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• Elevated BP, MAP

• Heart, vessels, kidneys interaction

• BP regulation:  
• Short-term: sympathetic activation
• Mid-term: RAAS
• Long-term: kidneys

Elevated blood pressure – arterial
hypertension



BP regulation – short-term

• Seconds, minutes

• Equilibrium at different BP value

• Sympathetic / parasympathetic, reflex arc

• Effective solution to acute BP changes

• It is not very advantageous from the
point of view of long-term BP regulation



BP regulation – mid-term

• Minutes, hours, days, weeks….

• Renin-angiotensin-aldosteron-system
(RAAS)

• A more efficient system in the long 
run

• It also affects growth factors and the
remodeling of blood vessels and the
heart, i.e. LV hypertrophy, vessels, 
collateral circulation…..



BP regulation – long-term

• Days, weeks, months, years….

• Intreraction of CVS and kidneys

• Kidney = pressure valve

• The most effective way of long-
term blood pressure regulation

• Changing the patient's lifestyle (low
NaCl intake) is essential…..!!!!!



Current treatment options for arterial
hypertension

• Betablockers

• ACE inhibitors / AT-II receptor inhibitors

• Ca channels blockers

• Diuretics

• Peripheral antihypertensives

• Central antihypertensives



Treatment of hypertension – beta-blockers
(cardioselective)

- Sympathetic inhibition (!1-receptors) = decrease of ino/chronotropy



Treatment of hypertension – ACEi /ARB

- Peripheral (arteriolar) vasodilation = decrease of SVR



Treatment of hypertension – Ca blockers
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- Inhibition of contraction of the arteriolar SMCs – decrease of SVR



Treatment of hypertension – diuretics

• Diuretics = increase water loss
in kidneys

• Decreased preload

• Decreased venous return, CVP

↑ objemu krve

Střední oběhový
tlak



Treatment of hypertension – central and 
peripheral antihypertensives

• Decresed sympathetic activation – central (CNS) vs. Peripheral (vessels)

• Peripheral (vascular) vasodilation

• Decreases SVR

• Decreased inotropy, chronotropy ….



Arterial hypertension - summary

• Inotropy, chronotropy

• SVR, afterload

• Venous return, preload

• Sympathetic / parasympathetic aktivation



Acute myocardial ischemia

• One of the most common causes of morbidity and mortality in people in the
developed world

• It is closely related to the proces of atherosclerosis

• Bernoulli's law: relationship between
the kinetic and the potential energy



Atherosclerotic plague rupture

• Exposure of the lipid core of the plaque is thrombogenic

• Platelet activation

• Activation of the coagulation cascade

• Acute vessel occlusion = acute ischemia



Mechanism of acute vascular occlusion -
haemocoagulation activation



Mechanism of acute vascular occlusion –
treatment principle

• Inhibition of coagulation processes (antiagregation, 
antikoagulation, …trombolysis

• mechanical restoration of flow through the vessel



Percutaneous corronary intervention - PCI



Mechanical treatment of acute myocardial
ischemia



Acute myocardial ischemia – summary

• The process of atherosclerosis is essential !!!

• Plaque rupture = induction of hemocoagulation

• Hemocoagulation = acute occlusion of a blood vessel

• Treatment principle:
• Inhibition of hemocoagulation (antiaggregation, anticoagulation, thrombolysis...)
• Mechanical occlusion of the vessel, PCI



Acute heart failure

• Acute heart failure = kardiogenic heamodynamical shock

• shock = heart failure

• Heart failure = the heart is unable to pump blood around the body 
properly (organ needs) 

• Aetiology: ischemia, infection, arrhythmia, mechanical injury….



Acute heart failure – treatment principle

• To treat the cause of heart failure is essential !!!!!!!

• Pharmacotherapy:
• homeometric regulation of myocardial contraction
• Increasing SVR thereby maintaining MAP and perfusion of the brain and the heart
• Heterometric regulation

• Mechanical treatment:



Phospholamban inhibition 
(Ca2+ pump) in SERCA, 
Faster relaxation
(lusitropy effect)

Ca2+-channel activation (L-type),
More calcium in the cells

Hydrolysis inhibition 
(PDE inhibition), 

Prolonging the effect 
of cAMP

Milrinon (Corotrop)

Acute heart failure - pharmacotherapy
• A, NOR
• PDE inhibiton
• Vasopressin
• Levosimendan
(increased sensitivity to Ca2+)

levosimendan



Acute heart failure – mechanical treatment: 
percutaneous mechanical support



Percutaneous mechanical support



Impella LP 2.5, 3.5 CP, 5.0

Left
ventricle

Aorta

Augmentation of CO: 2,5–5,0L/min



Extracorporeal membraneous
oxygenation - ECMO
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Augmentation of CO: 4,5–7,0L/min
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Acute heart failure – summary

• Primary heart involvement. The myocardium is unable to maintain of
the organs needs for blood perfusion

• ALWAYS focus on the underlying cause!!!!

