engaged in the art of healing
found it necessary to record various outcomes in relation to
the number of patients attended. At the beginning, health
information systems were oriented to collect information on
diseases and on health service outputs. In the meantime,
there has been a tremendous progress in medicine as well
as in informatics. In contemporary times, health information
systems were transcended to the domain of modern health
practices, and they hold great significance in the planning
and decision-making of health delivery services1-3. 

Health information systems are there to bridge the gap bet-
ween disease occurrence and the response of health pro-
fessionals to fight diseases. The drive for the reform of
health information systems coincided with a revolution in inf-
ormation and communication technology, as a result the
computer has made its entry, but many of the resulting com-
puterised systems are suffering from the lack of appropriate-

ly trained staff, thereby also facing hardware and software
maintenance problems. 
However, it is important to make sure that, computerisation
of health information systems does not dominate the health
information system reform improvement process4. The pro-
blems of implementation of information systems are well
known and invariably they concern the interplay of human,
organisational, and technical factors, which cannot be easi-
ly separated. It is important  especially in field of cardiology.
The heart is a specific organ, besides morphologic characte-
ristics, the functional status is very important and the rela-
tionship between heart and blood vessels, well known as ar-
terioventricular coupling.
We can describe this complex interlinking by conceptualis-
ing computer-based information systems as social systems
in which technology is only one of the elements5. Information
systems are much more than computers and telecommuni-
cations equipment, as they also involve people and their ac-
tions in the organizational settings in which they work. One
of the good and in developing health information systems is
provided in University Clinical Center Tuzla at Tuzla county
in Bosnia and Herzegovina6,7.
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At a time when the Internet has become an inseparable part
of the everyday lives in the population of developed coun-
tries, the awareness of the need for its use in health promo-
tion and disease prevention is continuously increasing. Al-
though there are numerous studies in this field that are still
in progress, at the time being we have more open questions
than safe answers. Health issues are on the internet domi-
nated largely by unfounded commercial promotions and

sales campaigns, while professional content tends to be lim-
ited to the official web site of professional societies.
Promotion health campaigns that are based on proven and
effective — evidence based platforms are still sporadic.
Because of its specificity and longevity, the prevention and
treatment of obesity is area of a special interest. It seems
that the Internet-based education, practical materials, web
— medical and psychological counseling, and controlled
support groups within social networks represent the next
major step in the development of effective therapeutic
strategies for obesity. 
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Radiation exposure rises with growing number of computed
tomography, nuclear cardiological exams, coronary angio-
graphy and fluoroscopy leading to a higher risk of patient
overexposure to radiation. It is estimted that 40% of radia-
tion exposure is due to cardiological procedures. Interven-
tional cardiologists and cardiac electrophysiologists are two
to three times more exposed to radiation than diagnostic ra-
diolodists. In high volume cath labs the most experienced in-
terventional cardiologists have annual exposure about
5mSv and lifetime exposure increases cancer risk by 1%.
There are two main biolgical effects of radiation: tissue reac-
tion (determinstic effects) that becomes evident days or
months after exposure and incude skin injuries and cataract,
and scholastic effect which is related with potential and
future harm damaging DNA or indirectly (free radicals and
reactive oxygen specises) leading to cancer manifestation
after many years. Increased cancer risk is for doses more
than 50mSv. Risk is 3-4 times higher in children than in
adults, 38% higher in females than in males, 50% lower in
octogenerians than in 50 year-old old patients. Some tissues
are more sensitive than others. Highest radiosensitivity
organs are breast, colon, lung and stomach. 

Patients and doctors protection can reduce the radiation
exposure by 90%. Radiation doses in cath lab depend on
operator expirience, arterial approach, distance of image
intensifier from patient, cine-duration, performing ventricu-
lography or not, projection, magnified views and also some
patient characteristcs: BMI, coronary lesion type and sort of
arrhythmia to be ablated as maintained and qualitiy con-
troled technology.
In our investigation we compered doses of exposure to pa-
tients and operators in 2007 compared with 2009 and found
that as we had more experience and awareness of harmful
effect of radiation, doses were lower and 2.7% of patients
had exposure more than 2Gy and thay are included in the
follow up. Doses were similar to other cath labs. 
We need more epidemiological, and biodosymetry data on
radiological protection in patients (children and adults), inter-
ventional cardiologists and staff (including genetic studies),
non-cancer effects, innovative devices and procedures.  
KEYWORDS: interventional cardiology, risk, radiological
protection, radiation, imaging.
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Effective Equivalent number of  Approximate equivalent 
Diagnostic procedure dose PA chest radiography  period of natural background

(mSv) each (0.02mSv) radiation (years)

Chest X-ray 0.02 1 0.008
Coronary angiography 7 (2-16) 350 (100-800) 2.9
Percutaneous coronary intervention 15 (7-57) 750 (350-2800) 6.3
Radiofrequency ablation 15 (7-57) 750 (350-2800) 6.3
Dilatation chronic coronary occlusion 81 (17-149) 4050 (850-9600) 33.7
Aortic valvuloplasty 39 1950 16.2
Endovascular thoraco-abdominal 
aneurism repaire 76-119 3800-5950 31.6-49.5
64-slice coronary CT 15 (3-32) 750 (150-1600) 6.3
Coronary calcium CT 3 (1-12) 150 (50-600) 1.2
Sestamibi stress test (1 day) 9 450 3.7

Table 1. Standard reference doses for common cardiological examinations.
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A change of the paradigm in the treatment of some diseases
rarely changed so radically as the strategy for the treatment
of acute myocardial infarction (AMI) has changed over the
last few decades. A long period with a completely passive
and expectative attitude was followed by two radical revolu-
tions. The first occurred in the eighties by introducing fibri-
nolytic therapy, while the other was even more spectacular,
when primary percutaneous coronary interventions (PCI)
were introduced, being accompanied by a significant de-
crease in mortality. The second wave affected us in Croatia
10 years ago, whereas intervention skills, technology and
enthusiasm were the trias in the genesis of success. If we
drew a cross-section today, we can ask ourselves — What
is next to do? Have we reached the maximum which is fol-
lowed by the plateau or is there still room for upward curve
of success? This second variant seems to be more realistic.
The reasons for this can be found primarily in spreading PCI
to non-ST segment elevation myocardial infarction (NSTE-

MI), that are subject to less invasive strategy or strategy of
longer waiting for PCI, significantly longer in practice than
what is prescribed in the guidelines, which can explain epi-
demiological data of the difference in mortality between ST-
segment elevation myocardial infarction (STEMI) and
NSTEMI in some follow-ups. Another moment is the limita-
tions of electrocardiographic methods in the classification of
AMI, which determines the treatment strategy. The differen-
ces reflected by the electrocardiographic method are not al-
ways an expression of real pathophysiologic events, so the
treatment strategy should not be different. In addition to the
methods of unmasking false NSTEMI and real STEMI sho-
wing terminology inadequacy of the existing names, we
should take into account the technological advance in the
diagnostics of AMI, as a potential moment for further jump.
Imaging methods in cardiology have not yet, at least in our
regions, taken their full advantage and we can expect that
diagnostic hodograms will change when they become avail-
able. To conclude, we can say that there is still a lot of work
to do for us to optimize the approach to the treatment of
acute coronary syndrome.
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Despite the fact that transradial approach (TRA) requires a
longer learning curve than transfemoral approach (TFA), the
transradial challenges are usually overcome with experien-
ce. Nowadays, in view of its benefits, there is no longer any
justification for ignoring the transradial approach1. Multiple
randomized clinical trials and reports consistently demon-
strate benefits to the patient and improved outcomes from
TRA2. TRA is particularly appealing in patients with coagu-
lopathy, elevated international normalized ratio due to war-
farin, or morbid obesity3. A recent meta-analysys of nine stu-
dies involving 2,977 patients with ST elevation myocardial
infarction (STEMI) demonstrated an impressive nearly 50%
reduction in mortality for the TR approach4.  
TR percutaneous coronary intervention (PCI) can be perfor-
med by low-to-intermediate volume operators with standard
equipment with a low failure rate5. Age over 75 years, prior
coronary artery bypass graft surgery, and short stature are
independent predictors of TR-PCI failure6. Appropriate pa-
tient selection and careful risk assessment are needed to
maximize benefits offered by TR-PCI.  
In the Sestre milosrdnice University Hospital Centre, Za-
greb, Croatia, seven interventional cardiologists perform al-
most 900 coronary percutaneous coronary interventions a
year (40% pPCI). Our Cath Lab is one of the largest high-
volume interventional cardiology centers in Croatia. In the
last few years, our center has become dedicated to the radi-
al approach with nearly 90% of PCI performed with either
left or right radial access route. In time radial approach has
become the first choice even in patients with STEMI. At the
2nd Advanced International Masterclass, September 2013 in

New York we have had the opportunity to present our
results dedicated to TR approach. In patients with STEMI
undergoing primary PCI in our, radial dedicated center,
there is no difference in effectiveness, safety, and blood
loss between radial and femoral approach. Also there is no
significant difference in either left or right radial access
type7. There are situations when radial arterial approach is
not possible (e.g. congenital anomalies, tortuous configura-
tions, radioulnar loop, weak or absent radial pulse seconda-
ry to previous puncture or catheterization). In such situa-
tions, a common second-line approach is used (femoral or
ulnar). Many clinicians considered transbrachial (TB) angio-
graphy as a high-risk and obsolete procedure. However, our
overall success rate was 95.5% (21/22). There were no ma-
jor complications and we noticed only two minor complica-
tions (9%), both hematomas. According to our results TB
approach, when used by dedicated transradialists, seems to
be easily feasible, safe, and effective. Local vascular com-
plications could be avoided by cautious and sensitive punc-
ture technique. Other important factors are using 6 Fr cathe-
ters, defensive anticoagulation, and careful observation by
the nursing team after sheath withdrawal. TB approach has
all advantages of the arm approach over the femoral (early
ambulation, patient preference, suitable for patients with
severe occlusive aortoiliac disease and for patients with dif-
ficulty in lying down)8.
Radial access use has been growing steadily but, despite
encouraging results, still varies greatly among operators,
hospitals, countries and continents. Twenty years after its
introduction, it was felt that the time had come to develop a
common  evidence-based view on the technical, clinical and
organisational implications of using the radial approach for
coronary angiography interventions9.
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Cardiometry as a new fundamental field of cardiology is de-
scribed in the paper. The laws of cardiometry are identified
herein. Cardiometry is based on an adequate mathematical
model of hemodynamics that is described by the Poyedin-
tsev-Voronova equations. The mode of elevated blood flui-
dity was first described by the mathematics. This allows
both to properly interpret the mechanism of the heart per-
formance and to calculate phase-related volumes of blood
in each cardiac cycle. The new interpretation of the SA and
AV nodes functioning as baroreceptors is provided by the
authors.
A new classification for all of the varieties of ECG curve
shapes has been proposed1-13. Clearly identified boundaries

in each phase are provided according to the new theory of
hemodynamics, and some new symbols for newly defined
ECG points has been proposed. Point L which denotes the
beginning of the rapid ejection phase has been introduced.
The exact location of point j that is the end of the rapid ejec-
tion phase has been given by the authors5,13-16.
The existing ECG recording methods has been revised, and
an original single-lead ECG of the ascending aorta has
been developed. A rheogram is recorded in synchronism
with obtaining the original single-lead ECG. Phase synchro-
nization of the ECG and Rheo curves supplies us with a
new source of data on all phase-related changes in arterial
pressure. A new diagnostic device CARDIOCODE has been
developed on the basis of the new theoretical basis. CAR-
DIOCODE delivers non-invasively data on 7 phase-related
volumes of blood in every cardiac cycle that was absolutely
incredible in the past1-11.
KEYWORDS: cardiometry, ECG, Rheo, hemodynamics,
baroreceptors.
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Assessment of the autonomic nervous system function
could be of great importance in evaluation of the risk factors
of the patients in perioperative period. Surgery and anaes-
thesia as integral medical procedures aimed as restoring
and improving different disorders of homoestasis and phy-
sical conditions of subjects with different ailments and func-
tional cardiac reserves have strong influence on haemody-
namic function in perioperative period and it is of a great im-
portance to clearly define if an individual patient is at a
great risk of autonomic dysfunction in addition to the under-
lying morbidity, whicht increase the risk of morbidity and
mortality in the perioperative period.

Clinical tests for evaluation of autonomic nervous dysfunc-
tion have not become widely used by clinicians for several
reasons. Some of the clinical tests are quite demanding
what makes them less possible for performing in patients
with poor reserve and more comorbidities and there are also

difficulties in interpretation of subjective findings. Monitoring
of heart rate variability as a parameter of autonomic nervous
system activity has been clearly advocated in the risk as-
sessment and follow up of the patients who develop dia-
betes mellitus and patients with coronary syndrome1.
In subjects with diabetes mellitus who could have cardiac
autonomic diabetic neuropathy, the quite serious condition
of haemodynamic instability could increase the risk of ag-
gravation and complications of the general condition in peri-
operative period2. On the other hand, most subjects with dif-
ferent stages of coronary syndrome have been shown to ha-
ve different alterations of heart rate variability, and monito-
ring of heart rate viability in perioperative period could be a
part of predicting tools of risk factors for surgery and anae-
sthesia3. The aim of this paper to give a reviewi of the impor-
tance of assessment of heart rate variability in relatively
healthy subjects and subjects with different comorbid sta-
tes, focusing on presenting of different findings of linear
meaures of the analysis of parameter by means of two dif-
ferent softwares. 
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Figure 1. Tachogram during calm and deep respiration in relatively healthy subject (HrvFreqVers 4.01, 2006).
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Introduction: There are many causes of heart failure (HF),
and these vary in different populations. The aim of the study
was to analyse the contributing factors in heart failure devel-
opment. 
Methods: We analyzed the results from CRO-HF Registry1,2.
This on-line registry was established in 2005.
Results: A total of 2203 in-hospital HF patients from CRO-
HF Registry were analyzed: 1,028 (46.7%) females (F) and
1,175 (53.3%) males (M); median age was 76 years. Preser-
ved left ventricular systolic function (LVEF 50%) was recor-
ded in 37.8% patients. 
History of arterial hypertension was recorded in 67.5% pa-
tients, diabetes mellitus in 34.4%, myocardial infarction in
22.7%, renal insufficiency in 19.2%, chronic obstructive pul-
monary disease (COPD) in 17.3%, and cerebrovascular di-
sease in 16.5% patients. Atrial fibrillation or undulation was
noted in 53.7% patients. Active smoking habit was recorded
in 11.1% patients and 15.6% patients were former smokers.

Overweight was recorded in 46.3% patients and obesity in
25%. 
The frequent precipitating factors of HF were arterial hyper-
tension (55.5% patients), arrhythmias (51.3%), valvular
heart disease (32.8%), acute coronary sindrome (19.7%),
and infections (19.6%).
Lower levels of haemoglobin was recorded in 51.9% pa-
tients, higher levels of creatinine in 46.8%, ALT in 29.8%,
cholesterol in 32.7%, tryglicerides in 31.9%, uric acid in
79.3% and hyperglycaemia in 99.8% patients. Females had
higher values of ALT (F-33%, M-27%, P=0.012), cholesterol
(F-36.8%, M-29.1%, P=0.009), tryglicerides (F-36.1%, M-
28.3%, P=0.014), and uric acid (F-82.9%, M-76.4%,
P=0.007). Opposite to expectation, males had lower haemo-
globin levels (M-58%, F-44.8%, P 0.001).
In-hospital mortality rate was 13.8%.
Conclusion: The considerable underlaing diseases of HF
were hypertension, diabetes mellitus, myocardial infarction,
renal insufficiency and COPD. one-third of HF patients were
smokers (active or former) and two-third of them were over-
weight or obese. Hypertension was the most important “trig-
ger” of our HF patients, close to arrhythmia, ACS, and infec-
tions. 
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Aims: The study presents a novel methodology for the de-
tection of QRS events from four simultaneous noninvasive
fetal ECG signals.
Methods: We have developed a three step procedure con-
sisting of: A) transformation of ECG signals into a set of in-
stances with 5 msec distance, so that each instance is defi-
ned by 93 features that describe characteristics of signals in
the concrete time slot, B) evaluation of a multi-rule model on
the set of instances so that a value in the range -200 to +200
is generated which is proportional to the probability that the
instance is a fetal QRS event, C) transformation of a string
of generated values into a string of QRS events taking into
account that typical distance between fetal QRS is 250-600
msec. The central part of the approach is the preparation of
the multi-rule model that consists of about 70,000 rules that
vote either yes or no for fetal QRS1. Probability of fetal QRS
is proportional to the difference between yes and no votes.

The model is constructed by a machine learning approach
from a set of 10,000 examples described by the same set of
features. Positive examples are coming from time slots with
known fetal QRS events, while negative examples are from
time slots that are 50 msec far from the positive examples.
Results: For the Physionet Challenge in the year 20132 the
methodology enabled reasonable quality of QRS detection.
For Task 4 the error in respect of the square of beats per mi-
nute has been 244.13 (best score 18.08) while for Task 5
mean squared error in milliseconds has been 11.72 (best
score 4.34). 
Conclusion: The achieved result demonstrates that the im-
plemented approach is already able to recognize fetal QRS
events with a reasonable quality, especially in respect of the
precise position of the peaks. The further work is expected
to result in an improvement of the quality of all three steps
A-C. The main problem is very high time complexity of step
b in which multi-rule model with many rules has to be eval-
uated on many instances. 
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Introduction: Spinal cord injury (SCI) is an insult to the spi-
nal cord resulting in a change, either temporary or perma-
nent, in the cord's normal motor, sensory, or autonomic
function. SCI may cause loss of cardiovascular reflexes me-
diated by sympathetic drive due to interruption supraspinal
control of spinal sympathetic motoneurons. Aim: The pur-
pose of this study was to analyze sympathovagal balance
after acute spinal cord injury demonstrated by the linear
measures in time and frequent domain of heart rate variabi-
lity (HRV) and effect of corticosteroids on the HRV parame-
ters.  
Methods: We have analyzed a sample of 40 tatraplegic pa-
tients after acute spinal cord injury and 40 healthy persons
of the controls. In the group with cervical spine injury 29
patients received a corticosteroid therapy, and 11 did not.
Cardiac autonomic balance was evaluated by analysis of
HRV in time and frequents domain. 

Results: The ratio of low and high frequencies (LF/HF) was
significantly reduced in the groups of patients with acute
trauma with and without corticosteroid therapy, as compared
to controls. However there was no statistically significant dif-
ference in the two SCI groups. [(1.74 (0524) with corticos-
teroids therapy and 1.75 (0534) without)].       
This study establishes analyzing of the heart rate variability
(HRV) by linear methods as objective measures of normal
and abnormal function of autonomic nervous system. 
Conclusion: This study shows that sympathovagal balance
is altered in quadriplegic patients in acute phase of cervical
spinal cord trauma. SCI causes dysfunction of the autonom-
ic cardiovascular regulation demonstrated by the spectral
measures of heart rate variability and leads to disturbances
of modulatory sympathetic activity on cardiovascular sys-
tem. Finally, the effect of corticosteroids on the parameters
of HRV in SCI patients was not found. 
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Diabetes mellitus (DM) and its chronic complications are the
major world health problem having an upward trend in the
whole world. It is believed that currently 366 millions of peo-
ple suffer from DM worldwide, and by the year 2030 the
number of diabetics will increase to 552 million. The number
of patients with DM rises in all countries, and 80% of the
world's population suffering from diabetes live in developing
countries or newly industrialized countries.1

The Republic of Croatia and the Bjelovar-Bilogora County
are not exempt from this trend and the prevalence of DM in
Croatia is 6.1%.2 The influx of patients in the Center for Dia-
betes of the Bjelovar-Bilogora County is rising. The values
of body mass index (BMI), Hba1c levels and the incidence
of hypertension and dyslipidemia are worrisome. Therefore
the incidence of modifiable cardiovascular risk factors in-
creases too. Cardiovascular complications are the leading
cause of morbidity and mortality among patients with DM,
and the risk of coronary artery disease is 2-4 times higher
than in the general population.3

This study has involved 4,408 outpatients whose e-records
are maintained by the national register of diabetic persons.
CroDiab NET, a computer software designed on the basis of

world quality indicators, integrates electronic patient records
and generates discharge summaries parallel to collecting
data for the national diabetes registry.4 Type 2 diabetes was
recorded in 93% of patients, while type 1 diabetes was re-
corded in only 3% of patients. Hypertension was present in
51% of patients with upward trend in the last three years.
The highest rate of dyslipidemia was 39% in 2004, with
downward trend at about 25% in the last 3 years. The fre-
quency of patients with myocardial infarction was stable at
around 10%, with the lowest value of 7.4% in 2010. The pre-
valence of patients with stroke also showed a downward
trend from 14.9% to 7.4%. Only 10% of patients had BMI
<25 kg/m2, while 32% of them were overweight persons with
BMI from 25 to 30 kg/m2, and 50% were obese persons with
BMI >30 kg/m2. Good disease control was achieved by only
18% of patients, a further 18% of them had borderline dis-
ease control.
The level of regulation of diabetes, BMI, as well as other ob-
served modifiable cardiovascular disease risk factors (arte-
rial hypertension, dyslipidemia) is not satisfactory. There-
fore further efforts for better glycemic control, control of hy-
pertension, and dyslipidaemia are needed. CroDiab NET is
a powerfull tool for tracking cardiovascular risk factors in
diabetic patients. 
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Introduction: Information System Irata© was implemented
at Institute for Cardiovascular Prevention and Rehabilita-
tion, Zagreb, Croatia in 1995 as a DOS application, and sin-
ce 2010 as a NET application which is aimed to facilitate the
daily workup of patients and improve the quality of services
rendered. Every workplace, at both institution locations is
linked in a Novell 6 network.1,2 The aim of this study was to
determine the satisfaction of employees with the existing IT
system.
Methods: The study was conducted on a sample of 29 me-
dical professionals with secondary school qualification and
higher expertise education (Bachelor of Science) by using
the method of a structured questionnaire, which was anony-
mous. In addition to demographic data, the questions were
aimed to find out the length of work experience, profession-
al qualification and satisfaction and benefit of using the exi-
sting information program.
Results: 83% of employees were surveyed. Only one res-
pondent was male, while the remaining respondents were
women. A total 17/29 (58%) of respondents have the high-
er expertise education and 12/29 (41%) have the secondary
school qualification. Most of the respondents (19/29; 66%)

have more than 20 years of experience and are over 40
years of age. The majority of the respondents (20/29; 69%)
have attended some IT course, and the majority (25/29;
86%) have a computer at home, which they commonly use
for emailing (26/29; 98%), listening to music (24/29; 83%),
education in medical contents (23/29; 79%), browsing the
Internet and reading news (21/29; 72%), watching movies
(20/29; 69%), and for browsing professional medical jour-
nals, preparation of articles and lectures (11/29; 40%). The
existing information system is used by almost all respon-
dents when entering patients data for examinations and car-
diovascular diagnostics. Nurses and physical therapists ra-
rely browse patients' findings (10/29; 35%), and use the IT
system to write medical records very rarely (5/29; 17%).
Only a quarter of respondents (7/29; 24%) considers the
existing information system adapted to their daily work. A
large number of respondents (23/29; 79%) find additional IT
training and information system training necessary. 
Conclusion: Today, the information system has entered in-
to all spheres of our life, and so the most of the respondents
have and use a computer at home for emailing, browsing
the Internet, watching movies, etc. The information system
should facilitate the work of medical professionals and thus
shorten the time of admittance which would free up the time
for work with patients and enable certain type of triage. The
obtained results similar to the results of some other authors3-

5 indicate the need for additional IT training and additional
training in using the information system. 
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SAÆETAK: Uz uspjeh Hrvatske mreæe primarne perku-
tane kornarne intervencije ipak su zaostale “sive zone”,
kao πto je DubrovaËko-neretvanska æupanija, a grad je uz
dva graniËna prijelaza udaljen 210 km od sljedeÊeg naj-
bliæeg centra. Stoga je od 1. sijeËnja 2013. godine pokre-
nut redoviti rad invazivnog laboratorija u OpÊoj bolnici
Dubrovnik, 24 h/7 dana.

Od 361 invazivne obrade u 2013. godini 227 (66,8%) uËi-
njeno je kod hitnih bolesnika. Meu bolesnicima s akut-
nim koronarnim sindromom 33,5% imalo je nestabilnu
anginu pektoris, 39,2% akutni infarkt miokarda bez ele-
vacije ST-segmenta i 27,2% (N=62) akutni infarkt miokar-
da s elevacijom ST-segmenta (STEMI). Perkutana koro-
narna intervencija (PCI) je uËinjena kod 167 bolesnika,
kod 62% svih bolesnika s AKS. Implantirane su 223 pro-
πirnice, 1,33 po postupku, kod 16,2% na dvije ili viπe æila,
uz penetraciju proπirnica obloæenih lijekovima od 25,6%.
Meu koronarnim bolesnicima 30% je ostalo na medika-
mentoznoj terapiji, kod 55% je uËinjena PCI, a kod 15%
je preporuËen kardiokirurπki zahvat. UnutarbolniËki mor-
talitet akutnog infarkta miokarda bio je 2,61%, a kod
STEMI 4,8%. Bilo je 2,4% tromboza u stentu te 0,8% ki-
rurπki lijeËenih perifernih komplikacija.

Gotovo da samo hitni bolesnici opravdavaju postojanje
laboratorija u OpÊoj bolnici Dubrovnik, uz potrebu daljeg
poveÊanja broja elektivnih PCI, osoblja i aparature.

KLJU»NE RIJE»I: akutni koronarni sindrom, perkutana
koronarna intervencija, Dubrovnik.

