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2 basic types:   

Nervous regulation 

Humoral regulation  
Feedback control  -   negative 

                                 -    positive  

 

   autoregulation – local regulation – system regulation    



Feedback regulation 
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Main function: 

 

•  keep relatively constantaneous arterial blood 
pressure  

• Keep perfusion of tissues 

  



 

• Tone of the vessels = basic tension of the 
smooth muscle inside of the wall 

              (vasoconstriction   x   vasodilatation) 

 

• Regulation - local autoregulation 

                        - system regulation 



 

Autoregulation – the capacity of tissues to 
regulate their own blood flow 

Myogenic theory – Bayliss phenomenon (as the 
pressure rises, the blood vessels are distended 
and the vascular smooth muscle  fibres that 
surround the vessels contract; the wall tension  
is proportional to the distending pressure times 
the radius of the vessels – law of Laplace: 

 T=P  x  r) 

 





 

• Metabolic theory – vasodilator substances tend to 
accumulate in active tissue, and these metabolites 
also contribute to autoregulation  

– ending products of energetic metabolism – CO2, lactate 
acid, K+  

– effect of hypoxia (circulation: vasodilatation  x pulmonary circulation: 

vasoconstriction) 

– Adenosin – coronary circulation: vasodilatation 
 



 

• by substances which releasing from: 

–  endothelium 

–  tissues 



 

Substances secreted by the ENDOTHELIUM 

Vasodilatation: 

Nitric oxide (NO) from endothelial cells 

(originally called: EDRF) 

 

Prostacyclin is produced by endothelial cells 

 

Vazoconstriction: 

 Endothelins (polypeptids – 21peptides) 

    three isopeptides: ET 1, ET 2 , ET 3 



Substances secreted by the tissues: 

Histamine – primarily tissue hormones. 

General affect: vasodilatation  - decrease periphery resistence, blood pressure 

 

KININS:  2 related vasodilated peptides 

Bradykinin + lysylbradykinin (kallidin).  

Sweat glands, salivary glands 

10x strongers than histamine 

Relaxation of smooth muscle, decrease blood pressure 

 



 

 

By hormones 

Catecholamines – epinephrine, norepinephrine  
- effect as activation of sympathetic system  

RAAS - stress situation 

ADH - general vasoconstriction 

Natriuretic hormones - vasodilatation 



 

Autonomic nervous system 

Sympathetic: vasoconstriction 
All blood vessels except capillaries and venules contain 
smooth muscle  and receive motor nerve fibers from 
sympathetic division of ANS (noradrenergic fibers) 

- Regulation of tissue blood flow 

- Regulation of blood pressure 

Parasympathetic part: vasodilatation 

Only sacral parasympathetic cholinergic fibres (Ach) 
inervated arteriols from external sex organs 

 



Sympathetic 
nervous system 
 

Fight or flight 
response 

 
Energy/store 
consumption 

 
 

Preganglionic 
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– Spinal cord   
-Thoraco - lumbar 

system 
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Prevertebral 
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Mostly diffuse 
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Parasympathetic 
nervous system 

 
Rest and digest 

response 
 

Energy 
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– Brain stem and spinal 

cord 
– cranio-sacral system 
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Mediators of somatic and autonomic 
nervous system 
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Acetylcholine 
Preganglionic fibers 
• Sympathetic 

• Parasympathetic 

 Nicotinic receptor 
– Ligand-gated ion channels 

– Na+, K+, Ca2+ 

– Neuronal (NN) and muscle (NM) type 

– Excitatory 

Postganglionic fibers 

• Parasympathetic 

 Muscarinic receptor 
– G-coupled 

– Excitatory 

• M1, M3, M5 

– Inhibitory 

• M2, M4 

http://www.mdpi.com/marinedrugs/marinedrugs-12-
02970/article_deploy/html/images/marinedrugs-12-02970-g013-
1024.png 

https://s-media-cache-
ak0.pinimg.com/originals/ea/6c/3e/ea6c3e44afe638dca65fb4a3014bc095.jpg 



Norepinephrine 
• Dřeň nadledvin 

– Modifikované sympatické ganglion 

– „Transmitery“ (stresové hormony) 
vylučuje do krve 

• Noradrenalin 

• Adrenalin 
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• Adrenal medulla 
– Modified sympathetic ganglion 

– „Transmitters“ (stress hormones) 

   secreted into the blood stream 

• Norepinephrine 

• Epinephrine 
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• Postganglionic sympathetic fibers 

• Adrenergic receptor 
– G-coupled 

– α  type– generally excitatory (contraction) 

–   type – generally inhibitory (relaxation)                
with an exception of !!! heart !!! 

