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OXIMETRIA

0 invasivo continuo que mide la sat

o de la hemoglobina, basado en la
cion de la luz a diferentes longitudes de

nog nada.




Los monitores de saturacion de oxigeno, u oximetros
de pulso (5p0;) se introdujeron en la prictica en la dé-
cada de 1980 no solo sin efectuar previamente estudios
de distribucion aleatona, sino también —lo que es proba-
blemente mads importante— sin una educacion apropiada
de los proveedores de asistencia neonatal en todo el
mundo (el personal de enfermeria, los terapeutas respi-
ratorios vy también los médicos). La educacion acerca de
algunos conocidos principios fisiologicos, como la rela-
cion cambiante entre el oxigeno y la hemoglobina, la pre-
s1on parcial arterial de oxigeno (PaO;) y la saturacion de
oxigeno (Sat0;), no cursd paralelamente a la puesta en
practica sistemdtica de los monitores de S5pO,.

A. Sola, L. Chow y M. Rogido An Pediatr (Barc) 2005;62(3):266 &l



Hemodynamic Monltoring

Monitoring of standard hemodynamic parameters: Heart rate,

systemic blood

end-tidal CO,

pressure, atrial pressure,

pulse oximetry| and

V. Ben Sivarajan, MD. FRCPC; Desmond Bohn, MB, FRCRC

Eackgmima CoNtNUDLE MONHONNG Of ¥ArkUs cinical param-
Blers of Remodynamic and respiratary Stans In pdlstnc critcal
CATe medicine Fas become routine. The viients SUpporng these
mnmﬂmh“l’m.

athodoiogy: & saarch of MEDUINE, EMBASE, Pubiled, and the
Cochrane Datshase was conducied o find contrelled ik of
Neart rute, SlecrOCArHIgraply, NoNIMYasie nd IMashe hicod
pressure, girisl , emd-Bal carbon dioxide, and pulse
QEMEy monforing. AUl Nd pedlEtc dals Were Considers.

and the Intemationsi Liskson Commities on Reswscitation were

rewlewed, Including further review of references cltad,
Resuifs md Condlogions: Usa of hesrt rate, slectrocandlogra-

phy, poninvasive and arerial biood pressare, strial pressurs,

puiss oximey, 3nd end-tidsl carhon disdde menitoring In e
pedistric critical care unit |s commonplace; this practice, now-
ever, & not wall-controied cinical sk, Despite
the majory of ‘G368 SeTies, BIDErt opiin Wil
suggest that mse 0f mutng pulse metry and end-Bsl carbon
dioxide &5 e cument standsrd of care. i additen, IErElE
WOl smqest Bat Wvaske srerkl monoing |s B8 curent
standard for monttoring in the seting of shock. The use of heart
rale, slechrncardioqrapiy. 3nd airisl ressare menitonng |s ad-
wamiaga0us In specic clinkcal Sconarke camise
SUNQEry); howewer, the evidence Tor this 15 HEsed o NUMETLS
case series niy. (Pedialr Crit Care Mad 2011; T2[Buppl)S2-511)
Kev Womzs: hemodnamic moniorng; Resrt rae; systemic
hilood pressune; sirial ressure; puise oumety; end-tosi GO

linical assessment and fre-

quent reassessment is essen-

tial in critically ill children

becuse “normal” parameters
are less guided by published population
curves (Table 1) and more by trends -
tahlizhed during menitoring of the indi-
vidual patient.

The gl of such mondtoring is to al-
low anticipatory management of infnts
and children. Relationships between spe-
dific hemodyramic variahles are complex
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enowgh in states of health. In dsease
states, the specific responses of heart
rate, central venows pressure. and blood
pressure io treatments are essental to
rapid dagnasis and curative therapy.

priate monitoring allows one o
comprehend eticlogic and compensatory
Bctors contributing to shock: pathoplnys-
iadogy. This allmes the dinidan to alou-
late secondary parameters (Table ) that
are paramount in executing specific ther-
apeutic strategies (1) However, the pri-
macy of monitoring lies in documenka-
tion of improved outcomes based on
hemodynamic monitor-driven kreat-
menits in controlled clinicl studes. The
question of whether there is suffident
sgentific evidence supporting or discour-
aging standard monitoring practices in
pediatric aritical care is the basis for this
Tevies.

Process

MEDLINE, EMEASE. PubMed, and
Cochrane Dalabase searches were con-
discted to find controlled trials regarding
the use of haart mate, nonimvasive and
imvasive pressure, end-tidal @rbon diox-
ide. and pulse oximetry meonitoring.
Adult and pediatric dala were considered.

Cuidelines publiched by the Sodety for
Critical Care Medicine, the American
Heart Association, the Americn Acd-
emty of Pediatrics. and the International
Lizison Committee on Reswscitation were
reviewed. including further review of ref-
erences cited.

Background

As the discipline of critical care med-
icne evobeed owt of the battlefields of
Normandy and the MASH (Mobile Aoy
Surgical Hospital) units of Korea, the im-
portance of objective vilal sign monitor-
ing became singubirly apparent. In 19562,
a stsdy by [ksen (2, 3) had demonstrated
that operating room techniques such as
trachentomy and curare could be used in
an imtensive care unit s=iting In 1953, he
comverted the surgical recovery ward in
Copenhagen’s Kommunehospital into the
first intensive care unit (ICU) (2 4L The
ICL establihed by Dr. Peter Safar at Bal-
timore City Hospital emphasized hedside
resimcilalive interventions and the ]:ln-
mary importance of madntenance of air-
way and breathing (). At the University
of Southern California, Drs. Max Weil and
Herbert Shubin becume interested in why
patients ded suddenly after 2 myecardial

Pedintr Crit Care Mad 3011 Vol 12, He. 4 Seppl]




Evidencia cientifica para el uso de
Oximetria

e This recommendation is based on case series
and observational studies

— level of evidence: IV; grade of recommendation C

Pediair Crit Care Med 2011 Yol 12, No. 4 (Suppl.)



1. ;Como funcionan los monitores de Sp(.?

2. ;Como maneja el ruido y las senales alteradas el
monitor de Sp,?

3. ¢la alarma es “verdadera™

4. ¢El monitor tiene “periodos de latencia” o mantiene
valores registrados previamente?

5. ¢El monitor funciona bien y con exactitud cuando
mas se le necesita?

6. Cuando la lectura de la SatQ, es superior al 96 %,
scudl es la PaO); en el nino prematuro?

/. Cuando el monitor de S5p0, lee un determinado ni-
vel de Sat0),, ;cudl es la verdadera 5a0; en el nino pre-
maturo?

