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KRVNY OBEH

EKG (arytmie, tvary krivky), arterialny TK syst. diast,
stredny, neinvazivny, invazivny.

Monitorovanie hemodynamiky (S-G katéter,
termodilucny): CVP, AP, PA, PCWP, LAP,

CO, SV, LVSW, SVR, PVR, indexy...

Monitorovanie arytmii, Holter, telemetria. Palpacia
pulzu (miesta a kvalita).
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STREDNY ARTERIOVY TLAK
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THE HEART IN DIASTOLE THE HEART IN ATRIAL SYSTOLE

Soni-OHMEDA Firment

PRELOAD The force that stretches the ventricle during diastole
- How far the ventricles stretch will depend on how much blood empties into
them. Thus, preload can also be described as End Diastolic Ventricular
Volume,

- CVP ia an indicator of right ventricular preload. PRELOAD

- PAWP is an indicator of left ventricular preload. = CVP, PAWP



Soni-OHMEDA Firment

AFTERLOAD

The impedance or resistance the ventricles must overcome before

they can contract.

e The opposing pressure is a combination of pressures in the
pulmonary vasculature, aorta, systemic arteries and veins, and
peripheral vessels.

e Afterload is primarily determined by derived haemodynamic
parameters called Pulmonary Vascular Resistance (PVR) and
Systemic Vascular Resistance (SVR)

e PVR refers to right ventricular afterload AFTERI—OAD

e G5VR refers to left ventricular afterload = PVR, SVR



VELOCITY

Peak
Velocity

Stroke Distance Mean
3 4 Acceleration

| i
|
Flow Time

>

TIME



Stroke Volume Variation

A sensitive indicator of preload responsiveness
(on control ventilated patients)
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Hodnotenie odpovede na objem
u septickych pacientov
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Marik et al. Annals of Intensive Care 2011, 1:1




Figure 1 The passive leg-raising test consists of measuring the
hemodynamic effects of a leg elevation up to 45°

Semirecumbent position Passive legraising

A simple way to perform the postural maneuver is o transfer the patient
from the semirecumbent posture to the passive leg-raising position by
using the automatic motion of the bed.  Teboul J-L: AboutSepsis.com




Volume Responsive Algorithm
OWT McGee MD 2005

Volume Responsive SVV>13%

YES NO

Volume Challenge | SVI Normal (40-50) | SVI Low (<40) J SVI High (>50)

Pressor Inotrope Diuretic



Application of Starling’s law of the heart to
identify a fluid responsive patient
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A fluid challenge results in an increase in venous return (straight line).

When plasma volume is low, this increase will be associated with an increase in
stroke volume and hence cardiac output.

The absence of a stroke volume response suggests euvolaemia and fluid challenges
should be discontinued.



Effects of an inspiratory hold maneuver on arterial pressure (Pa),
central venous pressure (Pcv), airway pressure (Pvent) and beat-to-beat
cardiac output (COmf)
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Jansen JRC, Maas JJ, Pinsky MR: Bedside assessment of mean systemic
filling pressure. Current Opinion in Critical Care 2010, 16:231-236



DEFINICIA SOKU

 Komplexny syndrom vyvolany nedostatocnym prekrvenim
nutricného kapilarneho riecCiska tkaniv.

* Vedie k nedostatku kyslika a energetickych zdrojov v tkanivach,
k patologickému metabolizmu a ku kumulacii toxickych
produktov.



NASLEDKY SOKU

* Organy a systémy sa v dosledku poruchy cirkulacie
poskodia spociatku funkcne, neskor aj strukturalne.

e Vzniknu sokové organy (MODS)

— sokové pluca s ARDS,

okové oblicky,

S
— sokové zmeny na sliznici traviacej rury

— Sokové porucha hemokoagulacie (DIC) atd.
 MSOF ... smrt
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Microcirculatory
dysfunction

undersupport Cell dystruction
by imbalance between
O, supply and

O, consumption



Dodavka O,

OXYGEN DELIVERY (D0,)
[CARDIAC QUTPUT (CO) X ARTERIAL OXYGEN CONTENT (Ga0,)]

CARDIAC OQUTPUT (CO) ARTERIAL OXYGEN CONTENT (Ca0,)
[Stroke Volume (SV) x Heart Rate (HR)] [(1.38 x gms Hemoglobin x Sa0,) + (Pa0, x .0031)]
| I | | I |
Sa0 Pa0
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VOLUME RATE

Saturation Tension

PRELOAD ~ AFTERLOAD ~ CONTRACTILITY
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Relationship between oxygen uptake (VO,) and oxygen
delivery (DO,) in cardiogenic, hypovolaemic and septic shock.



