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Plyny — znaceni ISO

02 - bily
o frakcni destilace stlaceného = kapalneho vzuchu.
o (N2 vie diive nez O2)

N20 - modry
o tlak 5 MPa

Vzduch bilo/Cerny
CO2 - Sedy




Anesteziologicky pristroj

umoznuje ventilovat definovanou smeési plynu
bezpeCnostnimi prvky brani podani hypoxické smési

casti:

1.High pressure system

2.Low pressure system - smes plynu, inhala¢ni
anestetikum

3.Breathing circuit - vdech, vydech Cast

4 Ventilation systems (manual and mechanical)

5.Scavenging system - odtah anest.plynu




Casti anest. pFistroje
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Vysokotlaka cast

Z.droj stlacencho plynu

o tlakove lahve

 centralni rozvod plynu

o alarm nizk¢ho tlaku O2

« bezpeCnostni chlopen pO2 > pN20
« redukc¢ni ventil

e Manometr




Nizkotlaka cast

« prutokoméry =
flowmetr O2, AIR NZO
« odparovac B
e bypass
fizeni prutoku s
a koncentrace

02 a N20 -
sprazeny
min. 102 25%

(168 PSIG)



Prutoky anest. plynu

o diive :
o low flow pod 1 I/m
« minimal flow pod 0,51/

e uUzavieny system

» mandatorni miminalni prutok - 200ml/min O2 -
minimalni pfikon O2 po zapnuti anest. pristroje




Odparovace

oviadaé

ventil fizeny
oviadatem

pfivod smési plynu

ventil fizeny
méchem

Control knob
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sensitive unit




Vsechno je jinak ... Desfluran

CONTROL DIAL

PATIENT




Dychaci okruh

chlopen vdechova
manometr

hadice

Y spojka

chlopen vydechova
volumetr

« pohlcovac CO2

« prepadovy ventil

umozni znovu vdechovat plyn zbaveny CO2 — low

b




chlopen vdechova

]I smeér




manometr

o tlak v dychacich cestach
0..20 ... (40) cm H20

béhem ventilace oblicejovou maskou ,,neprekrocit*
Esophageal Opening Pressure 20cm H20



Y spojka, filtr, prodluzovaci hadice







pohlcovac CO2

NeutralizaCni reakce:
C0y +Hy0 - HyCO3
HyCO3 + 2 NaOH — NapCO3 + 2 Hy0 + tey

NayC03 + Ca(OH) 7 —» CaC03 + 2 NaOH + te




hadice




prepadovy ventil

adjustable Pressure Limiting (APL) valve

pln¢ otevien = 0,5 cm H20
uzavren 60 .. 80 cm H20

Disc with
stem

Knife edge

FGF —  Patient




Dychaci okruh

FRESH GAS

INSPIRATION




Manometr

o tlak v manzeté€ tr.rourky/TS kanyly
20 - 30 cm H20

o tlak v manzeté LM
do 40 cm H20

co neymene, aby nebyl unik
(overeno poslechem krku)




y v

Ventilacni cast

 ventilator
(objemov¢ rizena ventilace, (PCV)

Vt 6 ml/kg, £ dle CO2, PEEP 5, 1102 25..100
o mManualn¢ - vak



Odtah anest. plynu

» prebytecne plyny mimo sal
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Monitorace pacienta

monere, "to warn"
systematicky kontrolovat

..pouzitim smyslu a elektronickych zafizeni
opakované nebo kontinualné mérit promeénne
anestezovancho pacienta.




Which circle |5 larger?

Which line is longe
) Elsevier Science 2005

Figure 30-1 Optical illusions. We perceive the circles to be different sizes because we infer the size by relative dimensions. The closeness of the smaller circles makes
the inner circle appear smaller, and vice versa. The lines appear to be different sizes because we use straight-line perspective to estimate size and distance. This illusion
reportedly does not work in cultures where straight lines are not used. Therefore, our internal perceptions lead us to err in estimating size and length. In the same way,
the internal programming of our monitors can lead us to misinterpret results.