&. Cuando el monitor de 5pt); lee un determinado ni-
vel de Sat(),, jcudl es su vanabilidad Merror”™)?

9. Cuando un monitor lee un determinado nivel de
Sat(),, joudl es la lectura en otro monitor?

10. Finalmente, ;qué grado de conocimientos tienen
los clinicos acerca de las diferencias entre los monitores
de Spl),, descritas tecnologicamente en muchos estudios
clinicos?

A. Sola, L. Chow y M. Rogido An Pediatr (Barc) 2005;62(3):266 &l



Algunos datos...

 La mayoria de los Profesionales creen que han recibido un
adiestramiento suficiente sobre este tema.

A. Sola, L. Chow y M. Rogido. Oximetria de pulso en la asistencia neonatal .An Pediatr (Barc) 2005;62(3):266 81



IMPORTANTE

e La distancia existente entre los conocimientos vy la
practica se acompaina de morbilidad, que a veces
puede ser letal.

Lo que conlleva riesgos que pueden evitarse
mediante la educacion y el incremento de los
conocimientos de los profesionales de la salud.

A. Sola, L. Chow y M. Rogido An Pediatr (Barc) 2005;62(3):266 &l



Si estas dentro del 20% de los que no saben que mide un
oximetro...y / o dentro del 80% que no recuerdan la curva
de disociacion de la hemoglobina...

LO QUE SIGUE TE PUEDE
INTERESAR!!



CURVA DE DISOCIACION DE LA HB
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Los valores dependen de:
* Temperatura

* Valor de pH

* [2,3-DPC]

* PaCO;

La pulsioximetria tiene una exactitud de aprox 2% en un
rango de medicion del 80-100% de Sa0, y se reduce a medida

qgue disminuye por debajo de estas cifras.

Pequefios descensos de la p0, por debajo de 60 causan

desaturaciones importantes.
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ASI TRABAIJA...



El principio de medicion se basa en la, LEY DE
LAMBERT-BEER

La concentracion de un soluto disuelto en un solvente puede
determinarse por absorcion de luz (Hb en plasma)

Cada soluto especifico posee una constante de extincion (E)
conocida.

Para la hemoglobina, ‘E’ se halla en el rango de longitud de onda
del rojo y el infrarojo
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Dispositivo con dos diodos luminosos, que emiten luz a una lg de
onda de 910 nm (infrarrojos, absorciéon maxima por la oxiHb) y de
660 nm (roja, absorcion max por la Hb reducida), siendo recibida
por un fotodiodo colocado en el lado opuesto.

C T 7)

Emitter/Detector
(Transmission)

otodeteftor

Variable light absorption due to pulsatile volume of arterial blood.

Constant light absorption due to non-pulsatile arterial blood.
> Constant light absorption due to venous blood.

Constant light absorption due to tissue, bone, etc.




Oximetria

 Es necesaria la presencia de pulso arterial para que el
aparato reconozca alguna sefal.

* Mediante la comparacion de la luz que absorbe durante
la onda pulsatil con respecto a la absorcion basal, se
calcula el porcentaje de oxihemoglobina.

(CA luz roja/CE luz roja)
(CA luz infrarroja/CE luz infrarroja)

= 5p); arteral

e Solo se mide la absorcion neta durante una onda de
pulso, lo que minimiza la influencia de tejidos, venas y
capilares en el resultado.



La pulsioximetria...

e No sustituye a la gasometria en la valoracion
completa de los enfermos respiratorios.

* Sin embargo supera a la gasometria en
rapidez y en la monitorizacion de estos
enfermos.



Desventajas respecto a la gasometria

eLa pulsioximetria no informa sobre el pH ni PaCO2.
*No detecta hiperoxemia.

*No detecta hipoventilacidén (importante en pacientes
respirando aire con concentraciéon elevada de 02).

°Los enfermos criticos suelen tener mala perfusion
periférica.



No mide hiperoxia...

* La nocion esencial es que la PaO2 es necesaria
para ayudar a saturar la Hb.....

....... pero permitir que la PaO2 sea alta no ofrece
absolutamente ninguna ventaja, y si riesgos.



Tener en cuenta que...

 Elaportey la entrega de oxigeno dependen del
contenido de 02 y también del flujo sanguineo a los
tejidos; esto ultimo, a su vez, depende del gasto cardiaco
(frecuencia cardiaca y volumen sistolico), la postcarga, el
grado de vasoconstriccion o vasodilatacion regional y
otros factores.

Y el oximetro esto no lo puede discriminar...



concepto fundamental

e Con una SatO02 maxima (100 %) puede haber
hipoxia tisular si:

— |la [Hb] es baja
— el gasto cardiaco disminuye
— o el flujo local se altera.

e De modo similar, con una SatO2 “mas baja”
puede haber un aporte y una entrega de 02
suficientes.



Sabia que?

e La saturacion hallada en las determinaciones de
gases en sangre arterial (GSA) es una cifra calculada
y, por lo tanto, no debe considerarse en la practica

clinica.

e La SatO2 informada en el analisis de GSA a menudo
no tiene relacion con la verdadera SatO2 arterial.



Porque es Usada la Oximetria?

*Deteccion superior de eisodios hipoxémicos
*Es No Invasiva

*Baja Morbilidad y muy buen adherecnia del
paciente

 Mas barata que la medicion de gases extraccion de
sangre

assessment and monitoring
European Society of Intensive Care Medicine.

Respirato
Update 2012



Respiratory assessment and monitoring

Update 2012 European Society of Intensive Care Medicine.

*Ofrece la ventaja de proveer datos sobre la

saturacion de |la hemoglobina mas que de |la
PO?2.

* Refleja el 98% de contenido de O2 arterial
gue nhormalmente es transportado por la Hg,
mientras que la PO2 mide directamente solo
de la pequena cantidad de O2 disuelto en
plasma.



IMPORTANTE!!

La magnitud del error en la medicion de la SpO2 esta influida
por:

— Perfusion, Disminucion en la pulsacion periférica, amplitud de la
sefal arterial

— La Sat02 venosa, que disminuye en las situaciones de bajo flujo.
— La magnitud de los movimientos del paciente.
— Interferencia con luz de la fototerapia.

— Los algoritmos técnicos de cada monitor de SpO2.

Goldman L. Monitorizacidn Ventilatoria. Hospital Infantil la Paz. Mayo de 2005.