The oxygen delivery cascade indicating the potential role of
current and future therapies to optimize oxygen delivery to the
tissues

s and Airway maintenance

e

Trachea

CRAF or Ventilation

e

Alvenlys

Optimization of DO,

e

— YWasodilator and low dose inotropes

Arterial blood /
Future agents?
Microcirculation \ /

Mitochondria

Cuygen delivery cascade

Rampal T, Jhaniji S, Pearse R: Using oxygen delivery targets to optimize resuscitation in critically ill patients. Current Opinion
in Critical Care 2010, 16:244-249



PATOFYZIOLOGICKE DELENIE SOKU

Hypovolemicky

— (dehydratacia, hemoragia)

Distribucny

— (lézia miechy, vysoka spinalna anestézia,
anafylakticky, septicky)

Obstrukcny

— (pldcna embdlia, hydroperikard, PNO, sy DDZ)

Kardiogénny

— (AIM, chlopnové chyby, arytmie)



Arterial hypotension
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Distinguishing features of different
causes of shock

Exam findings ¢o PAWP SVR Sv0, (%) Potential lab findings
Distrbutive ~ Warm limbs, febrile Decreased  Decreased Decreased  >65 Elevated lactate,
positive cultures,
leukocytosis
Cardiogenic  Cool limbs, leg edema, lung Decreased  Increased ncreased <65 Elevated lactote,
crackles bilaterally, jugular elevated troponins, high
venous distension brain nafriurefic profein
Hypovolemic  Cool limbs, dry mucus Decreased  Decreased ncreased <65 Elevated lactate
membranes, flat neck veins
Obstructive ~ Cool limbs, lack of breath sounds,  Decreased  Decreased Increased <65 Elevated lactote
distant heart sounds, jugulor lincreased
venous distension in famponade|

CO, cardiac output; PAWP, pulmonary artery wedge pressure; SvO,, mixed venous oxygen saturation; SVR, systemic vasculor resistance.

Simmons J, Ventetuolo CE: Cardiopulmonary monitoring of shock. Curr Opin Crit Care 2017, 23:000—-000



HYPOTENZIA

Priznaky Soku

pocet pulzov
systolicky TK

Sokovy index =

Vyhodnotenie:
pod 0,5 = normalny nalez
nad 1,0 = vyzaduje okamzity zasah

Pozor! Digitalis, betablokatory, kardiostimulatory...



OLIGURIA

Diuréza < 0,5 ml/kg/hod

Priznaky soku

LABORATORNE PREJAVY

MLAC > 2 (4) mmol/
Scy0, < 65%
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Fig. 1 Acute-phase deaths and in-hospital deaths in infected patients
stratified by initial lactate value. The number of acute-phase deaths
and in-hospital deaths increased significantly and linearly with in-
creasing lactate



Values obtained from the pulmonary artery
catheter in the four major types of shock

Septic shock  Cardiogenic shock  Hypovolaemic shock  Obstructive shock

(ardiac Indlex I |
Pulmonary artery occlusion pressure (PAOP — Normal or Normal or |
Central venous pressure (CVP, Normal or |~ Normal or | |

Systemic vascular resistance (SVR)

Oxygen delivery (Do



DELENIE SOKU PODLA KLINICKYCH
PRICIN

anafylakticky sok (alergia na liek, na jed...)

neurogénny sok = spinalny sok (Iézia miechy, vysoka spinalna
anestézia...)

hemoragicky sok
traumaticky sok
popaleninovy sok

toxicky sok (pankreatitida...)
septicky sok (sepsa...)
kardiogénny sok (AIM...)