 



Norepinephrine 
• Dřeň nadledvin 

– Modifikované sympatické ganglion 
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• Adrenal medulla 
– Modified sympathetic ganglion 

– „Transmitters“ (stress hormones) 

   secreted into the blood stream 

• Norepinephrine 

• Epinephrine 
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• Postganglionic sympathetic fibers 

• Adrenergic receptor 
– G-coupled 

– α  type– generally excitatory (contraction) 

–   type – generally inhibitory (relaxation)                
with an exception of !!! heart !!! 
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The regulation of the heart: 
– Rami cardiaci n. vagi 

Cardiac decelerator center  - medula oblongata 
(ncl.dorsalis, ncl. ambiguus) – parasympathetic 
fibres of nervus vagus 
 :  vagal tone (tonic vagal discharge) 
 
Negative chronotropic effect (on heart rate) 
Negative inotropic effect (on contractility) 
Negative dromotropic effect (on conductive tissue) 

 



 

The regulation of the heart: 
–   nn. cardiaci  

Cardiac accelerator center – spinal cord, 
sympathetic ganglia – sympathetic NS 

 

Positive chronotropic effect (on heart rate) 

Positive inotropic effect (on contractility) 

Positive dromotropic effect (on conductive tissue) 

  

 



 

Vasomotor centre (regulation for function of vessels) 

Medula oblongata 

 presoric area (rostral and lateral part –
vasoconstriction – increase blood pressure 

 

depresoric area (medio-caudalis part – 
vasodilatation, decrease of blood pressure) 

 



 

 

 

• Influence by central nervous system  

–  cerebral cortex 

–  limbic cortex 

–  hypothalamus 



Regulation of blood pressure 

Short - term regulation 
   -  baroreflex 
 
Middle - term regulation 
  -  humorals regulation 
• sympathetic - catecholamines 
• RAAS (decrease perfusion pressure in kidney – secretion of renin)  
• ADH 
 

Long – term regulation 
  -  kidney regulation  



Short term regulation 
 BAROREFLEX 





NoninvasiveNoninvasive  continuouslycontinuously    
beatbeat--toto--beatbeat measurementmeasurement  
ofof  fingerfinger  arterialarterial  pressurepressure  

• Prof. Jan Peňáz, MD, PhD 

 

• Teacher and researcher on the Department of 
Physiology, Masaryk university, Brno 

 

• Patent 1969 





Finapres (Ohmeda, USA)Finapres (Ohmeda, USA)  



Finometr (FMS, Nizozemí) 



• We need than pressure in the cuff corresponded to 
the pressure of the digital artery 

• Method: photopletysmography 
• Recorded photoelectric plethysmogram 

• The new term: Transmural pressure – Pt (the pressure 

across the wall of the artery) 

• BP, Pc (pressure in cuff), Pt 

• We estimated: BP=Pc - - - Pt=0 - - - photoplethysmogram 

registered the highest amplitude of oscilation --- we measure the MAP 

• Step by step increase of Pc, in the moment of the 
highest amplitude – feed-back loop started for 
obtained(keeping) the constant volume of the finger 



RecordsRecords  ofof  circulatorycirculatory  parametersparameters  



Variability of circulatory parameters 

• Heart rate 

• Blood pressures – systolic and diastolic  

 

 

• variability expresses its fluctuation around the 
average value at certain time intervals (or in 
various conditions) 



Heart Rate Variability  (HRV) 

• Informs us about the activity of the vagus nerve 
(tonic activity of n.vagus = vagal tone) 

• Time analysis: 

• from Holter monitoring ECG or 5 - 30min records 
ECG 

• It is basically a statistical evaluation +/-standard 
deviation 

• Disables intervals differing by more than 20% from the average, 
thus further processed only normal (NN) intervals and evaluated by 
the standard deviation of all NN sequence for 24h 



