Monitoritzacié durant I'adaptacio de la
ventilacido mecanica no invasiva

Sessio Curs SOCAP 2011-2012
Gener 2012

Dr. Enric Prats

UFIS Respiratoria

Servei de Pneumologia

Hospital Universitari de Bellvitge



MONITORITZACIO VMNI

« INTRODUCCIO

« MONITORITZACIO DE LA VENTILACIO DIURNA

« MONITORITZACIO DE LA VENTILACIO NOCTURNA

« ESQUEMA DE ACTUACIO

* CONCLUSIONS



INTRODUCCIO




INTRODUCCIO

INSTRUMENTS DE MONITORITZACIO

- RECONEIXEMENT DE LES CONSEQUENCIES DE LA VENTILACIO

— GASOMETRIAARTERIAL
— OXIMETRIA

— PtcCO,

- PgCO,

- MECANISMES IMPLICATS EN LA VENTILACIO NO INVASIVA

— MODULS DE MONITORITZACIO:
 FUITES, VOL. CORRENT, FR, CORBES DE PRESSIO | FLUX

— POLIGRAFIA | POLISOMNOGRAFIA
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VISIO DIRECTA DEL PACIENT




MONITORITZACIO EN LA VMNI DIURNA

VISIO DIRECTA DEL PACIENT

SINCRONIA AMB EL VENTILADOR
UTILITZACIO MUSCULATURA ACCESORIA
AUSCULTACIO RESPIRATORIA
PRESENCIA DE FUITES

« METODES NO INVASIUS

- PULSIOXIMETRIA Sap0O2 > 90%
- PtcCO2 i CAPNOGRAFIA

- MODULS MONITORITZACIO
VOLUM CORRENT > 90%
FUITES
FR

VISIO DIRECTA DE CORBES DE PRESSIO | FLUX

« METODE INVASIU
GASOMETRIA ARTERIAL
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MONITORITZACIO DE LA SATURACIO D’OXIGEN

ESPECTRO DE ABSORCION

GO0 700 800 200 1000
Langitud De Onda (nem)

FONAMENTS PULSIOXIMETRIA: ESPECTROFOTOMETRIA | PLETISMOGRAFIA
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MONITORITZACIO DE LA SATURACIO D’OXIGEN
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MONITORITZACIO DE LA SATURACIO D’OXIGEN

e LIMITACIONS

NOMES MEDEIX 2 LONGITUTS D’ ONA (O,Hb i HHD)
e Existeixen altres Hb: MetaHb, CarboxiHb (COHDb)
Es detectaran com HHb, HbO2 o una combinacio de les dues

— ALTERACIO EN LA EXTREMITAT:
e Pigmentacio de la pell (melanina), ungles
e Esmalts, edemes en la extremitat

— CONTRASTS IV (alteracié absorcio llum)
- MENYS FIABLE en SpO, < 75%, ANEMIES (Hb<5)

~ VASOCONSTRICCIO:
e Fcos vasoactius, hipotérmia greu, hipotensio, hipovolemia
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MONITORITZACIO DE L’ANHIDRID CARBONIC

e PaCO2 : GOLD STANDARD PERO ES UN METODE INVASIU

END TIDAL CO2: TECNICAMENT DIFICIL EN VMNI (FUITES)

MEDICIO TRANSCUTANEA DE LA PRESIO PARCIAL CO2 (PtcCO2)

— TECNICA UTIL PER LA MONITORITZACIO NO INVASIVA PaCO2

— LIMITACIONS

TEMPS D’ESTABILITZACIO 20 MINUTS

TEMPS DE RESPOSTA ALS CANVIS ENTRE 2-5 MINUTS

DERIVA DURANT LA MEDICIO PRELONGADA

DIFERENCIES ENTRE VALORS ARTERIALS | TRANSCUTANIS A NIVELS ALTS DE PaCO2
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MONITORITZACIO DE CO,: CAPNOGRAFIA | P.CO,