• Pharmacotherapy + mechanical treatment

• Difference with chronic heart failure



Conductive system dissorders – cardiac
pacing

SA block
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9.3 AV blok II° se štíhlým QRS komplexem Mobitz 2 suprahisální a intrahisální – Nejčastější formou AV blokády II° Mobitz 2 je typ 2:1, při čemž první převe-
dený cyklus má normální P-Q interval, druhý je nepřevedený. Přímkami ve svodu II jsou znázorněny P-Q intervaly. QRS komplex je štíhlý. Panel A se záznamem 
hisogramu je autentický a odpovídá situaci na povrchovém EKG. Je přítomna AV blokáda II° 2:1, kdy převedený cyklus má normální intervaly A-H i H-V, stejně tak 
i šířku kmitu H. U nepřevedeného cyklu je blokáda po síňovém kmitu A, tedy suprahisální. Panel B je ilustrační a ukazuje stejnou situaci indukovanou stimulací síní 
o frekvenci 120/min, kdy je blokáda lokalizovaná intrahisálně. V prvním cyklu je po stimulu a síňovém kmitu A normální A-H interval, kmit H je rozštěpen na část 
H a H´. Ve druhém cyklu přichází po stimulu síňový kmit A. Po normálním intervalu A-H následuje pouze první část původně rozštěpeného kmitu H. Další vedení 
vzruchu je na úrovni Hisova svazku zablokováno.

AV block II. degree Mobitz type (Mobitz II)



Cardiac pacing



The firs cardiac pacing in human patient

• October 8th 1958

• Karolinska University, Stokholm, Sweden

• Epicardial electrode implantation by cardiosurgical
approach

Rune Elmquist,
inventing and ingeneering

Ake Senning, 
cardiosurgeon



RIMEM V00 Pacemaker, March 1965

Ing. Vladimír BičíkDoc. MUDr. Bohumil Peleška, DrSc

Rimem, Thomayerova Nemocnice, Praha - Krč



1970   vs.   20001967



Leadless cardiac pacing – MicraTM





Vasovagal syncope

Short-term regulation of blood pressure - autonomic nervous regulation

Sympathetic / Parasympathetic

Neural arch

Syncope = short-term loss of consciousness

Vasovagal = inadequate activation/inhibition between sympathetic / parasym.

Regardless of age, rather younger patients

Very unpleasant symptoms, injuries, ….



• Rapid sharp drop in BP when changing body position….

• Rapid, sudden changes in heart rate ….



HUT, two of them (17 and 37) had some cardioinhibition (sinus
bradycardia or junctional rhythm), which was quite clearly
reduced in comparison with the cardioinhibition before ablation.
In summary and considering the primary endpoint—syncope—
the success rate was 93.1% (Figure 5).

These data suggest that despite being an invasive method, abla-
tion may be a good alternative to pacemaker since it does not need
prosthesis implantation and is showing excellent long-term
outcome (93.1% survival without syncope at 91.5 months). This
may be strengthened by the poor results of clinically treated
patients35 (37% of survival without syncope at 80 months) and
the asystole group of the Synpace Study, treated with rate-drop
response pacemakers12 (49% of survival without syncope at 29
months). The group treated by ablation showed the best result
despite having included the learning curve of the two operators
involved, although we carefully adhered to the methodology. The
results suggest that the AV innervation ought to be systematically
better approached and treated even in patients showing no evi-
dence of functional AV block in the pre-ablation assessment.
This trait may be seen in patient number 22 whose AV nodal inner-
vation was not treated, and presented NMS 26 months after the
first ablation. In this case, the pre-ablation HUT showed a 10 s
sinus arrest (Type 2B). The first control post-ablation HUT was

also positive, showing syncope without sinus arrest but having
sinus tachycardia and transitory total nodal AV block. This
patient was submitted to another ablation targeting the AV nodal
innervation after syncope recurrence. The re-ablation control
HUT was normal and the patient remains asymptomatic up to
current date (FU ¼ 44.2 months). This was the only case sub-
mitted to a second ablation. Another example of the AV node
innervation role is the patient of Figure 6. The pre-ablation HUT
showed sinus arrest and AV block. Indeed, we have found that
the ablation must also target the AV innervation in all the cases,
preventing post-ablation symptoms caused by functional transitory
AV block (green arrows in Figure 4). Fortunately, in this case both
innervations, sinus, and AV node were presumably well treated and
functional AV block and symptoms have no more occurred up to
the current date (FU ¼ 16.2 months).

