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Definicie

o« Kapnometria - meranie parcialneho tlaku/percenta
CO, v plynnej zmesi (insp/exsp plyn)
Normalne hodnoty: 37 mmHg +/- 5; 5,0 kPa; 5 %

o Kapnografia - zaznam hodnoét kapnometrie v case

HIGH SPEED

» Kapnos - dym Mm




A-aDCO, = 2 - 5 mmHg

Arterial CO, (PaCO,) ETCO,
Arterial Blood Gas Sample from Capnograph
(ABG) - “
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( PaCO, Values ( Normal
" 35-45mmHg ETCO, Values
- 47 -6.0kPa 30 - 43 mmHg
46-59% | 4.0 -5.7 kPa
4.0 - 5.6%




Normalny kapnogram
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Existuje len jedna normalna krivka.
Nahle zvysenie P = Q
Takmer horizontalne platdo Q - R

EtCO, = PaCO, IBA ak je pritomné horizontalne plato.




Kapnograficka krivka - analyza

e Pat charakteristik: 38 — M ;/
1. Vyska lf \ J
2. Zakladna ciara 0 T
3. Tvar

4. Frekvencia (dychu) (vz. z EKG)
5. Pravidelnost

Nie su pohyboveé artefakty




Historia kapnografie

e 1859: John Tyndall, meral exp. CO, 3

e 1970 : Z. Kalenda, B. Smalhout (Utrecht)
An Atlas of capnography, 1975

MASTERING
[NFRARED
CAPN OGRAPHY

Prof. Zdenek Kalenda
(1927-2010)

e 1986: ASA Standards for Basic Anesthetic
Monitoring




Figure 3. The first CO, analyzer (Godart Capnograph medi-
cal CO, analyzer) in the Central Military Hospital, Utrecht,
The Netherlands (1962). On top is the one channel Omnias-
criptor,. Photo: Lt. Klunder (Photo used with permission

from Prof. Bob Smalhout).



The capnogram as a guide to the efficacy of cardiac

massage

Kalenda Z. 1978 Resuscitation 6, 259263
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‘w1 Anaesthesia

' Journal of the Association of Anaesthetists of Great Britain and Ireland
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Anaesthesia, 2011

—apnograpi : O
i(n Panaistlfm 2 . Rec "\
theatres sinc POS‘a
proved mnvalu 3 . . e e
from accident A ‘ PaC\ . e Car

o -'11'1:'] {'\."I'I-‘\'\

DK W

Consultan 6 . Resu
Mancheste Neor\

Manchester

= only about five lingation

r relate to airway compli-
naesthesia [13]. In this
than 10 times the num-

- per year would have
cheal intubation in
ared with cnitical care

nhy would have been

]1-‘11'11

Email: whit: 8‘ Emerg



Microstream technologia =

=

()ri(;lion,,.,

Oridion; sidestream

Laser Molecular Correlation Spectroscopy
Uzke spektrum IC svetla; tenky paprslek
Ziadne pohyblivé Casti

Mala komorka (15 pl), bez vyhrievania

Vzorka 50 ml/min; aj neintubovani pacienti;
novorodenci; rychla odpoved’

Bez rutinnej kalibracie
Filter Line - bez blokovania hadicky

Sensor splay
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Odber vzorky




Snimace main stream

Introducing
the EMMA Cap nometer
The world’s smallest COZ monitor
2013

2014




Monitorovanie u neintubovaného pacienta




Pouzitie kapnografu A B C

e Airway

- poloha ETK v dychacich cestach (SGP)
- kontinualne monitorovanie je polohy

e Breathing
- hyperventilacia
- hypoventilacia, apnoe
- astma, COPD

o Circulation
- hypocirkulacné stavy, zastavenie obehu
- plucna embolia
- Uc¢innost stlac¢ania hrudnika

-—obnovenie obehu
Kontinualne monitorovanie



EUROPEAN
Pokyny ERC 2015 @.B RESUSCITATION
COUNCIL

e Zdoraznuje sa pouzitie kapnografie na:
1. potvrdenie umiestnenia ETK
2. kontinualne monitorovania polohy ETK
3. sledovanie kvality KPR
4. vCasné rozpoznania obnovenia obehu

e Sledovanie EtCO, potvrdi spravnost umiestnenia
trachealnej kanyly a odporuca sa pocas KPR
na optimalizaciu jej kvality.




EUROPEAN
Pokyny ERC 2015 @'B counai

e Na overenie spravneho zavedenia trachealnej
kanyly (ak je pritomny krvny obeh) a na
nasledné sledovanie intubovaného pacienta ma
byt rutinne k dispozicii kapnografia (zaznam
s krivkou).

e Pouzivanie kapnografie (s krivkou) odhali
obnovenie spontannej cirkulacie aj bez
preruSenia stlacania hrudnika a moze tiez zabranit
podaniu bolusu adrenalinu po obnoveni cirkulacie.