SUMMARY: Along with the success of the Croatian Net-
work of Primary Percutaneous Coronary Intervention,
there are still “grey zones” remaining, such as the Du-
brovnik-Neretva County where the City of Dubrovnik is
210 kilometers away with two border crossings from the
nearest center. Therefore, from the first of January 2013,
the General Hospital Dubrovnik started a regular opera-
tion of the invasive laboratory 24 hours/7 days.
Of 361 invasive procedures in 2013, some 227 (66.8%)
of them were performed in emergency patients. Among
the patients with acute coronary syndrome (ACS), 33.5%
had unstable angina pectoris, 39.2% had acute myocar-
dial infarction without ST-segment elevation and 27.2%
(N = 62) had acute myocardial infarction with ST-seg-
ment elevation (STEMI). Percutaneous coronary inter-
vention (PCI) was performed in 167 patients, in 62% of all
patients with ACS. 223 stents were implanted, 1.33 per
procedure, in 16.2% of patients on two or more vessels,
with the penetration of the drug-eluting stents in 25.6%.
Among coronary patients, 30% remained on medical
therapy, 55% underwent PCI and 15% of them received
a recommendation for cardiac surgery. In-hospital mor-
tality of acute myocardial infarction was 2.61%, and 4.8%
for STEMI. 2.4% stent thrombosis and 0.8% of surgically
treated peripheral complications were recorded.
It is almost only the emergency patients that justify the
existence of the laboratory in Dubrovnik General Hospi-
tal, along with a need for further increase in the number
of elective PCI, personnel and apparatus.
KEYWORDS: acute coronary syndrome, percutaneous
coronary intervention, Dubrovnik.
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Uvod

Krajem osamdesetih godina proπlog stoljeÊa koncept “otvo-
rene koronarne arterije” u lijeËenju akutnog infarkta miokar-
da (AIM) selio se iz famako-koagulacijskih u laboratorije za
invazivnu kardiologiju.1,2 Od 1997. godine u izvoriπtu naπe in-
vazivne kardiologije, KliniËkoj bolnici Sestre milosrdnice u
Zagrebu, zapoËele su primarne pekutane koronarne inter-
vencije (pPCI) kod akutnog infarkta miokarda s elevacijom
ST-segmenta (STEMI).3 Krajem 2000. godine u tom centru
zapoËinje i kontinuirana pripravnost invazivnih kardiologa za
STEMI (24 sata/7 dana).4 Krug oko te bolnice πiri se poËet-
kom 2001. na krugove oko KliniËkog bolniËkog centra Za-
greb i KliniËke bolnice Dubrava u Zagrebu5 te se postupno
pokriva i cijelo podruËje Zagreba. Struka se paralelno razvi-
ja i u Rijeci gdje je prva pPCI uËinjena veÊ 1998. godine. 
Od 2004. inicijativom Ëlanova Hrvatskog kardioloπkog dru-
πtva osniva se Hrvatska mreæa pPCI koja od 2005. godine
πiri krugove teritorija gdje se radi pPCI, od Zagreba i Rijeke
na nove invazivne kardioloπke laboratorije, koji pokrivaju ve-
Êinu hrvatskog teritorija, rezultirajuÊi fascinantnim rezultati-
ma.6 Mreæa je poveÊala dostupnost i smanjila razilike u lije-
Ëenju AIM naπih graana, kako po teritorijalnoj pripadnosti,
tako i po dobi i spolu.7 Ipak, ostale su i “sive zone naπeg te-
ritorija” gdje Mreæa nije obuhvaÊala svo puËanstvo i sve bo-
lesnike, πto zbog nerazumijevanja lokalnih voditelja bolnica,
sve do sredine 2013. (Slavonski Brod), πto zbog nedostatka
kvalificiranih invazivnih kardiologa, sve do kraja 2012. go-
dine (Dubrovnik).
Invazivni kardioloπki laboratorij OpÊe bolnice Dubrovnik us-
tanovljen je 2009. godine i sljedeÊih par godina radio je pri-
godice, tijekom ljeta i vikendima, kada bi dolazili kolege iz
Zagreba. BuduÊi da je transport do Splita u razumnom roku
bio gotovo nemoguÊ (samo putovanje traje 3-4 sata), uklju-
ËujuÊi 210 km djelomiËno “planinske ceste” od PloËa do
Vrgorca, te dva graniËna prijelaza, do 1. sijeËnja 2013. go-
dine reperfuzijska terapija u Dubrovniku uglavnom je znaËi-
la fibrinolizu. Od tada i u Dubrovniku zapoËinje stalni konti-
nuirani rad laboratorija i stalna pripravnost za akutni koro-
narni sindrom (AKS) (24/7), s jednim invazivnim kardiolo-
gom u prvoj polovici godine i nakon ispunjavanja uvjeta i
sljedeÊom kolegicom.7 Laboratorij je integriran s koronar-
nom jedinicom u Odsjek za akutne srËane bolesti i interven-
cijsku kardiologiju, a rezultati prve godine rada deskriptivno
su predstavljeni u ovom Ëlanku.

Rezultati

Tijekom 2013. god. u OB Dubrovnik primljeno je 227 bole-
snika s AKS, od Ëega 151 bolesnik (66,5%) zbog AIM i 76
bolesnika (33,5%) s nestabilnom anginom pektoris (NAP).
Meu bolesnicima s AIM bilo je 89 bolesnika (39,2% AKS) s
akutnim infarktom bez elevacije ST-segmenta (NSTEMI) i
62 bolesnika (27,2% AKS) sa STEMI (Tablica 1).
U prvoj godini rada invazivna kardioloπka obrada uËinjena je
kod ukupno 361 bolesnika, od Ëega dvije treÊine kod hitno
primljenih bolesnika (241 bolesnik; 66,8%), a treÊina kod na-
ruËenih bolesnika (120 bolesnika; 33,2%). ProsjeËna dob
bolesnika bila je 65,5 godina (raspon 25-89 god.). Æene su
bile prosjeËno neπto starije (67,4 god.) i bilo ih je manje
(33,2%) od muπkaraca (Tablica 2).

Introduction

In the late eighties of the last century, the concept of an “open
coronary artery” in the treatment of acute myocardial infarc-
tion (AMI) moved from phamaco-coagulation laboratory to
the invasive cardiology laboratory.1,2 Since 1997 our princi-
ple invasive cardiology institution, University Hospital Sestre
milosrdnice in Zagreb initiated primary percutaneous coro-
nary intervention (pPCI) in acute myocardial infarction with
ST-segment elevation (STEMI)3. In late 2000 this center also
started with continuous preparedness of invasive cardiolo-
gists for STEMI (24 hours/7 days).4 This concept was also
extended in early 2001 to the laboratories in University Ho-
spital Zagreb and University Hospital Dubrava in Zagreb5

whereas the entire Zagreb region was gradually covered.
The profession is simultaneously evolving in Rijeka, where
the first pPCI was performed already in 1998. 
Since 2004, upon the initiative of the members of the Croa-
tian Cardiac Society the Croatian pPCI network was establi-
shed and after that it started extending to some other territo-
ries since 2005, from Zagreb and Rijeka to some new invasi-
ve cardiology laboratories, covering major part of the Croa-
tian territory, recording fascinating results.6 The network re-
sulted in a greater availability and reduced differences in the
treatment of AMI for our citizens, both in terms of territorial
allegiance and by age and gender.7 However there are cer-
tain “grey zones of our territory” where the network did not
include all of its population and all of its patients, partly be-
cause of a lack of understanding by local hospital principals
till the mid of 2013 (Slavonski Brod), partly because of a lack
of skilled invasive cardiologists till the end of 2012 (Dubrov-
nik).
The invasive cardiac laboratory of Dubrovnik General Hospi-
tal was established in 2009 and in the next few years it wor-
ked on certain occasions, in summer and at weekends, when
colleagues from Zagreb would come to this hospital. Since
the transport to Split within a reasonable time was almost
impossible (only the journey takes 3-4 hours), including 210
km partly along the “mountain road” from PloËe to Vrgorac
and two border crossings, the reperfusion therapy in Du-
brovnik mainly included fibrinolysis prior to the 1st of January
2013. Since that date a continuous operation of the labora-
tory and constant preparedness for acute coronary syndro-
me (ACS) (24/7) started with one invasive cardiologist in the
first half of the year and another colleague after she fulfilled
some conditions.7 The laboratory is integrated with the coro-
nary unit into Department for acute cardiac care and inter-
ventional cardiology, and the results of the first year of ope-
ration are descriptively presented in this article.

Results

During the year 2013, the Dubrovnik General Hospital recei-
ved 227 patients with ACS, of whom 151 patients (66.5%)
with AMI and 76 patients (33.5%) with unstable angina pec-
toris (UAP). Among the patients with AMI there were 89 pa-
tients (39.2% ACS) with acute myocardial infarction without
ST-segment elevation (NSTEMI) and 62 patients (27.2%
ACS) with STEMI (Table 1).
In the first year of operation, the invasive cardiac workup was
performed in a total of 361 patients, of whom two-thirds of
patients were admitted in an emergency department (241
patients, 66.8%), and one third as ordered patients (120 pa-
tients; 33.2%). The average age of patients was 65.5 (range
25-89 years of age). Women were on average slightly older
(67.4) and there were fewer of them (33.2%) than men
(Table 2).
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Invazivna obrada uËinjena je kod 215 hitno primljenih ko-
ronarnih bolesnika (94,7%), i to kod svih 76 bolesnika s NAP
(100%) i kod veÊine bolesnika sa AIM (92%) te kod 61 od 62
bolesnika sa STEMI (98,4%). Meu 120 bolesnika naru-
Ëenih radi invazivne obrade kod njih 80 indikacija je bila sta-
bilna angina pektoris, a istu dijagnozu imalo je i 7 hitno prim-
ljenih bolesnika, primljenih iz drugog razloga, a obrada je
uËinjena veÊinom kao priprava za nekardijalnu kirurgiju. Kod
30 naruËenih bolesnika obrada je uËinjena zbog valvularnih
bolesti i kardiomiopatija. Gotovo jednak broj bolesnika inva-
zivno je obraen zbog valvularnih bolesti i kardiomiopatija
nakon prijema iz hitne sluæbe (28 bolesnika). Transradijal-
nim pristupom uËinjeno je ukupno 192 obrade, 53,2% (Ta-
blica 1).
Obradom 361 bolesnika naeno je 570 znaËajnih steno-
za/okluzija, 1,6 po bolesniku. Naena je 31 (5,4%) stenoza
na deblu lijeve koronarne arterije (LM) te polovica na velikim
arterijama, gotovo treÊina (27,4%) na lijevoj prednjoj des-
cendentnoj arteriji (LAD) i Ëetvrtina (23,9%) na desnoj koro-
narnoj arteriji (RCA) (Tablica 3). Perkutane koronarne inter-
vencije uËinjene su kod 167 bolesnika, s udjelom od 46,3%
svih invazivnih obrada i na treÊini svih naenih znaËajnih
stenoza/okluzija (34%). ProsjeËna dob bolesnika kojima je
uËinjena PCI bila je 65 godina (raspon 36-87), æene su bile
starije, prosjeËno 67,7 godina, i bilo ih je ukupno manje,
27,6% (Tablica 2). 
Sa PCI rezultiralo je viπe od polovice intervencija kod koro-
narnih bolesnika (54,4%; 165/303), a udio PCI kod bolesni-
ka sa AKS bio je i veÊi, 62%. Kod 140 bolesnika PCI je uËi-

Admitted Coronary angiography Percutaneous coronary RCS
Pts (CA) intervention (PCI) (%CA)

N (% Pts) TRA (%CA) N (%CA) TRA (%PCI)

UAP 76 76 (100) 43 (56.6) 32 (42.1) 19 (59.4) 10 (13.2)
NSTEMI 89 78 (87.6) 50 (64.1) 53 (67.9) 33 (62.3) 15 (19.2)
STEMI 62 61 (98.4) 31 (50.8) 55 (90.2) 26 (47.3) 6 (9.6)
SAP (80)* 87 35 (40.2) 26 (29.9) 15 (57.7) 12 (13.7)
VD/CMP (30)* 58 33 (56.9) 2 (3.4) 2 (100.0) 26 (44.8)
Total — 361 192 (53.2) 168 (46.5) 95 (56.5) 69 (19.1)

Table 1. Structure of admitted, invasively processed and invasively treated patients in Department of Cardiology,
GH Dubrovnik during 2013.

UAP — unstable angina pectoris; NSTEMI — non-ST segment elevation myocardial infarction; STEMI — ST segment elevation myocardial infarction; SAP — stable
angina pectoris; VD/CMP — valvular disease and cardiomyopathy; TRA — transradial approach; RCS — recommended cardiac surgery. * scheduled patients

Coronary angiography PCI pPCI

N Age (mean) N (%) Age (mean) N (% PCI)
[TIMI 0/1/2/3]

Total 361 65.5 167 (46.3)* 65.0 55 (32.9)
[2/0/2/51]

Male 241 (66.8%) 64.5 121 (72.4%) 64.0 38 (31.4)
[0/0/1/37]

Female 120 (33.2%) 67.4 46    (27.6%) 67.7 17 (40.0)
[2/0/1/14]

Table 2. Invasive cardiac procedures and percutaneous coronary interventions (PCI) in GH Dubrovnik during 2013.

* % of coronary angiographies

Coronary angiographies were performed in 215 of emergen-
cy coronary patients (94.7%), in all 76 patients with UAP
(100%), in the majority of patients with AMI (92%) and in 61
of 62 patients with STEMI (98,4%). Among 120 patients or-
dered for invasive workup, 80 of them had indication for sta-
ble angina pectoris, and the same diagnosis was made in 7
emergency patients, received for some other reason, while
the workup and preparation was done mostly for non-cardiac
surgery. The workup was done in 30 ordered patients for val-
vular diseases and cardiomyopathy. Almost the same num-
ber of patients underwent the invasive workup for valvular
disease and cardiomyopathy after being admitted from the
emergency department (28 patients). Transradial access
was done in a total of 192 procedures, 53.2% (Table 1).
The workup of 361 patients found 570 significant stenosis
/occlusions, 1.6 per patient. We found 31 (5.4%) stenosis of
the left main coronary artery (LM) and a half of them on the
large arteries, almost one third of them (27.4%) on the left
anterior descending artery (LAD) and one fourth of them
(23.9%) on the right coronary artery (RCA) (Table 3). Per-
cutaneous coronary interventions were performed in 167 pa-
tients, accounting for 46.3% of all invasive procedures and
also on one third of all found significant stenosis/occlusions
(34%). The average age of patients who underwent PCI was
65 years (range 36-87), women were older, on average 67.7
years, and there were fewer of them, 27.6% (Table 2). 
PCI has resulted in more than one half of interventions in co-
ronary patients (54.4%, 165/303), and the proportion of PCI
in patients with ACS was higher, 62%. 140 patients under-
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njena na jednoj, a kod 27 na dvije ili viπe arterija (16,2%).
Implantirane su 223 proπirnice, 1,33 po intervenciji, od toga
52 proπirnice obloæene lijekom (DES), s penetracijom od
25,6%. U 15 bolesnika (9%) uËinjena je perkutana translu-
minalna angioplastika balonom (PTCA), bez implantacije
proπirnice. 
Polovica od 156 znaËajnih stenoza/okluzija na LAD je lijeËe-
no primjenom PCI (48,7%) πto je 45,5% svih intervencija, a
od 136 lezija na RCA sa PCI lijeËeno je 41,2%, πto je 33,5%
svih PCI. Ostatak od 21% PCI uËinjeno je na arteriji cirkum-
fleksi (ACx) (12,9%) i na manjim æilama, neπto viπe na mar-
ginalnim (OM) granama (10,8%) nego na dijagonalnoj (D) i
posterodescendentnoj (PD) grani (ukupno 7,7%) (Tablica
3). NelijeËene lezije ostale su kod bolesnika kojima je pre-

went PCI on one, and 27 patients on two or more arteries
(16.2%). 223 stents were implanted, 1.33 per intervention, of
which 52 of them were drug-eluting stents (DES), with a pe-
netration of 25.6%. 15 patients (9%) underwent percutane-
ous transluminal coronary angioplasty, without stent implan-
tation. 
A half of the 156 significant stenosis /occlusions on the LAD
was treated with PCI (48.7%), which is 45.5% of all interven-
tions, and out of 136 lesions on the RCA 41.2 % was trea-
ted with PCI, which is 33.5% of all PCIs. The remaining 21%
of PCI was performed in circumflex coronary artery (CCA)
(12.9%) and on the smaller vessels, somewhat more on mar-
ginal (OM) branches (10.8%) than on the diagonal (D) and
posterodescending (PD) branch (a total of 7.7%) (Table 3).
Untreated lesions remained in patients who were recommen-

Stenosis PCI
N (%) N (%)

Left main (LM) 31 (5.4) 1 (0.5)
Left anterior descending (LAD) 156 (27.4) 76 (39.2)
Diagoal branch (D) 54 (9.5) 6 (3.1)
Circumflex artery (Acx) 80 (14.0) 25 (12.9)
Obtuse marginal artery (OM) 73 (12.8) 21 (10.8)
Right coronary artery (RCA) 136 (23.9) 56 (28.8)
Posterior descending artery (PD) 40 (7.0) 9 (4.6)

Total 570 194 (34.0)*

Table 3. Coronary angiography results and performed percutaneous coronary interventions.

Table 4. Foreigners invasively processed and invasively treated in Dubrovnik General Hospital  during 2013.

* % of all stenosis

CA* PCI

UAP 4 2
NSTEMI 10 4
STEMI 9 9
SAP 2 0
VD; CMP 0 0

Total 25 15

*For abbreviations see Table 1.

poruËena kardiokirurπka revaskularizacija (CABG), nereka-
nalizirane kroniËne totalne okluzije, bolesnicima sa stupnje-
vanom PCI (ugavnom nakon STEMI) te kod dva bolesnika
koje smo uputili u tercijarni centar s kardiokirurπkom potpo-
rom, u KliniËku bolnicu Dubrava (jedna PCI debla LKA i jed-
na PCI jedine ostatne æile, ukupno 1,2%). Transradijalnim
pristupom uËinjeno je ukupno 95 PCI (56,5%). 

Od 61 invazivno obraenog bolesnika zbog STEMI kod 55
je uËinjena PCI, jedna bolesnica je imala Takotsubo kardio-
miopatiju i nije trebala intervenciju, kod 3 je preporuËena hit-
na kardiokirurπka revaskularizacija, bez prethodne PCI, a
kod 3 bolesnika je uËinjena intervencija i preporuËen CABG
zbog nalaza na ostalim æilama. Kod 2 bolesnice nije postig-
nuta rekanalizacija æile uz TIMI 0 protok (Tablica 2 i 5), a

ded to undergo surgical cardiac revascularization (CABG),
non-recanalized chronic total occlusions, patients with sta-
ged PCI (mainly after STEMI) and in two patients who were
referred to a tertiary center with cardiosurgical support, Uni-
versity Hospital Dubrava (one PCI of the left main and one
PCI on the only residual vessel, total 1.2%). Transradial ac-
cess was performed in a total of 95 PCIs (56.5%). 

Out of 61 patients invasively processed for STEMI, 55 of
them underwent PCI, one patient had Takotsubo cardiomy-
opathy and did not need an intervention, 3 of them were re-
commended to undergo urgent CABG without prior PCI, and
3 patients underwent PCI and were recommended to under-
go CABG for their findings in other vessels. In 2 patients no
vessel flow was achieved (TIMI 0 flow) (Table 2 and 5) and
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two patients had final TIMI 2 flow. 93.4% of patients with
STEMI had a total TIMI 3 flow (Table 5). 

dvoje bolesnika je imalo krajnji TIMI 2 protok. Ukupno TIMI
3 protok imalo je 93.4% bolesnika sa STEMI (Tablica 5).

Outcome Age, gender Primary dg & complication Therapy

— STEMI anteroseptalis — Equipment out of order
Death 83; F — Shock — Fibrinolysis

— Death 3rd day

— STEMI anteroseptalis, — Failed PCI of LAD
88, F 3 vessel disease — Fibrinolysis

— Shock — Death 3rd day

— STEMI anteroseptalis, 
76; F 3 vessel disease — Failed PCI of LAD

— Asystolia — Death after procedure

80; F — NSTEMI and shock — Conservative th.
— Multiorgan failure — Death 3rd day

45; M — STEMI anteroseptalis. pPCI 
Stent thrombosis on LAD and PCI on Acx. — Stent thrombosis in Acx

Chronic renal failure — rePCI on Acx (PTCA 
— STEMI inferior 4th day and another stent)

55; M — NAP. PCI on RCA — Stent thrombosis in RCA
— STEMI inferior 3rd day — rePCI on RCA (PTCA 

and another stent)

74; M — STEMI inferior. PCI on RCA — Stent thrombosis in RCA
— reSTEMI inferior 1st day — rePCI on RCA (PTCA)

80; M — NSTEMI and ventricular fibrillation 
out of hospital — Stent thrombosis in RCA

— PCI on RCA (in 24 hours)
— STEMI inferior on 2nd day — rePCI in RCA (PTCA)

Vascular 69; M — Femoral artery dissection — Surgery, aortofemoral
complications and occlusion by pass

72; F — Femoral artery pseudoaneurysm — Surgery, aneurysmectomy

65; F — Radial artery pseudoaneurysm — Surgery, aneurysmectomy

Table 5. In-hospital mortality and other complications of invasively treated patients in Dubrovnik General Hospital during 2013.

* For abbreviations see Table 1 and Table 3.

Kardiokirurπki zahvat, elektivni ili direktni premjeπtaj, prepo-
ruËen je kod 69 bolesnika (19,1% ukupno obraenih). Nije
bilo urgentnih ili helikopterskih prevoza. Meu bolesnicima
obraivanim zbog koronarne bolesti preporuku za CABG
dobilo je 43 bolesnika (14,2%), a meu bolesnicima obra-
enim zbog valvularne bolesti ili kardiomiopatijom kod njih
26 preporuËena je valvularna kirurgija, s ili bez CABG
(44,8%). 

KonaËno, od svih koronarnih bolesnika oko 30% je ostalo na
medikamentoznoj terapiji, kod oko 55% uËinjena je PCI, a
kod 15% preporuËen je kardiokirurπki zahvat. 

Grad Dubrovnik veliko je turistiËko srediπte, a DubrovaËko-
neretvansku æupaniju godiπnje posjeti viπe od milijun turista.
Iako nisu dostupni podaci o demografskoj strukturi gostiju,
moæemo reÊi da smo 2013. godine invazivno obradili 25
stranih dræavljana i da je kod njih 15 uËinjena PCI (60%).
PCI je uËinjena kod dva od Ëetiri bolesnika sa NAP, Ëetiri od

Cardiac surgery, elective or direct transfer was recommen-
ded in 69 patients (19.1% of totally worked up). There were
no urgent or helicopter transported patients. Among the pa-
tients worked up for coronary heart disease, 43 patients
(14.2%) received the recommendation for CABG, and among
the patients treated for valvular disease or cardiomyopathy
there were 26 of them who were recommended to undergo
valvular surgery with or without CABG (44.8%). 
Finally, of all coronary patients about 30% remained on me-
dical therapy, with approximately 55% who underwent PCI
and 15% of them were recommended to undergo cardiac
surgery. 
The city of Dubrovnik is a major tourist destination and the
Dubrovnik-Neretva County is visited by more than one mil-
lion tourists each year. Although no data on the demogra-
phic structure of guests is available yet, we can say that in
2013 some 25 foreign citizens underwent invasive treatment
and PCI was performed in 15 of them (60%). PCI was per-
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formed in two of four patients with UAP, four of 10 patients
with NSTEMI and all 9 patients with STEMI (Table 4).
Of course, there were some adverse events we faced (Ta-
ble 5). Non-standardized in-hospital lethality of patients with
AMI was 2.61% (4/153 ), all of them were women, mean age
81.2 (range 76-88), in three of the four with anterior wall AMI,
in two with unsuccessful PCI on the LAD and in one after
unsuccessful treatment with fibrinolysis during malfunction
of the appliance. In-hospital lethality of patients with STEMI
was 4.8%. There were no deaths in patients with UAP and
stable angina pectoris. During the year there were 2.4% of
acute and subacute stent thrombosis (4/168), all of them in
patients with ACS and all of them in men, in three cases on
the RCA and one in Acx. One patient had clinically guided
rePCI for restenosis after 3 months. There were three peri-
pheral complications that required surgical treatment
(0.8%), two in patients with ACS and one in a patient who
was ordered (Table 5).
The consumption of major supplies in 2013 can be seen in
Table 6. Based on consumption in 2013, we planned to
spend 900 diagnostic and 280 guiding catheters in 2014.
Finally, according to the national tender, 200 diagnostic ca-
theters and no guiding catheters (sic!) were approved to us.
We planned to implant 300 bare-metal stents (BMS) and 45
drug-eluting stents, however only 130 BMS were approved
to us.

10 bolesnika sa NSTEMI i svih 9 bolesnika sa STEMI (Ta-
blica 4).
Naravno, deπavali su se i neæeljeni dogaaji (Tablica 5).
Nestandardizirani unutarbolniËki letalitet bolesnika sa AIM
bio je 2,61% (4/153), sve su bile æene, srednje dobi 81,2
godine (raspon 76-88), kod tri od Ëetiri s infarktom prednje
stijenke, kod dvije uz neuspjeπnu PCI na LAD i kod jedne
nakon neuspjeπne terapije fibrinolizom tijekom kvara apara-
ta. UnutarbolniËki letalitet bolesnika sa STEMI bio je 4,8%.
Nije bilo smrti kod bolesnika s NAP i stabilnom anginom
pektoris. Tijekom godine bilo je 2,4% akutnih i subakutnih
tromboza u stentu (4/168), sve kod bolesnika s AKS i sve
kod muπkaraca, u 3 sluËaja u RCA i jednom u Acx. Jedan
bolesnik imao je kliniËki voenu rePCI zbog restenoze, na-
kon 3 mjeseca. Imali smo 3 periferne komplikacije koje su
zahtijevale kirurπki tretman (0,8%), dvije kod bolesnika sa
AKS i jednu kod naruËene bolesnice (Tablica 5).
Utroπak glavnih stavki materijala 2013. godine vidi se u Ta-
blici 6. Prema potroπnji iz 2013. godine planirali smo po-
troπnju za 2014. godinu, 900 dijagnostiËkih i 280 vodeÊih ka-
tetera. Na kraju, prema nacionalnom tenderu, odobreno
nam je 200 dijagnostiËkih katetera, bez vodeÊih katetera
(sic!). Planirali smo sljedeÊe godine implantirati oko 300 me-
talnih proπirnica (BMS) i 45 DES, no odobreno nam je samo
130 BMS.