Movimientos

Saben por queé, cuando un

‘' paciente se mueve el registro
gue se ve en pantalla
disminuye?

un ajuste excesivo e innecesario del oxigeno inspirado.
FALSA ALARMA.
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No todos los oximetros son
iguales



Deteccion verdadera de pulso

e Reduccion de falsas alarmas, sobre todo en
movimiento y en baja perfusion

e Menos tiempo para obtener lectura

< * lal5segundos >

 Lee integramente la onda pletismografica



Elimination of False Alarms Due to Patient Movement?

o Before Movement During Patient Movement Post Movement
S, - Comventlonal Oximetry = Sp0); - PureSAT
oS - = = e SN e

e ———

=
o
-
o
=

e Motion caused the comvantional ooGmeter
1o alarm and read 2 false 84% 5pd,




Promedio eficaz o inteligente

 Debe tardar 3 segundos o menos en recalcular
v hacer un promedio usando pulso a pulso

e Automatico

e Se Ajusta a los cambios, a mas FC mas rapida
lectura



Saturation (Sp02)

Promedio eficaz o inteligente
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SpO, Event During Sleep
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dual Case Study

Subject 3, Motion
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Seguridad y Perfomance

Se comparo la seguridad de procesamiento de la senal de los
sensores de dos marcas de oximetros, con el Gold Standard

Se utilizo el standard desaturation protocol de la UCSF
Hypoxia Research Laboratory in San Francisco, California,
Enero 2005.

12 sujetos sanos, 7 varones, 5 mujeres

Hipoxia inducida, hasta lograr cinco plateaux entre 60 — 100%
sat.

Hypoxia Research Laboratory of the University of Californiag



RMS

 La Medida de seguridad esta representada como
Arms value, y fue calculada bajo las normas ISO
9919, Standard Specification for Pulse Oximeters.

 Arms (RMS)
— (V (BIAS2 + SD2)).

e Este es el método habitual que requiere |a FDA para
la representacion de la seguridad de los datos en

oximetria de pulso.



Movimiento, golpeando y frotando

Table 3: Accuracy by Sa0O: Decade
(Motion — Tapping & Rubbing)

4.5
|
is
‘é Accuracy, System B _
3
E‘ 2.5
Hat Acourac ¥, System A _ Q- -
g ° R - ——
€ 1s —_— BETTER
1
0.5
o
100% to 0% 90% to BO% 80% to 70% 70% to 60%

Sa0, Range




RMS samples RMS samples
Accuracy, System A Accuracy,
o ni : n2
System B
100% to 90% 1.34 03
00% to 80% 1.80 83
80% to 70% 1.90 76
70% to 60% 2,16 11




The Eftects of Dark Skin Pigmentation and Low Saturation in Oximetry

METHODS RESULTS
Thirty-six normal subjects underwent a standard breath- At 70% to 80% oxygen saturation. the mean bias (= S.D.) in
down protocol to achieve arterial oxygen saturation dark skin pigmentation was minimal for NONIN’s oximeter

between 70% and 100%. The pulse oximeters tested
included: NONIN Avant® 9700, Masimo Radical®,
and Nellcor OxiMax®N-595. Seventeen subjects were

with the clip sensors at -0.6% = 1.4, compared to the mean

bias for Masimo (2.6% =+ 3.0) and Nellcor (2.6% + 2.6)

_ _ ) _ o oximeters with clip sensors. (Table 1)
categorized as “dark skinned” and are included in this
report. . L

Accuracy — a combined measure of error and variability —

was excellent with the NONIN oximeter and clip sensor

The mean and precision (SD) of the bias compared to : : . :
P (SD) P in dark skin subjects throughout the most challenging

arterial oxygen saturation, were computed. Accuracy is : . . :
Y8 P y environments. NONIN's oximeter with the clip sensor

reported as .. a computed value based on mean and SD o o
P Ao P maintained acceptable variability (per FDA Standards:

of bias per FDA standards for pulse oximetry accuracy

= v Bias® + SD?). . . .
(Ams =\ Bilas® + SIY) skin pigmentation and SaO, less than 80%. (Figure 1)
_____________________________________________________________________________________________________________________________________________|

A,p. <3.0) in the most challenging environment of dark

Hypoxia Research Laboratory of the University of Californiag



~ ~
Nonin / Nellcor Masimg
Bias | Precision JAccura Bias | Precision | Accuracy Bias | Precision AccuraA
(Mean) | (SD) (A o) (Mean) | (SD) (A (Mean) | (SD) (Arms)
>90% -0.5 1.0 1.1 >90% 1.3 1.4 1.9 >90% 1.4 1.7 2.2
80% —90% | -1.1 0.8 1.4 80% —-90%| 24 1.7 3.7 80%—-90%| 25 2.6 3.6
70% —80% | -0.6 1.4 1.6 70% -80% | 2.6 2.6 3.7 70% -80%| 2.6 3.0 3.9
60% —-70% | 0.5 1.8 “ 1.8 60% —70% | 1.5 2.8 3.2 60% —-70%]| 2.6 35 4.4
ALL Saturation| -0.6 1.2 k 1.3 / ALL Saturation| 2.0 2.1 2.9 ALL Saturation] 2.1 2.9 3.6 /
Levels Levels | Levels

Bias (Mean) = Mean Differences Between\Oximefer Readings and Co-Oximeter

Bias is the mean of the differences between ox\pe
oximeter overestimates saturation. Negative bias means the oximeter underestimates the saturation. Units are in % saturation.

Precision (SD) = Standard Deviation of Differences from Co-Oximeter Measurements

e

readings and the functional Sp0, values as measured by a cc-oximeter from an arterial sample. Positive bias me

aul

Precision is the standard deviation of the difference between oximeter readings and the functional SpO, ptvalues as measured by a co-oximeter from an arterial sample. Units
are percent saturation.

Accuracy (A, ) = Combination of Both the Bias and the Precision
The A accuracy is a standard method for reporting pulse oximeter accuracy which combines both the Bias and the Precision into a simple term for reporting the accuracy of
the pulse oximeter. Accuracy in terms of A, is equivalent to the Square Root of the (Bias? + Precision?).




5.00

B Masimo W Nellcor ENONIN

4.50

4.00

3.50

3.00 4

A <3.0 per FDA
oximeter standards

2.50 4

2.00 -

A caleulated from
Mean and SD of Bias!
1.50

1.00 4

0.50 4

0.00
60% - 70% 70% - 80% 80% - 90% =90% ALL

“Dark skin decreases the accuracy of pulse oximeters at low oxygen saturations: effects of oximeter probe type and gender”, John Feiner, et al.
Anesthesia & Analgesia, December, 2007.



b)

d)

Ejemplos de mediciones estandares o Guias
88% - 92%

88% saturation level is referenced by Medicare to authorize
reimbursement for supplemental oxygen at home.