EUROPEAN
Pokyny ERC 2015 @.B RESUSCITATION
COUNCIL

e Na overenie spravneho zavedenia trachealnej
kanyly ... a na nasledné sledovanie intubovaného
pacienta ma byt k dispozicii kapnografia (zdznam
s krivkou).

e Presnost
a) kolorimetrickych detektorov CO,,

b) pazerakovych detektorov a

c) kapnometrie bez krivky

nie je vyssia ako presnost auskultacie a priamej
vizualizacie kanyly.




KPR 2015 - dychacie cesty 11 @'5 counait

e Ak personal nie je trenovany v ETI, vhodnou
alternativou je SGP

e Ak nie je k dispozicii kapnograf, je prijatelnejsie
pouzivat na rozSirené zaistenie dychacich ciest SGP
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A2. Kontinualne sledovanie polohy

kanyly

Norraal Capnogram




B. Poruchy ventilacie

e Hyperventilacia

e Hypoventilacia

e Apnoe

e Porucha distribucie plynov v plucach, PNO

e Rozpojenie okruhu
e Netesnost v okruhu
e Zalomenie / obstrukcia kanyly




B1l. Hyperventilacia, hypoventilacia, apnoe

* ETCO, = 25 mmHg
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ETCO, = 70 mmHg
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Postupny vzostup <

Zvysenie metabolizmu

0 i Vzostup teploty

Il | Hypoventilacia

(analgetika, hypnotika..)

50) Real-Time Trend

Spatné vdychovanie
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Postupny pokles 8= = 04
Iatais

Znizeny metabolizmus
Pokles teploty
Hyperventilacia

Pokles cirkulacie, PE

U




B3. Poruchy ventilacie

e Porucha distribucie plynov v plucach (zralocia plutva)

e Astma

e Bronchospazmus

o Sekréty, cudzie teleso

e Zalomenie, obstrukcia kanyly




Astma bronchiale

e Stabilny pacient: normalny kapnogram

e Stredny zachvat: pokles ETCO,

e Vycerpanie:

aaaaaaaaaaaa

o Tazka astma: hyperkapnia *l """ *




Pneumotorax

C02 (mmHg)
5

Time
Fig. 4. A capnogram with a loss of the alveclar phase during sx-

piration suggests prieumothorax. The shadsd aresa repressnta a
nommal capnogran.



Ustup relaxacie

Muscle Relaxants (curare cleft)

CO: (mmHg)

Real-Time

®* Appear when muscle relaxants begin to subside

®* Depth of cleft is inversely proportional to degree of
drug activity




B4. Technické poruchy

Postupny pokles: netesnost v okruhu, pridychavanie

F”1 Capnogram: shows rapid decrease

W.Fl."ﬂ

12.5 mm/sec 25 mm/min

CO: (mmHg)
50 Real-Time Trend
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B4. Technické poruchy

Nahly pokles CO, = technicka porucha

e Zalomena ET-kanyla

e Chybny CO, analyzator
 Uplné rozpojenie

e Chybny ventilator Event

T
1 v

Totalna obstrukcia DC




C. Poruchy cirkulacie

e Pri konstantnej ventilacii (a metabolizme)
odrazaju zmeny EtCO, zmeny v srdcovom vydaji

1@

Cweuvlaton




C. Poruchy cirkulacie

Srdcovy vydaj a kapnografia
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Kardialne oscilacie
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Al. Hypocirkulacia, sok

pressure

) Capnogram: drops parallel with blood

12,5 mm/sec '25 mm/min




A2. Zastavenie/obnovenie obehu, KPR

Exponencialny pokles CO, v priebehu 1 — 2 min
(vymyvacia krivka) poukazuje na:

nahle zhorsenie cirkulacie
ventilacie:
e Plucna embolizacia
e Nahly pokles krvného tlaku / MOS
e Nahla zavazna hyperventilacia

CAPNOGRAM o
~— I I P Capnogram: wash-out curve. Drops mostly
{ Lo |71 | q‘ 3 not completely to zero.
."I R l' ‘ 'rl Remains on a level of several mm's Hg
w, I"'u. || i |IL l | !I l]l".['ﬂ.mrLL".lelTLm.][,ﬂ.[!ﬂﬂil]ﬂ[L"U