Table 6. Interventional products consumption in Dubrovnik General Hospital during 2013. Planned consumption during 2014,
and the finally approved material in the National tender for 2014.

Consumption in 2013 Planned for 2014 Approved for 2014

Diagnostic catheters 800 900 200

Guiding catheters 200 280 0

Total 223 345 130

Stents BMS 171 300 130

DES 52 45 0

BMS — bare-metal stent; DES — drug-eluting stent

Rasprava

Jedan od rijetkih uspjeπno provedenih nacionalnih programa
u zadnjem desetljeÊu, ne samo u zdravstvu, program je Hr-
vatske mreæe primarne PCI.6 Inicijativom vodstva Hrvatskog
kardioloπkog druπtva koje je pratilo integrirani razvoj mreæe
pPCI u drugim zemljama, kao u Republici »eπkoj, a uz veÊ
etablirane hrvatske laboratorije za pPCI, invazivni i neinva-
zivni kardiolozi, kao i lijeËnici hitne medicinske pomoÊi i obi-
teljske medicine uspjeπno su, uz pomoÊ tadaπnjeg Ministar-
stva zdravstva, organizirali Hrvatsku mreæu za primarnu PCI
2005. godine. Na poËecima intervencijske kardiologije, prije
organiziranja Mreæe, hrvatski su graani bili diskriminirani pri
lijeËenju AKS i po spolu, i po dobi i po teritorijalnoj pripadno-
sti. To se izgubilo nakon uvoenja Mreæe i poËetka unisonog
postupanja po smjernicama Europskog kardioloπkog dru-
πtva (ESC).7-9 Meutim, i sedam godina nakon uvoenja Mre-
æe teritorij Ëitave zemlje joπ nije bio potpuno pokriven, pri-
mjerice na podruËjima DubrovaËko-neretvanske æupanije i

Discussion

One of few successfully implemented national programs in
the last decade, not only in health care, is the program of the
Croatian network of primary PCI.6 At the initiative of the Lea-
dership of the Croatian Cardiac Society, which monitored
the integrated development of the pPCI network in other
countries as in the Czech Republic, invasive and non-inva-
sive cardiologists, emergency physicians and family physi-
cians along with already established Croatian laboratories
for pPCI have successfully, with the help of then Ministry of
Health organized the Croatian network for primary PCI in
2005. At the beginning of interventional cardiology, before
the Network was organized, the Croatian citizens were dis-
criminated against in the treatment of ACS, both by gender
and by age and by territorial affiliation. It was lost after the
introduction of the Network and start of unison procedures
according to the European Society of Cardiology guideli-
nes.7-9 However, seven years after the introduction of the
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Network, the entire territory of the country was not yet fully
covered, for example in the regions of Dubrovnik-Neretva
County and the region of Western Slavonia. Owing to the
colleagues’ enthusiasm and despite the latest published
schemes in which these areas are designated as those that
provide this service only during normal working hours10, the
pPCI service has been available in the General Hospital Du-
brovnik 24 hours/7 days since early 2013, and in General
Hospital Slavonski Brod since early 2014.11 By including new
pPCI centers now we have 11 of them in Croatia, while
391,000 inhabitants gravitate to one center. This is an excel-
lent result at the European level and only the following Euro-
pean countries have a better availability to pPCI: Austria,
Belgium, France, Germany, Italy and Switzerland.12 How rea-
sonable it is at this point remains the task for our experts for
Health Economics to evaluate the costs benefit analysis for
pPCI in Croatia.8 The Swedish analysis shows that in their
environment the final results of treatment with pPCI are bet-
ter and that the total cost of treatment is lower compared to
fibrinolysis.13

Dubrovnik-Neretva County has 122,500 inhabitants, of whom
70% (86,000) are mainly treated in General Hospital Dubrov-
nik. However, when the visits by over one million tourists a
year are added, we can roughly speak about the population
of approximately 100,000 inhabitants that gravitate towards
our hospital. In 2013, about 230 patients with ACS were ad-
mitted, of whom 27% for STEMI, which is a proportion simi-
lar to the one in the American registry (29%),14 although the
GRACE registry suggests the proportion of 38% of patients
with STEMI.15 Since 2010, the figures of the Croatian Institu-
te for Health Insurance have been finally available to us, so
now we know that some 7,300 patients with acute myocar-
dial infarction (170/100.000) and 2,552 with unstable angina
(26% ACS), that is, 9,852 patients with ACS (229/100.000)
were hospitalized in Croatia in that year. It is necessary to
establish the Croatian national registry for ACS and PCI for
better classification and follow-up of some groups of patients
and achieving success in the therapy. In 2013, 62 patients
with STEMI were admitted to the General Hospital Dubrov-
nik, with a similar frequency as in the Swedish registry (66/
100.000), while the rate of 89 NSTEMI patients was lower
than in other registries (120-130).16 European Society of Car-
diology expects the European average of 190 patients with
AMI per 100,000 population,12 while our figure of 151 patients
is better than the expected EU average, but also the Croa-
tian average of 170 patients. However, the question remains
how many of our patients with NSTEMI have not even con-
tacted a doctor, for reasons of not being properly informed,
and also because an increase in troponin level was not regi-
stered in one portion of patients with unstable angina for
reasons of cost saving and they were not classified as
NSTEMI patients.
According to the ESC guidelines, patients with ACS whose
choice of treatment should not be PCI, at least within 72
hours are rare. Among the patients with ACS, 94% of them
underwent invasive workup in General Hospital Dubrovnik,
and 62% were finally treated by the PCI, whereas CABG
was recommended to 13.7% of patients. A third of all perfor-
med PCI were primary PCI (33%), which is above the Croa-
tian average in 2007 (22%), while the proportion in Europe
ranges from 9-39%.12 Among the patients with STEMI, 98.4%
underwent the invasive workup and 90.2% underwent pPCI,
which is a further step towards reaching the ideal goal that
all patients with STEMI are treated by pPCI. 43% of patients
with NSTEMI and 65% of patients with STEMI underwent
invasive treatment in the United States of America in 2005.17

regije Zapadne Slavonije. Entuzijazmom kolega, a unatoË
zadnjim objavljenim shemamama u kojima su ta podruËja
oznaËena kao da pruæaju tu uslugu samo za radnog vreme-
na,10 u OB Dubrovnik usluga pPCI tijekom 24 h/7 dana dos-
tupna je od poËetka 2013., a u OB Slavonski Brod od poËet-
ka 2014. godine.11 Uvrπtavanjem novih centara za pPCI
sada ih u Hrvatskoj imamo 11, a jednom centru tendira
391.000 stanovnika. To je odliËan rezultat na europskoj razi-
ni i sada bolju dostupnost pPCI u Europi imaju samo: Aus-
trija, Belgija, Francuska, NjemaËka, Italija i ©vicarska.12 Ko-
liko je to razloæno u ovom Ëasu ostaje zadaÊa za izraËun i
prosudbu od strane naπih struËnjaka za ekonomiku zdravst-
va, koji Êe trebati procijenti odnos koristi/troπkova za pPCI u
Hrvatskoj.8 ©vedska analiza pokazuje da su u njihovom ok-
ruæenju konaËni rezultati lijeËenja s pPCI bolji i da je ukupna
cijena lijeËenja manja u odnosu na fibrinolizu.13

DubrovaËko-neretvanska æupanija ima 122.500 stanovnika
od kojih se 70% (86.000) uglavnom lijeËi u OB Dubrovnik.
No, kada se pribroje posjeti viπe od milijun turista godiπnje
moæemo ugrubo govoriti o populaciji od cca 100.000 sta-
novnika koja tendira naπoj bolnici. U 2013. primljeno je oko
230 bolesnika sa AKS, od kojih 27% zbog STEMI, πto je
udio sliËan ameriËkom registru (29%),14 iako GRACE regi-
star govori o udjelu od 38% bolesnika sa STEMI.15 Od 2010.
godine konaËno su nam dostupni podaci Hrvatskog zavoda
za zdravstveno osiguranje, pa sada znamo da je u Hrvatskoj
te godine hospitalizirano 7.300 bolesnika s AIM (170/
100.000) i 2.552 sa NAP (26% AKS), dakle 9.852 bolesnika
s AKS (229/100.000). Radi raËlanjivanja i praÊenja pojedinih
skupina bolesnika i uspjeπnosti terapije jasna je potreba for-
miranja Hrvatskog nacionalnog registra za AKS i PCI. U
2013. godini u OB Dubrovnik primiljena su 62 bolesnika sa
STEMI, sa sliËnom uËestaloπÊu kao u ©vedskom registru
(66/100.000), dok je stopa NSTEMI od 89 bolesnika ipak bi-
la niæa nego u drugim registrima (120-130).16 Prema Europ-
skom kardioloπkom druπtvu oËekuje se europski prosjek od
190 bolesnika sa AIM na 100.000 stanovnika,12 a naπ broj od
151 bolesnika povoljniji je od oËekivanog europskog prosje-
ka, ali i hrvatskog prosjeka, od 170 bolesnika. Meutim, os-
taje pitanje koliko se naπih bolesnika sa NSTEMI nije niti jav-
ilo lijeËniku, iz razloga slabe informiranosti, a takoer da li je
kod dijela bolesnika s NAP propuπteno registrirati porast
kardioselektivnih enzima, iz razloga πtednje i pravilno ih sis-
tematizirati kao NSTEMI.
Prema smjernicama ESC rijetki su bolesnici sa AKS Ëiji iz-
bor lijeËenja ne bi trebala biti PCI, barem u roku od 72 sata.
Meu bolesnicima sa AKS u OB Dubrovnik invazivno je ob-
raeno 94%, a konaËno je lijeËeno metodom PCI 62%, dok
je CABG preporuËen kod 13,7% bolesnika. TreÊina svih
obavljenih PCI bile su primarne PCI (33%), πto je viπe od hr-
vatskog prosjeka 2007. godine (22%), dok se udio u Europi
kreÊe od 9-39%.12 Meu bolesnicima sa STEMI invazivno je
obraeno 98,4% a kod 90,2% uËinjena je pPCI, πto je dalji
korak u pribliæavanju idealnom cilju da svi bolesnici sa STE-
MI budu lijeËeni pPCI. U Sjedinjenim AmeriËkim Dræavama
2005. godine invazivno je obraeno 43% bolesnika sa
NSTEMI i 65% bolesnika sa STEMI.17 U Hrvatskoj je 2007.
godine bilo 3.600 STEMI (82/100.000), prema broju stanov-
nika viπe nego u naπoj æupaniji i 1.150 pPCI (22.5/100.000),
znaËajno manje nego sada u naπoj æupaniji.12 Usporedba
navedenih rezultata govori o naπoj usmjerenosti prema in-
tervencijskom lijeËenju hitnih bolesnika i AKS, πto je saËi-
njavalo oko 2/3 ukupno obavljenih intervencija, a manju us-
mjerenost na stabilnu anginu pektoris i naruËene bolesnike.
Poπteno reËeno i πtrajk lijeËnika krajem 2013. godine imao
je utjecaj na manji broj narudæbi za koronarografiju. Ova Ëi-
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njenica utjecala je i na neostvarivanje naπeg plana od naj-
manje 200 PCI godiπnje, koliko je potrebno da bi se jedan
PCI centar svrstao u srednje veliki centar bez kardiokirurπke
potpore, i po ameriËkim standardima bio sposoban zasebno
funkcionirati.9

Raspodjela PCI po lijeËenim æilama sliËna je drugim registri-
ma bolesnika s AKS, a usmjerenost prema hitnim bolesnici-
ma pokazuje i udio PCI na velikim æilama, najviπe na LAD na
kojoj je uËinjeno 45,5% svih procedura.5 Objaπnjava to i pe-
netraciju DES od 25,6%, koja je za europsku razinu bila mi-
nimalna, no aktualno realna. 
Meu 58 bolesnika sa STEMI kojima je izbor lijeËenja bio
pPCI konaËni TIMI 3 protok postignut je kod 93,4% bolesni-
ka, πto je rezultat bolji i od europskog prosjeka od 85%. Iako
na maloj skupini bolesnika taj podatak uz intrahospitalni le-
talitet AIM od 2,61% i 4.8% od STEMI zasigurno ne govori o
loπoj, nego viπe o izvrsnoj kvaliteti rada, a usporeujuÊi to sa
smrtnoπÊu u Europi, za AIM od 5 do 14% i za STEMI od 4,2
do 13,5% te u SAD (2005. godine) 9,7% za STEMI i 9,5%
za NSTEMI.12,17 U Hrvatskoj je 2007. mortalitet kod STEMI
bio 10%,12 a podaci iz susjedne Splitsko-dalmatinske æu-
panije pokazuju da je mortalitet od AIM znaËajno pao uvo-
enjem PCI, sa 15% na 10% u 2005. godini, prvoj godini ra-
da njihovog laboratorija.18 U Splitu se kroz sljedeÊih 5 godi-
na mortalitet AIM spustio na 4%,18 dok je mortalitet od
STEMI bio 6.3%.19 Dostupni podatak za KliniËku bolnicu Du-
brava iz 2003. pokazuje intrahospitalni letalitet od STEMI
6,2%, a u KliniËkom bolniËkom centru Zagreb 2005. godine
za STEMI 13,9% a za NSTEMI 9,6%.5,20

Osim TIMI protoka i smrtnosti, uËestalost komplikacija tako-
er je mjera kvalitete rada. UËestalost akutne i subakutne
tromboze u stentu od 2,4% meu svim bolesnicima i 3,6%
meu bolesnicima sa STEMI bila je ipak veÊa nego u opÊim
registrima, gdje se kreÊe od 0,5-2%.21 Ova komplikacija nije
prikazana u analizi iz Splita, a na jednom skupu u Hrvatskoj
prikazana je veÊa uËestalost, i do 13,3% kod bolesnika sa
STEMI.22 Svi naπi bolesnici sa trombozom u stentu bili su na
potrebnoj dvojnoj antiagregacijskoj terapiji, uz klopidogrel,
kao i u registrima (prasugrel i tikagrelor bi mogli imati bolje
rezultate) te Êe biti potrebno i dalje pratiti ovu komplikaciju i
traæiti joj uzroke, da bi i u tome dosegli europske rezultate.
Meutim, potrebnu pomoÊ u tome morati Êe nam pruæiti uvo-
enje novih metoda unutaræilnog prikaza (IVUS i/ili OCT),
kojima bi se prekontrolirali neki postPCI nalazi, koji angio-
grafski izgledaju odliËno, a kasnije rezultiraju trombozom.
SreÊom, svi bolesnici su rijeπeni reintervencijom, bez daljih
komplikacija. Perifernih komplikacija imali smo 1,2% kod fe-
moralnog pristupa i 0,5% kod radijalnog pristupa, i to jednu
ekstremno rijetku pseudoaneurizmu radijalne arterije, uz
ukupnu potrebu kirurπkog lijeËenja u 0,8% bolesnika. U glo-
balnim registrima, uz modernu farmakoloπku terapiju, lo-
kalne komplikacije kod femoralnog pristupa javljaju se u 5,5-
7,4% bolesnika, uz potrebu kirurπkog lijeËenja od 1,3%.23-25

U susjednoj æupaniji, u Splitu, ovih je komplikacija bilo
1,6%.19 

Uz pokrivenost ostatka Hrvatske Mreæom, populaciju od
100.000 stanovnika, ali uz 210 km poloviËno loπe ceste, dva
graniËna prijelaza EU i viπe od milijun turista godiπnje i ne-
postojanje laboratorija u graniËnim regijama susjednih dræa-
va smatramo da je postojala opravdana potreba uvoenja
centra za intervencijsku kardiologiju u DubrovaËko-neret-
vanskoj æupaniji, a opseg rada samo s hitnim bolesnicima u
2013. godini gotovo da to i potvruje. Dubrovnik koji os-
tvaruje znaËajan prihod od brodova za krstarenje, kao po-
pratnu uslugu mora imati integralno visoko kvalitetnu akutnu

There were 3,600 STEMI (82/100.000) patients in Croatia in
2007, more than in our county and 1,150 pPCI (22.5/100.000),
significantly less than now in our county.12 The comparison
of results suggests our focusing on interventional treatment
of emergency patients and ACS, which accounted for about
2/3 of all interventions performed, and placing a less empha-
sis on stable angina pectoris and ordered patients. To be
fair, even doctors’ strike in 2013 had an impact on a smaller
number of orders for coronary angiography. This fact also
affected the failure to achieve our plan to perform at least
200 PCI per year, which is needed to classify a single PCI
center into the medium-sized center without cardiac support,
and which according to American standards it would be able
to function independently.9

Classification of PCI by treated vessels is similar to the one
in other registries of patients with ACS, and focusing on emer-
gency patients shows the proportion of PCI on large vessels,
mostly on LAD on which 45.5% of all procedures were per-
formed.5 This explained the DES penetration of 25.6%, which
for the European level was minimal, but actually realistic. 
Among 58 patients with STEMI whose treatment of choice
was pPCI, final TIMI 3 flow was achieved in 93.4% of pa-
tients, which is a better result than the European average of
85%. Although this data is one on the small group of patients
together with intra-hospital lethality of AMI of 2.61% and
4.8% of STEMI certainly does not suggest the poor, but ra-
ther outstanding quality of work even when we compare it
with mortality in Europe, regarding AMI from 5-14% and regar-
ding STEMI from 4.2 to 13.5% and in the U.S. (in 2005) 9.7%
for STEMI and 9.5% for NSTEMI.12,17 In 2007, mortality in
STEMI patients was 10% in Croatia,12 and the data from the
neighboring Split-Dalmatia County shows that the mortality
of AMI significantly dropped by introducing PCI, from 15% to
10% in 2005, the first year of work of their laboratory.18

Mortality from AMI dropped to 4% in Split over the next five
years,18 while the mortality from STEMI was 6.3%.19 The
available data for the University Hospital Dubrava in 2003
shows intra-hospital lethality of STEMI 6.2%, while in 2005,
intra-hospital lethality of STEMI was 13.9% and 9.6% of
NSTEMI in University Hospital Zagreb.5,20

In addition to TIMI flow and mortality, the incidence of com-
plications is also a measure of quality of work. The incidence
of acute and subacute stent thrombosis of 2.4% among all
patients and 3.6 % among patients with STEMI was still hig-
her than in the general registries, ranging from 0.5-2%.21 This
complication is not shown in analysis of Split, and at one
meeting in Croatia higher incidence was shown, namely, up
to 13.3% in patients with STEMI.22 All our patients with stent
thrombosis underwent the required dual antiaggregation
therapy with clopidogrel, as in the registries (prasugrel and
ticagrelor might have better results) and it will be necessary
to continue to monitor this complication and look for its cau-
ses in order to reach the European results. However, the ne-
cessary assistance in this matter will have to be provided to
us by introducing new intravascular imaging methods (IVUS
and/or OCT), which will check some postPCI results, which
angiographically look great, but will later result in thrombo-
sis. Fortunately, all those patients were managed by reinter-
vention, without further complications. Peripheral complica-
tions were present in 1.2% in case of femoral access and
0.5% in case of radial access, and we had one extremely ra-
re radial artery pseudoaneurysm, with a total need for surgi-
cal treatment in 0.8% of patients. Global registries report that
with modern pharmacotherapy local complications in femo-
ral access occur in 5.5 to 7.4% of patients, with the need for
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zdravstvenu skrb, a konaËno od svih pPCI kod STEMI na
strane dræavljane otpada gotovo 15% (9/61). Lijepo je Ëuti
pohvale stranih kardiologa glede naπih intervencija, kada se
bolesnici s nalazom intervencije na CD vrate u SAD,26 Veliku
Britaniju, Francusku i ©panjolsku, πto je zasigurno poveÊalo
ugled naπe zemlje kao sigurne turistiËke destinacije. No, na-
πa primarna zadaÊa u DubrovaËko-neretvanskoj æupaniji i
OB Dubrovnik u sljedeÊoj godini bila je zamiπljena kao po-
veÊanje udjela hospitalizacija u koronarnoj jedinici, odvaja-
njem ostalih nekardioloπkih bolesnika osnivanjem opÊe in-
ternistiËke intenzivne skrbi, a s intervencijske strane pove-
Êanje opsega rada u segmentu naruËenih bolesnika (na
kraju godine lista Ëekanja bila je 80 bolesnika), prezentacija
usluge pPCI susjednim zemljama, kao i nova oprema, injek-
tor, IVUS i FFR. Kako laboratorij nije funkcionirao u vrijeme
poËetka nacionalnog tendera za materijal u intervencijskoj
kardiologiji, prvotno nismo niti prepoznati kao stalni interven-
cijski centar. Nakon analize 2013. godine planirali smo ma-
terijal za narednu godinu, no upozoreni smo da moramo
smanjiti predviene koliËine, a poËetkom 2014. dobili smo
rjeπenje u kojem smo zamijetili da je odobrena koliËina ma-
terijala upola manja i od one koju smo reducirali (Tablica 6).
Nevjerojatno zvuËi podatak da je za nas predvieno katetera
za svega 90-100 dijagnostiËkih procedura, da nam nisu odo-
brili niti jedan kateter za intervencije, koje pretpostavljam, ne
bi trebali niti raditi no tada ostaje smijeπna Ëinjenica Ëemu bi
nam trebalo sluæiti onih 130 odobrenih proπirnica? Kada bi i
imali katetere to bi bilo dostatno samo za bolesnike sa
STEMI. Da bi se takva situacija πtednje zaokruæila, ukinut je
i Odsjek za akutne srËane bolesti i intervencijsku kardiologi-
ju, koji se pripojio Internom odjelu. Uz nove okolnosti ostaje
za vidjeti kakvi Êe biti dalji rezultati, za 2014. i dalje godine,
ne samo u zdravstvu nego i turizmu, jer bi se na webu mogli
pojaviti komentari turista i turoperatera o zdravstvenoj nesi-
gurnosti u naπim zdravstvenim ustanovama na obali.

surgical treatment in 1.3% patients.23-25 There were 1.6% of
such complications in the neighboring county, in Split.19

Covering the rest of Croatia by the Network, namely our po-
pulation of 100,000 inhabitants, but mentioning 210 km half
poorly built roads, two EU border crossings and more than a
million of tourists a year as well as the lack of laboratories in
the border regions of the neighboring countries, we believe
that there was a reasonable need to establish the Center for
Interventional Cardiology in Dubrovnik-Neretva County, and
the scope of work only with emergency patients in 2013 al-
most confirms it. Dubrovnik which generates considerable re-
venues from cruise ships must render an integral high qua-
lity acute medical care as an accompanying service, and fi-
nally there are almost 15% (9/61) foreign nationals of all
pPCI for STEMI. It is nice to be paid compliments by foreign
cardiologists regarding our interventions, when patients with
the CD intervention findings come back to the USA26, United
Kingdom, France and Spain, which certainly increased the
reputation of our country as a safe tourist destination. How-
ever, our primary task in the Dubrovnik-Neretva County and
General Hospital Dubrovnik in the next year was conceived
as to increase the proportion of hospitalizations in the coro-
nary care unit, separate other non-cardiac patients by estab-
lishing a general internal intensive care, and in the segment
of interventions we are about to increase the volume of work
in the field of ordered patients (by the end of the year, 80 pa-
tients were in the waiting list), present the pPCI service to
some neighboring countries, new equipment purchase, in-
jector, IVUS and FFR. As the laboratory was not functioning
at the time of initiating the national tender for supplies in in-
terventional cardiology, we were not recognized as a perma-
nent interventional center at the beginning. After we made
an analysis on 2013, we forecasted the supplies for the next
year, but were warned that we had to reduce the quantity of
forecasted supplies, and in early 2014, we received the de-
cision in which we noticed that the approved quantity of sup-
plies was half the size of the one we had already reduced
(Table 6). We faced an incredible fact that we have been ap-
proved catheters for only 90-100 diagnostic procedures, that
we have not been approved a single catheter for interven-
tions, which I suppose should not be performed by us, but then
we wondered what the purpose of 130 approved stents was?
If we had catheters, those stents would be sufficient only for
patients with STEMI. To round up this situation regarding cost
savings, the Department for acute heart diseases and inter-
ventional cardiology has been abolished, and now it is anne-
xed to the Internal Medicine Department. Given the new cir-
cumstance we shall see what the results in 2014 will be like
not only in healthcare, but also in tourism, because tourists’
and tour operators’ comments may appear on the websites
about medical insecurity in our medical facilities on the
coast.
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Povijest

Transseptalna punkcija TSP je razvijena tijekom 50-ih godi-
na XX. stoljeÊa primarno radi kateterizacije lijevog atrija i
procjene valvularnih bolesti srca1. Razvili su je Ross, Mor-
row i Braunwald1. Daljnji napredak transseptalne punkcije i
uËinio je Brockenbrough razvojem igle i katetera2 te Mullins3

daljnjim razvojem dilatatora i uvodnice. Sam sustav za TSP
se nije previπe mijenjao do danas te, iako postoje razliËiti pro-
izvoaËi kao i veliËine sustava, sam sustav i tehnika TSP
ostaju gotovo isti kao u originalnim opisima. Danas se veli-
ka veÊina TSP izvodi u elektrofiziologiji radi ablacije lijevo-
stranih aritmija4. Indikacije i kontraindikacije za TSP danas
su prikazane u Tablici 1. 