88% is referenced by AARC clinical guidelines — oxygen
therapy in acute settings preterms/neonates

Oxygen Therapy: Guidelines for Monitoring (Dec2005)
reference both 88% and 92% saturation levels.

American Thoracic Society — Standards for the Diagnosis and
Management of Patients with COPD — references 88% as the
saturation level for oxygen intervention.



Actual CO-Oximetry Sa0, Reading = 88%

= 88%

Higher the peak = higher consistency in the oximeter reading

All Patients Sa0, Reading

= 88%

@
S
=]
2
=
@
E
5
o
=
=
=
&
=
W
3
2
5
2
2
=
=
[

=
5
i
@
£
5
2
=
-

on
=
=
[~
(%)
o=
i~
=)
[~
vy
v
]
[—
7]
£
(4]
.
=
-
vy
-
T
[1°]
(=1

*Using the mean and standard deviafion from the 80 to 90% decade (n=243) and 90 to 100% **Dark skin decreases the accuracy of pulse aximeters 2t low oxygen saturations: effects of oxime-
decade (n=281), the normal distribution curves were areated to explain accuragy. ter probe type and gender”, John Feiner, et al. Anesthesia & Analgesia, December, 2007

Hypoxia Research Laboratory of the University of Californiag



Actual CO-Oximetry Sa0, Reading = 92%

=92%

All Patients Sa0, Reading

92%

Dark Skin Patients Sa0, Reading



COMENTARIOS FINALES....

DE OXIMETRIA!



e E| uso de pulsioximetria para la evaluaciony
monitorizacion de pacientes esta bien establecida en
los entornos de cuidados criticos, anestesiologia y
servicios de urgencias. ?

 En anos recientes, la disponibilidad de
pulsioximetros pequenos, faciles de usar, portatiles y
economicos, ha abierto el potencial para el uso de
esta técnica en una amplia gama de situaciones
clinicas, entre ellas la de atencidn Primaria.?

2. National Health Service (UK) Center for Evidence kesed Purchasing. 2009. Project initiation document: Pulse oximeters.
1. Schermer T, et al. 2009. Pulse oximetry in family practice: indications and clinical observations in patients with COPD. Fam Pract 26(6):524-31.



e Si bien la pulsioximetria resulta como un
auxiliar util para la toma de decisiones

cll’nicas,sustituye a la evaluacion ch’nic@
' la.

es suficiente para un diagnostico por si so

 Las mediciones de gas en sangre arterial,
obtenidas por puncion arterial, siguen siendo
elriterio de refer@de |la saturacion de
oxigeno. *

2. National Health Service (UK) Center for Evidence kesed Purchasing. 2009. Project initiation document: Pulse oximeters.
1. Schermer T, et al. 2009. Pulse oximetry in family practice: indications and clinical observations in patients with COPD. Fam Pract 26(6):524-31.



Alabama Department of Public Health

HOSPITAL GUIDELINES FOR IMPLEMENTING PULSE OXIMETRY
SCREENING FOR CRITICAL CONGENITAL HEART DISEASE

u CJ]MHIE Naumw]
JLABAW DEFARMTMENT 0 FuUsLG HEALTH LL'"r f,l.rn'{'llf[
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PULSE OX SCREENING ALGORITHM

Screen
Obtain pulse oximetry reading on right hand (RH) and either foot at 24-48 hours of age
(infant should be on room air, warm and guiet, with screening sites clean and dry)

Immediate Fail Eail Pass
Pulss ox reading less than Pulse ox reading of 90-94 Obtain pulse oximetry reading
90 in RH or foot at any time in RH and foot on right hand (RH) and either
OR foot at 24-48 hours of age

(infant should be on room
air, warm and quiet, with
sSCreening sites clean and dry)

} }

Repeat screen in 1 hour s Mormal
Fail ‘ Pass Newborn

Difference of 4 or mare
between RH and foot readings

Immediate Fail Repeat screen in 1 NOUr s Care
Pulse ox less than 90 Fail ‘ Pass
« Perorm immediate Eailed Screen
evalustion for causes Pulse Ox 90-94 or RH/foot difference of 4 or more x 3

of hypoxemia including
infectious and pulmaonary
pathology.

+ |f no other etiology is found,

+ Perform comprehensive evaluation for causes of hypoxemia
including infectious and pulmonary pathology.

+ |f no other etiology is found, consultation with pediatric
cardiology or neonatology is indicated to arrange for a

immediate echocardiogram : . ) : L
inferpreted by a pediatric diagnostic echocardiogram to be interpreted by a pediatric

cardiologist is indicated.
This may require transfer
to an NICU with pediatric
cardiology services.

cardiclogist. This may require telemedicine, transfer to an MICU
with pediatric cardiology services, discussion with cardiclogy
senvices, or discussion with cardiology to schedule a timely
outpatient echocardiogram.




Condiciones de los equipos

SECTION 1 - EQUIPMENT

Each birthing facility will be responsible for selecting and securing pulse oximeter equipment for
screening newborns for CCHD, if appropriate equipment is not already available. Such eguipment
must be compliant with national standards and adhere to the following:

* Must be motion-tolerant and report functional oxygen saturation.
Must be validated in low-perfusion conditions.

Must have been cleared by the FDA for use in newborns.
Must have 2% root, mean-square accuracy.
Must be calibrated regularly based on manufacturer guidelines.




Y MUY IMPORTANTE!!!



e Numerosos articulos, demuestran que la capnogarfia capta
lo que la Oximetria puede esconder...

Trasado de Capnografia

APNEA | S

Capnography website. Harvard Medical School, 2006



Caida de la Sa02 post Apnea
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A tener en cuenta

e Un campo de importante de aplicacion es la evaluacion de las
terapias en pacientes que deben recibir durante la noche,
oxigeno suplementario y en pacientes que reciben soporte

ventilatorio.

Anesth Prog 56:14 -22 2009 Respiratory Monitoring: Physiological and Technical Considerations Daniel E. Becker, DDS* and Andrew B. Casabianca, DMD, MD



02 suplementario y tiempo de
Hipoventilacion
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Capnografia y Oximetria de Pulso, es la
combinacion de monitoreo “ideal” para el
cuidado standard en muchas situaciones
clinicas

Oximetria de pulso ‘ Oxigenacion

Capnografia merEEN)  Ventilacion
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ETCO2



Fisiologia del CO2

, TCO, »@ PaCO,

Metabolism Transport Ventilation
ETCO,

CAPNOGRAFIA
|

2

RR
15

Capnometria

EN TIEMPO REAL!



imos la curva?
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Descr







FASE I :Representaeliniciodela |FASE II
espiracion, gas que primero se espira |ibneCd®, p
CO,, procedente del espacio muerto | Normalm
anatomico y del circuito anestésico. | su maxin

I.
rocedente totalmente de los alveolos.
ente la concentracion de CO, alcanza
10 al final de la espiracion (end-tidal
CO,). Pendiente ascendente (alveolos lentos).