Vagal denervation
The main purpose of this procedure is to achieve long-term vagal
attenuation to weaken the efferent cardioinhibitory limb of the neu-
rally meditated reflex. Apparently, this aim was successfully achieved,
as only 4 of 42 (9.3%) patients had some cardioinhibition in the post-
ablation HUT and only 3 of 43 (6.9%) presented spontaneous
syncope during follow-up (not necessarily cardioinhibitory). This

Figure 6 Typical example of pre and post-ablation head-up tilt-test in this cohort. Upper: pre-ablation head-up tilt-test showing a severe
cardio-inhibition (asystole of 19 s) causing syncope. Lower: head-up tilt-test 4 months post-ablation showing no cardio-inhibition and no
syncope. The asystole was replaced by sinus rate.80 bpm. The head-up tilt-test pre-ablation showed asystole caused by inhibition of the
sinus and atrio-ventricular node, both completely corrected by ablation. Therefore the head up tilt-test 4 months post-ablation showed no
cardioinhibition. Since the ablation the patient is asymptomatic.

Neurocardiogenic syncope ablation. Long term results 1237
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showed increase in the minimum and mean heart
rate (54G 7 to 71G 10 bpm), significant reduction
of the heart rate variability (from 183G 53 to
87G 13 ms, pZ 0.003), by the elimination of the
pauses O2 s that previously presented a mean of
30G 52 in the whole group and finally by the good
clinical outcome. All the patients had their sinus
node recovery times normalized. These facts sug-
gest that often, in sinus node disease it is possible
to recover much of the sinus function by reducing

the vagal tone, Fig. 12. In this sense this approach
must now be considered in cases of sinus node
disease with a pacemaker indication but a good
response to atropine and without apparent cardiac
disease.

Sympathetic and sensory denervation

The aim of this method was to achieve para-
sympathetic denervation. Lesions of the sensory

Figure 11 Holter recordings showing the 24 h lowest heart rate pre-cardioneuroablation and 2 month post-
cardioneuroablation in a case of functional intermittent high degree AV block. In the pre-ablation Holter there are
periods of five and nine consecutively blocked P waves. The patient was very symptomatic having syncope and
dizziness being referred for pacemaker implantation. After the ablation she became asymptomatic.

Figure 12 Comparison of the minimum heart rate pre-cardioneuroablation and 1 month post-cardioneuroablation in
a case of symptomatic sinus node dysfunction without apparent cardiac disease.

‘‘Cardioneuroablation’’ 11
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8.7 Pozitivní masáž karotického sinu – Střídavě oboustranná masáž karotického sinu je jedním ze základních diagnostických kroků prováděných při diagnostice 
synkopy nejasné etiologie. Při masáži vpravo jsou více ovlivňována vlákna vedoucí k sinoatriálnímu uzlu, při masáži vlevo pak vlákna vedoucí k atrioventrikulární-
mu uzlu. Dosáhneme-li asystolie delší než 3 sekundy, je nález pozitivní. 

Na EKG záznamu v průběhu masáže sledujeme vyhasnutí funkce sinoatriálního uzlu. Po více než 4 sekundách se objevuje uniklý junkční stah (zelená šipka 
uprostřed), který není převeden na komory, první sinusový stah se objevuje po docílené pauze v trvání více než 6 sekund, kdy byla masáž ukončena.

Masáž karotického sinu



Sympathetic / Parasympathetic system –
anatomy 



Radiofrekvency ablation - principle



The Electrical Circuit of RF Ablation

ABLATED
TISSUE

ABLATION
CATHETER TIP

- +

RF GENERATOR

Indifferent padunipolar
The RF is concentrated at the ablation surface (catheter tip-tissue contact) and 
disperses throughout the body to a large surface electrode (indifferent electrode)



Vazovagal synkope – treatment principle, RF 
ablation

‘tilt-training’ showed poor results with low therapy adherence and
failure in reduction of syncopes, as reported by recent randomized
study.13– 15

The search of a more effective therapy aimed at achieving a long-
term suppression of vagal reflexes is therefore justified. Surgical
cardiac denervation has been used for atrial fibrillation or long-QT
syndrome treatment.16–19 However, the first article proposing the
use of endocardial catheter ablation of the parasympathetic inner-
vation20 (cardioneuroablation) specifically to treat the severe cardi-
oinhibitory NMS was published 6 years ago and the current study
reports the long-term results of this new therapeutic approach.