Monitorace

1) trvala anesteziologa/sestry
Sledovat + hodnotit kontinualné
« Alrway + Breathing

B prichodné d.cesty
B kvalita dychani, slySitelné fenomeny, poslech

« Circulation
B kvalita a frekvence pulsu, prokrveni, barva sliznic

« hloubka anestezie ~ védomi
B zornice, poceni, pohyb kk.

Cil: predejit problému




>>>> Alarm <<<<

<77 co snim ?7>
B viimnout si
B interpretovat = vyhodnotit
B recagovat = néco zmeénit
e vypnout alarm?
o upravit hranice alarmu?



Fonendoskop

+ pI1 anestezil okamzité dostupny.

« ventilaCni problém
(bronchospasmus, laryngospasmus pri LM)

- Sp0O2, EtCO2 a EKG detekuji problem snadnéji
nez kontinualni poslech.

Monitorace ob¢hu fonendoskopem — jen neni-li
dostupna elektronicka monitorace.




EKG

« srdec¢ni frekvence R Wave peak
o rytmus
o extrasystoly
e ST zmeény o | o
- 1schemie 3—# LA A N
o SV‘—‘—/J STvalue

ST
measLreEment
point
default =
+ 108 msec

Isoelectric
point
default =
-80msec

Fig - 4 - Adjustable reference points for automated ST segment analysis
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sinusovy rytmus

Al

Obr. 2a: Sinusovd tachykardie
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Obr. 2e: Supraventrikuldrns tachykardie
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Obr 2f: Flutier sini



komorovy rytmus
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Obr 2h: Repetitivni
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elektrostimulace

spike, komplex
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EKG ... tepova frekvence

e 45/min nebo 150/min nebo ??

ann_et al_BioMedical Enaineering Online 2005 4:60 doi1:10.1186/14./5-925X-4-60



EKG — komplikace monitorace

o clektricke ruseni jinymi pristroji (paleni)
» privodna snura ktizi EKG kabel

 kabel jako anténa (smycka)

o defibrilacni vyboj (norma povoluje 10s)




Gdition
Princip mereni NIBP

Figure 32-2 Effect of cuff size on manual blood pressure measurement. An inappropriately small blood pressure cuff yields erroneously high values for blood pressure
because the pressure within the cuff is incompletely transmitted to the underlying artery.
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Figure 32-3 Comparison of blood pressure measurements by Korotkoff sounds and oscillometry. Oscillometric systolic blood pressure is recorded at the point where cuff

pressure oscillations begin to increase, mean pressure corresponds to the point of maximal oscillations, and diastolic pressure is measured when the oscillations become

attenuated. Note the correspondence between these measurements and the Korotkoff sounds that determine auscultatory systolic and diastolic pressure. (Redrawn from
Geddes LA: Cardiovascular Devices and Their Applications. New York John Wiley, 1984, Fig 34-2. Reprinted by permission of John Wiley & Sons, Inc.)




NIBP

komplikace : « Nesnadne méreni
» bolest o ties, pohyl?. aktivita.
. « bradykardie < 40/min
m Petechie . obezita
m Otok koncetiny S0k - vazokonstr.

m Venous stasis,
thrombophlebitis

m Peripheral neuropathy

m Compartment
syndrome




IBP, kanylace arterie

m kontinualné, real-time

m oCekavam ovlivnéni ob¢hu farmaky /
mechanicky

m opakovane odbéry krve
m sclhani NIBP
m pridatna informace z pulzove kiivky

Pulse Pressure Variation




Elsevier Science 2005

Figure 32-4 Percutaneous radial artery cannulation. A, The wrist is positioned and the artery identified by palpation. B, The catheter-over-needle assembly is introduced
through the skin and advanced toward the artery. C, Entry of the needle tip into the artery is identified by the flash of arterial blood in the needle hub reservoir. D, The
needle-catheter assembly is advanced at a lower angle to ensure entry of the catheter tip into the vessel. E, If blood flow continues into the needle reservoir, the catheter
is advanced gently over the needle into the artery. F, The catheter is attached to pressure monitoring tubing while maintaining proximal occlusive pressure on the artery.