• Spectral analysis: 

• Carried out under standard conditions at various 
maneuvers (supine, standing); evaluated with 300 
representative intervals RR / NN / 

• Another mathematical processing (Fourier 
transform) -length RR intervals are converted to 
cycles in Hz 

• The spectrum is divided into several components 
- low (LF: the sympathetic modulation) and high 
frequency (HF: vagal modulation) 

•  People with reduced heart rate variability have a 
5 times higher risk of death 





parasympathicusparasympathicus  



 



CIRCULATORY FAILURECIRCULATORY FAILURE  

• The main function  of circulation is keep  a 
good organ and tissue perfusion  

   

                BP = CO  x TPRBP = CO  x TPR  
Circulatory failure is a generalized inadequate  blood flow in the body that causes tissue damage due to 

reduced blood flow - reduced transport of oxygen (and other nutritional factors). The cardiovascular 
system itself (cardiac muscle, vascular walls, vasomotor system, and other parts of circulation) worsens 
when coming „circulatory shock“  



CIRCULATORY FAILURECIRCULATORY FAILURE  

                BPBP  = = COCO    x TPRx TPR  

CO CO decreasedecrease::  
 lowerlower  volumevolume  in in circulationcirculation  ––  lowerlower  venousvenous  returnreturn  

decreasedecrease  ofof  fillingfilling  pressurepressure  and by Frankand by Frank--  StarlingStarling  
principleprinciple  decreasedecrease  ofof  COCO  

ClinicalClinical: : e.ge.g. . hemorrhagichemorrhagic  shockshock, , hypovolemichypovolemic  shockshock  

TherapyTherapy: : infusioninfusion  ((e.ge.g. . ofof  physiologicalphysiological  solutionsolution))  



CIRCULATORY FAILURECIRCULATORY FAILURE  

                BPBP  = = COCO    x TPRx TPR  

CO CO decreasedecrease::  
 vasodilatationvasodilatation  ofof  venousvenous  systemsystem  --  suddensudden  peripheryperiphery  

vasodilatationvasodilatation  ––  e.ge.g. . suddensudden  lossloss  ofof  vasomotorvasomotor  tone : tone : 
vasomotorvasomotor  syncopesyncope  ((neurogenicneurogenic  shockshock--brain brain damagedamage, , deepdeep  
anesthesiaanesthesia))  

 emotionalemotional  activationactivation  ofof  parasympatheticparasympathetic  signalssignals  to to slowslow  thethe  
heartheart  and and alsoalso  activationactivation  ofof  inverse inverse sympatheticsympathetic  signalssignals  to to 
dilatedilate  thethe  peripheralperipheral  vasculaturevasculature  : : vasovagalvasovagal  syncopesyncope  
((emotionalemotional  disturbancedisturbance--faintingfainting  in in youngyoung  peoplepeople))  



CIRCULATORY FAILURECIRCULATORY FAILURE  

                BPBP  = = COCO    x TPRx TPR  

CO CO decreasedecrease::  
lowerlower  pumpingpumping  functionfunction  ofof  thethe  heartheart  
e.ge.g. . myocardialmyocardial  infarctioninfarction,, severe dysfunction of the heart 

valves, cardiac arrhythmias  

ResultesResultes: : cardiogeniccardiogenic  shockshock  
= circulatory shock, which results from the weakened ability of the heart as a pump; 

(85% of people who develop a cardiogenic shock will not survive)  



CIRCULATORY FAILURECIRCULATORY FAILURE  

                BPBP  = = COCO    x x TPRTPR  
TPR TPR decreasedecrease::  
 toxictoxic  vasodilatationvasodilatation  (by histamin(by histamin--allergyallergy) ) ––  

anaphylacticanaphylactic  shockshock  ((e.ge.g. . beebee  stingsting, , waspwasp  stingsting))  

DysbalanceDysbalance  ofof  autonomy autonomy nervousnervous  systemsystem  ––  
sympatheticsympathetic  part part ––  decreasedecrease    ofof  sympatheticsympathetic  tone tone ofof  
vesselsvessels  



NYHA classification 