« CAPNOMETRIA: és mesura del CO, exhalat
« CAPNOGRAFIA: métode no invasiu continuo de la monitoritzacié CO, / T

« CAPNOGRAMA: és la representacio grafica del nivell de CO, exhalat

* El capnograma és I'ECG de la respiracié” Smalhout B. 1981

« CAPNOMETRE (fotoespectrometria bé espectrometria de masses)
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MONITORITZACIO DE CO,: CAPNOGRAFIA | P.CO,
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MONITORITZACIO DE CO,: CAPNOGRAFIA | P.CO,

e FASES CAPNOGRAMA:
- F O inspiracio: caiguda rapida CO2 a 0
- F l'inici espiracio: espai mort anatomic (Vp)
— F Il espiracié: mescla espai mort (no té CO2) i gas alveolar
- F Ill espiracio: meseta espiracio alveolar
(Final fase Ill 6 fase IV: CO2 al final espiracié 6 PetCO2)

inspiracio
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APLICACIONS DE LA CAPNOGRAFIA P;CO,

MANEIG VIA AERIA
RESUCITACIO CARDIO-PULMONAR

VENTILACIO MECANICA INVASIVA

APLICACIONS EN NEONATS

Ci0Z (mmidg)

03 |mmiHg)
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EXPERIENCIA EN LA LITERATURA CAPNOGRAFIA | VMNI

« “Capnography for assessing nocturnal hypoventilation and predicting
compliance with subsequent noninvasive ventilation in patients with ALS”

Kim SM PLoS www.plsone.org 2011: 6: e17893

— Avaluar l'eficacia de la monitoritzacid de la capnografia nocturna per determinar la
hipoventilacié nocturna i com a factor predictiu del bons complidors de la vmni.

« “The use of capnography for apnea monitoring during non-invasive positive
pressure ventilation during spinal anesthesia”

Kinoshita H. Can J Anesth 2007:; 54: 850.

— Capnografia per detectar apnees durant la vmni en un pacient sedat durant una inervencié
de cirurgia ortopedica.
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MONITORITZACIO EN LA VMNI DIURNA

EXPERIENCIA EN LA LITERATURA CAPNOGRAFIA | VMNI
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hypoventilation and predicting
compliance with subsequent noninvasive ventilation in patients with ALS”

Kim SM PLoS www.plsone.org 2011: 6: e17893
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EXPERIENCIA EN LA LITERATURA CAPNOGRAFIA | VMNI
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“The use of capnography for apnea monitoring during non-invasive positive
pressure ventilation during spinal anesthesia”

Kinoshita H. Can J Anesth 2007:; 54: 850.
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APLICACIO DE LA CAPNOGRAFIA EN LA VMNI

LIMITACIONS
* IMPOSIBILITAT D’ARRIBAR AL PLATEAU DE CO,
« PRESENCIA D’ALTERACIONS SEVERES DE V/Q (COPD)

«  TECNICAMENT DIFIiCIL DE MESURAR CO, PER EL FLUX CONTINUO ATRAVES DE LA
MASCARA NASAL AMB APARELLS BIPRESSIO

« PRESENCIA DE FUITES NO INTENCIONADES

Nocturnal monitoring of home non-invasive ventiation: the contribution of simple
tools such as pulse oximetry, capnography, built-in ventilator software and
autonomic markers of sleep fragmentation

Janssens et al. Thorax 2010
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MONITORITZACIO DE LA PtcCO2

PtcCO2 (electrode Severinghaus)

SpO2 (emisio de llum en dues
longituts d'ona)




MONITORITZACIO EN LA VMNI DIURNA

MONITORITZACIO DE LA PtcCO2

ESCALFAMENT DE LA PELL

PER ARTERIOLITZAR EL TERRITORI CAPILAR

DIFUSSIO DE CO2 A TRAVES DE LA PELL

ELECTRODE DE SEVERINGHAUS

CO2 + H20 —» H2CO3 —> H*+ HCO,

H* MODIFICA EL pH DE LA SOLUCIO
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MONITORITZACIO EN LA VMNI DIURNA

MONITORITZACIO DE LA PtcCO2

 Medicion transcutdnea de la presion parcial de anhidrido carbonico y de la
saturacion de oxigeno: validacion del monitor SenTec. Domingo et al. Arch
Bronconeumol 2006; 42(5): 246-251