Meéreni invazivniho tlaku

a. radialis / a. femoralis / a. brachialis
arterie — hadicka — komurka — pretlakova manzeta
s infuzi (trvaly proplach kanyly ml/h)
 kapalina je neztlacitelna X vzduch
 srazenina / zalomeni zvysSuje
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IAlarm!! Low BP

i Elsevier Science 2005

Figure 32-1 Digital heart rate (HR) displays may fail to warn of dangerous bradyarrhythmias. Direct observation of the electrocardiogram (ECG) and the arterial blood
pressure traces reveals complete heart block and a 4-second period of asystole, whereas the digital display reports an HR of 49 beats/min. Note that the ECG filter
(arrow) corrects the baseline drift so that the trace remains on the recording screen. (From Mark JB: Atlas of Cardiovascular Monitoring. New York, Churchill Livingstone,
1998, Fig. 13-2.)




srdecni akce: 49/minutu,
EKG: AV blokada Il

i Elsevier Science 2005
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Figure 36-1 Oxygen transport cascade. A schematic view of the steps in oxygen transport from the atmosphere to the site of utilization in the mitochondrion is shown
here. Approximate Po2 values are shown for each step in the cascade, and factors determining those partial pressures are shown within the square brackets. There is a
distribution of tissue Po2 values depending on local capillary blood flow, tissue oxygen consumption, and diffusion distances. Mitochondrial Po2 values are depicted as a

range because reported levels vary widely. (Adapted from Nunn JF: Nunn's Applied Respiratory Physiology, 4th ed. Boston, Butterworth-Heinemann, 1993.)




Oxygenace tkani

» monitorace O2 ve vdechovaném plynu
e SpO2 =saturace

o Arterialni krevni plyny = ,,Astrup‘ - analyza krve
B nizky srdecni vydej pii dobré oxygenacni fci plic



Saturace, Sp02, ,,pulzak*

systéemova arterialni saturace hemoglobinu kyslikem
ur¢ena pomoci pletyzmograficke pulzni oxymetrie

mista meéreni:
o prst
o usSni lalucek
o nosni kfidlo
o Ict




0)00/s mereni cervenou, infrac. a
,pozadi“ - svetlo na sale

« Odlisit pulzujici = arterialni

o« nepulzujici = ..... absorbci svétla
Absorption due to pulsatile
arterial blood
Absorption due to nonpulsatile
arterial blood

Absorption due to venous
and capillary blood

Absorption due to hssue

Time

) Elsevier Science 2005

Figure 36-10 Principle of pulse oximetry. Light passing through tissue containing blood is absorbed by tissue and by arterial, capillary, and venous blood. Usually, only the arterial blood is
pulsatile. Light absorption may therefore be split into a pulsatile component (AC) and a constant or nonpulsatile component (DC). Hemoglobin O2 saturation may be obtained by
application of Equation 19 in the text. (Data from Tremper KK, Barker SJ: Pulse oximetry. Anesthesiology 70:98, 1989.)




GOdition
! vinové délky, 2absorbce
pro Hb a HbO2

AC66O / DC660
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920 960 1000

Figure 30-34 Hemoglobin extinction curves. Pulse oximetry uses the wavelengths of 660 and 940 nm because they are available in solid-state emitters (not all wavelengths are able to be
emitted from diodes). Unfortunately, HbCO and HbO2 absorb equally at 660 nm. Therefore, HbCO and HbO2 both read as Sao2 to a conventional pulse oximeter. In addition, Hbmet and
reduced Hb share absorption at 660 nm and interfere with correct Sao2 measurement. (Courtesy of Susan Manson, Biox/Ohmeda, Boulder, Colorado, 1986.)