UVODNE VSEOBECNE PROTISOKOVE
OPATRENIA

* Kyslik

* Zastavenie krvacania

* Zabezpecenie dychania (UVP?)
* ProtiSokova poloha

* Analgézia, tranquilizacia

* Neutralne teplotné prostredie
* Setrny transport



HYPOVOLEMICKY SOK

Zastavenie krvacania
Autotransfuzna protisokova poloha

Rychly i.v. privod tekutin — krystaloidy, koloidy (HOHO), krv
plazma.

Inhalacia kyslika, resp. UPV.

Zlepsenie perfuzneho tlaku pomocou noradrenalinu
v krystaloidnom roztoku



Rozmiestnené kruzky su hodnoty systolického
krvného tlaku podla palpovatelnosti pulzu
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Deakin CD, Low JL: Accuracy of the advanced trauma life support guidelines for predicting systolic blood pressure using carotid, femoral, and radial

pulses: observational study. BMJ 2000;321:673—4

ATLS (Advanced Trauma Life Support) Teaching Protocol
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Traumatic haemorrhagic (hypovolemic)
shock

.
l - Traumatic haemorrhagic shock |
Hemadynamic management P | ‘Coagulation management
["M.'!!"‘IW | RSN [Cosguiation management
[Fiuid m;ncmuon] Trasisxenio wold ‘
[ A l IV inhmion of g over i h
. |
& | N
Without TBI With TBI (GCS <8) =

| BOS SAP S 90 mmHg | | SAP 2 120 mmMg [ I ]

I | withowrTei with TBI (GCS s8)
i Hb 7.9 g.oL" Hb > 10 g.dL"
| Failure to obtain goals of AP | PT/APTT <1.5 x normal | | PT/APTT < 1.5 x normal
— = | Platelots > 50.40° L' | | Platelots > 100.10° L*

Early administration of ssor | | v L 7 4
y noug ::'OP"' Adenogon{t‘l&-Zgl. , Flbrlnogon;l 29l
Start at 0.1 ug'kg/min T
i —
Titration of fluid resuscitation ‘ Provention of acidosis
Indecos of preinad respantiianess Normothermia
markors of URsUe oXygenanon ‘ lonised Cat+ = 1113 molflg.
Surglcal and/or a raphic embolization

+] ng control

Figure 1 Flowchart of initial management of traumatic hemorrhagic shock [ the acute phase of traumats hamonbagic shock, the
therapeutic prionty 6 1O 5100 the Dleeding. As long as this biseding 65 not controlied, the physcian must mandge Mluid resusOation, Yasopessor,
and blood transfusion to prevent of treat acute cosgulopathy of trauma. AP, artertal pressure SAP, systolic antend pressure: TEL trauma brain
injury; Mb, hernoglobing PT, protheombin time; APTT, activated pantial teomboplastin time
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Fig. 2.18 Cardiovascular changes with progressive
hypovolaemia.



Vascular resistance

Brain
" Heart tone
| | | | | =}
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Sympathetic nerve stimulation
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Fig. 2.6 The effect of sympathetic nervous stimulation on
vascular resistance in various organs.



POSTUPNOST NAHRADZOVANIA
KRVNYCH STRAT (klasicka schéma)
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URCIT ROZSAH KRVACANIA

ZAVA,ZNOST Stupen | Stupen Il Stupen lll | Stupen IV

KRVACANIA
Strata krvi (ml) <750 750-1 500 1 500-2 000 >2 000
Pocet pulzov (/min) <100 >100 >120 >140
Krvny tlak Normalny Normalny Znizeny Znizeny
Plnost’ pulzu Normalna Znizeny Znizeny Znizeny
Fre'zl"rﬁi’;]‘;ia dychania 14-20 20-30 30-40 >40
Diuréza (ml/hod) >30 20-30 5-15 Nepatrna
CNS (mentalny stav) Nepatrna uzkost' | Mierna uzkost | Zmatenost | Malatnost

Odhad pre 70 kg dospelého.