Anatomija

Transseptalnom punkcijom cilj je pristupiti lijevom atriju kroz
najtanji dio interatrijskog septuma, a to je fossa ovalis. Fos-
sa ovalis omeena je anteriorno trikuspidnom valvulom,
anterosuperiorno korijenom aorte, posteriorno straænjim
stjenkama desnog i lijevog atrija te dublikaturom perikarda
dok se inferiorno nalazi bazalni dio desnog atrija i donja πup-
lja vena, a superiorno limbus fossae ovalis. Fossa ovalis za-
uzima oko 25% povrπine interatrijskog septuma i veliËine je
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SAÆETAK: Transseptalna punkcija (TSP) je postupak
koji omoguÊuje perkutani transvenski pristup strukturama
lijevog srca. TSP je razvijena primarno radi hemodinam-
ske procjene valvularnih greπaka i mitralne valvuloplasti-
ke, dok je danas, u eri izolacije pluÊnih vena (PVI), posta-
la rutinska procedura veÊine elektrofiziologa. Obzirom na
porast broja PVI u Hrvatskoj, tehnika TSP postaje sva-
kodnevica  elektrofiziologa. Stoga lijeËnici i osoblje mora-
ju biti upoznati s TSP i potencijalnim komplikacijama. Svr-
ha ovog preglednog Ëlanka je prikazati kratku povijest i
razvoj TSP, samu tehniku, indikacije te potencijalne kom-
plikacije.

KLJU»NE RIJE»I: transseptalna punkcija, fibrilacija atri-
ja, izolacija pluÊnih vena.

SUMMARY: Transseptal puncture (TSP) is a procedure
that allows transvenous access to the structures of the left
heart. TSP has been primarily developed for the evalua-
tion of valvular disease and mitral valvuloplasty, while to-
day, in the era of pulmonary vein isolation (PVI), it has be-
come a routine procedure performed by a great number
of electrophysiologists. Since there is a constant increase
in a number of PVIs in Croatia, TSP is becoming a stan-
dard procedure for electrophysiologists. Physicians and
staff must therefore be trained in TSP and its potential
complication. This review focuses on the historical devel-
opment of TSP, its technical aspect, indications and com-
plications. 
KEYWORDS: transseptal puncture, atrial fibrillation, pul-
monary vein isolation.
CITATION: Cardiol Croat. 2014;9(3-4):127-133.

History

TSP was developed in the 1950s for left atrial catheteriza-
tion, and evaluation of valvular heart disease1. It was develo-
ped by Ross, Morrow and Braunwald1. Further improve-
ments were made by Brockenbrough with the development
of a special needle and catheter2 and Mullins3 contributing
with a designated dilatator and sheath. Although there are
many products by different manufacturers available today,
the system and the technique remain essentially the same.
Nowadays, TSP is mainly being used by electrophysiolo-
gists for left atrial ablation procedures and access to the left
ventricle4. Indications and contraindications for TSP today
are shown in Table 1. 

Anatomy 

The goal of transseptal puncture is to access the left atrium
through the thinnest part of the interatrial septum, the fossa
ovalis. Fossa ovalis is limited by the tricuspid valve anterior-
ly, the aortic root antero-superiorly, right and left atrial free
wall with pericardial duplicature posteriorly, while inferior bor-
der is thr lower right atrium and inferior vena cava and supe-
rior border is limbus fossae ovalis and above it superior ve-
na cava. The fossa takes up 25% of the septal area and has
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10-25 mm (prosjeËno 16 mm)5. Kod TSP najvaænije je izbje-
Êi punkciju korijena aorte anteriorno te slobodne stjenke de-
snog ili lijevog atrija posteriorno. Transezofagusnim (TEE) i
intrakardijalnim ultrazvukom (ICE) je moguÊe direktno pri-
kazati navedene strukture. Obzirom da koriπtenje ultrazvu-
ka poveÊava kompleksnost i cijenu procedure, kao i da nije
uvijek dostupan razvijeno je nekoliko metoda za indirektno
oznaËavanje fossae ovalis koriπtenjem fluoroskopije. 
Jedna od metoda je direktno oznaËavanje korijena aorte —
postavljanjem duge æice ili pigtail katetera transfemoralnim
pristupom direktno u korijen aorte. Ova metoda, meutim,
zahtijeva punkciju arterije i poveÊava rizik krvarenja. Druga
metoda je pozicioniranje dijagnostiËkog elektrofizioloπkog
katetera u podruËje Hisovog snopa koji se nalazi u nepo-
srednoj blizini desnog koronarnog kuspisa aorte. Ipak, naj-
ËeπÊe koriπtena metoda je jednostavno postavljanje katete-
ra u koronarni sinus (CS). CS prolazi straænjom stranom
atriventrikularne brazde i oznaËava razinu mitralnog anulu-
sa koji je anteriorna granica interatrijskog septuma. Iako ova
metoda ne oznaËava direktno poloæaj korijena aorte, ona
omoguÊava anatomsku orijentaciju i smjer TSP pogotovo u
kombinaciji s kateterom na His poziciji (Slika 1).

Opis postupka

TSP se izvodi koriπtenjem posebno dizajniranih i preformira-
nih igala, uvodnica i dilatatora. Iako postoje razliËiti oblici i
veliËine i dalje su najËeπÊe u upotrebi tzv. Brockenbrougho-
va igla i Mullins uvodnice (Slika 2). Procedura poËinje kanu-
lacijom femoralne vene Seldingerovom tehnikom. Postavlja
se najcesce jedna kratka uvodnica putem koje se postavi
kateter u koronarni sinus, a sluæi i za i.v. primjenu lijekova ili
nadoknadu volumena. Dvije duge uvodnice zajedno s  dva
dilatatora postavljaju se u gornju πuplju venu (SVC) preko
duge æice (J æica 0,032). Nakon toga, æica se izvuËe, sustav

a diameter of 10-25mm (average 16mm)5. It is of utmost im-
portance to avoid aortic root puncture anterosuperiorly and
right and left atrial free wall puncture posteriorly. All critical
structures can be visualized during the procedure by using
transesophageal (TOE) or intracardiac echocardiography
(ICE). Since the use of these modalities adds cost and com-
plexity to the procedure and they may not always be avail-
able, several methods have been developed to delineate the
boundaries of the fossa ovalis using fluoroscopy. 
One of the methods includes directly marking the aortic root
by positioning a long J-tip guidewire or pigtail catheter in the
aortic root. However, this technique requires arterial access
and increases bleeding complications. Another method is to
position a diagnostic EP- catheter in the His-bundle position,
which is in close proximity to the right coronary cusp. The
most frequently used method is to simply position an
EPcatheter in the coronary sinus (CS). The CS runs along
the posterior aspect of the atrioventricular groove and delin-
eates the level of the annulus of the atrioventricular valves,
the anterior boundary of the interatrial septum. While this
does not directly visualize the aortic root, it allows for prop-
er anatomical orientation and direction of TSP, particularly in
conjunction with catheter in his-position (Figure 1).

Technique description

TSP is performed by using specially designed and prefor-
med needles, sheaths and dilatators. Although there are
many forms, designs and sizes in use, still the most fre-
quently used are Brockenbrough needle and Mullins
sheaths (Figure 2). The procedure typically starts with ac-
cess to the femoral vein using a Seldinger technique. One
short sheath is placed for a coronary sinus catheter and as
a vascular access for drug and fluid administration. Two
long sheaths together with dilators are placed in the SVC

Indications for transseptal approach

Eletrophysiology
Pulmonary vein isolation
Left atrial tachycardia/flutter ablation
Left accessory pathway ablation
Ventricular tachycardia (antegrade app)
Slow pathway/AV node ablation (rare)

Left atrial appendage occluder
Valvular interventions

Mitral balloon valvuloplasty
Mitraclip 

Hemodynamic assessment
Invasive evaluation of LA pressure
(Pts with mitral or aortic v prosthesis)

Hemodynamic support
TandemHeart (percutaneous VAD)

Contraindications for transseptal approach

Left atrial thrombus
Left atrial tumor
Uncooperative patient
Severe bleeding diathesis

Table 1. Indications and
contraindications for
transseptal puncture.
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aspirira te se postavlja igla za punkciju do samog vrha dila-
tatora. 
Daljnja orijentacija i procedura ovise o tehnici kojom se ope-
rater koristi. Ovdje Êemo opisati TSP uz koriπtenje fluoro-
skopije te kontrastnog sredstva i mjerenja tlaka putem igle
za punkciju. KoristeÊi LAO 45 projekciju cijeli sustav (igla, di-
latator, uvodnica) se polako povlaËe iz gornje πuplje vene
prema desnom atriju. Vaæna je orijentacija cijelog sustava i
u veÊini sluËajeva se orijentacija igle i dilatatora dræi tako da
je boËni izlaz dilatatora usmjeren prema 4-5 sati (vrh igle i
uvodnice moraju biti usmjereni u istom pravcu). Kod povla-
Ëenja sustava radioloπki se mogu uoËiti dva ‘’preskoka’’ vrha
dilatatora. Prvi je kod prelaska iz gornje πuplje vene u desni
atrij, a drugi kod prelaska s muskularnog dijela septuma
preko limbusa fossae ovalis u fossu ovalis. Vrh dilatatora sa-
da u LAO projekciji mora biti iznad katetera u koronarnom
sinusu, a u RAO projekciji mora biti posteriornije i paralelno
s kateterom u distalnom koronarnom sinusu (Slika 1). Smjer
transseptalne uvodnice i dilatatora ne bi smio prelaziti ante-
riornije od katetera u koronarnom sinusu jer se poveÊava
moguÊnost preanteriorne punkcije (punkcija korijena aorte). 

over a long 0.032 inch J tip wire. The wire is then removed,
blood aspirated and the transseptal needle is positioned just
at the tip of the system. It is important to forward the needle
in the sheath with a stylet in place in order to avoid inadver-
tent avulsion of the lining of the dilator by the sharp needle tip.
Further orientation and procedure depends on the technique
used. We will describe TSP with the use of fluoroscopy with
contrast injection and pressure measurement from the tip of
the needle. In the LAO 45 projection, the whole system (nee-
dle, dilator and sheath) is slowly pulled back from the SVC to
the RA. Orientation of the system is important, and it is held
so the dilatator handle points to the 4-5 o’clock (needle and
sheath should be pointing in the same direction). While pul-
ling the system down, two ‘’jumps’’ can be seen on the fluo-
roscopy image. The first jump occurs, when the system en-
ters the RA from the SVC, and the other when system jumps
from muscular part of the septum, over the limbus fossae
ovalis into the fossa. At this point the tip of the dilator should
be above the CS catheter in the LAO projection and behind
and parallel to it in the RAO projection (Figure 1). The direc-
tion of the system (projected from the tip) should not cross

Figure 1. Right anterior oblique and left anterior oblique projections. In the right anterior oblique projection, coronary sinus
catheter is pointing away from the operator and is marking the position of atrioventricular groove. The assembly for transsep-
tal puncture is at the fossa ovalis, in the right anterior oblique, it is parallel to coronary sinus catheter and approximately half
way between the coronary sinus catheter and posterior wall. In the left anterior oblique, it is above the level of the coronary
sinus ostium. 

Figure 2. Tip of transseptal
dilator, sheath and the trans-
septal needle. 
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Kada smo zadovoljni s pozicijom sustava, potrebno je pola-
ko pozicionirati iglu prema naprijed. U isto vrijeme primje-
njuje se kontrast kroz transseptalnu iglu kojim se nakon
prelaska u lijevi atrij ispunjava πupljina lijevog atrija. Nakon
prelaska, dodatno se poloæaj igle potvruje mjerenjem tlaka
u lijevom atriju. 
U sluËaju oteæane punkcije ‘’staining’’ odnosno opacificiran-
je septuma kontrastom je korisna metoda. Kako je vidljivo
na Slici 3, kontrast se primijenjuje jos prije prelaska septu-
ma te se jasno moæe vidjeti ‘’tenting’’ interatrijskog septuma
prema lijevom atriju tijekom prelaska igle.

the line of CS catheter as it increases the risk of an anterior
puncture (aortic root puncture). 
When the operator is satisfied with catheter position, the
needle is advanced. At the same time, the contrast is ap-
plied through the needle which opacifies the left atrium. Ad-
ditionally, the position is verified by removing the syringe and
performing a pressure measurement from the needle tip.
In case of a difficult puncture or a rigid interatrial septum,
staining of the septum may prove very helpful. As depicted
in Figure 3, the operator can then observe a “tenting” of the
stained septum into the left atrial cavity when advancing the
needle. 

Figure 3. Right anterior oblique and left anterior oblique projections. Catheter positions are same as described in Figure 1.
While advancing the needle and applying pressure at the fossa ovalis with the system, the contrast is applied. ‘’Tenting’’ can
be best seen in left anterior oblique and ‘’staining’’ of the fossa ovalis just at the tip of the needle indicating the correct spot for
the transseptal puncture.

U sluËaju neadekvatne pozicije sustava za TSP ili nesigur-
nosti kao i u sluËaju da nakon izvlaËenja igle kontrast opaci-
ficira neku drugu strukturu potrebno je iglu povuÊi te cijeli
sustav ponovo repozicionirati. Dok god je uËinjena punkcija
neke strukture (Slika 4) osim fosse ovalis samo iglom rizik
komplikacije je minimalan. Prolaskom dilatatora i uvodnice
(8,5 Fr) u aortu ili slobodnu stijenku atrija komplikacije po-
staju potencijalno fatalne. U sluËaju pojave kontrasta u ko-
rijenu aorte ili u/iza straænje stjenke atrija savjetujemo rano
intraporceduralno uËiniti ehokardiografiju radi iskljuËivanja
ozbiljnih komplikacija. 

In case of uncertainty or inadequate position of the system
for TSP as well as in case of staining of other structures
apart from the fossa ovalis after needle advancement, the
needle and the system should be withdrawn and the whole
system repositioned again. As long as other structures have
only been punctured with the needle, (Figure 4) the latter
can be withdrawn and the risk of complications is minimal.
In case of dilator and sheath advancement (8.5 Fr) into the
aorta or through the atrial free wall, the complications be-
ome potentially fatal. In case of staining of the aortic root or
atrial free wall/pericardium we advise early use of echocar-
diography to exclude serious complications. 

Figure 4. Staining of the infero-posterior part of the interatrial septum before the current transseptal puncture. The contrast is
seen in the septum and the current transseptal puncture is above and anterior to the staining. Staining was done only with the
needle and the patient had no complications after the procedure (echo control). 
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Nakon uspjeπnog prolaska igle kroz septum, igla i dilatator
se dodatno pomiËu prema naprijed dok operater nije siguran
da je vrh dilatatora proπao septum. Zatim se igla izvlaËi, as-
pirira oksigenirana, arterijska krv (mjerenje saturacije tako-
er potvruje poziciju u LA) te se duga J æica postavlja u
gornju ili donju pluÊnu venu (Slika 5). Cijeli sustav se zatim
postavlja u lijevi atrij preko æice Ëime se smanjuje rizik punk-
cije slobodne stjenke LA ili aurikule tijekom prelaska u LA. 

Nakon uspjeπne TSP, igla i dilatator se povlaËe, uvodnica se
aspirira te se spaja na kontinuirano propiranje heparinizira-
nom fizioloπkom otopinom. Ovime je TSP zavrπena te daljn-
ji postupak ovisi o proceduri koja se izvodi. Za lijevostrane

After the needle has crossed the septum, the whole system
is slightly advanced, ensuring positioning of the dilator tip in
the left atrial cavity and then removed. After aspiration of
oxygenated blood (at this point O2 saturation can be measu-
red to prove the correct position), the J tip wire should be po-
sitioned in the left superior or left inferior pulmonary vein
(Figure 5). The whole system is then advanced across the
septum over the wire. The wire positioned in a pulmonary vein
minimizes the risk of an inadvertent injury to the left atrial
wall or appendage when forcing the sheath into the left atrium.
After successful TSP, the needle and the dilator are remo-
ved. The sheath is aspirated and continuously flushed with
heparinized saline. At this point the further management is
dependent on the procedure being performed. A second

Figure 5. Left anterior oblique view. After
successful first transseptal puncture,
guide wire can be seen in left superior
pulmonary vein (beyond the left heart bor-
der). Second sheath, dilator and needle
are at the fossa level before second
transseptal puncture. 

ablacije najËeπÊe je potrebno uËiniti joπ jednu TSP koristeÊi
prvu kao marker. Kod oteæanih TSP, postavljanje druge
uvodnice se moæe pokuπati prolaskom æice ili elektrofizio-
loπkog katetera uz prethodnu TSP. 

Neki laboratoriji za TSP koriste i druge moguÊnosti kao kori-
πtenje TEE6, ICE7 ili angiografije desnog atrija8. Koriπtenjem
ultrazvuka moguÊe je potencijalno smanjiti komplikacije ali
ICE znaËajno poveÊava cijenu procedure, a TEE poveÊava
nelagodu kod bolesnika. Angiografija desnog atrija moæe biti
od koristi kod bolesnika s anatomskim varijacijama ili rotaci-
jom srca. Kod oteæanih TSP danas se koriste i posebno di-
zajnirane ‘’oπtre’’ æice kroz lumen igle9 ili se primjenjuje ra-
diofrekventa energija putem vrha igle10. Nedavno su opisane
i metode transseptalne punkcije bez koriπtenja fluoroskopije
uz pomoÊ ultrazvuka i navigacijskih sustava11. 

Priprema bolesnika i postupak nakon 
intervencije

Kao i za svaki drugi invazivni postupak, priprema bolesnika
je iznimno vaæna da bi se smanjio rizik komplikacija. Prije
TSP kod bolesnika s AF kod svakog bolesnika potrebno je
uËiniti TEE, primarno radi iskljuËenja postojanja tromba u LA
i aurikuli. Takoer, anatomija interatrijskog septuma, posto-
janje otvorenog foramena ovale  (PFO), atrijskog septalnog
defekta ili hipertrofije septuma te ostalih anatomskih odnosa
mogu uvelike pomoÊi operatoru. TEE je potrebno uËiniti i
kod ostalih bolesnika koji veÊi rizik za razvoj tromba u LA. Ti-
jekom postupka, mi koristimo TEE samo rijetko, kod bolesni-

transseptal puncture is to be performed for left atrial ablation
procedures, typically, using the first as a “roadmap”. In cases
of a very difficult TSP, left atrial access of two long sheaths
can be achieved by trying to pass the first puncture site
along the guidewire with a second guidewire or a steerable
EP catheter. 
Some labs use additional methods for TSP like the use of
transesophageal6 and intracardiac7 echocardiography or right
atrial angiography8. While the use of echocardiography po-
tentially reduces the risk of complications, ICE significantly
increases the costs of the procedure, while TOE increases
the patient’s discomfort. Angiography of the right atrium can
be used in patients with unusual anatomy. Specially designed
‘’sharp’’ J tip wires can be used9 or radiofrequency energy over
the tip of the needle can be applied10 in difficult TSP. Recent-
ly, fluoroscopy free transseptal punctures have been de-
scribed by using echocardiography and 3D navigation sys-
tems11. 

Patient preparation and postprocedure 
treatment

As in any other invasive procedure, a thorough preparation
is important to minimize the risk for complications. Before
performing TSP in patients with AF, transesophageal echo-
cardiography should be performed to exclude a left atrial
thrombus. During the TOE, anatomy of the interatrial sep-
tum, presence of PFO, ASD or septal hypertrophy can be
defined and assist the operator in the procedure. TOE should
also be performed in other patients who are at risk for the left
atrial thrombus. During the procedure, we only use TOE in
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ka koji imaju postavljen PFO okluder i kod kojih nije uspjela
TSP uz koristenje samo fluoroskopije (Slika 6). 

some patients who have a PFO occluder in place and TSP
could not be performed using fluoroscopy only (Figure 6).

Figure 6. Left anterior oblique view
before transseptal puncture in patient with
patent foramen ovale occluder. 

Obzirom da se radi o invazivnom postupku koja takoer
zahtijeva sistemsku heparinizaciju, vaæni su i nalazi kom-
pletne krvne slike kao i koagulogram (broj trombocita, INR).
Radi prevencije tromboembolijskih komplikacija, nakon us-
pjeπne TSP bolesnici dobivaju 100 IJ/kg heparina. U dalj-
njem tijeku procedure svakih 20-30 minuta mjeri se ACT te
se odræava veÊim od 300 s12. Iako je poviπen INR (>2.5) do
nedavno bila kontraindikacija za proceduru4,13, prema rezul-
tatima COMPARE studije (NCT01006876) bolesnici s uËi-
njenom ablacijom uz nastavak varfarina imaju manje trom-
boembolijskih incidenata. Stoga, danas sve viπe centara
izvodi TSP I PVI bez prekidanja antikoagulantne terapije, uz
terapijske vrijednosti INR. 
Nakon TSP i zavrπetka postupka vade se uvodnice te se kr-
varenje zaustavlja manualnom kompresijom. Bolesnik mora
mirovati 6-8 sati, a ukoliko postupak proe bez komplikacija
iduÊi dan se moæe otpustiti kuÊi. Nakon TSP kod svih boles-
nika je potrebno uËiniti ehokardiografski pregled radi isklju-
Ëenja perikardnog izljeva. Kod bolesnika nakon PVI nastav-
lja se antikoagulantna terapija minimalno tri mjeseca, a dalje
ovisno o riziku tromboembolije (CHADS2VASc score). Kod
bolesnika nakon ablacije ljevostranih akcesornih putova do-
voljna je terapija acetilsalicilatnom kiselinom tijekom 4 tjena.  

Komplikacije

Komplikacije su opisane u oko 1% TSP14,15. MoguÊe kompli-
kacije ukljuËuju perikardni izljev i tamponadu, zatim punkci-
ju korijena aorte, moædani udar ili tranzitornu ishemijsku ata-
ku, tranzitornu elevaciju ST spojnice, bol u prsiπtu, perzisti-
ranje atrijskog septalnog defekta te smrt. U poËetku TSP,
prvi radovi koji su opisivali komplikacije transseptalne punk-
cije opisali su incidenciju tamponade u oko 1,2% bolesnika16.
Prema najveÊem istraæivanju kojim je obuhvaÊeno 5.520
TSP, incidencija tamponade bila je 0,74%14 s jednim smrt-
nim ishodom (0.018%). Incidencija komplikacija razlikuje se
takoer ovisno i o proceduri. Tako je tamponada opisana u
1.2% do Ëak 6 % bolesnika prilikom PVI πto je znatno viπe
nego kod ablacija lijevostranih akcesornih putova. Viπi rizik
povezan je s potrebom za dvije TSP, sistemskom antikoag-
ulacijom, kao i opseænijom ablacijom u lijevom atriju. Dio tog
rizika sigurno je povezan sa samim postupkom ablacije, kao
i manipulacije kateterima u LA, a ne samom TSP. 

Since TSP is an invasive procedure which also requires sy-
stemic heparinization, complete blood count and coagulo-
gram (thrombocytes, INR) should be obtained in all patients.
For prevention of thromboembolic incidents, after success-
ful TSP, patients receive 100 IU/kg of heparin. After that, ACT
is measured every 20-30 minutes and should be kept >300
s12. Although increased INR (>2.5) was considered a contra-
indication for TSP4,13, the COMPARE trial (NCT01006876)
showed a decreased risk for thromboembolic incidents and
major bleeding in patients who continued warfarin therapy.
Today, an increasing number of centers perform TSP and
PVIs without discontinuation of warfarin therapy and with
INRs in the therapeutic range. 
After TSP and the procedure, sheaths are removed and ma-
nual compression applied to stop the bleeding. A patient
should rest 6-8 hours, and if there are no complications, he
can be released home next day. A pericardial effusion
should be excluded by transthoracic echocardiography. In
patients after PVI, anticoagulation therapy is continued for at
least three months and further management depends on
thromboembolic risk (CHADS2VASc score). Patients who
were ablated for left sided accessory pathways receive
aspirin for 4 weeks. 

Complications

Complications have been described to occur in around 1%
of TSP14,15. Complications include pericardial effusion and tam-
ponade, aortic root puncture, stroke, TIA, ST segment eleva-
tion, chest pain, persistence of ASD and death. In early days
of TSP, first reports described an incidence of tamponade in
1.2%16 patients. In the largest survey of TSPs which inclu-
ded 5,520 TSPs, the incidence of tamponade was 0.74%14

with one death (0.018%). The incidence of tamponade also
differs depending on the procedure. Tamponade is descri-
bed in 1.2-6% of patients undergoing PVI which is much hig-
her than in patients undergoing left sided accessory path-
way ablation. The higher risk is probably attributable to dou-
ble TSP, need for systemic anticoagulation, treatment of pa-
tients with structural heart disease (dilated chambers) and
more extensive ablation in the left atrium. A part of the risk
is related to ablation duration and catheter manipulation in
the left atrium rather than TSP itself. 
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Incidencija tamponade moæe se potencijalno smanjiti kori-
πtenjem ultrazvuka prilikom punkcije17 meutim incidencija
tamponade kod TSP s koriπtenjem samo fluoroskopije i flu-
oroskopije i ultrazvuka nikada nije usporeena u randomizi-
ranoj studiji. Znatno vaæniji naËin smanjivanja broja kompli-
kacija je vjerojatno trening, iskustvo i volumen operatora.
Prema podacima iz nekoliko istraæivanja krivulja uËenja
ukljuËuje 25-50 procedura nakon Ëega se broj komplikacija
znatno smanjuje17,18.
Iako rizik tromboembolije postoji, on je viπe povezan s kasni-
jom procedurom nego sa samom TSP. Radi smanjenja inci-
dencije moædanog udara/tranzitorne ishemijske atake po-
trebna je adekvatna antikoagulacija, kao i paæljivo propiranje
dilatatora i uvodnica. Izvoenje procedure uz terapijske vri-
jednosti INR kao dodatak heparina znatno smanjuju inciden-
ciju tromboembolijskih incidenata. 