Objective
To study and report the long-term outcome of severe NMS
patients with significant cardioinhibition who were submitted to
endocardial ablation of the autonomic visceral nervous system
without pacemaker implantation.

Background
Since the 1990s we have been studying the possibility of perma-
nently eliminate or attenuate the cardioinhibitory reflex by radio-
frequency (RF) endocardial ablation to treat functional or reflex
bradycardia. Transitory denervation may be achieved by abolishing
neural fibers but long-term denervation needs the neural body
exclusion. Cardiac innervation is composed of parasympathetic,
sympathetic, and sensory systems (Figure 1). Only the parasympa-
thetic innervation contains most of post-ganglionic neuron within
the heart, more specifically inside the atrial wall, on the epicardium,
in the endocardium, or in the paracardiac ganglia (epicardial fat
pads). The neural body of the post-ganglionic sympathetic and

sensory neurons lie too far from the heart in the paravertebral
ganglia chain or in the in the central nervous system. These fea-
tures allow selective vagal denervation, as the neural body of the
parasympathetic post-ganglionic neuron is the only one prone to
be directly affected by the endocardial RF energy. The sympathetic
and sensory neurons are preserved and their function usually
recovers because just the terminal fibers are temporarily elimi-
nated by endocardial RF21,22 (Figure 1).

Endocardial radiofrequency
catheter ablation of the cardiac
autonomic innervation
The spectral study of atrial endocardial potentials during sinus
rhythm reveals two types of myocardium. The first one, the
compact myocardium, is characterized by high amplitude, isotropic
conduction, and a smooth spectrum, whereas the second one,
the fibrillar myocardium, has low amplitude, anisotropic conduction,
and a segmented spectrum.23– 25 Several observations have
demonstrated a close relation between the fibrillar myocardium
and the cardiac innervation interface:

(1) Radiofrequency delivery in the septal fibrillar myocardium
usually causes immediate autonomic reactions such as a signifi-
cant heart rate and Wenckebach’s point increases.20,26

(2) Studies based on neural staining have shown a high number of
parasympathetic neurons and ganglia in the fibrillar myocar-
dium areas.27,28

(3) A large amount of fibrillar myocardium is found in the anatom-
ical regions of the cardiac fat pads.24

The autonomic cardiac neuromuscular junction is featured by a
wide cellular interlacing without the structured motor end plate
of the skeletal muscle. This cellular blend causes an electrical het-
erogeneity resulting in a segmented spectrum typical of the fibrillar
myocardium. Through the online real-time spectral mapping it is
possible to reveal the fibrillar muscle to guide the ablation. Conse-
quently, most of the post-ganglionic parasympathetic neurons may
be destroyed and do not recover, whereas the sympathetic and
sensory terminal fibres usually recover from weeks to months
(Figure 1).

Study population and methods

Patients
A total of 43 patients (18 females, 25 males, mean age of 32.9+ 15
years) with apparently normal heart (LVEF ¼ 69.2+5%) were
included in the study. All patients had:

(1) neurally meditated reflex syncope with spontaneous and
recurrent episodes (mean of 4.7+ 2 syncope/patient) refrac-
tory to medical treatment;

(2) important cardioinhibitory response confirmed by head-up tilt
test (HUT) (mean pause duration of 13.4+ 13 s);

(3) absence of structural cardiopathy;
(4) normal electrocardiogram (ECG) and;
(5) normal response to Atropine test (AT).

Figure 1 Illustration representing the three main cardiac inner-
vation partitions and the endocardial radiofrequency effect. UR,
unrecoverable; R, recoverable, * post-ganglionic and ganglia
neurons. As opposed to the sympathetic and sensory systems,
whose neural body are far from the heart, the post-ganglionic
parasympathetic neural body is over or inside the atrial wall
and prone to be destroyed by the endocardial radiofrequency
energy resulting in permanent or long-term denervation .