Algoritmus postupu pri

masivnom krvacani pri traume
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ANAFYLAKTICKY SOK

Prerusit privod alergénu (infuzia, blokovat jeho dalsie
vstrebavania - obstrek vpichu hmyzom trimecain c. adren,
chladenie miesta alergénu...)

Zlepsenie perfuzneho tlaku pomocou Inhalacia kyslika, resp.
UPV.

Autotransfuzna poloha

Rychly i.v. privod tekutin - krystaloidy

Adrenalin titracne 0,5 mg i.m. (intenzivisti 1,0 mg i.v. v infuzii)
Glukokortikoid (Hydrocortison) 200-300 mg i.v.
Antihistaminika, calcium...






KARDIOGENNY SOK

* |nhalacia kyslika, resp. UPV

* Analgézia (Fentanyl, Morfin)

e MgSO, 20% 10 ml, Cardilan 20 ml,
e Skora podpora dychania

e Kombinacia vazoaktivnych latok (nitroglycerin +
dobutamin, NA)

e Trombolyza event. PCI
e |ntraaortalna kontrapulzacia (IABP)



A = One complete
cardiac cycle

B = Unassisted aortic end-
diastolic pressure

C = Unassisted
systolic pressure

D = Diastolic
augmentation

E = Reduced aortic end-
diastolic pressure

F = Reduced
systolic pressure

........... Inflation T ..
At the onset of diastole, IAB inflation
occurs, giving rise to sharp ‘V' on -
arterial waveform. =
Effect: = 0000 AR Deflation

—Increased coronary perfusion Occurs at end of diastole before systole

resulting in reduction of aortic end-
diastolic and systolic pressures.

Effects:

—Decreased afterload

—Decreased cardiac work

—Decreased myocardial oxygen
consumption

—Increased cardiac output

—R-wave deflation may provide
more effective support for patients
experiencing arrhythmias

Continuing Education in Anaesthesia, Critical Care & Pain | Volume 9 Number 1 2009, 24-28



Priklad obstrukcného stavu
Sy DDZ v porodnictve

https://www.google.sk/search?biw=1366&bih=607&tbm=isch&sa=1&ei=_ou-Wpn0BYfPWQLG6pygBg&q=pregnancy+caval+vein&oqg=pregnancy+caval+vein&gs
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Hypotéza: EFEVO akO gTARTE'R
multiorganového zlyhania

VyVO|avaju(;a Neuroendokrlnna odpoved’

: ¢ Prietoku krvi
pricina splanchnikom

\

Ischémia Creva
|

Reperfuzia
y, T PLA,
M S O I: Systémové T PAF
T VPlyVY PMN - piacia
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Temperature (°C)
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Respiratory Rate
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Serum HCO3-{mmaol/L)

il

Serum Potassium (mmaolilL)
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Ht (%)
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Age
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[fFIO2 ==0,5; (A-a) 02
(Help)

Mean Arterial Pressure (mmHg)

Heart Rate
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If FIO2 < 0,5 Pa02

If FIO2 <0,5: Pa02
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Arterial pH
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Serum Creatinine
With Acute Renal Failure
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Serum Creatinine

Without Acute Renal Failure
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W.B.C (x10% mm3)
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Apache ll
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Glasgow Coma Score
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Chronic Organ Insufficiency

(Help) immuno-compromised
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SYNDROM MULTIORGANOVE!
DYSFUNKCIE (ZLYHANIA)
MODS — MSOF (kerr, pcass)

Organ — systém
Pltica
Oblicky
Kardiovask. systém
CNS
Perif. NS
Koagulacny systém
Gastrointest. trakt
Pecen
Nadoblicky
10. Kostrové svalstvo

o B G on em By L

Klin. syndrom
ARDS
Akut. tubul. nekroza
Hyperdyn. hypotenzia
Metab. encefalopatia
Polyneuropatia
DIK
Gastroparéza, ileus
Neinfekcna hepatitis
Akutna insuf. nadobl.
10. Rabdomyolyza

O