ZakljuËak

Transseptalna punkcija je jedna od osnovnih tehnika inva-
zivnih elektrofiziologa. Porastom broja valvularnih interven-
cija (mitralna valvuloplastika, MitraClip), kao i pojavom oklu-
dera lijeve aurikule postaje potrebna i sve veÊem broju in-
vazivnih kardiologa. U iskusnim rukama veÊina transseptal-
nih punkcija moæe se uËiniti sigurno uz koriπtenje samo flu-
oroskopije. 

The incidence of tamponade and other complications can
potentially be reduced with the use of ICE during the punc-
ture17. However, TSP with the use of fluoroscopy and ICE
versus fluoroscopy only has never been compared in a ran-
domized manner. It must be training, volume and experien-
ce of the operator that is more important for the reduction of
complications. According to several published papers, the
steepest part of the learning curve includes 25-50 TSPs af-
ter which complication rates significantly decrease17,18.
Thromboembolic risk during TSP exists, although it is more
related to the procedure which is performed after the TSP.
An adequate anticoagulation during the procedure and care-
ful aspiration/flushing of the whole system is required for the
reduction of the risk of stroke/TIA. Additional reduction in
thromboembolic incidents is achieved by performing the pro-
cedures with therapeutic INR and additional heparinization
during the procedure. 

Conclusion

Transseptal puncture has become an indispensable tech-
nique for interventional electrophysiologists. The technique
has become even more widely used with an increase in val-
vular interventions (mitral valvuloplasty and MitraClip) and
the advent of left atrial appendage occlusion devices. When
used by experienced hands, transseptal puncture can be
performed safely and reliably when using fluoroscopy only.
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KroniËna bubreæna bolest

KroniËna bubreæna bolest (KBB) definirana je strukturalnim
ili funkcijskim abnormalnostima bubrega u razdoblju duljem
od tri mjeseca sa znatnim utjecajem na zdravlje. VodeÊi
uzroci KBB su dijabetes i arterijska hipertenzija, stoga ne
Ëudi Ëinjenica kako je incidencija ove bolesti skoro svugdje
u svijetu u porastu. U mnogim zemljama svake se godine
javlja dvjestotinjak novih sluËajeva na milijun stanovnika, a u
SAD-u Ëak Ëetiristo. Procjenjuje se da oko 150.000 bolesni-
ka u Hrvatskoj ima KBB.1 OpÊi Ëimbenici rizika KBB u razvi-
jenim zemljama su prekomjerna tjelesna teæina, hipertenzi-
ja, dijabetes, visoka dob, puπenje, tjelesna neaktivnost i poz-
itivna obiteljska anamneza. KBB je povezana s brojnim kom-
plikacijama od kojih su na prvom mjestu srËanoæilne bolesti
(SÆB).
Danas se KBB definira kao oπteÊenje bubrega karakterizira-
no albuminurijom i glomerularnom filtracijom manjom od 60
mL/min u trajanju duljem od tri mjeseca. BuduÊi da glomeru-
larna filtracija izuzetno dobro pokazuje stanje oπteÊenja, bu-
breæna bolest se na temelju nje klasificirala u pet stupnjeva.

Chronic kidney disease

Chronic kidney disease (CKD) is defined by structural or func-
tional kidney abnormalities for more than three months with
a significant impact on health. The major causes of chronic
kidney disease are diabetes and arterial hypertension. The-
refore, the increasing incidence of this disease in almost all
parts of the world is not surprising. In many countries, about
two hundred new cases per one million citizens occur every
year, while four hundred such new cases occur in the United
States. We estimate that there are about 150,000 patients in
Croatia suffering from CKD1. The general risk factors for CKD
in developed countries are overweight, hypertension, diabe-
tes, advanced age, smoking, physical inactivity and a positi-
ve family history. CKD is associated with many complica-
tions, the most prominent of which is cardiovascular disea-
ses (CVD).
Today, CKD is defined as renal impairment characterized by
albuminuria and a glomerular filtration rate less than 60
mL/min lasting for more than three months. Since glomeru-
lar filtration can show the impairment very well, kidney di-
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KroniËna bubreæna bolest i fibrilacija atrija
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SAÆETAK: KroniËna bubreæna bolest (KBB) definirana
je strukturalnim ili funkcijskim abnormalnostima bubrega
u razdoblju duljem od tri mjeseca sa znatnim utjecajem
na zdravlje. VodeÊi uzroci KBB su dijabetes i arterijska
hipertenzija, stoga ne Ëudi Ëinjenica kako je incidencija
ove bolesti skoro svugdje u svijetu u porastu. Bolesnici s
KBB podloæniji su srËanoæilnim bolestima (SÆB) viπe ne-
go ostatak populacije, a zna se da su one i glavni uzrok
smrti pacijenata na dijalizi. Fibrilacija atrija (FA), kao naj-
ËeπÊa srËana aritmija, ima veÊu prevalenciju meu bo-
lesnicima s oπteÊenom bubreænom funkcijom, stoga je
izuzetno vaæan zdravstveni problem. Takoer, pacijenti
s progredirajuÊim oblikom KBB i prisutnom dijagnozom
FA imaju znaËajno viπi rizik od smrti. Ne postoje jasne
terapijske smjernice za lijeËenje FA u bolesnika s KBB,
a pogotovo je upitna upotreba varfarina za sprjeËavanje
moædanog udara, kao Ëeste komplikacije ove srËane
aritmije. Potrebna su daljnja istraæivanja o KBB i SÆB te
ova dva polja zahtijevaju zajedniËku suradnju nefrologa
i kardiologa.

KLJU»NE RIJE»I: kroniËna bubreæna bolest, srËano-
æilne bolesti, fibrilacija atrija.

ABSTRACT: Chronic kidney disease (CKD) is defined by
structural or functional kidney abnormalities for more than
three months with a significant impact on health. The ma-
jor causes of CKD are diabetes and arterial hyperten-
sion. Therefore, the increasing incidence of this disease
in almost all parts of the world is not surprising. Patients
with CKD are more likely to develop cardiovascular di-
seases (CVD) than the rest of the population, and we
know that they are the major cause of death in dialysis
patients. Atrial fibrillation (AF), as the most common car-
diac arrhythmia, has a higher prevalence among the pa-
tients with impaired renal function, therefore it is an ex-
tremely important health issue. On the other hand, pa-
tients with progressing CKD and who present a diagno-
sis of AF show a significantly higher risk of death. There
are no clear guidelines for the treatment of AF in patients
with CKD. The administration of warfarin to prevent sto-
kes, a frequent complication of cardiac arrhythmia, is
particularly debatable. Further trials of CKD and CVD are
to be conducted and should include the close collabora-
tion of nephrologists and cardiologists.
KEYWORDS: chronic kidney disease, cardiovascular
diseases, atrial fibrillation.
CITATION: Cardiol Croat. 2014;9(3-4):134-141.
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No, ta klasifikacija nije obuhvaÊala Ëimbenike koji su bitni za
prognozu bubreæne bolesti, poput npr. proteinurije, pa je
uvedena nova klasifikacija koja istovremeno uzima u obzir i
glomerularnu filtraciju i albuminuriju (Tablica 1.). 

sease is accordingly classified in five degrees. However, this
classification does not include the factors that are important
for the prognosis of the kidney disease, such as proteinuria,
so a new classification that simultaneously considers both
glomerular filtration and albuminuria has been introduced
(Table 1). 

O klasifikaciji KBB puno se raspravljalo u zadnjih desetak
godina. Pokuπava se pronaÊi optimalan naËin kako bi se
uzeli svi Ëimbenici bolesti u obzir (osnovna bolest, glomeru-
larna filtracija i albuminurija kao pokazatelji trenutnog oπte-
Êenja bubrega, druge pridruæene bolesti i stanja pacijenata,
rizik pojedinca za komplikacije itd.) te na temelju toga doni-
jele odluke o terapiji i postupanju s pacijentom.2

Osim veÊ spomenutih najËeπÊih uzroka KBB uzroci mogu biti
razliËiti oblici glomerulonefritisa, bakterijske infekcije, kamenci
i parazitarne bolesti, πto je Ëesto u nerazvijenim zemljama.
PolicistiËna bolest bubrega, analgetska nefropatija, tubuloin-
tersticijska bolest, autoimuna bolest, vaskulitis, amiloidoza,
multipli mijelom, hemolitiËko-uremiËki sindrom i endemska ne-
fropatija takoer mogu dovesti do kroniËnog bubreænog za-
tajenja.
Od velike je vaænosti πto ranije prepoznavanje pacijenata s
bubreænom bolesti jer pravodobna intervencija moæe smanji-
ti izglede za kardiovaskularnim komplikacijama ili pogorπa-
njima bubreæne funkcije. Vaæne su i nefarmakoloπke mjere
kao πto su prestanak puπenja, prilagoena prehrana s ogra-
niËenjem unosa soli, umjerena tjelovjeæba itd. Jedna od kljuË-
nih mjera je dobra kontrola arterijskog tlaka (AT). Ciljne
vrijednosti AT za bubreæne bolesnike su <125-135/75-85
mmHg. Lijekovi koji djeluju na renin-angiotenzinski sustav
su lijekovi izbora za kontrolu AT u KBB zbog svog renopro-

This CKD classification has been much discussed in the last
ten years. We are trying to find an optimal way to take all di-
sease factors into account (primary disease, glomerular filtra-
tion rate and albuminuria as indicators of current renal impair-
ment, other associated diseases and a patient’s condition,
individual risk of complications, etc.) and make decisions on
a therapy and management of patients accordingly.2

Other causes of CKD may be different forms of glomerulo-
nephritis, bacterial infections, stones and parasitic diseases,
which are common in underdeveloped countries. Polycystic
kidney disease, analgesic nephropathy, tubulointerstitial dis-
ease, autoimmune disease, vasculitis, amyloidosis, multiple
myeloma, hemolytic uremic syndrome and endemic nephro-
pathy can also lead to chronic renal failure.
Early identification of patients with renal disease is of great
importance because timely intervention can reduce the
chances of cardiovascular complications or renal function
impairment. There are some non-pharmacological measu-
res, such as smoking cessation, a tailored diet accompanied
by limited salt intake, moderate exercise, etc., that are also
very important. Another key measure is a good control of
blood pressure (BP). BP target values for kidney patients
are <125-135/75-85 mmHg. Drugs that have an effect on the
renin-angiotensin system are the drugs of choice for BP
control in CKD because of their renoprotective action and

G1

G2

G3a

G3b

G4

G5

≥90

60-89

45-59

30-44

15-29

≤15

Normal or high

Mildly decreased

Mildly-moderately
decreased

Moderately to severely
decreased

Severely decreased

Kidney failure

Persistent albuminuria categories

A1 A2 A3

Normal to mild-
ly increased

Moderately
increased

Severely
increased

<30 mg/g
<3 mg/mmol

30-300 mg/g
3-30 mg/mmol

>300 mg/g
>30 mg/mmol

Table 1. Prognosis of chronic kidney disease
by glomerular filtration rate and albuminuria
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tektivnog djelovanja i dokazanog uËinka na smanjenje kom-
plikacija. U dijabetiËara s KBB kontrola glikemije je takoer
od iznimne vaænosti. Ciljne vrijednosti su HbA1c <7% i glike-
mija 4-7 mmol/L. Vaæna je i korekcija dislipidemije. Bubreæni
bolesnici trebali bi se dræati vrijednosti propisanih za opÊu
populaciju, a kao medikamentna terapija na prvom mjestu
su statini.3 Acetilsalicilatna kiselina je takoer Ëesto propisi-
van lijek u KBB zbog svog dokazanog djelovanja na preven-
ciju kardiovaskularnih dogaanja, no davanje takve terapije
mora biti individualizirano uzevπi u obzir poviπen rizik od
krvarenja.4 LijeËenje bolesnika s KBB zahtjeva korekciju i
metaboliËkih komplikacija, od kojih su najËeπÊe anemija i
poremeÊaji mineralnog metabolizma.

Fibrilacija atrija

Fibrilacija atrija (FA) je najËeπÊa srËana aritmija u cijeloj po-
pulaciji i jedan od najvaænijih Ëimbenika za ishemijski moæ-
dani udar i nezavisni prediktor smrti.5 To je supraventrikular-
na aritmija koja u poËetku nastaje zbog nepravilne elektriË-
ne aktivacije s ishodiπtem u pluÊnim venama, a kao poslje-
dicu ima nepravilnu aktivaciju i gubitak kontrakcije atrija. In-
cidencija i prevalencija rastu s dobi. U 12-kanalnom elektro-
kardiogramu se umjesto P-valova vidi nepravilna elektriËna
aktivnost, takozvani F-valovi. Akcija ventrikula moæe biti pra-
vilna, ali je znatno ËeπÊe nepravilna.6

RiziËni Ëimbenici za FA uvelike se preklapaju s onima za
razvoj KBB (visoka dob, puπenje, hipertenzija, dijabetes).
FA je vrlo bitan zdravstveni problem, ne samo zbog svoje
prevalencije, nego zbog moguÊih posljedica kao πto su
tromboembolijski incidenti i srËano zatajivanje. Neki od
simptoma ove aritmije koji znaËajno smanjuju kvalitetu æi-
vota su palpitacije, zaduha, omaglice i slabost. NajËeπÊe FA
poËinje kao paroksizmalna te bolesnici samo intermitentno
imaju simptome. Postoji viπe podjela FA, a prema prepo-
rukama Europskog kardioloπkog druπtva7 ona se dijeli na
paroksizmalnu, perzistentnu, dugotrajnu perzistentnu i per-
manentnu. Posebnu grupu Ëini prvi put zabiljeæena FA. Pa-
roksizmalna FA je rekurentni oblik s atakama koji traju kraÊe
od sedam dana, najËeπÊe do 48 sati i sami prestaju. Perzi-
stentna FA traje duæe od 7 dana i zahtijeva elektriËnu ili me-
dikamentu konverziju u sinusni ritam. Dugotrajna perzistent-
nta FA jest ona koja traje dulje od godinu dana, ali i dalje
postoji namjera lijeËnika i bolesnika za konverziju u sinusni
ritam. Permanentna FA Ëini posljednju podskupinu, a radi se
o FA kod bolesnika kojih ili nije odluËeno za kardioverziju, ili
je ona pokuπana, ali nije donijela rezultate.8

Terapijske opcije kod FA se svode na simptomatsko lijeËe-
nje, zatim ili na kontrolu frekvencije ili na kontrolu srËanog
ritma te obavezno antikoagulantnu terapiju. OpÊenito, ako
FA traje duæe od 48 sati, nije dozvoljeno uËiniti konverziju
ritma u sinusni bez uvoenja peroralne antikoagulacijske te-
rapije. Tada su nam preostale dvije moguÊnosti; iskljuËiva-
nje postojanja tromba transezofagealnim ultrazvukom srca i
provoenje konverzije ili konverzija bez ultrazvuËnog pre-
gleda nakon mjesec dana antikoagulantne terapije. Drugi
oslonac terapije FA je kontrola frekvencije. Studije nisu po-
kazale koja od ovih dviju opcija je bolja. Ukoliko medika-
mentna terapija nema uspjeha, kod odreenih skupina bo-
lesnika u obzir dolazi elektrokardioverzija, kateterska ablaci-
ja uπÊa pluÊnih vena (kod bolesnika s paroksizmalnom ili
perzistentnom FA) te implantacija trajnog elektrostimulatora
s ablacijom AV Ëvora.9

proven effect in reducing complications. In diabetic patients
with CKD, glycemic control is also very important. The tar-
get values are HbA1c <7% and glycemia 4-7 mmol/L. The
correction of dyslipidemia is important. Kidney patients
should keep the values prescribed for the general popula-
tion, while statins also have also have a primary place as a
medical therapy.3 Aspirin is commonly prescribed in CKD
because of its proven effect in preventing cardiovascular
events, but its administration must be individualized in view
of the increased risk of bleeding.4 The treatment of patients
with CKD also requires correction of metabolic complica-
tions, the most common of which are anemia and disorders
of mineral metabolism.

Atrial fibrillation 

Atrial fibrillation (AF) is the most common cardiac arrhyth-
mia in the general population and one of the most important
factors for ischemic stroke, and it is an independent predic-
tor of death.5 It is a supraventricular arrhythmia that is initial-
ly caused by improper electrical activation originating in the
pulmonary veins and results in an incorrect activation and
the loss of atrial contraction. Its incidence and prevalence
increases with age. The 12-lead ECG shows irregular elec-
trical activity, called the F-waves instead of P-waves. Ventri-
cular action may be correct, but it is commonly irregular.6

AF risk factors largely overlap with those for the develop-
ment of CKD (advanced age, smoking, hypertension, dia-
betes). AF is a very important public health problem not only
because of its prevalence, but because of its potential con-
sequences, such as thromboembolic incidents and heart
failure. Some of the symptoms of this arrhythmia that signifi-
cantly impair the quality of life are palpitations, shortness of
breath, dizziness and fatigue. The most common form of AF
starts as paroxysmal and patients have symptoms only
intermittently. There are several classification of AF. Accor-
ding to the recommendations of the European Society of
Cardiology,7 it is classified into paroxysmal, persistent, long-
term persistent and permanent AF. AF recorded for the first
time constitutes a special group. Paroxysmal AF is a recur-
rent form with attacks that last less than seven days, usual-
ly up to 48 hours, that cease by themselves. Persistent AF
lasts more than 7 days and requires electrical or medica-
ment conversion to sinus rhythm. Long-term persistent AF
lasts longer than a year, but still there is an intention of the
doctor and patient for conversion to sinus rhythm. The last
subgroup, permanent AF, includes patients for whom no
decision has been made on cardioversion, or it has been
attempted but yielded no results.8

Therapeutic options in AF are reduced to symptomatic treat-
ment, followed either by control of frequency or control of
heart rate mandatory including anticoagulant therapy. Ge-
nerally, if the AF lasts longer than 48 hours, conversion of
rhythm to sinus rhythm is not permitted without the introduc-
tion of oral anticoagulant therapy. Then two other options re-
main: to rule out the presence of thrombi by transesopha-
geal ultrasound of the heart, and conducting the conversion
or conversions without an ultrasound examination one
month after the administration of anticoagulant therapy.
Another mainstay of AF therapy is frequency control. Stu-
dies have not shown which of these two options is better. If
drug therapy is not successful, electrocardioversion, cathe-
ter ablation of pulmonary venous confluence (in patients
with paroxysmal or persistent AF) and implantation of a per-
manent pacemaker with an AV node ablation is an option to
be considered in certain groups of patients.9
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Kardiovaskularne komplikacije kroniËne
bubreæne bolesti

Bolesnici s KBB podloæniji su SÆB viπe nego ostatak popu-
lacije, a zna se da su one i glavni uzrok smrti pacijenata na
dijalizi. Dokazano je da su niska glomerularna filtracija i po-
viπena albuminurija povezane s poviπenim rizikom od kar-
diovaskularnih incidenata, bilo novih ili ponavljajuÊih.10

Mortalitet od SÆB meu pacijentima u zavrπnom stadiju
bubreæne bolesti je 15-30 puta veÊi nego u opÊoj populaciji
iste dobi.11 Ova je razlika joπ izraæenija meu mlaom dob-
nom skupinom, od 25 do 34 godine, u kojoj je mortalitet Ëak
500 puta veÊi nego meu zdravim pacijentima iste dobi.12

Pacijenti u treÊem i Ëetvrtom stupnju KBB Ëak Êe prije umri-
jeti od SÆB nego progredirati u zavrπni stadij bubreæne bole-
sti.13

Brojni su razlozi poveÊanog rizika kardiovaskularnih doga-
aja u bolesnika s KBB. Pored tradicijskih riziËnih Ëimbeni-
ka kao πto su debljina, puπenje, arterijska hipertenzija, dis-
lipidemija i sliËno, u bolesnika s KBB prisutni su i mnogobro-
jni netradicijski Ëimbenici rizika kao πto su anemija, poreme-
Êaj mineralnog metabolizma, malnutricija, oksidativni stres,
proteinurija, odnosno albuminurija. Ovu potonju je bitno od-
reivati i pratiti u pacijenata s poveÊanim rizikom za bubreæ-
nu bolest, ne samo zbog dokazivanja i klasifikacije bolesti,
veÊ i zbog njene prediktivne vrijednosti u terapiji.14

Cilj ovog rada nije detaljno objaπnjenje svih kardiovasku-
larnih Ëimbenika rizika u KBB. Æelimo, naime, upozoriti sa-
mo na tri vrlo znaËajna: anemiju, poremeÊaj mineralnog me-
tabolizma te proteinuriju, odnosno albuminuriju. 
Anemija je u populaciji bolesnika s KBB gotovo pa redovita
pojava. Najvaæniji uzrok je nedostatak eritropoetina. Ukra-
tko, anemija je uzrok smanjene oksigenacije tkiva; poveÊa-
va se rad simpatikusa i samim time rad miokarda. Takoer,
zbog smanjene viskoznosti poveÊan je venski priljev u srce
πto posljediËno dovodi do hipertrofije lijeve klijetke. 
VeÊ u poËetnim stadijima KBB razvija se poremeÊaj mine-
ralnog metabolizma, koji se manifestira poremeÊajem me-
tabolizma kalcija i fosfora, parathormona, vitamina D te FGF
23 (engl. Fibroblast growth factor 23) hormona koji meu os-
talima regulira promet fosfora. Posljedica navedenih pore-
meÊaja je ubrzana kalcifikacija krvnih æila te ostalih tkiva
npr. miokarda. 
Postoje brojni eksperimentalni i kliniËki dokazi o povezanos-
ti proteinurije, odnosno albuminurije i kardiovaskularnih do-
gaaja.15 Prema Kanadskoj studiji Hemmelgarn et al, prisut-
stvo proteinurije je povezano s poveÊanim rizikom od smrti,
infarkta miokarda i progresije bubreæne bolesti (poveÊan ri-
zik od aterosklerotskih dogaaja u perifernoj vaskularizaciji).
Kod hipertenzivne populacije albuminurija Ëak Ëetiri puta po-
veÊava rizik od ishemijske bolesti srca. Takoer, kod pacije-
nata s hipertenzijom i dijabetesom, albuminurija dovodi i do
zadebljanja lijeve klijetke. Pacijenti s dijabetesom tip 1 i al-
buminurijom imaju devet puta veÊi kardiovaskularni mortali-
tet nego normoalbuminuriËni pacijenti. Studija Svjetske zdrav-
stvene organizacije Multinational Study of Vascular Disease
in Diabetics je dokazala povezanost proteinurije i ishemijske
bolesti srca i kod pacijenata s dijabetesom tip 2. Albumi-
nurija je povezana i s kroniËnim zatajivanjem srca te su stu-
dije pokazale kako ne samo da je Ëimbenik rizika zatajivanja
srca, nego daje i prognostiËke informacije.15

Postoji viπe naËina na koje su povezane proteinurija i SÆB.
To su upala, endotelna disfunkcija i trombogeniËki faktori.
“Steno” hipoteza govori kako proteinurija dovodi do endo-
telne disfunkcije. Tome ide u prilog poveÊanje adiponektina,

Cardiovascular complications of chronic 
kidney disease

Patients with CKD are more likely to develop CVD than the
rest of the population, and we know that they are the major
cause of death in dialysis patients. It has been shown that
low glomerular filtration rate and elevated albuminuria are
associated with an increased risk of cardiovascular events,
regardless of whether they are new or recurring ones.10 Mor-
tality caused by CVD among patients in end-stage kidney di-
sease is 15-30 times higher than in the general population
of the same age.11 This difference is even more pronounced
among the younger age group, from 25-34, in whom the
mortality is 500 times higher than among the healthy pa-
tients of the same age.12 Patients in the third and fourth
stage of CKD are even more likely to die of CVD than to pro-
gress to end-stage kidney disease.13

There are many reasons for the increased risk of cardiovas-
cular events in patients with CKD. In addition to traditional
risk factors such as obesity, smoking, hypertension, dyslipi-
demia, etc., patients with CKD also show many non-traditio-
nal risk factors such as anemia, disorders of mineral meta-
bolism, malnutrition, oxidative stress, proteinuria or albuminu-
ria. This latter is to be diagnosed and monitored in patients
at increased risk for kidney disease not only because of evi-
dencing and classifying the disease, but also because of its
predictive value in the therapy.14

The aim of this paper is not a detailed explanation of all car-
diovascular risk factors in CKD. However, we only wish to
warn about three very significant risk factors: anemia, mine-
ral metabolism disorder and proteinuria or albuminuria. 
Anemia is almost a normal event in the population of pa-
tients with CKD. The most important cause is the lack of ery-
thropoietin. In short, anemia is the cause of reduced tissue
oxygenation. It increases sympathicus activity, and conse-
quently, myocardial activity. Reduced viscosity results in an
increase in venous return to the heart, which consequently
leads to left ventricular hypertrophy. 
Mineral metabolism disorder develops in the early stages of
CKD. It is reflected in a disorder of the metabolism of calci-
um and phosphorus, parathyroid hormone, vitamin D and
FGF 23 (Fibroblast growth factor 23) hormone, which inter
alia regulates phosphorus circulation. The consequence of
these disorders is an accelerated calcification of blood ves-
sels and other tissues such as the myocardium. 
There is abundant experimental and clinical evidence about
the association between proteinuria or albuminuria and car-
diovascular events.15 According to the Canadian study, Hem-
melgarn et al, the presence of proteinuria is associated with
an increased risk of death, myocardial infarction, and pro-
gression of renal disease (increased risk of atherosclerotic
events in peripheral vascularization). In the hypertensive
population, albuminuria increases the risk of ischemic heart
disease by four times. Also, in patients with hypertension
and diabetes, albuminuria leads to a thickening of the left
ventricle. Patients with type 1 diabetes and albuminuria show
cardiovascular mortality that is nine times higher than in
normoalbuminuric patients. The World Health Organization
(WHO) Multinational Study of Vascular Disease in Diabetics
has also proven the association between proteinuria and
ischemic heart disease in patients with type 2 diabetes.
Albuminuria is associated with chronic heart failure and
studies have shown that it is not only a risk factor for heart
failure but also provides prognostic information.15