J.C. Pachon M et al.1232
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(normal) in Patient 14. Patient number 17 had episodes of dizziness
related to pre-menstrual syndrome. A sensitized control HUT
showed a mixed response with slight bradycardia (HUT from
Type 2B pre-ablation to Type 1 post-ablation). Patient number
13 had episodes of dizziness and a sensitized control HUT
showed just a vasodepressor response (HUT from Type 2A pre-
ablation to Type 3 post-ablation). In all these five cases the HUT
responses were attenuated. The cardioinhibitory reflex disap-
peared almost completely. These patients are now responsive to
clinical treatment (increase of sodium intake, venlafaxine, fluoxe-
tine, and hormone) which was ineffective before ablation. Reabla-
tion has not been needed so far. Details of the clinical outcome are
shown in Tables 2 and 3, and the Kaplan–Meier survival curve
without syncope is displayed in Figure 5.

Medication
After ablation 25 patients did not require any medication. Some
patients kept their prescriptions for long-term cardiovascular
treatment. Patient number 12 is taking disopyramide and venlafax-
ine for mixed neurally meditated reflex syncope. Patient number
17 is under hormonal treatment for pre-menstrual syndrome,
five cases are taken antidepressant drugs (fluoxetine and venlafax-
ine) for treatment of mild endogenous depression with vasode-
pression. Two are taking omeprazole and two alprazolam.

Head up tilt-test protocol
Head up tilt-test protocol pre- and post-ablation was carried out in
all the patients (Figure 6).

Cardioinhibition was considered as transitory symptomatic sinus
bradycardia, junctional rhythm, pauses, sinus arrest, asystole, or
second- or third-degree AV block. All cases had positive pre-
ablation HUT with cardioinhibitory or mixed responses, and
syncope or pre-syncope as a consequence of asystole or important
bradycardia with pauses reproducing the spontaneous symptoms.
In 16 of 43 patients (37.2%), the pre-ablation HUT was sensitized

with sublingual isosorbide dinitrate. The pre-ablation pauses
ranged from 3.5 to 45 s (13.4+13 s). A total of 55 post-ablation
HUTs were carried out, from 4 to 56 months after ablation (mean
of 10.3+ 9 m post-ablation). After reablation of patient number
22, only four minor cardioinhibitory responses occurred, as
shown in Table 4 (P , 0.01), without pauses or asystole. Nothing
other than sinus bradycardia (HR ≥ 40 bpm) was observed.
Patients 17, 26, and 37 had negative HUTs post-ablation; as they
had had spontaneous symptoms, they were submitted to a long
sensitized HUT showing a mixed response with bradycardia
without asystole (Figures 7 and 8).

Atropine test
The pre-ablation AT was normal (positive) in all patients (inclusion
criterion). The percentage of heart rate increase (D%HR) before
ablation was a mean of 79.4+ 31% (30.8–158.6%). An increase
.25% was considered positive.

At the end of ablation, there was very small rate increase with
atropine: D%HR ¼ 4%+8% (0–42.6%). The long-term AT
(21.7+ 11 months post-ablation) was negative in 33 patients
(76.7%, P , 0.01), partially positive in 7(16.3%) and normal in 3
patients only (6.9%) (Table 5; Figure 9).

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 2 Clinical outcome

Clinical outcome N % Observations

Syncope free 40 of 43 93.1 No spontaneous
syncope

Asymptomatic (syncope
or dizziness free)

38 of 43 88.4 Patients without
dizziness or syncope

After ablation 93.1% of patients had no more syncope and 88.4% had no more
syncope or dizziness. N, number of patients

Figure 4 Spectrum of an innervation area (fibrillar myocardium) pre-ablation (A) and post-ablation (B). The significant reduction of the fre-
quencies and power denotes a desirable trans-mural effect. C: schematic of the main RF release places during ablation for neurally meditated
reflex syncope. SVC, superior vena cava; IVC, inferior vena cava; RA, right atrium; CS, coronary sinus; RV, right ventricle; LA, left atrium; RF,
radiofrequency shots; brown arrow: left interatrial septum ablation; green arrows: atrio ventricular nodal ablation-related areas.

Neurocardiogenic syncope ablation. Long term results 1235
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• The most common cause of cardiac arrhythmias

• Pathology of the conduction system – the presence of at least one non-
physiological pathway (AV node, atria, ventricles...) or pathological
anatomy is required

Cardiac arrhythmias – reentry mechanism



Cardiac arrhythmias – reentry mechanism



Atrial flutter AVNRT
Ventricular tachycardia –
ischemic substrate based

Cardiac arrhythmias – reentry mechanism



AVRT

Cardiac arrhythmias – reentry mechanism



• pharmacotherapy – very limited effectiveness

• RF ablation – interruption of the reentry circuit!!!!

Reentry mechanism – treatment