Sp02 — HbO2 - 02 ve tkani

« 0od SpO2 90% nize klesa hodnota rychleji
o Pa0O2 klesa konstantnée

nepresnost 5%
nehraje pro Zivot roli
Il pokles !!

parcidlni tlak kysliku v krvi [mml Ig]

Obr. 46: Disociacni kfivka hemog obinu
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Figure 36-11 Effect of pulse oximeter probe replacement on delay from onset of hypoxemia to a drop in the measured Spo2. During cold-induced peripheral vasoconstriction in normal
Med 29:A115, 2002.)

volunteers, the onset of hypoxemia was detected more quickly using an oximeter probe on the forehead compared with the finger. Other studies have shown a similar advantage for pulse
oximeter probes placed on the ear. (From Bebout DE, Mannheimer PD, Wun C-C: Site-dependent differences in the time to detect changes in saturation during low perfusion. Crit Care



Monitorace ventila

o PV, flow;
o PV krivka
o Analyza plynu

B 02,
B EtCO2 — kapnometrie, kapnograf
B N20, [%] volatilni anestetika
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Figure 36-24 Flow (ordinate) versus volume (abscissa). A, Closed-chest positive-pressure ventilation under general anesthesia in a patient with severe airways obstruction and
hyperinflation before surgery to reduce lung volume. The flow-volume curve shows inspiratory (negative) and expiratory (positive) flow on the ordinate, plotted clockwise from zero volume
on the abscissa. Expiratory flow started with a sharp upward peak and then fell immediately to a low flow rate with convexity toward the volume axis, suggesting expiratory flow limitation.
expiratory flow rate was so low that inflation of the next positive-pressure breath was initiated before expiratory flow reached zero. Because expiratory flow continued up to this point, there
must have been intrinsic positive end-expiratory pressure (PEEPI). B, A similar closed-check flow-volume curve after lung resection shows that the characteristic pattern of expiratory flow

limitation has disappeared and that expiratory flow rate fell to zero before inflation started for the next breath (i.e., no suggestion of PEEPI). (Adapted from Dueck R: Assessment and
monitoring of flow limitation and other parameters from flow/volume loops. J Clin Monit Comput 16:425, 2000.)
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Figure 57-1 Change in total respiratory compliance during pneumoperitoneum for laparoscopic cholecystectomy. The intra-abdominal pressure was 14 mm Hg, and the head-up tilt was 10
degrees. The airway pressure (Paw) versus volume (V) curves and data were obtained from the screen of a Datex Ultima monitoring device. Curves are generated for before insufflation
(A) and 30 minutes after insufflation (B). Values are given for tidal volume (TV, in mL); peak airway pressure (Ppeak, in cm H20); plateau airway pressure (Pplat, in cm H20); total
respiratory compliance (C, in mL/cm H20); and end-tidal carbon dioxide tension (PetCO2, in mm Hg).




Monitorace dychane smesi

Main-stream Side-
stream
jen CO2, méng presne zpozdéni

IR source
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Monitorace dychané smesi

Main-stream Side-
stream




02 je paramagneticky
(side stream monitor

M
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Figure 36-13 Paramagnetic oxygen analyzer. Two sealed spheres filled with nitrogen are suspended in a magnetic field. Nitrogen (N2) is slightly diamagnetic, and the resting position of
the beam is such that the spheres are displaced away from the strongest portion of the field. If the surrounding gas contains oxygen, the spheres are pushed further out of the field by the
relatively paramagnetic oxygen. The magnitude of the torque is related to the paramagnetism of the gas mixture and is proportional to the partial pressure of oxygen (Po2). Movement of
the dumbbell is detected by photocells, and a feedback current is applied to the coil encircling the spheres, returning the dumbbell to the zero position. The restoring current and output
voltage are proportional to the Po2. (Courtesy of Servomex Co., Norwood, MA.)