* Transcutaneous PCO2 monitoring in critical ill adults: Clinical evaluation of a new
sensor. Bendjelied et al. Critical care Med 2005; 33:2203-2005.

e Trancutaneous PCO2 monitoring during initation of noninvasive ventilation. Storre
et al. Chest 2007; 132:1810-1816.

 Agreement between arterial and transcutaneous PCOZ2 in patients undergoing non-
invasive ventilation. Kelly et al. Respiratory Medicine 2011;105:226-229



MONITORITZACIO EN LA VMNI DIURNA
MONITORITZACIO DE LA PtcCO2

TECNICAS Y PROCEDIMIENTOS

* % Localizador web

W e 120023
Medicion transcutanea de la presion parcial de anhidrido
carbonico y de la saturacion de oxigeno:
validacién del monitor SenTec

Ch. Domingo, E. Canturri, M. Lujdn, A. Moreno. H. Espuelas y A. Marin

Servei de Pneumologia. Corporacid Sanitaria Parc Tauli. Sabadell. Barcelona. Espana.
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Fig. 2. A: correlacion entre los valores de saturacion de oxigeno obienidos mediante el sensor V-Sign™ (SenTec Inc., Suiza) (Spl),) ¥ la gasometrin arte-
rial (5a(),). B: correlacion entre los valores de presion parcial de anhidrido carhonico por gasometria arterial (PaC0,) ¥ por sensor ¥V-Sign™ (PicC0, ).

Analisi de Bland-Altman: PtcCO2 sobrevaloracié 1 mmHg de la PaCO2
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MONITORITZACIO DE LA PtcCO2

Transcutaneous Pco, monitoring in critically ill adults: Clinical
evaluation of a new sensor*®

Karim Bendjelid, MD, MS; Nicolas Schitz, MD; Martin Stotz, MD; Isabelle Gerard, MD;
Peter M. Suter, MD, FCCM, FCCP; Jacques-André Romand, MD, FCCM.

Analisi de Bland-Altman sobrevaloracio 1,2 + 6 mmHg

19% dels pacients amb dades no concordants (nivell de concordancia < + 7 mmHg).
Table 1. Patients' demngraphic characteristics

Age, v mean = 5 ar= 15 -
Male, n (%] 38 (6] - rd
Caucasian, m (%] 4T [E5) g s F.:
Mechamical verdilation, m (%] 3 . LRl i
Morepinephring drip, n (%) 11 (20 4 ’
Presence of shock, n %) 9 [16&]
[C1 admission after

Cardimvasoular surdery, m (%] 21 [

Viscerzl surdery, m %) 17 [E1]

Newrozurgery, n (%) E(14]

Respiratorny failure, m (%) 509

Multiple traumz, n (%] 241

Oethopedic surgery, m (4 112

Renal transplant, n (%) 11E

[C10, imtensree care unit: m = 55 patients.

Crit Care Med 2005; 33:2203-2206
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MONITORITZACIO DE LA PtcCO2
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Storre et al. Chest 2007; 132:1810-1816
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MONITORITZACIO DE LA PtcCO2
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MONITORITZACIO DE LA PtcCO2