There are several ways in which proteinuria and CVD are
associated, including inflammation, endothelial dysfunction
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vrijednosti CRP, ADMA (engl. Asymmetric dimethylarginine)
i vWF-a (von Willebrandov faktor). Povezanost preko trom-
bogeniËkih faktora dokazana je korelacijom ekskrecije pro-
teina i koncetracije vWF, adhezivnih molkeula, fibrinogena i
tkivnog aktivatora plazminogena, a to bi sve moglo dovesti
do poveÊanog rizika tromboze.16

Povezanost kroniËne bubreæne bolesti i 
fibrilacije atrija

Prema REGARDS studiji kod 26.917 ispitanika u SAD doka-
zana je poveÊana prevalencija FA kod bolesnika s KBB i to
najviπe meu pacijentima u treÊem i Ëetvrtom stupnju bole-
sti. Prevalencija FA meu ispitanicima bez KBB iznosila je
1%, meu pacijentima u 1. i 2. stupnju KBB iznosila je 2,8%,
u 3. stupnju 2,7%, a u 4. i 5. stupnju 4,2%. Bolesnici u prva
dva stupnja KBB imaju 2,67 puta veÊi rizik za razvoj FA, bo-
lesnici u treÊem 1,68 dok je taj rizik u Ëetvrtom i petom stup-
nju 3,52 puta veÊi.17

FA i KBB dijele zajedniËke Ëimbenike rizika; hipertenzija, di-
jabetes, postojeÊa SÆB, pretilost, metaboliËki sindrom.18 Re-
trospektivne studije su pokazale da je KBB nezavisni Ëimbe-
nik rizika za pojavu FA te da je pojava FA u KBB povezana
s poveÊanom stopom smrtnosti.19

Provedena istraæivanja su uputila na to da bi FA mogla biti
Ëimbenik koji ubrzava progresiju KBB u terminalni stadij te
je kasnije i dokazano da je FA povezana sa 67% viπom rela-
tivnom stopom progresije do zavrπnog stupnja bubreæne bo-
lesti. Novija istraæivanja potvruju da FA moæe doprinijeti br-
æoj progresiji KBB do terminalnog stadija. Takoer, FA po-
spjeπuje sustavnu upalu koja pogoduje pogorπanju bubreæ-
ne funkcije. BuduÊi da FA inducira fibrozu miokarda moguÊe
je da je isti proces fibroze potaknut i u bubregu, moæda kroz
sustavnu profibrotiËku teænju u organizmu. FA pridonosi si-
stoliËkoj i dijastoliËkoj disfunkciji πto moæe pogorπati KBB
zbog promijenjene hemodinamike, venske kongestije i akti-
vacije RAAS.20 Isto tako je poznato da je FA povezana s du-
goroËnim loπijim kliniËkim ishodima u pacijenata s terminal-
nim stupnjem KBB.21

Viπe je hipoteza koje objaπnjavaju vezu izmeu KBB i FA.
Neurohormonalna aktivacija je upletena u progresiju bu-
breænog oπteÊenja i njegovih kardiovaskularnih posljedica.
Takoer, aktivacija sustava renin-angiotenzin-aldosteron u
pacijenata s KBB uzrokuje porast proliferacije srËanih fibro-
blasta i srËane hipertrofije. Ovaj efekt bi mogao biti dokazan
poveÊanom sekrecijom profibrotiËkog faktora TGF-β1.22 To
nam potvruje Ëinjenica da se spironolakton pokazao kao
djelotvoran u reduciranju FA zbog blokade mineralokorti-
koidnog receptora i antifibrotiËkog uËinka.23 Aritmogenezi
pridonosi i aktivacija simpatikusa koja je, kao i poveÊanje
koncentracije adrenergiËnih hormona u serumu, prisutna u
pacijenata s KBB.22 Sistemna upala prisutna u bubreænoj
bolesti takoer ima ulogu u patogenezi FA, a marker CRP je
poviπen u KBB i FA. Ova pretpostavka je potvrena anali-
zom uzoraka biopsije srca u pacijenata s FA gdje su pro-
naene upalne promjene.24 Takoer je hs-CRP identificiran
kao dobar marker za prognozu kardiovaskularnih incidena-
ta, ukljuËujuÊi smrt zbog svoje povezanosti sa sistemnom
upalom, disfunkcijom endotela i rizikom za tromboemboli-
jske incidente.25 Nadalje, strukturalne abnormalnosti na sr-
cu, otprije povezane s KBB, kao πto su hipertrofija lijeve kli-
jetke i pretklijetke jednako tako poveÊavaju rizik aritmijskih
dogaanja.24 MetaboliËke abnormalnosti koje su prisutne u
KBB kao πto su metaboliËka acidoza, poremeÊaj prometa
kalija i kalcija takoer vode do poveÊanog rizika za razvoj

and thrombogenic factors. "Steno" hypothesis suggests that
proteinuria leads to endothelial dysfunction. This hypothesis
is reinforced by an increase in adiponectin, CRP, ADMA
(Asymmetric dimethylarginine) and vWF (von Willebrand
factor). The association via thrombogenic factors has been
proven by the correlation of protein excretion and vWF con-
centration, adhesive molecules, fibrinogen and tissue plasmi-
nogen activator, all of which may lead to an increased risk
of thrombosis.16

Association of chronic kidney disease and
atrial fibrillation

The REGARDS study conducted on 26,917 patients in the
US demonstrated the increased prevalence of AF in pa-
tients with CKD, mostly among the patients in the third and
fourth stage of the disease. The prevalence of AF among the
subjects without CKD was 1%, among the patients in the
first and second stage of CKD it was 2.8%, in the third stage
the prevalence was 2.7%, and in the fourth and fifth stage it
was 4.2%. Patients in the first two stages of CKD show a
2.67 times greater risk of AF, patients in the third stage
show a 1.68 times greater risk, and the risk in the fourth and
fifth stage is 3.52 times higher.17

AF and CKD share some common risk factors, such as hy-
pertension, diabetes, current CVD, obesity, and metabolic
syndrome.18 Retrospective studies have shown that CKD is
an independent risk factor for the occurrence of AF and that
the occurrence of AF in CKD is associated with an increa-
sed mortality rate.19

The investigations suggested that AF could be a factor that
accelerates the progression of CKD in the end-stage, and it
was later proven that AF is associated with a 67% higher re-
lative rate of progression to the end-stage renal disease.
Recent studies confirm that AF may contribute to a faster
progression of CKD to the end-stage. AF also stimulates sy-
stemic inflammation that contributes to the impairment of re-
nal function. Since AF induces myocardial fibrosis, it is pos-
sible that the same process of fibrosis is stimulated in the
kidney, perhaps through the systematic profibrotic tendency
in the body. AF contributes to systolic and diastolic dysfunc-
tion that can impair CKD due to altered hemodynamics, ve-
nous congestion and activation RAAS.20 AF is also known to
be associated with long-term impaired clinical outcomes in
patients in end-stage CKD.21

There are several hypotheses that explain the association
between CKD and AF. Neurohormonal activation is involved
in the progression of renal impairment and its cardiovascu-
lar consequences. The activation of the renin-angiotensin-
aldosterone system in patients with CKD causes an increa-
se in the proliferation of cardiac fibroblasts and cardiac hy-
pertrophy. This effect could be proven by an increased se-
cretion of profibrotic factor TGF-β1.22 This is confirmed by
the fact that spironolactone proved to be effective in redu-
cing AF due to blocking of the mineralocorticoid receptor
and its antifibrotic effect.23 Arrhythmogenesis is also stimu-
lated by the sympathetic activation that, like the increase in
the concentration of adrenergic hormones in serum, is pres-
ent in patients with CKD.22 Systemic inflammation present in
renal disease also plays a role in the pathogenesis of AF,
while the marker CRP is elevated in CKD and AF. This as-
sumption is confirmed by a cardiac biopsy sample analysis
in patients with AF where inflammatory changes are found.24

Hhs-CRP was identified as a good marker for the prognosis
of cardiovascular events, including death, due to its associa-
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FA.26 Oksidativni stres igra vaænu ulogu u patogenezi FA, a
on se poveÊava s pogorπanjem renalne funkcije. Na primjer,
u lijevom atriju je poveÊana ekspresija nikotinamid adenin
dinukleotid fosfata oksidaze.27

Terapija

Pacijenti s progredirajuÊim oblikom KBB i koegzistirajuÊom
dijagnozom FA imaju znaËajno viπi rizik od smrti.19 Dokaza-
no je da je proteinurija povezana s 50% viπim rizikom za
tromboembolijske incidente. Terapija FA u bolesnika s KBB
je doista kompleksna. Prije svega jer pacijenti koji boluju od
KBB imaju znatno viπi rizik od krvarenja za vrijeme antikoag-
ulacijske terapije, πto takoer pridonosi viπoj stopi smrtnosti.
Varfarin u pacijenata s KBB dovodi do poveÊanog rizika od
krvarenja, a dokazano je da moæe doprinijeti i kalcifikaciji
krvnih æila i srËanih zalistaka te poveÊati uremiËnu arteri-
olopatiju.28 Korist, odnosno rizik uporabe varfarina u pacije-
nata s KBB, ostaje nerazjaπnjen.29 Istraæivanje iz 2012. go-
dine pokazuje kako bi noviji oralni antikoagulantni lijekovi
poput dabigatrana, apixabana i rivoroxabana, mogli u bu-
duÊnosti zamijeniti zamijeniti varfarin kod pacijenata u tre-
Êem i Ëetvrtom stupnju bubreæne bolesti, koji uz to boluju i
od FA.30

Kod pacijenata na dijalizi sliËna je situacija. Prevalencija FA
meu pacijentima na hemodijalizi je 11-27%, za razliku od
opÊe populacije u kojoj iznosi 1%. Kako znamo da je FA
povezana s moædanim udarom, u opÊoj se populaciji koristi
varfarin kao prevencija moædanog udara, a stopa krvarenja
je zanemariva. No, to nije sluËaj s pacijentima na dijalizi.
Zadnja istraæivanja pokazala su kontradiktorne rezultate o
smanjenju cerebrovaskularnih dogaaja pri upotrebi varfari-
na kod pacijenata na hemodijalizi. Ipak, definitivno je doka-
zana veÊa uËestalost krvarenja pri njegovoj upotrebi u paci-
jenata s KBB, nego kod populacije bez oπteÊene funkcije
bubrega. Samim time izgledno je da opasnost upotrebe var-
farina kod ovih pacijenata nadilazi njegov pozitivan utjecaj.31

Uporaba antiaritmika koji se koriste u terapiji FA je uvelike
ograniËena u pacijenata s KBB jer se veÊina njih eliminira
kroz bubrege te njihova upotreba moæe lako podiÊi serum-
ske vrijednosti kreatinina i dovesti do πtetnih uËinaka.32 L’Al-
lier i sur izvjeπÊuju o smanjenoj incidenciji FA u 10.926 paci-
jenata s hipertenzijom lijeËenih ACE inhibitorima.33

Jedna od terapijskih opcija jest i kateterska ablacija. Paci-
jenti s KBB imaju veÊe vjerojatnosti od ponovnog vraÊanja
FA nakon jednog provedenog zahvata, pa je vrijednost i tog
terapijskog postupka upitna.34 Neke studije ukazuju na pot-
puno nezadovoljavajuÊi ishod kateterske ablacije u pacije-
nata s KBB i s niæom glomerularnom filtracijom,35 dok je u
drugim studijama pokazano da uspjeπna eliminicija aritmije
kateterskom ablacijom, poboljπava bubreænu funkciju u paci-
jenata s blagim do umjerenim bubreænim oπteÊenjem.36 Sve
u svemu, teπko je predvidjeti i prevenirati relaps FA nakon
kateterske ablacije u pacijenata s terminalnom KBB i veÊa je
vjerojatnost da Êe se postupak morati ponoviti.32

ZakljuËak

KroniËna bubreæna bolest je veliki javnozdravstveni problem
u razvijenom dijelu svijeta, a postaje sve veÊi i u zemljama
u razvoju. UËestalost kardiovaskularnih komplikacija u bole-
snika s KBB je velika. Postoji brojni dokazi kako je FA u bo-
lesnika s KBB ËeπÊa nego u ostaloj populaciji.

tion with systemic inflammation, endothelial dysfunction and
the risk of thromboembolic incidents.25 Cardiac structural ab-
normalities associated with CKD from an earlier date, such
as left ventricular and atrial hypertrophy, increase the risk of
arrhythmic events in the same way.24 Metabolic abnormali-
ties that are present in CKD, such as metabolic acidosis, im-
paired potassium and calcium circulation, can also lead to
an increased risk of the development of AF.26 Oxidative stress
plays an important role in the AF pathogenesis, and it in-
creases with the impairment of renal function. For example,
the expression of nicotinamide adenine dinucleotide phos-
phate oxidase is increased in the left atrium.27

Therapy

Patients with a progressing form of CKD and a co-existing
AF diagnosis have a significantly higher risk of death.19 It has
been proven that proteinuria is associated with a 50% hig-
her risk of thromboembolic incidents. AF therapy in patients
with CKD is indeed a complex therapy primarily because pa-
tients suffering from CKD have a significantly higher risk of
bleeding during anticoagulant therapy, which also contribu-
tes to a higher rate of mortality. Warfarin in patients with CKD
leads to an increased risk of bleeding. It has also been pro-
ven that it can contribute to calcification of blood vessels and
heart valves and increase uremic arteriolopathy.28 The bene-
fit or the risk of administering warfarin in patients with CKD
is still debatable.29 A 2012 trial shows that more recent oral
anticoagulant drugs such as dabigatran, apixaban and rivo-
roxaban might replace warfarin in the future in patients in the
third and fourth stage of renal disease, who are also suffe-
ring from AF.30

We see a similar situation in dialysis patients. AF prevalence
among hemodialysis patients is 11-27%, as opposed to that
in the general population, which is 1%. Since we know that
the AF is associated with stroke, warfarin is administered in
the general population to prevent it, while the bleeding rate
is negligible. However, this is not a case in dialysis patients.
Some recent trials have shown contradictory results on the
reduction of cerebrovascular events when administering
warfarin in patients on hemodialysis. However, a higher inci-
dence of bleeding during its administration in patients with
CKD has been definitely proven compared to the population
without impaired renal function. Thus, it is likely that the risk
of administering warfarin in these patients outweighs its pos-
itive impact.31

The administration of anti-arrhythmic drugs used in the treat-
ment of AF is severely limited in patients with CKD because
most of them are eliminated through the kidneys and their
administration can easily raise serum creatinine values and
have adverse effects.32 L'Allier et al report a decreased inci-
dence of AF in 10,926 patients with hypertension treated
with ACE inhibitors.33

Another treatment option is catheter ablation. Patients with
CKD are more likely to have recurring AF after one proce-
dure is performed, so the value of this therapeutic procedure
is open to question.34 Some studies suggest a completely
unsatisfactory outcome of catheter ablation in patients with
CKD and with a lower glomerular filtration rate,35 while other
studies have demonstrated that the successful elimination of
arrhythmias by catheter ablation improves renal function in
patients with mild to moderate renal impairment.36 Overall, it
is difficult to predict and prevent a relapse of AF after cathe-
ter ablation in patients with end-stage CKD and there is a



Naæalost, postoji manjak dokaza o uËinkovitosti, odnosno
nuspojavama lijekova i uËinkovitosti razliËitih intervencija u
bolesnika s KBB. Novi lijekovi i nove metode dolaze u kliniË-
ku praksu nakon strogih kliniËkih studija na ispitanicima s
oËuvanom bubreænom funkcijom, bez da su ukljuËeni paci-
jenti s oπteÊenom bubreænom funkcijom, kao i oni na dijalizi.
Sve ËeπÊe se istiËe vaænost ukljuËivanja i ove grupe bolesni-
ka u sva kliniËka istraæivanja, kako bi se definirale jasne
smjernice, indikacije kao i kontraindikacije.37 Jednako tako
ne postoje ni jasne terapijske smjernice za lijeËenje FA u bo-
lesnika s KBB, a pogotovo za uporabu varfarina za spreËa-
vanje moædanog udara, kao Ëeste komplikacije ove srËane
aritmije. Zbog ËeπÊeg krvarenja pri upotrebi varfarina kod
pacijenata s KBB nego kod opÊe populacije, njegova korist i
dalje ostaje upitna. Potrebna su daljnja istraæivanja o kro-
niËnoj bubreænoj bolesti i SÆB, a u svakodnevnom kliniËkom
radu neophodna je uska suradnja nefrologa i kardiologa. Na
taj naËin Êe se uspjeπno sprijeËiti i lijeËiti mnogobrojne kom-
plikacije u bolesnika s KBB. 

greater likelihood that the procedure will have to be perfor-
med again.32

Conclusion

Chronic kidney disease is a major public health problem in
the developed world, and is becoming an ever greater prob-
lem in developing countries. The incidence of cardiovascu-
lar complications in patients with CKD is high. There is am-
ple evidence that AF in patients with CKD is more common
than in the general population. 
Unfortunately, there is a shortage of evidence of the effica-
cy and side effects of drugs and the efficacy of various pro-
cedures in patients with CKD. Recent drugs and new me-
thods have entered into clinical practice after rigorous clini-
cal trials on subjects with preserved renal function without
involving patients with impaired renal function and those on
dialysis. The importance of involving this group of patients in
all clinical trials is commonly emphasized in order to define
clear guidelines and for indications and contraindications.37

There are no clear guidelines for the treatment of AF in pa-
tients with CKD, especially for the administration of warfarin
to prevent strokes, a common complication of cardiac ar-
rhythmias. Because of more common bleeding with the
administration of warfarin in patients with CKD than in the
general population, its benefit remains a subject of debate.
Further investigations of chronic kidney disease and CVD
are required, while close coordination in daily clinical work
between nephrologists and cardiologists is necessary. In
this way, many potential complications in patients with CKD
can be successfully prevented and treated.
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Porijeklo i rasprostranjenost

©paroga (Asparagus officinalis L.) je viπegodiπnja dvodom-
na biljka koja po novoj klasifikaciji pripada porodici Aspara-
gaceae.1 Porijeklom je iz juæne Europe, Azije i sjeveroza-
padne Afrike (Alæir, Maroko, Tunis). Prvi tragovi πparoge po-
tjeËu iz egipatskih grobnica iz 4. stoljeÊa p.n.e., a kasnije su
je kultivirali i stari Grci i Rimljani.2

NajveÊi svjetski proizvoaËi πparoge su Kina, Peru, SAD i
Meksiko. ©paroge se u svijetu proizvode na 195.819 ha, od
toga 121.694 ha zelenih i 74.125 ha bijelih. U Europi se πpa-
roga proizvodi na 56.198 ha, od Ëega je 39.544 ha bijelih i
16.654 ha zelenih. NajveÊi europski proizvoaËi πparoge su
NjemaËka, ©panjolska, Francuska i Italija.3

Osim kultivirane vrste πparoga, u naπem priobalnom po-
druËju rastu i one samonikle. Tu valja biti oprezan jer je u
Republici Hrvatskoj dozvoljena berba za jelo oπtrolisne πpa-
roge (Asparagus acutifolius L.) i za njeno branje nije potreb-
no ishoditi dozvolu. Kod nas su zaπtiÊene tri vrste πparoga:
morska (Asparagus maritimus (L.) Mill), ljekovita πparoga
(Asparagus officinalis L.) i tankolisna (Asparagus teneuifolis
Lam.).4
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SAÆETAK: ©paroga (Asparagus officinalis L.) je povrÊe
koje se uzgaja zbog ukusnih bijelih ili zelenih izboja. Iz-
nimne je hranjive i zdravstvene vrijednosti. Jedno servi-
ranje kuhane πparoge odliËan je izvor vitamina K, folne
kiseline, vitamina C i vitamina A. Od minerala bogat je
izvor selena, bakra i mangana. ©paroga je poznata po
sastavu fitonutrijenata, karotenoida (capsanthin, capro-
rubin, zeaxanthin), steroidnih saponina i flavonoida (ru-
tin). Pokazuje jaËu antioksidativnu aktivnost od brokule
zbog veÊeg udjela flavonoida. ZahvaljujuÊi snaænom an-
tioksidativnom kapacitetu pomaæu u prevenciji srËanoæil-
nih bolesti smanjenjem nakupljanja homocisteina, pre-
venciji arterijske hipertenzije, dislipidemije i dr. Potenci-
jalno djeluje na pospjeπivanje izluËivanja æuËnih kiselina
i uklanjanje suviπka kolesterola. 

KLJU»NE RIJE»I: πparoge, povrÊe, hranjiva i zdrav-
stvena vrijednost, antioksidativni kapacitet, srËanoæilne
bolesti.

SUMMARY: Asparagus (Asparagus officinalis L.) is a
vegetable that is grown for tasty white or green shoots.
It has exceptional nutritional and health value. One ser-
ving of cooked asparagus is an excellent source of vita-
min K, folic acid, vitamin C and vitamin A. Concerning
minerals, it is a rich source of selenium, copper and man-
ganese. It is known for the composition of phytonutri-
ents, carotenoids (capsanthin, caprorubin, zeaxanthin),
steroidal saponins and flavonoids (rutin). It shows a mo-
re potent antioxidant activity than broccoli due to a larger
portion of flavonoids. Owing to its more potent antioxi-
dant capacity, it helps in the prevention of cardiovascu-
lar disease by reducing the formation of homocysteine,
prevention of hypertension, dyslipidemias, etc. It poten-
tially has an effect on stimulating the secretion of bile
acids and the removal of excess cholesterol. 
KEYWORDS: asparagus, vegetables, nutritional and
health value, antioxidant capacity, cardiovascular disea-
ses.
CITATION: Cardiol Croat. 2014;(9):142-149.