Kapnometr, kapnograf

CO; absorbs Infra red light at 4.3 pm

IR Detector
| R Filter

Focussing lens Sample Focussing lens
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 Infra-red Spectrography — pohlceni zareni




CO; absorbs Infra red light at 4.3 pm

@ co2 Molecules
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CO2 emituje IR zareni
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Figure 36-18 Examples of capnograph waves. A, Normal spontaneous breathing. B, Normal mechanical ventilation. C, Prolonged exhalation during spontaneous breathing. As CO2
diffuses from the mixed venous blood into the alveoli, its concentration progressively rises (see Fig. 36-19). D, Increased slope of phase Ill in a mechanically ventilated patient with
emphysema. E, Added dead space during spontaneous ventilation. F, Dual plateau (i.e. tails-up pattern) caused by a leak in the sample line.325 The alveolar plateau is artifactually low
because of dilution of exhaled gas with air leaking inward. During each mechanical breath, the leak is reduced because of higher pressure within the airway and tubing, explaining the rise
in the CO2 concentration at the end of the alveolar plateau. This pattern is not seen during spontaneous ventilation because the required increase in airway pressure is absent. G,
Exhausted CO2 absorbent produces an inhaled CO2 concentration greater than zero. H, Double peak for a patient with a single lung transplant. The first peak represents CO2 from the
transplanted (normal) lung. CO2 exhalation from the remaining (obstructed) lung is delayed, producing the second peak. I, Inspiratory valve stuck open during spontaneous breathing.
Some backflow into the inspired limb of the circuit causes a rise in the level of inspired CO2. J, Inspiratory valve stuck open during mechanical ventilation. The "slurred" downslope during

inspiration represents a small amount of inspired CO2 in the inspired limb of the circuit. K and L, Expiratory valve stuck open during spontaneous breathing or mechanical ventilation.

Inhalation of exhaled gas causes an increase in inspired CO2. M, Cardiogenic oscillations, when seen, usually occur with sidestream capnographs for spontaneously breathing patients at

the end of each exhalation. Cardiac action causes to-and-fro movement of the interface between exhaled and fresh gas. The CO2 concentration in gas entering the sampling line therefore

alternates between high and low values. N, Electrical noise resulting from a malfunctioning component. The seemingly random nature of the signal perturbations (about three per second)
implies a nonbiologic cause.

Downloaded from: Miller's Anesthesia (on 19 March 2009 11:18 PM)
© 2007 Elsevier
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Figure 36-19 Mechanisms of airways obstruction producing an upsloping phase Il capnogram. In a normal, healthy person (upper panel), there is a narrow range of [Vdot]a/[Qdot] ratios
with values close to 1. Gas exchange units therefore have similar Pco2 and tend to empty synchronously, and the expired Pco2 remains relatively constant. During the course of
exhalation, the alveolar Pco2 slowly rises as CO2 continuously diffuses from the blood. This causes a slight increase in Pco2 toward the end of expiration, and this increase can be
pronounced if the exhalation is prolonged (see Fig. 36-18C). In a patient with diffuse airways obstruction (lower panel), the airway pathology is heterogeneous, with gas exchange units
having a wide range of [Vdot]a/[Qdot] ratios. Well-ventilated gas exchange units, with gas containing a lower Pco2, empty first; poorly ventilated units, with a higher Pco2, empty last. In
addition to the continuous rise in Pco2 mentioned previously, there is a progressive increase caused by asynchronous exhalation.




CO2 pri kapnoperitoneu

i5 20 25 30 35
Min after insufflation

C) Elsevier Science 2005

rigure 572 VENtilatory changes (pH, Paco2, and PetCO2) during CO2 pneumoperitoneum tor iaparoscopic

cholecystectomy. For 13 American Society of Anesthesiologists (ASA) class | and Il patients, minute ventilation was kept constant at 100 mL/kg/min with a respiratory rate of 12 per minute
during the study. Intra-abdominal pressure was 14 mm Hg. Data are given as the mean &#177; SEM.*, P .05 compared with time 0.
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Figure 36-20 The effeCt OfNaHCO3- administration on end-tidal Pco2. A continuous tracing of end-tidal Pco2 is shown as a function of time. Intravenous administration of
50 mEq followed by 30 mEq of NaHCO3 results in an abrupt increase in expired CO2 because of neutralization of bicarbonate by hydrogen ions.