Fase de meseta alveolar; gas rico

(0)

8 60
Phase
0 Il I 0
|
6- : - 45 =
5 — E
g 8 £
&
:;3_. 4 430 ¢&
© e
£ 2
o o
gLl {15 @
| 0
00 4 \_E

FASE IT: Consiste en una subida répida“gn

trazado debido al aumento de la
concentracion de CO, por la mezcla de gas
procedente del espacio muerto anatémico y
gas procedente de los alveolos

FASE O : Representa el inicio de la siguiente
inspiracion cuando el capnograma cae
rdpidamente hasta su linea basal.




LA PEtCO, SE CONSIDERA UNA
MEDIDA INDIRECTA DE LA
PRESION ARTERIAL DE €O,




eNormal entre 2-5 mm Hg

eEs un indice del espacio muerto alveolar

Gradiente PaCO,-EtCO,



Como se mide el CO2 Espirado?

e 2 Métodos

— Sidestream

— Mainstream



TECNICAS DE MUESTREO DEL GAS

*‘Monitores de flujo lateral "side stream”

Sensor splay

6
ft
I Circuit
Sampling adapter

El sensor esta situado en la unidad principal y el CO, es aspirado por
un tubo de muestreo conectado a una pieza en T entre el paciente ,
(TET) y el circuito respiratorio.

ET



Pacientes intubados







Respiracion Espontanea




* Monitores de flujo principal "main stream”

IR source

circuit
Electrical cord

Display

El sensor de CO, estd situado entre el TET y el circuito
respiratorio.









Sidestream Mainstream

* VENTAIJAS

¢ Facil de conectar.

Icable en pacientes en VM y en
pacientes con ventilacion
ntanea, ¢/S 0, supl, sin V

e Facil de usar en posiciones
inusuales como el decubito prono.

e Medicidn de gases anestésicos y
respiratorios

e Trabaja con Vt menores
* DESVENTAJAS

e Retraso en el analisis

. Obstrucck? tubo de muestreo

@




AARC Clinical Practice Guideline

Capnography/Capnometry During Mechanical Ventilation: 2011

Brian K Walsh RRT-NPS FAARC, David N Crotwell RRT-NPS, and
Ruben D Restrepo MD RRT FAARC

We searched the MEDLINE, CINAHL, and Cochrane Library databases for articles published
between January 1990 and November 2010. The update of this clinical practice guideline is based
on 234 clinical studies and systematic reviews, 19 review articles that investigated capnography/
capnometry during mechanical ventilation, and the 2010 American Heart Association Guidelines
for Cardiopulmonary Resuscitation and Emergency Cardiovascular Care. The following recom-

- S . e Tl T LT - S
(4) Continuous capnometry during transport ufih':mhanlcall:r ventilated patienis is suggested.
(5) Capnography is sugpested to identify abnormalities of exhaled air flow. (6) Volumetric capnog-
raphy is suggested to assess CO, elimination and the ratio of dead-space volume to tidal volume
(V/V.p) to optimize mechanical ventilation. (7) Quantitative waveform capnography s suggested in
intubated patients to monitor cardiopulmonary quality, optimize chest compressions, and detect
refurn of spontaneous circolation during chest compressions or when rhythm check reveals an
organized rhythm. Kev words: capaography; capaometry: colorimetric CO: end-tidal carbon dioxide;

velumetric CO,. [Respir Care 2011:56(4):303-509, © 2011 Daedalus Enterprises]

CO; MV 1.0 DESCRIPTION

For the purposes of this clinical practice guideline, cap-
nography refers to the evaluation of the CO, in the respi-
ratory gases of mechanically ventilated patients. A capno-
graphic device incorporates one of 2 types of sampling

Brizn K Walsh RRT-NPS FAARC is affiliated with the Respiratory Care
Depariment. Children's Medical Center, Dalkas. Texas. David N Crotwell
RRT-NPS is affiliated with the Department of Respiratory Care, Seatile
Childrens Hospital and Regional Medical Center, Seattle, Washington.
Ruben D Restrepo MD RRT FAARC is affilisted with the Department of
Respiratory Care, The University of Texas Health Sciences Cender at San
Antonio, San Antoaio, Texas.

Comespondence: Ruben D Restrepo MD RRT FAARC, Department of
Respiratory Care, The University of Texas Health Sciences Cender at San
Antonio, 7703 Floyd Cud Drive, MSC 6248, San Antonio TX 78220
E-muail: restrepor@uthse seda.

DH: 10418 Tirespeare 01175

RESPIRATORY CARE » ApRiL 2011 VoL 56 No 4

techniques: mainstream or sidestream.! Mainstream tech-
nique inserts a sampling window into the ventilator circuit
for measurement of CO,, whereas a sidestream analyzer
samples gas from the ventilator circuit, and the analysis
occurs away from the ventilator circuit. Analyzers utilize
infrared. mass or Raman spectra, or a photoacoustic spec-
tra technology.’* Flow measuring devices are utilized in
volumetric capnographs. Colorimetric CO, detectors are a
form of mainstream sampling, but are simplistic. The col-
orimetric CO, detector has a pH-sensitive chemical indi-
cator that undergoes color change with each inspiration
and expiration, thus reflecting the change in CO, concen-
tration. These devices start at baseline color when minimal
COy, is present and undergo graduwal color change with
increasing CO, concentration®

CO; MY 2.0 PROCEDURE

Capnography is the continuous analysis and recording of
the CO, concentration in respiratory pas. Although the

503




Capnography is considered a standard of care during gen-
eral anesthesia. The American Society of Anesthesiolo-
oists has suggested that capnography be available for pa-
tients with acute ventilatory failure on mechanical
ventilatory support.

Aomerican Society of Aanesthesiologists. Stamndards for basic anes-
thetic monuutoring. hottp: A wswseww casahg.orgs/know ledge-basaelaethics—and -

meaedicolegal-issuesfasa) — Mmedia/ FforSs 25 20members/f documentsys
starmdaunrd s S 25 20 cundelines S0 2522 00stmits S bhasic 9 25 22 ame sthetic S5 2520
meornitoru e TE25 202000 1 . ashx. Accessed Febrowcarmy S 2000 7.