Origin and distribution

Asparagus (Asparagus officinalis L.) is a perennial dioecious
plant that according to the new classification belongs to the
family Asparagaceae.1 It originates from southern Europe,
Asia and north-west Africa (Algeria, Morocco, Tunisia). The
first traces of asparagus originate from the Egyptian tombs
in the 4th century BC and later the plant was grown by the
ancient Greeks and Romans.2

The world’s largest asparagus producers are China, Peru,
the United States and Mexico. Asparagus is produced on
195,819 ha worldwide, of which green asparagus on
121,694 ha and white asparagus on 74,125 ha. In Europe,
asparagus is produced on 56,198 ha, of which white aspara-
gus on 39,544 ha and green on 16,654 ha.  Europe’s largest
asparagus producers are Germany, Spain, France and Ita-
ly.3

In addition to cultivated species of asparagus, there are spe-
cies of self-grown asparagus that grow in our coastal area.
One must be cautious here, because harvesting of wild as-
paragus (Asparagus acutifolius L.) is permitted in the Repu-
blic of Croatia and no license is required for its harvesting.
Three species of asparagus are protected in our country:
sea (Asparagus maritimus (L.) Mill), medicinal garden as-



Uzgoj πparoga

©paroga je viπegodiπnja biljka koja na jednom mjestu osta-
je deset i viπe godina. Podzemni dio πparoge je podanak na
Ëijoj se gornjoj strani razvijaju brojni pupovi, a na donjoj stra-
ni korijenje. Iz pupova se u proljeÊe razvijaju mladi, soËni
izboji iz kojih se, ako se u proljeÊe ne odreæu, razvija stablji-
ka koja moæe narasti i do 1,5 m.
Za komercijalni uzgoj πparoga se uzgaja izravno iz sjemena
ili presadnicama koje je moguÊe proizvesti i u kontejnerima
i kulturom tkiva (naroËito hibride samo muπkih biljaka). Pre-
sadnice se presauju u jarke ili brazde od sredine oæujka do
sredine travnja i odmah prekriju s 5-7 cm tla, a s porastom
biljaka do kraja prve vegetacijske sezone jarci se postupno
zatrpavaju. Za proizvodnju bijelih etioliranih izboja potrebno
je nasad u proljeÊe nagrnuti zemljom ili prekriti crnom poli-
etilenskom folijom.5 Berba πparoga koje su proizvedene iz
presadnica moæe zapoËeti veÊ druge godine nakon sadnje
presadnica, a one koje su proizvedene iz sjemena tek treÊe
godine. Vaæno je napomenuti da se u prvoj godini berbe sa
svake biljke reæe samo nekoliko izboja, a ostali se ostave da
biljka ojaËa i skupi πto viπe hranjivih tvari potrebnih za rast i
razvoj u sljedeÊim godinama. 
Pri punoj berbi svi izboji duæine oko 15 cm reæu se specijal-
nim noæem pod kutem od 45° na 5 cm u tlu. Izboje je nakon
berbe potrebno πto prije spremiti u hladnjaËe i Ëuvati na tem-
peraturi od 0-2 °C. 
U toku vegetacije potrebno je usjev odræavati zdravim, zaπti-
Êen od πtetnika, bolesti i korova. NajznaËajniji πtetnici πpa-
roge su πparogine zlatice (Crioceris asparagi, Crioceris duo-
decimpunctata), πparogina muha (Platyparaea poecilopte-
ra), πparogin kornjaπ (Parahypopta / Hypopta / caestrum),
stjenica (Lygus), minirajuÊe muhe i dr., a od bolesti najzna-
Ëajnije su hre (Puccinia asparagai), crvena truleæ (Helico-
basidium brebissonii) i Fusarium vrste koji se smatraju glav-
nim uzrocima degeneracije usjeva πparoge.6 Zaπtita usjeva
od korova, naroËito je vaæna agrotehniËka mjera u prvim go-
dinama uzgoja πparoge gdje je moguÊe uspjeπno regulirati
rast korijena i malË folijama.7

U poËetku sezone berbe πparoga ima znatno viπu cijenu, pa
se u Nizozemskoj, Belgiji i Francuskoj razvijaju tehnologije i
za zimsku proizvodnju πparoge.8

Iako se u NjemaËkoj, na primjer organiziraju festivali πparo-
ga, biraju kraljice πparoga i provodi postupak zaπtite πpa-
roge u smislu zaπtite zemljopisnog podrijetla i oznake izvor-
nosti poljoprivrednih i prehrambenih proizvoda9, u Republici
Hrvatskoj nema veÊe organizirane proizvodnje πparoga.
TrenutaËno postoji organizirana proizvodnja samo u okolici
Vinkovaca. 
Kod nas je viπe zastupljena sadnja πparoge uz rub vrtova i
okuÊnica. Pretpostavlja se da bi za jednu peteroËlanu obitelj
bilo dovoljno uzgajati 6-10 biljaka πparoge.10 

»uvanje i priprema πparoga

Svjeæe πparoge treba paæljivo skladiπtiti i brzo konzumirati.
U πparogama se i nakon berbe odvija intenzivna metaboliË-
ka aktivnost koja je vrlo visoka u odnosu na drugo povrÊe.
Umatanjem krajeva πparoga u vlaænu krpu ili ruËnik tijekom
skladiπtenja u hladnjaku moæe se zaustaviti razgradnja πkro-
ba i πeÊera i ispuπtanje ugljikovog dioksida. Najbolje je kon-
zumirati πparoge u roku od otprilike 48 sati nakon kupnje.11

©paroga se u domaÊim uvjetima prilikom pripreme najËeπÊe
sjecka i kuha. Utvreno je da sjeckanje znaËajno utjeËe na

paragus (Asparagus officinalis L.) and narrow-leaved (As-
paragus teneuifolis Lam.).4

Growing asparagus
Asparagus is a perennial plant that stays in one place for mo-
re than 10 years. The underground part of asparagus con-
sits of upper side with numerous buds and roots on the bot-
tom. Young, succulent shoots develop from the buds in the
spring from which, if not cut off in spring, the stem is deve-
loped that can grow up to 1.5 meters. 
For commercial cultivation, asparagus is grown directly from
seed or seedlings that can be produced in containers and by
tissue culture (especially hybrids of only male plants). Seed-
lings are transplanted into ditches or furrows from mid March
to mid April and are immediately covered with 5-7 cm of soil,
and as the plants grow by the end of the first growing sea-
son, the ditches are gradually buried. The plantation is to be
covered by soil in spring for production of while etiolated
shoots or it is to be covered by black polyethylene foil.5 The
harvesting of asparagus that are produced from seedlings
may start already in the second year after planting seed-
lings, and those that are produced from the seed only during
the third year. It is worth noting that in the first year of the
harvest only a few shoots are cut off from every plant, while
the others are left to allow the plant to become stronger and
collect as more nutrients as possible needed for growth and
development in the years to come. 
In full harvest all of the shoots in a length of about 15 cm are
cut off with a special knife at an angle of 45° in 5 cm in the
soil. The shoots after harvest should be stored in refrigera-
tors at a temperature of 0-2 °C as soon as possible. 
During the growing season, the crop is to be maintained
healthy and protected from pests, diseases and weeds. The
most important asperagus pests are asparagus beetle (Crio-
ceris asparagi, Crioceris duodecimpunctata), asparagus fly
(Platyparaea poeciloptera), cossid moth (Parahypopta / Hy-
popta / caestrum), lygus bug (Lygus), stem-mining flies, etc.,
and concerning the diseases, the most important diseases
are asparagusrust (Puccinia asparagai), violet root rot (Heli-
cobasidium brebissonii) and Fusarium species that are con-
sidered to be the main causes of degeneration of the aspa-
ragus crops.6 Protection of crops from weed is a particularly
important agro-technical measure in the first years of gro-
wing asparagus where it is possible to successfully regulate
the growth of root and mulch by foil.7

At the beginning of the harvesting season, the asparagus is
much more costly, so the technologies are being developed
in the Netherlands, Belgium and France for the winter pro-
duction of asparagus.8

While festivals of asparagus are organized in Germany, aspa-
ragus queens are elected and the procedure of protection of
asparagus is conducted in terms of protection of geographi-
cal origin and designation of origin for agricultural and food
products9, we lack some well organized production of aspa-
ragus in the Republic of Croatia. At present, there is some
organized production only in the surrounding of Vinkovci. 
In our country growing of asparagus is more common along
the edge of gardens and yards. It is assumed that it would
be enough to grow 6-10 asparagus plants for one five-mem-
ber family.10

Storing and preparing asparagus
Fresh asparagus should be carefully stored and soon con-
sumed. Intense metabolic activity, which is very high com-
pared to the other vegetables, occurs in asparagus even fol-
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sadræaj rutina, pad je bio 18,5% za 60 minuta, a kuhanje od
60 minuta reducira sadræaj flavonola za 43%. Sjeckanje ne
utjeËe na ukupni antioksidativni potencijal biljke, ali kuhanje
utjeËe.12

Pripremiti πparoge moguÊe je na bezbroj naËina. Najbolje ju
je pripremiti kuhanjem na pari tako da se snopiÊi πparoge
urone u lonac napunjen 1/3 vodom i kuhaju poklopljene 5
minuta. Tek tada ih lomiti i preliti umacima ili zaËiniti na sa-
latu.
U naπim mediteranskim krajevima, gdje se bere samonikla
πparoga, najpoznatija je fritaja od πparoga i salata od πparo-
ga i tvrdo kuhanih jaja uz dodatak maslinovog ulja i doma-
Êeg vinskog octa.

Hranjivi sastav πparoga

©paroga se uzgaja zbog soËnih, veoma ukusnih i njeænih bi-
jelih, zelenih, a u novije vrijeme i ljubiËastih izboja. NaËin uz-
goja djeluje na hranjivu vrijednost πparoge, prije svega na
sastav fitokemikalija. Iako zelena πparoga ima bolju hranid-
benu i zdravstvenu vrijednost, naroËito u sadræaju vitamina
C na vrhovima izboja, u Europi se viπe cijeni bijela πparoga.8

Podaci u Tablici 1 prikazuju usporedbu svjeæih plodova
zelene i bijele πparoge. ©paroga ima mali sadræaj energije,
s tim da je bijela πparoga neπto bogatija bjelanËevinama, a
sadræaj ugljikohidrata i masti je nizak.

lowing the harvest. Wrapping the ends of the asparagus in a
damp cloth or towel during storage in the refrigerator can
stop the degradation of starch and sugar and release of car-
bon dioxide. Asparagus should be consumed within approx-
imately 48 hours after the plant is purchased.11

Asparagus is usually chopped and boiled in households du-
ring preparation. It has been found that chopping significant-
ly affects the rutin content. The decrease was 18.5% in 60
minutes, and boiling in duration of 60 minutes reduces the
flavonol content by 43%. Chopping does not affect the total
antioxidant potential of the plant, but boiling does.12

Asparagus can be prepared in number of ways. It is best to
be prepared by steaming, so that the asparagus bundles are
immersed in a pot 1/3 filled with water and cooked for 5 mi-
nutes under the lid. Only then they are to be crushed and
sauce is to be poured over it and spiced as a salad.
In our Mediterranean regions, where wild asparagus is har-
vested, the most famous dish is the asparagus fritatta and
asparagus salad as well as hard-boiled eggs with an addi-
tion of olive oil and local wine vinegar.

Asparagus nutritional ingredients 
Asparagus is grown for succulent, very tasty and delicate
white, green and more recently purple shoots. The cultiva-
tion method affects the nutritional value of asparagus, pri-
marily the composition of phytochemicals. Although green
asparagus has better nutritional and medicinal value, espe-
cially regarding the higher content of vitamin C on the tops
of shoots, white asparagus is more priced in Europe.8

The data in Table 1 shows the comparison of fresh fruits of
green and white asparagus. Asparagus has low energy con-
tent, whereas the white asparagus is somewhat richer in
proteins, while the carbohydrate and fat content is low.
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Table 1. Chemical content in 100 g of fresh green and white asparagus (Asparagus officinalis) (DK7)

Green asparagus White asparagus

Water (g) 92.1-93.0 91.7-93.1
Energy (kcal/kJ) 26/109 26/109
Protein (g) 1.7-1.9 2.3-2.4
Carbohydrate (g) 4.9 4.3
Fat (g) 0.3 0.3
Dietary fibers (g) 1.4-2.2 1.4-2.2
Ash (g) 0.4-0.6 0.5-0.7

Tablica 2 prikazuje sadræaj vitamina i minerala i postotke od
preporuËenog dnevnog unosa. Podaci su izraæeni za uobi-
Ëajenu koliËinu za konzumiranje. Prema Pravilniku o navo-
enju hranjivih vrijednosti hrane znaËajni udio mikronutrije-
nata za hranu je minimalno 15%.13 Prema tome moæemo
uoËiti da je πparoga bogat izvor vitamina K, zatim folne kise-
line, odnosno folata, jednog od vitamina B kompleksa. Na-
dalje u znaËajnoj koliËini se nalazi vitamin C, snaæni antiok-
sidans, osobito u konzerviranom obliku te vitamin A i vitamin
B1. Od minerala πparoga je bogat izvor selena, mangana,
bakra i æeljeza kojeg ima u znaËajnoj koliËini u konzerviranoj
πparogi. Vrijedi istaknuti da kuhana πparoga sadræi znatno
manje natrija od konzervirane, stoga se osobama koji paze
na unos natrija preporuËa odabrati kuhane πparoge.

Table 2 shows the content of vitamins and minerals and the
percentage of the reference daily intake. Data is expressed
for the usual amount for consumption. According to the Regu-
lation on Nutrition Labelling for Foodstuffs, a significant pro-
portion of micronutrients in food is at least 15%.13 Thus, we
can see that asparagus is a rich source of vitamin K, folic acid,
or folate, one of the vitamin B complex. Besides, vitamin C,
a potent antioxidant, is present in a significant amount espe-
cially in canned asparagus. Vitamin A and vitamin B1 are al-
so present. Out of minerals, asparagus is a rich source of se-
lenium, manganese, copper and iron, which are present in a
significant amount in a canned asparagus. It is worth noting
that cooked asparagus contains much less sodium than
canned asparagus, so the people who must take care of the
sodium intake are recommended to choose cooked aspara-
gus.



Tijekom vegetativnog razvoja πparoge stapke izlaze na po-
vrπinu i pod utjecajem sunËeve svjetlosti dolazi do procesa
fotosinteze, koja utjeËe na promjenu boje, a time i nutri-
tivnog sastava biljke. Ispitivanja su utvrdila da tijekom vege-
tativnog sazrijevanja sadræaj minerala raste te da se u vrhu
izboja πparoge u odnosu na bazalni dio nalazi najveÊi sa-
dræaj minerala. To se pripisuje procesima razvoja biljke i
diobi stanica za koju je potrebna veÊa koncentracija mine-
rala.14 UoËeno je da sadræaj natrija u tim procesima opada,
a kalija ostaje isti. ©paroga ima vrlo visoku nutritivnu gu-
stoÊu, to je podatak koji ukazuje na nutritivnu raznolikost i
bogatstvo sadræaja. Za sve elemente je visoko iznad 100%,
osim za natrij.15 Osim toga, pokazalo se da i veÊi promjer
izboja πparoge znaËi bogatiji mineralni sastav. SliËni rezul-
tati su dobiveni i za bijelu πparogu. Takoer su utvrene raz-
like u hranjivoj vrijednosti izmeu vrha biljke i bazalnog di-
jela. Mineralni sastav se postupno smanjuje od vrha prema
dnu biljke, a to se razliËito manifestira prema sortama i deb-
ljini stapke. Valja napomenuti da te razlike nisu nutritivno
znaËajne i da su podaci unutar preporuËenih vrijednosti.16

Konzerviranje je jedna od Ëesto koriπtenih metoda za Ëuva-
nje hrane pa tako i πparoge. Sama tehnologija konzerviranja
ne utjeËe znaËajno na hranjivi sastav tj. na ugljikohidrate,
vlakna, bjelanËevine i vlagu. Takoer se zadræava i oko 95%
vitamina B1, B2, B6 i vitamina C.17

Druga uobiËajena metoda Ëuvanja povrÊa je zamrzavanje.
Ispitivanja su pokazala da na veÊinu minerala utjeËe skla-
diπtenje od 45 dana na -18 °C. Ovi gubici se djelomiËno
mogu pripisati i postupcima u industrijskoj obradi πparoge
(pranje i blanπiranje), koji se provode prije zamrzavanja. Po-

During vegetative development of asparagus, the stem co-
mes to the surface and the process of photosynthesis oc-
curs under the influence of sunlight, which affects the chan-
ge of the color, and thus the nutritional composition of the
plant. Tests have determined that during vegetative matura-
tion, the mineral content rises and that the largest mineral
content is contained in the top of the asparagus shoot com-
pared to its basal portion. This is attributed to the processes
of plant development and cell division that requires higher
concentration minerals.14 It was observed that the sodium
content in these processes drops and potassium content re-
mains the same. Asparagus has a very high nutritional den-
sity. This data suggests nutritional diversity and richness of
content. Regarding all the elements, it exceeds 100%, ex-
cept for sodium.15 In addition, it was shown that a larger dia-
meter of asparagus stem implies a richer mineral composi-
tion. Similar results were obtained for the white asparagus.
The differences in nutritional values between the top and the
basal part of the plant have been identified. Mineral com-
position gradually decreases from the top to the bottom of
the plant, and it is manifested in different ways according to
the kinds and the thickness of the stem. It should be noted
that these differences are not nutritionally significant, and
that the data is within the recommended values.16

Canning is one of the most commonly used methods for pre-
serving food including asparagus. The preservation technol-
ogy itself does not significantly affect the nutrient composi-
tion i.e. carbohydrates, fibers, proteins and moisture. About
95% of vitamins B1, B2, B6 and vitamin C are preserved.17

Another common method of preserving vegetables is free-
zing. Tests have shown that the majority of minerals are af-
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Table 2. Vitamin and mineral content of asparagus per serving (Asparagus officinalis).(USDA 8)

Cooked, boiled Canned
(1 cup; 180 g) (1 cup; 242 g)

Content %RDI* Content %RDI

VITAMINS

Vitamin C (mg) 14.00 23.30 44.50 74.0
Vitamin B1 (thiamin) (mg) 0.30 20.00 0.15 10.0
Vitamin B2 (riboflavin) (mg) 0.25 14.70 0.24 14.1
Vitamin B3 (niacin) (mg) 2.00 10.00 2.30 11.5
Vitamin B6 (mg) 0.14 7.00 0.26 13.0
Folic acid (µg) 89.40 37.25 140.00 58.3
Vitamin A (µg) 50.00 19.40 99.00 16.4
Vitamin K (µg) 50.60 63.25 100.00 125.0

MINERALS

Calcium (mg) 42.0 4.2 39.0 3.9
Iron (mg) 1.6 8.0 4.4 24.4
Magnesium (mg) 26.0 6.5 24.0 6.0
Phosphorus (mg) 98.0 9.8 104.0 10.4
Potassium** (mg) 404 11.5 416 12.0
Copper (mg) 0.3 15.0 0.23 11.5
Zinc (mg) 1.1 7.3 0.9 6.0
Selenium (µg) 11.0 15.7 4.1 27.3
Manganese (mg) 0.3 15.0 0.4 20.0
Sodium (mg) 26.0 1.1 695.0 29.0
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*RDI — Reference Daily Intake; **DV — Daily value for potassium; *** Significant source is 15% from RDI



daci za skladiπtenje od 90 dana na istoj temperaturi od -18 °C,
pokazuju da nema znaËajnog gubitka veÊine minerala.18

©paroga je, nadalje, izvor raznih fitonutrijenata koje imaju
vrlo povoljno djelovanje na zdravlje. Ubrajaju se u snaæne
antioksidanse koji πtite organizam od πtetnih posljedica oksi-
dativnih procesa u organizmu. Meu njima se istiËu flavonoi-
di, karotenoidi i antocijani. 

Manje poznata ljubiËasta πparoga svoju boju dobiva iz viso-
ke razine antocijana u izdancima. U odnosu na bijelu i zele-
nu πparogu ima niæi sadræaj vlakna, slaa je i ima svjeæ, voÊ-
ni okus.19

fected by the 45-day storage at -18 °C. These losses are
partially attributable to the procedures in the industrial pro-
cessing of asparagus (washing and blanching), that is car-
ried out before freezing. Data on storage for 90 days at the
same temperature of -18 °C, shows that there is no signifi-
cant loss of most minerals.18

Asparagus is, besides, a source of a variety of phytonutri-
ents that have a beneficial effect on health. They are included
in potent antioxidants that protect the body from the harmful
effects of oxidative processes in the body. Flavonoids, caro-
tenoids and anthocyanins are distinguished among them. 
Less well-known purple asparagus gets its color from the
high level of anthocyanins in shoots. Compared to the white
and green asparagus, it has a lower fiber content, it is swee-
ter and has a fresh, fruity flavor.19
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Glavni bioaktivni sastojci πparoge su skupina steroidnih sa-
ponina. Od primarnih kemijskih sastojaka πparoge sadræe i
eteriËna ulja, asparagin, arginin, tirozin, flavonoide (kaemp-
ferol, kvercetin i rutin), smole i tanin.20

Ispitivanja plodova πparoga, dobivenih iz komercijalnog uz-
goja u juænoj Maarskoj, na sastav karotenoida provedena
je HPLC tehnikom. Utvreni su: capsanthin, caprorubin,
capsanthin 5,6-epoxid, antheraxanthin, violaxanthin, neox-
anthin, mutatoxanthin epimeri, zeaxanthin, lutein, beta-cryp-
toxanthin, beta-karoten i neki cis-izomeri.21

©paroga je prva u odnosu na ostale usporeivane vrste po-
vrÊa po ukupnoj kvaliteti i kvantiteti antioksidansa i Ëetvrta
po sadræaju ukupnih fenola.22

Pokazuje jaËu antiksidativnu aktivnost od primjerice brokule,
iako posjeduju podjednaki sadræaj fenola, πparoga sadræi
veÊi udio flavonida koji su u direktnoj korelaciji s antioksida-
tivnom aktivnosti.23

Zdravstvena vrijednost πparoga i utjecaj na
srËanoæilne bolesti

©paroga je po svojoj zdravstvenoj vrijednosti poznata od
davnina. U staroj Kini, 3000 godina p.n.e., jedna vrsta πpa-
roga (Asparagus lucidus) se koristila protiv napadaja suhog
kaπlja, za lijeËenje oteklina na koæi i Ëireva, za jaËanje pluÊa
i za ublaæavanje vruÊine i bolova u nogama.24

U kontekstu zdravstvene vrijednosti treba istaknuti da je
πparoga povrÊe koje zahvaljujuÊi izuzetnom nutritivnom sa-
stavu ima potencijal u doprinosu prevenciji bolesti srËano-
æilnog sustava.

The main bioactive ingredients of asparagus are a group of
steroidal saponins. Out of primary chemical ingredients, as-
paragus contain essential oils, asparagine, arginine, tyrosi-
ne, flavonoids (caempherol, quercetin and rutin), resins and
tannin.20

Testing of asparagus fruits, obtained from commercial far-
ming in South Hungary was conducted on the carotenoid
composition by applying HPLC technique. The following has
been identified: capsanthin, capsorubin, capsanthin 5.6-epo-
xide, antheraxanthin, violaxanthin, neoxanthin, mutatoxan-
thin epimers, zeaxanthin, lutein, beta-cryptoxanthin, beta-
carotene and some cis-izomers.21

Asparagus takes the first place in relation to other compared
types of vegetables judging by the overall quality and quan-
tity of antioxidants and takes the fourth place judging by
overall content of phenols.22

It shows a more potent antioxidant activity than broccoli,
though they contain an equal content of phenols. However,
asparagus contains a greater proportion of flavonoids, which
are in direct correlation with antioxidant activity.23

Health value of asparagus and impact on 
cardiovascular diseases
Asparagus has been known for its health value since an-
cient times. In ancient China in 3000 BC, one species of as-
paragus (Asparagus lucidus) was used against the seizure
of dry cough, for the treatment of skin swelling and ulcers, to
strengthen the lungs and to alleviate the fever and pain in
the legs.24

Regarding the health values we should point out that aspa-
ragus is a vegetable that thanks to the extraordinary nutri-



©paroga je takoer odliËan izvor folne kiseline tj. reducira-
nog oblika folata. Folati sudjeluju u procesima stvaranja eri-
trocita i sprjeËavanju pojave anemije. Odræava zdravu cirku-
laciju krvi jer doprinosi smanjenju nakupljanja homocisteina
koji je riziËni Ëimbenik za pojavu srËanoæilnih bolesti. Utvr-
eno je da konzumacija 400 µg folne kiseline dnevno moæe
smanjiti broj infarkta miokarda za 10%. Folati su posebno
vaæni za trudnice jer doprinose pravilnom razvoju æivËanog
sustava kod fetusa. 
©paroga sadræi vitamin B6 koji pomaæe u procesima sprje-
Ëavanja nakupljanja homocisteina. Kad je razina ovog B vi-
tamina niska, razina homocisteina u krvi raste, a to ovo sta-
nje znaËajno poveÊava rizik od bolesti srca. Homocistein
potiËe aterosklerozu smanjujuÊi integritet krvnih æila te ome-
tajuÊi stvaranje kolagena. Porast razine homocisteina uoËen
je u pribliæno 20-40% osoba koje boluju od srËanih bolesti.25

Konzumacija voÊa i povrÊa, naroËito zelenog lisnatog povr-
Êa, bogatog vitaminom C, potencijalno ima zaπtitni uËinak
protiv koronarne bolesti srca. PoveÊanje konzumacije voÊa
i povrÊa za 1 serviranje na dan smanjuje rizik od koronarne
bolesti za 4%.26 Studija provedena u ©panjolskoj ispitala je
utjecaj konzumacije voÊa i povrÊa na arterijski tlak. Ispitanici
su ispunjavali upitnik o prehrani na osnovu kojeg je utvreno
da se mast konzumira u velikim koliËinama, 37% od dnevnih
energetskih potreba. Ispitanici kojima je izmjeren sistoliËki
tlak ≥140 ili dijastoliËki ≥90mmHg smatrani su kao osobe s
nedijagnosticiranom arterijskom hipertenzijom, iako nisu ima-
li postavljenu medicinsku dijagnozu. Nakon prilagodbe Ëim-
benika rizika za arterijsku hipertenziju, utvreno je da je vi-
soki unos voÊa i povrÊa obrnuto proporcionalan arterijskom
tlaku.27

S obzirom da je πparoga bogata funkcionalnim sastojcima,
pokuπalo se razjasniti da li pomaæe u sniæavanju visokih vri-
jednosti arterijskog tlaka. Ispitivanja su provedena na spon-
tano hipertenzivnim laboratorijskim æivotinjama. Zabiljeæeno
je da su sistoliËki tlak, izluËivanje proteina u urinu i aktivnost
ACE (angiotenzin-konvertirajuÊi enzim) znaËajno smanjene.
ZakljuËak je da 2-hidroksinikotinamin iz πparoga inhibira
ACE te na taj naËin doprinosi prevenciji hipertenzije i oËu-
vanju funkcije bubrega.28

Tijekom proizvodnje πparoge odvajaju se drvenasti dijelovi
stabljike i liπÊa kao nuzproizvodi, a pokazuju veliki potenci-
jal za zdravlje. U liπÊu je utvreno tri puta viπe rutina nego u
stabljikama zelene πparoge.29 Ispitivani su efekti unosa liπÊa
i podnoæja stabljike πparoga u prahu na metaboliËki sindrom
kojega karakterizira hiperglikemija, arterijska hipertenzija i
dislipidemija. Volonteri su bili nasumiËno podijeljeni u dvije
grupe, jedna je konzumirala 6 g/dan praha liπÊa, a druga 6
g/dan podnoæja stabljike πparoga tijekom 10 dana. Mjeren je
arterijski tlak i CAVI (cardio-ankle-vascular indeks). Utvre-
no je da podnoæje stabljike πparoge znaËajno smanjuje si-
stoliËki i dijastoliËki tlak. Takoer liπÊe i podnoæje stabljike
utjeËu na smanjenje ukupnih ugljikohidrata. Rezultati poka-
zuju znaËajan potencijal πparoge u prevenciji bolesti sastav-
nica metaboliËkog sindroma.30

Fitonutrijenti iz Asparagus racemosus tj. fitosteroli, saponini,
polifenoli, flavonoidi i askorbinska kiseline mogu potencijal-
no djelovati na poveÊanje izluËivanja æuËnih kiselina, uklan-
janje suviπka kolesterola i poviπene vrijednosti jetrenog anti-
oksidativnog statusa u uvjetima poviπenih vrijednosti koles-
terola.31

Saponin protodioscin kojeg u πparogi ima oko 0,01% posje-
duju i snaæno citotoksiËno djelovanje za mnoge vrste tumor-
nih stanica i djeluje na razinu androgena. Druga vrsta sapo-
nina diosgenin doprinosi smanjenju izluËivanja ukupnog

tional composition has a potential to contribute to the pre-
vention of cardiovascular disease.
Asparagus is also an excellent source of folic acid that is,
the reduced form of folate. Folate participates in the process
of creating red blood cells and prevention of anemia. It
maintains healthy blood circulation because it contributes to
reducing the buildup of homocysteine, which is a risk factor
for cardiovascular diseases. It was found that the consump-
tion of 400 µg of folic acid a day can reduce the number of
myocardial infarctions by 10%. Folate is especially impor-
tant for pregnant women because they contribute to the
proper development of the nervous system in the fetus. 
Asparagus contains vitamin B6 which helps in the proces-
ses of preventing the accumulation of homocysteine. When
the level of this B vitamin is low, the level of homocysteine
in the blood increases, and this condition increases the risk
of heart disease. Homocysteine stimulates atherosclerosis
by reducing the integrity of blood vessels and interferes with
the formation of collagen. The increased homocysteine le-
vels was observed in approximately 20-40 % of patients suf-
fering from heart diseases.25

Eating fruit and vegetables, especially leafy green vegeta-
bles rich in vitamin C may have a protective effect against co-
ronary heart disease. An increased consumption of fruit and
vegetables by one dish per day reduces the risk of coronary
heart disease by 4%.26 A study conducted in Spain exami-
ned the impact of the consumption of fruit and vegetables on
blood pressure. The subjects filled out the self-reported que-
stionnaire on diet on the basis of which it was found that the
fat was consumed in large amounts, 37% of daily energy
needs. The subjects in whom the systolic blood pressure
was measured ≥140 or diastolic was measured ≥90mmHg
were considered to be the persons with undiagnosed hyper-
tension, although they did not have medical diagnosis. After
adjusting for risk factors for hypertension, it was found that
a high intake of fruit and vegetables is inversely proportion-
al to blood pressure.27

Since asparagus is rich in functional ingredients, we attemp-
ted to clarify whether it helps in lowering high blood pres-
sure. Tests were conducted on spontaneously hypertensive
laboratory rats. It was noted that the systolic blood pressure,
protein excretion in the urine and the activity of ACE (angio-
tensin-converting enzyme) have been significantly reduced.
The conclusion is that 2-hydroxynicotinamine from aspara-
gus inhibits ACE and thus contributes to the prevention of
hypertension and preservation of renal function.28

During the production of asparagus, woody parts of stems and
leaves are separated as byproducts, but they show a great
potential for health. The foliage is found to contain three ti-
mes more rutin than in the stems of green asparagus.29 The
effects of powdered leaves and stem base of asparagus on
a metabolic syndrome characterized by hyperglycemia, hy-
pertension and dyslipidemia have been tested. Volunteers
were randomly divided into two groups, one of them consu-
med 6 g/day of leave powder and the other group consumed
6 g/day the stem base for 10 days. Blood pressure and CAVI
(cardio-ankle-vascular index score) was measured. It was
found that the asparagus stem base significantly reduced
systolic and diastolic pressure. The leaves and asparagus
stem base contribute to the reduction of the total carbohy-
drates. The results show a significant potential of asparagus
in prevention of diseases of the metabolic syndrome.30

Phytonutrients from Asparagus racemosus i.e., phytosterols,
saponins, polyphenols, flavonoids and ascorbic acids can
potentially have an effect on increased excretion of bile acids,
removal of excess cholesterol and elevated liver antioxidant
status in conditions of elevated cholesterol values.31
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kolesterola i LDL-kolesterola, ali ne i HDL-kolesterola. Pre-
liminarni rezultati istraæivanja pokazuju da rutin i kvercetin,
potencijalno smanjuju pojavnost karcinoma debelog crijeva
kod eksperimentalnih æivotinja.32

U prevenciji srËanoæilnih bolesti izuzetno je vaæano u pre-
hranu uvrstiti dovoljne koliËine voÊa, povrÊa i ribe, a ograni-
Ëiti unos soli, smanjiti potroπnju zasiÊenih masti i rafiniranih
πeÊera. Konzumacija πparoga doprinosi raznolikosti prehra-
ne, poveÊanju potroπnje povrÊa i stjecanju zdravih prehram-
benih navika.