12,5 mm/sec 25 mm/min




A2. Zastavenie/obnovenie obehu, KPR

Calka [mmMHg) Trand

CPR Rezcuer  Rescuer ROSC —
Tiring . Feplaced

L
‘\\




A2. Obnovenie obehu, KPR

Resp Rate = 12

Successtul
60  Defibrillation

Return of Spontaneous Circulation &0




ETCO, a progn6éza KPR

e Neprezivajuci
— Priemerne ETCO,: 4 - 10 mmHg

e Prezivajuci, prepusteni z nemocnice
- Priemerné ETCO,: > 30 mmHg

; tunlﬁlﬂl




Nelucinné a ucinneé stlacanie hrudnika
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A3. PI'ilcha embdlia

Postupny pokles na nizke hodnoty

CAPNOGRAM

all

i Capnogram: wash-out curve. Drops mostly
not completely to zero.
Remains on a level of several mm’s Hg

| 00 ‘




Ciel'ova hodnota EtCO,

e P(a-Et)o, — rozdiel v pCO, medzi arterialnou
krvou (PaCO, ) a alveolom (EtCO,)

e ZvysSeny - Sok, hemodynamicka nestabilita, trauma hrudnika
(nepomer ventilacie/perfuzie) = EtCO, # PaCO,

1. Bez soku a traumy hrudnika - rozdiel 3-5 mmHg; cielova
hodnota EtCO = 30-35 mmHg

2. Sok, trauma hrudnika - rozdiel 10-15 mmHg; cielova hodnota
EtCO, = 25-30 mmHg

3. Pouzit trendy

M. Helm 2003



Pouzitie kapnografu - dokumentacia

e Krivka:
- uvodny stav
- priebeh lieCby

e EtCO,.
- trendy

o Vytlacit: Po ETI, Uprave polohy, pri odovzdani




Interpretacia kapnografie

Nie izolovane
Anamnéza

Klinické zhodnotenie

Integracia dalSich parametrov
EKG, pulzova oxymetria/pletyzmogram, TK, FP,
FD, teplota ...







Problemy

e Zanesenie hadicky vihkostou, sekrétmi — nespravne
hodnoty

e Netesnost hadicky, systému - falosne nizke hodnoty
e Nespravna kalibracia

o Extrémna hodnota — voda v snimaci

» Ziadne CO,: sk

- odpojena hadicka, automatlcky preplach hadiciek,
auto kalibrovanie

- po defibrilaci

- nespravna poloha kanyly

- apnoe, zastavenie obehu

- exsanguinacia

- masivna plucna emboalia




Interpretujte krivky

. NOrm al
. Obstructed

Oesophageal intubation
Low /Zero COo state

Carbon dioxide (%)

_ NV N\




Diferencialna diagnostika

ECG
A Ap——
PLETHYSMOGRAM ]

Plethysmogram: becomes straight line

MUV ———

BELOOD PRESS

.M\J\JWM\ Blood pressure: drops

”M i/ o\
U\l il IJJIL|!|J‘||_J'II \J \

125 mm/sec 25 mm/min 12.5 mm/sec

MNo changes in Capnogram

m -\
|

Kapnograficka krivka pritomna = obeh pritomny.

Porucha zakladného monitora



Prevazate pacienta s intoxikaciou

Zastavenie dychania



Neurotrauma, OTI, ventilacia ambuvakom

* ETCO, = 25 mmHg
RHLET
0 Al §

Hyperventilacia



Optimalizacia ventilacie

e Kapnogarfia na titrovanie minutovej ventilace /
EtCO, u pacientov citlivych na kolisanie

e Zvyseny IKT:

- trauma mozgu

- NCMP

— Mozgovy tumor, infekcia
e Titrovat na 35 mmHg
e Riziko ischémie




Slovensk: spolocnost’ urgentnej mediciny a mediciny katastrof

Prednemocni¢na neodkladna starostlivost’ o pacientov s neurotraumou

Odporucany postup SSUMaMK

3.2 Monitorovanie

Minimalne poziadavky na monitorovanie pacienta su:
. neinvazivne meranie TK

. pulzova oxvmetria

. frekvencia pulzu

. frekvencia dychu

. glykémua

.EKG

. GCS.

Ziaduce je kontinualne monitorovanie ETCO;.

Lh e o e

=X O

—

Na UVP je mozne pouzit’ samorozpinaci vak alebo ventilator. Na prevenciu neprimeranej hypo-
a hyperventilacie je potrebné monitorovat ETCO.. Hodnoty ETCO; su spravidla o 2 - 3 mmHg
nizsie ako v artérii, tento rozdiel sa moze pri traume zvacsit'.