The American College of Emergency
Physicians recommends capnography as an adjunctive

method to ensure proper endotracheal tube position.

American College of Emergency Physicians, Clinical Policies Com-
mittee. Verification of endotracheal tube placement. Ann Emerg Med

2002 40(5):551-552.



The
2010 American Heart Association Guidelines for Cardio-
pulmonary Resuscitation and Emergency Cardiovascular
Care recommend capnography to verify endotracheal tube

placement in all age groups.

Goldberg IS, Rawle PR, Zehnder JL., Sladen RN. Colornimetric end-
tidal carbon dioxide monitoring for tracheal intubation. Anesth Analg
1990;70(2):191-194.



Grados de Recomendacion

Basados en Grading of Recommendations
Assessment, Development, and Evaluation
(GRADE) scoring system

Guyatt GH, Oxman AD, Vist GE., Kunz R, Falck-Yter ¥, Alonso-
Coello P, et al. GRADE: an emerging consensus on rating gquality of
evidence and strength of recommendations. BMJI 2008:336(7650):
024-926.

Jaeschke R. Guwvatt GH. Dellinger P. Schunemann H. Lewvy MM,
EKunz R, et al. Use of GRADE grid to reach decisions on clinical
practice guidelines when consensus 1s elusive (abstract). BN 2008;
A3T(Suppl): A T4,



Grados de Recomendacion

14.1 Continuous waveform capnography is recom-
mended in addition to clinical assessment as the most
reliable method of confirming and monitoring correct
placement of an endotracheal tube. (1A)

14.2 If waveform capnography is not available, a non-
waveform exhaled CO, monitor in addition to clinical
assessment is suggested as the initial method for con-
firming correct tube placement in a patient in cardiac
arrest. (2B)

14.3 Perco, 1s suggested as a method to guide venti-
lator management. (2B)

14.4 Continuous capnometry during transport of a me-
chanically ventilated patient is suggested. (2B)

14.5 Capnography is suggested to identify abnormal-
ities of exhaled air flow. (2B)

14.6 Volumetric capnography is suggested to assess
CO, elimination and V/V to optimize mechanical
ventilation. (2B)

14.7 Quantitative waveform capnography is suggested
in intubated patients to monitor CPR quality, optimize
chest compressions, and detect return of spontaneous
circulation during chest compressions or when rhythm
check reveals an organized rhythm. (2C)




Indicaciones

Verificacion de Intubacion correcta

Efectividad en las compresiones toracicas en
RCP

4.1.5.1 If the Pgpep_ is < 10 mm Hg during
CPR, the clinician should attempt to improve
the quality of compressions.

4.1.5.2 An abrupt and sustained increase in
Perco. 1s a sensitive indicator of return of
spontaneous circulation.

Transporte
Desconexiones de ARM inadvertidas

RESPIRATORY CARE ® APRIL 2011 VoL 56 No 4



Indicaciones

e Evaluacion de Circulaciéon Pulomonar y Status

Respi rato ri() 4.2.1 Determining changes in pulmonary circula-
tion and respiratory status sooner than pulse oxi-

metry. In patients without lung disease, substan-
tial hypercarbia may present before pulse oximetry
notifies the clinician of a change in ventila-
tion.14.17-20

4.2.2 Monitoring the adequacy of pulmonary, sys-
temic, and coronary blood flow,*%*! as well as
estimation of the effective (non-shunted) pulmo-
nary capillary blood flow by a partial rebreathing
method.??-24

4.2.3 Evaluating the partial pressure of exhaled
CO,, especially Peyco..

4.2.4 Screening for pulmonary embolism.25-28

RESPIRATORY CARE ® APRIL 2011 VoL 56 No 4



Indicaciones

¢ OptlmlzaCIén de la VM 4.3.1 Continuous monitoring of the integrity of
the ventilator circuit, including the artificial air-
way?? or bag mask ventilation, in addition to po-
tentially detecting mechanical ventilation mal-
functions.%-32
4.3.2 Decreasing the duration of ventilatory sup-
]}DI'LJE
4.3.3 Adjustment of the trigger sensitivity.?*
4.3.4 Evaluation of the efficiency of mechanical
ventilation, by the difference between P, and
the Percp,™
4.3.5 Monitoring of the severity of pulmonary
disease?®-*7 and evaluating the response to ther-
apy, especially therapies intended to improve the
ratio of dead space to tidal volume (Vp/V1) and
ventilation-perfusion matching (V/()).23.27.38-46
4.3.6 Monitoring of V/Q during independent lung
ventilation.47-48
4.3.7 Monitoring of inspired CO, when it is being
therapeutically administered.*”



Optimizacion de VM

4.3.8 Graphic evaluation of the ventilator-patient
interface. Evaluation of the capnogram may be
useful in detecting rebreathing of CO,, obstruc-
tive pulmonary disease, the presence of inspira-
tory effort during neuromuscular blockade (cu-
rare cleft), cardiogenic oscillations, esophageal
intubation, and cardiac arrest.?”

4.3.9 Measurement of the volume of CO, elimi-
nation to assess metabolic rate and/or alveolar
ventilation.#3-31-53

4.3.10 Monitoring of V/V; to determine eligi-
bility for extubation in children.#0->4

4.3.11 There is a relationship between V/Vy and
survival in patients with the acute respiratory dis-
tress syndrome.>>->7



Contraindicaciones

There are no absolute contraindications to capnography in

mechanically ventilated patients, provided that the data
obtained are evaluated with consideration given to the pa-
tient’s clinical condition.

RESPIRATORY CARE ® APRIL 2011 VoL 56 No 4



Complicaciones

Mainstream Sidestream
6.1.1 Dead Space. Adapters inserted into the air- 6.2.1 The gas sampling rate from some sidestream
way between the airway and the ventilator circuit analyzers may be high enough to cause auto-trig-
should have a minimal amount of dead space. gering when flow-triggering of mechanical breaths
This effect is inversely proportional to the size of is used. This effect is also inversely proportional
the patient being monitored 458 to the size of the patient.”®

6.2.2 The gas sampling rate can diminish deliv-
ered V in neonates and small patients while us-
ing volume targeted or volume controlled venti-
lation modes.”®

6.1.2 The addition of the weight of a mainstream s
adapter can increase the risk of accidental extu-
bation in neonates and small children.>®

Jacobus C. Noninvasive monitoring in neonatal and pediatric care.

St. Louis: Elsevier; 2000:137-146.



Limitaciones

few limitations. It 1s important to note that although the
capnograph provides valuable information about the effi-

ciency of ventilation (as well as perfusion), it is not a
replacement or substitute for assessing the P o 4413951

-5

Hess D, Branson RD. Noninvasive respiratory monitoring equip-
ment. Philadelphia: Lippincott; 1994:184-216.