Kapnograf

Nahly pokles na 0:

« zaklemovana, zalomena trach.rourka
« porucha kapnografu

Postupny pokles:
 CasteCna obstrukce
« hyperventilace

« pokles metabolismu
« pokles perfuze plic

Nuloveé etCO2
o _intubace do jicnu




Monitorace telesné teploty

« u vykonu delSich 60 minut
o aktivni ohfivani — podlozkou, proudénim teplcho
vzduchu



redistribuce tepla
periferni vazodilatace

snizena tvorba tepla a
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Figure 40-7 Hypothermia during general anesthesia develops with a characteristic pattern. An initial rapid
decrease in core temperature results from a core-to-peripheral redistribution of body heat. This redistribution is followed by a
slow, linear reduction in core temperature that results simply from heat loss exceeding heat production. Finally, core
temperature stabilizes and subsequently remains virtually unchanged. This plateau phase may be a passive thermal steady

state or might result when sufficient hypothermia triggers thermoregulatory vasoconstriction. Results are presented as means
&#177; SD.
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15 minutes po EPI anestezii pokles teploty jadra, vzestup pocitu tepelné pohody (visual analog scale -VAS). Interestingly,
however, maximal thermal comfort coincided with the minimum core temperature. Tympanalné méfena teplota. (Redrawn with
modification from Sessler DI, Ponte J: Shivering during epidural anesthesia. Anesthesiology 72:816-821, 1990.)




Monitorace nervosvalove
blokady

m single-twitch

m train-of-four (TOF)

m tetanic, post-tetanic count (PTC)
m double-burst stimulation (DBS)
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Figure 39-2 Pattern of electrical stimulation and evoked muscle
responses to TOF nerve stimulation before and after injection of

nondepolarizing (Non-dep) and depolarizing (Dep) neuromuscular
blocking drugs (arrows).




Sledovaneé parametry anest.
pristroje

« hmotnost palice
o tloust’ka a pocCet polstaru




Sledovaneé parametry anest.
pristroje =

- 1
gl m

o tlaky v Centrdlnim rozvodu / tlak. lahvich
» funkce ventilatoru (vlnovec se vraci az nahoru)




Bdelost pri CA

« Bd¢lost je pooperacni vzpominka na udalosti
béhem celkove anestezie

e 0,1 —0,2% operované populace (1:800)
B mimotélni obéh
B cisarsky fez
B trauma

reportuji:
B pocit svalové relaxace, nemoznost pohybu
B konverzace
B strach, bolest, bezmoc




Bispectral index monitoring to prevent awareness during
anaesthesia: the B-Aware randomised controlled trial

P S Myles, K Leslie, ] McNeil, A Forbes, M T V Chan, for the B-Aware trial group*
THE LANCET = Vol 363 = Mayv 29, 2004 » www.thelancet.com

Whipple's procedure  Heard the anasesthetist say “the pressure is really low™, and the surgeon respond “can vou do something

about it?". Recalls movement and pain within the abdomean. Tried to mowve, but was unable to (1=MND, 2=Y, 3=Y)
Laparotomy, Remembers going “half asleep”, then hearing shouting (“...do things faster... because things are crashing...™).
rupturad hepatoma Felt anxious, dizzy, and breathless, and could not move. Some abdominal pain (1=MND, 2=%, 3=D)
Anterior resection Heard noises during surgery; tried to move but was unable (1=Y, 2=Y, 3=Y)

Untl 30 days after enrolment, the number of patients
who reported awareness under anaesthesia was
significantly smaller in the BIS group than in the routine
care group (2 [0-17%] vs 11 [0-91%]; OR 0-18; 05%
adjusted CI 0-02-0-84; p=0-022); the absoclute reduction
in the risk of awareness was 0-74%. The number needed
to treat (INNT) was 138 (95% CI 77-641). The benefit of
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Fig 5 Raw EEG waves. A, awake state; B, (-activation; cC,
suppression.
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Depth of anaesthesia monitoring: what’s available.
what’s validated and what®s mext?
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