Diferencialna diagnostika

| ECG

!

my

PLETHYSMOGRAM
l'

N A A Plethysmogram: normal
.} J U VARV

BLOOD PRESS -
O
P 'JI‘ \\J

CAPNOGRAM

ECG: normal

Blood pressure: unchanged

— M

/ l | |

| "' Wml][ Capnogram: shows rapid decrease
\ (Nt

; | :J‘]ﬂm‘iﬂﬂmumm
12,5 mm/sec 25 mm/min

Hyperventilacia, netesnost v okruhu



Zaintubovali ste pacienta

C0O: (mmHg)
&0 Real-Time Trend

37
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Do ezofagu!!l!



Inoxikacia akoholom, spontanne dychanie

ETCO, = 70 mmHg

Hypoventilacia



Diferencialna diagnoza

CAPNOGRAM

ECG: tachycardia, ST
, depression. Or bradycardia
: with very low blood pressure

PLETHYSMOGRAM

J\f\f\" \\, \D PO

BLOOD PRESS

W L f\\ \Jl\ Blood pressure: decreases
N\ J

Plethysmogram: decrease of amplitude

CAPNOGRAM
(//F\ F” q'“‘ ﬂ P"f\ Capnogram: drops parallel with blood
s \" || l n pressure

FERN ||| e—

12,5 mm/sec 25 mm/min

Hypovolémia, sok



Pacient dychavicny, hypoxemicky
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Astma bronchiale, COPD



Pacient dychavicny, piskoty v exspiriu, opuchy clenkov

Astma cardiale, srdcové zlyhanie
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Diferencialna diagnoza

ECG ;
||' ECG: asystolia often some VPB's
PLETHYSMOGRAM

Plethysmogram: diminishes amplitude and

A NN » becomes straight line
HRVRVAY \J

BLOOD PRESS

,‘\. A oA
{ \J A \f M Blood pressure: drops to zero

CAPNOGRAM

- -5,’ W .mn-‘ Capnogram: wash-out curve. Drops mostly

i } ( not completely to zero.

l H I ! " f ” Remains some time on a level of several mm's Hg
1

12,5 mmfsec 25 mm/mm

Zastavenie obehu



Interpretujte zaznam EKG /kapno

KPR, stlacanie hrudnika

12



Interpretujte dynamicky zaznam

Zastavenie/obnovenie obehu, KPR

13




EUROPEAN
Pokyny ERC 2015 @.5 RESUSCITATION

COUNCIL

Chybanie/nizke EtCO, pocas ZO/KPR

- kanyla v ezofagu

- nizky MOS

- nedostatocné stlacanie

Kapnografia - u¢innost stlacania hrudnika, obnovenie
obehu.

Kvalitu stlac¢ania hrudnika treba prehodnotit,
ak EtCO, < 2 kPa (15 mmHg)

Pretrvavanie ETCO, <10 mmHg - zla progndza

Doterajsie skusenosti nepodporuju vyuzitie cielovych
hodnot ako indikatora na ukoncCenie resuscitacheho
usilia.




Diferencialna diagnoza

ECG

ECG: regular,
often some VPB's

PLETHYSMOGRAM

Plethysmogram: diminishes amplitude and
becomes straight line

BLOOD PRESS

i
fk ||\f,\ J‘\J\M Blood pressure: drops to low level
N VW VY

CAPNOGRAM
i
|

~—\ I M Capnogram: wash-out curve. Drops mostly
f Mﬂ ‘ not completely to zero.

,' '. il it || Remains on a level of several mm’s Hg
12,5 mm/sec 25 mm/min

A0£000.

PlI'Gcna embdlia
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Zmena pocas transportu pacienta

15

Event

Zalomena ET-kanyla, porucha analyzatora/ventilatora,
rozpojenie okruhu



Alarm ventilatora, tlak __

16

CO: (mmHg)
&0 Real-Time

Obstrukcia kanyly
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Dychacie pohyby hrudnika pritomné
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Diferencialna diagnoza

CAPNOGRAM

ECG: tachycardia, ST
, depression. Or bradycardia
: with very low blood pressure

PLETHYSMOGRAM

J\f\f\" \\, \D PO

BLOOD PRESS

W L f\\ \Jl\ Blood pressure: decreases
N\ J

Plethysmogram: decrease of amplitude

CAPNOGRAM
(//F\ F” q'“‘ ﬂ P"f\ Capnogram: drops parallel with blood
s \" || l n pressure

FERN ||| e—

12,5 mm/sec 25 mm/min

Hypovolémia, sok



Suhrn

e Kapnograf — genialny monitor metabolizmu
cirkulacie, ventilacie

e Pomoc pri ABC; kapno vz. oxy
e Dolezity pocas KPR

e Aj u neintubovanych pacientov
e Chrani pacienta pred skodlivou dysventilaciou
e Monitorovat u kazdého pacienta s OTI/SGP

e U vybranych pacientov bez zaistenych DC

e Komplexna interpretacia

e Dokumentacia
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- Dakujem za pozornost
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