Jellinek H, Hiesmayr M., Simon P, Klepetko W, Haider W. Arterial
to end-tidal CO, tension difference after bilateral lung transplanta-
tion. Crit Care Med 1993;21(7):1035-1040.

Hess D. Capnometry. New York: McGraw-Hill; 1998:377-400.
Isert P. Control of carbon dioxide levels during neuroanaesthesia:
current practice and an appraisal of our reliance upon capnography.
Anaesth Intensive Care 1994 22(4):435-441.

Laffon M. Gouchet A. Sitbon P, Guicheteau V, Biyick E. Duchalais
AL et al. Ihfference between artenal and end-tidal carbon dioxide
pressures during laparoscopy in paediatric patients. Can J Anaesth
1998:45(6):561-563.



Limitaciones

The difference between Pgrep, and P, Increases as dead-
space volume increases.®> In fact. the difference between
the P, and Pgy-o. varies in the same patient over
time.43:63-65 Alterations in breathing pattern and V- may
introduce error into measurements designed to be made
during stable, steady-state conditions.”!'-7%-6¢ Interpretation
of results must take into account the stability of physio-
logic variables such as minute ventilation, V-, cardiac out-
put, V/Q, and CO, body stores. Certain situations may
affect the reliability of the capnogram.

RESPIRATORY CARE ® APRIL 2011 VoL 56 No 4



Limitaciones relacionadas con las
caracteristicas de los equipos

7.1.1 The infrared spectrum of CO, has some
similarities to the spectra of both oxygen and ni-
trous oxide.”® A high concentration of either ox-
ygen or nitrous oxide, or both, may affect the
capnogram, so a correction factor should be in-
corporated into the calibration of any capnograph
used in such a setting.>®

7.1.2 The reporting algorithm of some devices
(primarily mass spectrometers) assumes that the
only gases present in the sample are those that the
device is capable of measuring. When a gas that
cannot be detected by the mass spectrometer (such
as helium) is present, the reported CO, values are
incorrectly elevated in proportion to the concen-
tration of the gas present.*7

RESPIRATORY CARE » APRIL 2011 VoL 56 No 4



7.2 The breathing frequency may affect the capno-
graph. A high breathing frequency may exceed the
capnograph’s response capabilities. The presence of
high airway resistance, respiratory rate, or inspiratory-
to-expiratory ratio may decrease the accuracy of the
measurement obtained from a sidestream capnograph,
compared to a mainstream capnograph.®®? In addi-
tion, a breathing frequency = 10 breaths/min affects
different capnographs differently.®’

7.3 Contamination of the monitor or sampling system
by secretions or condensate, a sample tube of exces-
sive length, too high a sampling rate, or obstruction of
the sampling chamber can lead to unreliable results.
7.4 Use of filters between the patient airway and the
capnograph’s sampling line may lead to artificially
low Pgreq, readings.?!-70

RESPIRATORY CARE » APRIL 2011 VoL 56 No 4



Limitaciones
Condiciones Clinicas Asociadas a Falsos Negativos

7.6.1 Low cardiac output may cause a false neg-
ative result when attempting to verify endotra-
cheal tube position in the trachea.”

7.6.2 During CPR a positive test confirms place-
ment of the ETT within the airway, whereas a
negative test indicates either esophageal intuba-
tion or airway intubation with poor or absent pul-
monary blood flow and requires an alternate means
of confirmation of tube position.”3-7>

7.6.3 When the endotracheal tube is in the phar-
ynx and when antacids and/or carbonated liquids
are present in the stomach, a false negative read-
ing may be present. However, the waveform does
not continue during subsequent breaths.”®

7.6.4 Elimination and detection of CO, can be
dramatically reduced in patients with severe air-
way obstruction and pulmonary edema.”™

RESPIRATORY CARE ® APRIL 2011 VoL 56 No 4



Limitaciones
Condiciones Clinicas Asociadas a Falsos Positivos

7.7.2 Detection of CO5 in expired gas after esoph-
ageal intubation as a result of prior bystander
mouth-to-mouth ventilation may result in a false
positive reading.™

7.7.3 A transient rise in Pgp after sodium bi-
carbonate administration is expected, but should
not be misinterpreted as an improvement in qual-
ity of CPR or a sign of return of spontaneous
circulation.”

RESPIRATORY CARE ® APRIL 2011 VoL 56 No 4



Medicion Insegura

7.8.1 Leaks in the ventilator circuit.
7.8.2 Leaks around the tracheal tube cuff. an un-

cuffed tube, or the mask, including LMA.

7.8.3 Bronchopleural fistula.
7.8.4 Dialysis or extracorporeal life support.

RESPIRATORY CARE ® APRIL 2011 VoL 56 No 4



Table 1. Variations in EtC0, in mechanically ventilated patients

Increased Et{:l{]l2

Alveolar ventilation

+ Hypoventilation

« Bronchial intubation

« Partial airway obstruction
= Rebreathing

Pulmonary perfusion
= tCardiac output
= 1 Blood pressure

1 CO, Production

« Fever/ Sepsis/ Seizures/ Hyperthyroidism
+ Malignant hyperpyrexia

+ Sodium bicarbonate

+ Tourniquet release

» Venous CO, embolism

Technical errors

» Exhausted CO,, absorber

= Inadequate fresh gas flow

= Ventilator valve malfunction

= Leaks in breathing system

= Faulty ventilatorReduced ELCO,

Reduced Et{}{]2

Alveolar ventilation

» Oesophageal TT placement

« Hyperventilation

« Apnoea

« Total or partial airway obstruction
» Accid I

= High levels of *PEEP during **IPPV

Pulmonary perfusion
« | Cardiac output

- | Blood pressure

» Hypovolaemia

« Pulmonary embolism
« Cardiac arrest

{ CO, Production
« Hypothermia
« Sedation

« Paralysis

Technical errors

» Circuit disconnection

« Sampling tube leak or obstruction
« High fresh gas flow

« Faulty ventilator

« Large leak around TT

Use of capnography in intensive care E blair MB, chb, CD deakin MA, MD, FRCP, Frca, summer 2007 | british journal of intensive care



e La ETCO2 es una herramienta necesaria para
el manejo ventilatorio de los pacientes con
TEC prehospitalarios.