ZakljuËak

Bolesti srca i krvnih æila su vodeÊi uzrok smrtnosti i bolniË-
kog lijeËenja u Republici Hrvatskoj. Jedan od vrlo vaænih riz-
iËnih Ëimbenika za njihovu pojavu uz arterijsku hipertenziju,
puπenje i nedostatnu tjelesnu aktivnost je nepravilna pre-
hrana. Uravnoteæen unos hrane i raznolikost namirnica, kao
temelj pravilne prehrane, podrazumijeva konzumiranje naj-
manje tri obroka povrÊa dnevno. 
©paroge su povrÊe koje zahvaljujuÊi odliËnom sastavu vita-
mina, minerala i fitonutrijenata, visokom antioksidativnom
kapacitetu, maloj kalorijskoj vrijednosti doprinose prevenciji
srËanoæilni bolesti i opÊem zdravlju. Iako je utvren pozitivan
utjecaj πparoge na kardiovaskularno zdravlje, za oËekivati je
da Êe u buduÊnosti biti viπe istraæivanja koja idu u tom smje-
ru.

Saponin protodioscin is contained in the asparagus as much
as 0.01% and possesses a potent cytotoxic effect on many
types of tumor cells which has an effect on androgen levels.
Diosgenin, another type of saponin, contributes to the reduc-
tion of secretion of total cholesterol and LDL-cholesterol, but
not HDL-cholesterol. Preliminary results of the trial show
that rutin and quercetin potentially reduce the incidence of
colon cancer in experimental animals.32

In prevention of cardiovascular disease, it is extremely im-
portant to introduce adequate amounts of fruit, vegetables
and fish in the diet, and limit the intake of salt, reduce the
consumption of saturated fats and refined sugars. Con-
sumption of asparagus contributes to the diversity of the
diet, increase in consumption of vegetables and acquiring
healthy eating habits.

Conclusion

Cardiovascular diseases are the leading cause of death and
in hospital treatment in the Republic of Croatia. An unbalan-
ced diet is one of the most important risk factors for their de-
velopment along with hypertension, smoking and low physi-
cal activity. A balanced intake of food and the variety of food-
stuff as the foundation of proper nutrition includes eating at
least three meals of vegetables a day. 
Asparagus is a vegetable that owes excellent composition of
vitamins, minerals and phytonutrients, high antioxidant ca-
pacity, low calorie value contribute to the prevention of car-
diovascular diseases and general health. Although a posi-
tive impact of asparagus on cardiovascular health has been
confirmed, more trials addressing that topic are expected to
be conducted in the future.
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Fiksna kombinacija telmisartana i hidroklorotiazida pred-
stavlja joπ jednu suvremenu moguÊnost uËinkovitog lijeËenja
arterijske hipertenzije.1 To je kombinacija antagonista recep-
tora angiotenzina II, telmisartana i tijazidskog diuretika, hi-
droklorotiazida. Obje tvari pomaæu u kontroli poviπenog ar-
terijskog tlaka (AT). 
Telmisartan pripada skupini lijekova koji se nazivaju antago-
nisti receptora angiotenzina II. Angiotenzin II je tvar koja se
proizvodi u organizmu, a dovodi do suæavanja krvnih æila i
na taj naËin poviπenja AT. Telmisartan blokira uËinak angio-
tenzina II tako πto opuπta krvne æile i sniæava AT. Hidroklor-
tiazid pripada skupini lijekova koji se nazivaju tijazidski diu-
retici koji uzrokuju poveÊano izluËivanje urina, πto takoer
dovodi do sniæavanja AT. 
Kombinacija ovih sastojaka ima aditivni antihipertenzivni
uËinak koji sniæava AT u veÊoj mjeri nego πto to Ëini svaka

Fixed-dose combination of telmisartan and hydrochloro-
thiazide is another contemporary option of effective treat-
ment of hypertension.1 It is a combination of an angiotensin
II receptor blocker, telmisartan and thiazide diuretic, hydro-
chlorothiazide. The both substances help to control high
blood pressure (BP). 
Telmisartan belongs to a group of angiotensin II receptor
blockers. Angiotensin II is a substance produced in the bo-
dy, leading to the narrowing of the blood vessels, thereby
elevating BP. Telmisartan blocks the effect of angiotensin II
so that it relaxes blood vessels and lowers BP. Hydrochloro-
thiazide belongs to a group of thiazide diuretics, which cau-
se increased urine output, which also leads to lowering BP. 
The combination of these ingredients has an additive antihy-
pertensive effect, which lowers BP to a greater extent than
what every component does separately. Dosing once a day
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Suvremeno lijeËenje arterijske hipertenzije fiksnom 
kombinacijom telmisartan-hidroklorotiazid
Contemporary treatment of hypertension by
fixed-dose combination of telmisartan-
hydrochlorothiazide
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SAÆETAK: Fiksna kombinacija telmisartana i hidrokloro-
tiazida predstavlja joπ jednu suvremenu moguÊnost uËin-
kovitog lijeËenja arterijske hipertenzije. To je kombinaci-
ja antagonista receptora angiotenzina II, telmisartana i ti-
jazidskog diuretika, hidroklorotiazida. Telmisartan sma-
njuje kardiovaskularni rizik ne samo smanjenjem vrijed-
nosti arterijskog tlaka (AT), nego i smanjenjem drugih
metaboliËkih parametara koji imaju pozitivan uËinak na
srËanoæilne bolesti, primjerice selektivna modulacija
PPAR-γ. Hidroklorotiazid ima uËinak na renalne tubu-
larne mehanizme reapsorpcije elektrolita, izravno pove-
ÊavajuÊi ekskreciju natrija i klorida u pribliæno jednakim
koliËinama. RazliËite kombinacije telmisartana i hidroklo-
rotiazida (40/12,5; 80/12,5 i 80/25 mg) se primjenjuju u
lijeËenju arterijske hipertenzije odraslih osoba Ëiji AT nije
dobro kontroliran uz primjenu samog telmisartana ili kod
bolesnika koji su prethodno stabilizirani telmisartanom i
hidroklorotiazidom davanim zasebno.

KLJU»NE RIJE»I: telmisartan, hidroklorotiazid, arterijs-
ka hipertenzija, arterijski tlak, kardiovaskularni rizik.

SUMMARY: Fixed-dose combination of telmisartan and
hydrochlorothiazide is another contemporary option of
effective treatment of hypertension. It is a combination of
an angiotensin II receptor blocker, telmisartan and thiazi-
de diuretic, hydrochlorothiazide. Telmisartan reduces car-
diovascular risk not only by reducing blood pressure (BP),
but also by reducing other metabolic parameters that ha-
ve a positive effect on cardiovascular diseases, especial-
ly selective modulation of PPAR-γ. Hydrochlorothiazide
has an effect on the renal tubular mechanisms of elec-
trolyte reabsorption, directly increasing excretion of sodi-
um and chloride in approximately equal amounts. Diffe-
rent combinations of telmisartan and hydrochlorothiazide
(40/12,5; 80/12,5 and 80/25 mg) are used in the treat-
ment of hypertension in adults whose BP is not well con-
trolled by using telmisartan alone or in patients who have
been previously stabilized by telmisartan and hydrochlo-
rothiazide administered separately.
KEYWORDS: telmisartan, hydrochlorothiazide, hyper-
tension, blood pressure, cardiovascular risk.
CITATION: Cardiol Croat. 2014;9(3-4):150-153.
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od komponenti zasebno. Doziranje jedanput dnevno dovodi
do uËinkovitog i ujednaËenog sniæenja AT u rasponu terapij-
skih doza. 
Telmisartan je dugotrajno oralno uËinkovit i specifiËan jaki
antagonist receptora angiotenzina II (AT1) pri Ëemu ne po-
kazuje parcijalnu agonistiËku aktivnost na AT receptore. On
ne pokazuje niti afinitet za druge receptore, ukljuËujuÊi AT2
i druge manje karakteristiËne AT receptore. Vrijednosti aldo-
sterona u plazmi se smanjuju uzimanjem telmisartana. Tel-
misartan ne inhibira renin u ljudskoj plazmi niti blokira ion-
ske kanale. Takoer on ne inhibira enzim koji pretvara an-
giotenzin (kininaza II), pa ne dolazi do degradiranja bradi-
kinina i sukladno tome nema pojaËavanja nuspojava posre-
dovanih bradikininom. UËestalost suhog kaπlja je znatno ni-
æa kod bolesnika lijeËenih telmisartanom nego kod onih koji-
ma su davani inhibitori angiotenzin konvertirajuÊeg enzima,
sukladno rezultatima kliniËkih ispitivanja koja izravno uspo-
reuju ova dva antihipertenzivna lijeËenja.2,3

Doza od 80 mg telmisartana primjenjena u zdravih pojedi-
naca gotovo u potpunosti inhibira poviπenje AT uzrokovano
angiotenzinom II. Inhibitorski uËinak se odræava tijekom 24
sata i moæe se objektivizirati i do 48 sati. Nakon prve doze
telmisartana, antihipertenzivna aktivnost postupno postaje
vidljiva unutar 3 sata. Maksimalno smanjenje AT se opÊe-
nito postiæe za 4-8 tjedana nakon poËetka lijeËenja te se
odræava tijekom dugotrajnog lijeËenja. Antihipertenzivni uËi-
nak zadræava se neprekidno tijekom 24 sata nakon dozira-
nja te ukljuËuje posljednja 4 sata prije sljedeÊe doze, kao πto
je pokazano kontinuiranim mjerenjima AT. 
Kod bolesnika s hipertenzijom telmisartan sniæava sistoliËki
i dijastoliËki AT bez utjecaja na srËanu frekvenciju. Antihi-
pertenzivna djelotvornost telmisartana usporediva je s djelo-
tvornoπÊu antihipertenziva koji spadaju u druge skupine pri-
mjerice s amlodipinom (blokator kalcijskih kanala), ateno-
lolom (blokator beta-receptora), enalaprilom (ACE inhibitor)
ili hidroklorotiazidom (tijazidski diuretik).4 Nakon naglog pre-
kida lijeËenja telmisartanom AT se postupno vraÊa na vrijed-
nosti prije lijeËenja tijekom perioda od nekoliko dana, bez
objektivizacije tzv. naglog povratnog fenomena visokog AT.
U kliniËkoj studiji ONTARGET dokazano je da je telmisartan
jednako uËinkovit kao i ramipril u smanjenju kardiovaskular-
nih dogaaja kod razliËitih skupina riziËnih krvoæilnih boles-
nika, uz bolju podnoπljivost.5

Telmisartan smanjuje kardiovaskularni rizik ne samo sma-
njenjem vrijednosti AT, nego i smanjenjem drugih metabo-
liËkih parametara koji imaju pozitivan uËinak na srËanoæilne
bolesti, primjerice selektivnu modulaciju PPAR-γ. To podra-
zumijeva sposobnost aktivacije ovog intracelularnog recep-
tora koji je glavni regulator metabolizma lipida i ugljikohidra-
ta odnosno regulator diferencijacije masnih stanica πto ga
Ëini jedinstvenim unutar skupine ARB. Aktivatori PPAR-γ
imaju antiinflamacijske, antioksidativne i antiproliferatorne
uËinke na vaskularne stanice. To uzrokuje boljitak uËinka na
metabolizam glukoze i lipida, πto je posebice korisno kod
bolesnika s arterijskom hipertenzijom i/ili metaboliËkim sin-
dromom odnosno u procesu smanjenja rizika od ateroskle-
roze.6 Telmisartan je jedini ARB s indikacijom smanjenja ri-
zika od krvoæilnih dogaaja. 
Hidroklorotiazid je tijazidski diuretik. Tijazidi imaju uËinak na
renalne tubularne mehanizme reapsorpcije elektrolita, iz-
ravno poveÊavajuÊi ekskreciju natrija i klorida u pribliæno jed-
nakim koliËinama. Diuretsko djelovanje hidroklorotiazida re-
ducira volumen plazme, poveÊava aktivnost renina u plazmi,
poveÊava sekreciju aldosterona s posljediËnim poveÊanjem
gubitka kalija i bikarbonata urinom te smanjenjem kalija u

leads to an efficient and uniform BP reduction in the thera-
peutic dose range.
Telmisartan is a long-term orally efficient and specific potent
antagonist of the angiotensin II receptor (AT1) where it does
not show partial agonist activity on the AT receptors. It
shows no affinity for other receptors, including AT2 and
other less characterized AT receptors. Aldosterone levels in
plasma are reduced by taking telmisartan. Telmisartan nei-
ther inhibits renin in human plasma nor does it block ion
channels. Also it does not inhibit angiotensin converting en-
zyme (kininase II), so no degradation of bradykinin is cau-
sed, and accordingly there is no enhancement of side ef-
fects mediated by bradykinin. The incidence of dry cough
was significantly lower in patients treated with telmisartan
than in those who were administered angiotensin converting
enzyme according to the results of clinical trials that directly
compare these two antihypertensive treatment methods.2,3

Dose of 80 mg of telmisartan administered to healthy volun-
teers almost completely inhibit BP elevation caused by an-
giotensin II. The inhibitory effect is maintained during 24
hours and can be objectified up to 48 hours. After the first
dose of telmisartan, the antihypertensive activity gradually
becomes evident within 3 hours. The maximum reduction of
BP is generally achieved in 4-8 weeks after the start of treat-
ment and is maintained during long-term treatment. The an-
tihypertensive effect persists constantly over 24 hours after
dosing and includes the last 4 hours before the next dose,
as shown by continuous measurements of BP. 
Telmisartan reduces systolic and diastolic BP in patients
with hypertension without affecting the heart rate. Antihyper-
tensive efficacy of telmisartan is comparable to the efficacy
of antihypertensive agents that belong to some other groups
for instance with amlodipine (calcium channel blocker), ate-
nolol (beta-receptor blocker), enalapril (ACE inhibitor) or hy-
drochlorothiazide (thiazide diuretic).4 Following abrupt ces-
sation of the treatment with telmisartan, BP gradually returns
to the pre-treatment values over a period of several days,
without the objectification of the so-called rapid return of the
phenomenon of high BP. The clinical study ONTARGET de-
monstrated that telmisartan is as efficient as ramipril in re-
ducing cardiovascular events in different groups of high-risk
cardiovascular patients with better tolerability.5

Telmisartan reduces cardiovascular risk not only by redu-
cing blood pressure (BP), but also by reducing other meta-
bolic parameters that have a positive effect on cardiovascu-
lar diseases, especially selective modulation of PPAR-γ.
This implies the ability of activation of this intracellular re-
ceptor which is a major regulator of lipid and carbohydrate
metabolism, that is, the regulator of differentiation of fat cells
which makes it unique within the ARB group. Activators of
PPAR-γ have antiinflammatory, antioxidant and antiprolife-
rative effects on vascular cells. This causes the benefit of ef-
fect on glucose and lipid metabolism, which is especially
useful in patients with arterial hypertension and/or metabol-
ic syndrome or in the process of reducing the risk of athero-
sclerosis.6 Telmisartan is the only ARB with an indication of
reducing the risk of cardiovascular events. 
Hydrochlorothiazide is a thiazide diuretic. Hydrochlorothiazi-
de drugs have an effect on the renal tubular mechanisms of
electrolyte reabsorption, directly increasing excretion of so-
dium and chloride in approximately equal amounts. Diuretic
action of hydrochlorothiazide reduces plasma volume, in-
creases the renin activity in plasma, increases aldosterone
secretion with consequential increase in the loss of potas-
sium and bicarbonate in urine and decrease in potassium in



serumu. Pretpostavlja se da putem blokade sustava renin-
angiotenzin-aldosteron istodobna primjena telmisartana ima
tendenciju poniπtavanja gubitka kalija povezanog s tijazid-
nim diureticima. Uz hidroklorotiazid poËetak diureze javlja
se za oko 2 sata, a vrπni uËinak pojavljuje se nakon otprilike
4 sata, dok se djelovanje zadræava oko 6-12 sati. Epidemio-
loπke studije pokazale su da dugotrajno lijeËenje hidrokloro-
tiazidom reducira rizik od kardiovaskularne smrtnosti i mor-
biditeta.
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serum. The presumption is that by the renin-angiotensin-
aldosterone blocking, the concomitant use of telmisartan
has a tendency to annul the potassium loss associated with
the thiazide diuretics. With hydrochlorothiazide, the onset of
diuresis occurs in about 2 hours, and the peak effect occurs
after approximately 4 hours, while the action persists for ap-
proximately 6-12 hours. Epidemiological studies have
shown that long-term treatment by hydrochlorothiazide re-
duces the risk of cardiovascular mortality and morbidity.

Figure 1. Combination of telmisartan/hydrochlorothiazide gives the better antihypertensive effect than monotherapy.

Kombinacija telmisartana i hidroklorotiazida (40/12,5;
80/12,5 i 80/25mg) se primjenjuje u lijeËenju esencijalne
hipertenzije) kod odraslih osoba Ëiji AT nije dobro kontroliran
uz primjenu samog telmisartana ili kod bolesnika koji su
prethodno stabilizirani telmisartanom i hidroklorotiazidom
davanim zasebno.7

Nakon intravenske i peroralne primjene 14C oznaËenog tel-
misartana veÊina primijenjene doze (>97 %) eliminira se fe-
cesom putem bilijarne ekskrecije. Samo su minorne koliËine
pronaene u urinu. Ukupni plazmatski klirens telmisartana
nakon peroralne primjene je >1.500 ml/min. Poluvrijeme eli-
minacije je >20 sati. Hidroklorotiazid se izluËuje gotovo u
potpunosti u nepromijenjenom obliku putem urina. Oko 60%
oralne doze se eliminira unutar 48 sati. Renalni klirens je
oko 250-300 ml/min. Poluvrijeme eliminacije hidrokloro-
tiazida je 10-15 sati. Koncentracije telmisartana u plazmi su
opÊenito 2-3 puta veÊe kod æena nego kod muπkaraca. Me-
utim, u kliniËkim ispitivanjima nisu pronaena znaËajna po-
veÊanja u odgovoru AT ili incidenciji ortostatske hipotenzije
kod æena.8 Nije potrebno prilagoavanje doze. Postojao je
trend prema veÊim koncetracijama hidroklorotiazida u plaz-
mi kod æena nego kod muπkaraca πto se ne smatra kliniËki
znaËajnim.
U dvostruko-slijepom kontroliranom kliniËkom ispitivanju
(djelotvornost ocjenjivana na n = 687 bolesnika) kod osoba
koje nisu reagirale na kombinaciju 80 mg / 12,5 mg, poka-
zao se inkrementalni uËinak sniæavanja AT kombinacije 80

Different combinations of telmisartan and hydrochlorothia-
zide (40/12.5; 80/12.5 and 80/25 mg) are used in the treat-
ment of essential hypertension) in adults whose BP is not
well controlled by using telmisartan alone or in patients who
have been previously stabilized by telmisartan and hydro-
chlorothiazide administered separately.7

After intravenous or oral administration of 14C labeled tel-
misartan most of the administered dose (>97%) is eliminat-
ed by the faeces by biliary excretion. Only minor amounts
were found in urine. Total plasma clearance of telmisartan
after oral administration is >1,500 ml/min. Elimination half-
life is >20 hours. Hydrochlorothiazide is excreted almost
entirely in unchanged form in the urine. About 60% of the
oral dose is eliminated within 48 hours. Renal clearance is
about 250-300 ml/min. Elimination half-life of hydro-
chlorothiazide is 10-15 hours. The concentrations of telmi-
sartan in plasma are generally 2-3 times higher in women
than in men. However, clinical studies have not found signi-
ficant increases in response to BP or the incidence of ortho-
static hypotension in women.8 No dosage adjustment is ne-
cessary. There was a trend toward higher concentrations of
hydrochlorothiazide in plasma in women than in men, which
is not considered clinically significant.
Double-blind controlled clinical trial (efficacy was evaluated
on n = 687 patients) in persons who have not responded to
the 80/12.5 mg combination, showed the incremental effect
of lowering BP by 80/25 mg combination compared to con-
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mg / 25 mg u odnosu na stalno lijeËenje s kombinacijom 80
mg / 12,5 mg, u vrijednosti 2,7/1,6 mmHg (SKT/DKT) (razli-
ka u prilagoenim prosjeËnim promjenama u odnosu na po-
Ëetnu vrijednost). U ispitivanju praÊenja, s kombinacijom 80
mg / 25 mg, AT se nastavio sniæavati (πto je rezultiralo ukup-
nim smanjenjem od 11,5/9,9 mmHg (SKT/DKT).9

Telmisartan i kombinacija telmisartan/hidroklorotiazid imaju
niski potencijal za interakcije s drugim lijekovima. Telmisar-
tran se ne metabolizira putem citokromskog P 450 sustava,
dok se hidroklorotiazid poglavito ne metabolizira i gotovo u
potpunosti se izluËuje putem bubrega u obliku nepromijen-
jene tvari.8

U konaËnici moæemo kazati da na hrvatsko træiπte u portfelju
Krke dolazi joπ jedna dobra nova vijest, spomenuta kombi-
nacija telmisartana i hidroklorotiazida, pod nazivom Tolucom-
bi® i to u tri doze u rasponu od 40/12,5 mg, preko 80/12,5 mg
do 80/25 mg od kojih se moæe oËekivati uËinkovito lijeËenje
arterijske hipertenzije. 
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tinuous treatment with 80/12.5 mg combination, evaluated at
2.7/1.6 mmHg (SBP/DBP) (difference in adjusted mean
changes compared to the baseline). BP continued to be lo-
wered in follow-up by the 80/25 mg combination (which re-
sulted in a total reduction of 11.5/9.9 mmHg (SBP/DBP).9

Telmisartan and the telmisartan/hydrochlorothiazide combi-
nation have a low potential for interactions with other drugs.
Telmisartran is not metabolized via cytochrome P 450 sy-
stem, while hydrochlorothiazide is particularly not metaboli-
zed and is almost completely excreted by the kidneys in the
form of an unchanged substance.8

In the end we can say that there is another good news that
comes to the Croatian market, namely, the above mentioned
telmisartan and hydrochlorothiazide combination, called To-
lucombi® in three doses in the range of 40/12.5 mg, via
80/12.5 mg to 80/25 mg which can be expected to efficient-
ly treat hypertension. 
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