Davis et al, The use of quantitative ETCOZ2 to avoid inadvertent hiperventilation in head
injury patients following paramedic rapid sequence intubation. The Journal of Trauma:
Injury, Infection, and Critical Care:VVolume 56(4)April 2004pp 808-814

TEC
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C02 (mmHg)

Time o

John E Thompson RRT FAARC and Michael B Jaffe PhD. Capnographic Waveforms in the Mechanically Ventilated Patient [Respir

Care 2005;50(1):100 -108.© 2005
Asma / EPOC



® En el ano 2004 se detectaron 106 casos de
efectos adversos en el uso de la ACP, incluyendo
22 muertes. Menos del 30% se atribuyeron a
errores de desprogramacion.

Food and Drug Administration (FDA) Manufacturer and User Facility Device Experience Database (MAUDE)
Database January 2004 — November 2004.

® EL EtCO, es un indicador mas sensitivo que la
SpO, para detectar depresion respiratoria
inducida por opioides. La deteccién temprana por
monitoreo continuo, permite intervenciones para
evitar resultados indeseables.

Maddox RR, Williams CK, Fields M: Respiratory monitoring in patient-controlled analgesia. Am J Hosp
Pharm. 2004;16:2628,2635. Letter.

Manejo del Dolor



Un nivel de 10 mmHg o menos de ETCO2, medido a los 20
minutos de iniciadas las maniobras de ALS, es predictor de
muerte en pacientes con PC asociado con actividad eléctrica

pero sin pu |SO. New England Journal of Medicine, July 1997: 337: 301-306

8 estudios de casos mostraron que con un elevado ETCO2
inicial los pacientes tenian mas posibilidades de resucitacion

qgue aquellos que tuvieron un menor valor. wayne Ma, Levine RL, Miller cC. Use

Of end-tidal carbon dioxide to predict outcome in prehospital cardiac arrest. Ann Emerg Med. 1995;25:762-767. Bhende
MS, Thompson AE. Evaluation of an end-tidal CO2 detector during pediatric cardiopulmonary resuscitation. Pediatrics.
1995;95:395-399. Callaham M, Barton C. Prediction of outcome of cardiopulmonary resuscitation from end-tidal carbon
dioxide concentration. Crit Care Med. 1990;18:358 —362. Grmec S, Klemen P. Does the end-tidal carbon dioxide (EtCO2)
concentration have prognostic value during out-of-hospital cardiac arrest? Eur J Emerg Med. 2001;8:263-269. Grmec S,
Kupnik D. Does the Mainz Emergency Evaluation Scoring (MEES) in combination with capnometry (MEESc) help in the
prognosis of outcome from cardiopulmonary resuscitation in a prehospital setting? Resuscitation. 2003;58:89 —96.Grmec S,
Lah K, Tusek-Bunc K. Difference in end-tidal CO2 between asphyxia cardiac arrest and ventricular fibrillation/pulseless
ventricular tachycardia cardiac arrest in the prehospital setting. Crit Care. 2003;7: R139-R144. Mauer D, Schneider T,
Elich D, Dick W. Carbon dioxide levels during pre-hospital active compression— decompression versus standard
cardiopulmonary resuscitation. Resuscitation. 1998;39:67-74. Sanders AB, Kern KB, Otto CW, Milander MM, Ewy GA.
End-tidal carbon dioxide monitoring during cardiopulmonary resuscitation: a prognostic indicator for survival. JAMA.
1989;262:1347-1351. Improved cardiac arrest outcomes: as time goes by? Peter T Morley

Intensive Care Unit, Royal Melbourne Hospital, Grattan Street, Parkville, Victoria, Australia 3050, Critical Care 2007,
11:130

Predictor de sobrevida o muerte



End-tidal CO2 monitoring is a safe and
effective noninvasive indicator of cardiac
output during CPR and may be an early
indicator of ROSC in intubated patients.

Circulation "9

Learn and Live..

Part 7.4: Monitoring and Medications. Circulation 2005;112,78-83

Reanimacion Cardio-Pulmonar
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Capnographic Waveforms in the Mechanically Ventilated Patient . John E Thompson RRT FAARC and Michael B Jaffe PhD. RESPIRATORY CARE ¢
JANUARY 2005 VOL50 NO 1



e También el ETCO2 sirve para determinar en
donde esta colocado el TeT.

C0O2 (mmkg)

John E Thompson RRT FAARC and Michael B Jaffe PhD. Capnographic Waveforms in the Mechanically Ventilated Patient [Respir
Care 2005;50(1):100 -108.© 2005

Verificacion de Intubacion



O...desplazamiento a bronquio fuente derecho...

) w—

CO2 (mmHg)

Time

John E Thompson RRT FAARC and Michael B Jaffe PhD. Capnographic Waveforms in the Mechanically Ventilated Patient [Respir
Care 2005;50(1):100 -108.© 2005



Capnography is indispensable as a rapid monitor of respiratory
depression that can be pharmaceutically imposed. Many
bedside monitors allow caregivers to use capnography in the
ICU. During critical care stays, patients may benefit from early
indicators of impending respiratory depression; capnography is
the fastest method to alert caregivers of respiratory depression.

Use of capnography in intensive care E blair MB, chb, CD deakin MA, MD, FRCP, Frca, summer 2007 | british journal of intensive care



End-tidal CO2 should be systematically monitored and recorded, at least for
medico-legal considerations, during the apnoea test in brain-dead patients.
The high variability in the carbon dioxide partial pressure—end-tidal CO2
gradient increase precludes any extrapolation of the carbon dioxide partial
pressure from the end-tidal CO2 at the end of the apnoea test.

prospective study

An evaluation of capnography monitoring during the apnoea test in brain-dead patients
B. Vivien*. European Journal of Anaesthesiology 2007; 24: 868—875
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Que hay que tener en cuenta al ahora
de medir ETCO2

Variables Ventilatorias Variables Hemodinamicas
e VT e systemic and pulmonary
e respiratory rate e blood pressure
e PEEP e cardiac output
e ratio of inspiratory-to- e shunt

expiratory time e V/Qimbalances

e Peak airway pressure

e concentrations of
respiratory gas mixture

RESPIRATORY CARE ® APRIL 2011 VoL 56 No 4



Cuando hay que usar ETCO2

 Capnography is not indicated for every
mechanically ventilated patient; however,
when it is used, the measurement period
should be long enough to allow determination
of the PaCO2 -PETCO2 difference, to note
changes in the PaCO2 -PETCO2 difference as a
result of therapy, and to allow interpretation
of observed trends.

RESPIRATORY CARE ® APRIL 2011 VoL 56 No 4
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Esto es Todo!

Muchas gracias!

Lic. Gustavo Olguin Klgo Ftra. TRC
Hospital de Pediatria Prof. Dr. J. P. Garrahan
Buenos Aires