Table 1 Chasderatic of sampe.
W lable D

xS e P01
Gemler Mal= 29 81 e
Age [yean] Median 69, QR 6579, rangs 4888
L agnes COaD 31, 672 =1
CHF/ APD 15, 338
Fid, Median JN, (R X0 —EO% rangs 111008 -
Fulbes rale Mactian 97, QR BT - 104, runge 53730
[bpm)
Sytolic blood  Median 131, KGR 117-1%1, range %— 100 x
prewne E LR
[IT‘I'I"IHﬂ . W . ]
O =& oAl ian Medtian 9, IOR 9097, mmg= &&—100 F
%] -
Capilary refill  Median 2, IOR 7-3, range 14 ..
e [secs]  [mémlog data 10) - g
Pall,; [memig] Median &0, (O =70, reege 15-91 Bt [
ekl Median 7,05, IQR 7200734, ¥
rimge T .11 7.45 ] e
Erhdatic [Ii.' = 7]'5]:. a=1_5Hn a0 i) 1] L"4] il {1} L o] i

Mitjana diferéncia entre PaCO, i PtCO, 6,1 mmHg. 80% dels casos bona correlacié
Tots els casos amb una diferéncia PaCO2-PtcCO2 > 10 mmHg tenien PaCO, > 60 mmHg

PtcCO2 infravalorava la PaCQO2

Kelly AM. Respiratory Medicine 2011; 105:226-229
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MONITORITZACIO DE LA PtcCO2

Bona correlacio PtcCO2 - PaCO2

Temps de resposta acceptable
(2-5 minuts)

Nous monitors més facils d’utllizar

Temperatura 39-42 °c

Temps menor de calibracio

Derivacio en determinacions
llargues que requereixen correccio

No detecta canvis rapits (fuites,
apnees)

A nivells alts de PaCO2 no bona
correlacio

Cost elevat.

Necesitat d’aprenentatge
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VALORAR LA EFICACIA DIURNA DE LA VMNI
GASOMETRIA ARTERIAL DURANTE LA VMNI

¢, QUAN REALIZARLA ?
— ADAPTACIO DIURNA CORRECTA
— PARAMETRES VENTILATORIS

— ABSENCIA DE FUITES

. QUINA ES LA CORRECCIO ESPERADA ?
— IDEAL : NORMALIZACIO INTERCANVI DE GASOS
— COM A MiNIM REDUCCIO DE 10 mmHg PaCO2 | PaO2 > 60 mmHg

— EVITAR LA SOBRECORRECIO | / O CORRECIO MOLT RAPIDA DE LA PaCO2
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VOLUM ESPIRAT >90% DEL VOLUM CORRENT
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MODULS DE MONITORITZACION
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MODULS DE MONITORITZACIO

« PRESSIO
« CORBADE FLUX

¢ FLUX
« CORBADE PRESSIO

+ NIVELL DE FUITES

- CORBA VOLUM CORRENT
- VOLUME TIDAL
. FR

« RELACIO IIE

« PIC PRESSIO
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MONITORITZACIO EN LA VNMI NOCTURNA

« CANVIS DE LA RESPIRACIO DURANT EL SON

— Reduccid de la activitat muscular
— Canvis en el control ventilatori

— Alteracio de la via aérea superior I
— Canvis en la CRF i en ventilacio/perfussio

s HIPOVENTILACIO

VMNI

-
-
-
-

&
- EFECTES INDESITJABLES DE LA VMNI EN LA RESPIRACIO NOCTURNA

- Fuites: descens de la ventilacio, preséncia d’ asincronies
- Respiracio periodica

- Tancament de glotis

- Asincronies pacient-ventilador
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MONITORTIZACIO
e« GASOMETRIA ARTERIAL CONSEQUENCIES VMNI

— GA alas 7:00 am reflecteix la evolucié de la gasometria durant la nit

— Are Daytime Arterial Blood Gases a Good Reflection of Nighttime Gas Exchange in
Patients on Long-Term Oxygen Therapy? Tarrega et al. Respir Care 2002; 47:882-886

* OXIMETRIA NOCTURNA

— Minim requerimen per monitoritzar la VMNI nocturna
— Sa02 >90% com minim el 90% del temps

— Molt sensible per detectar alteracions en la VMNI pero els diferents patrons sén dificils
de interpretar.

* PtcCO2
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LIMITACIONS PULSIOXIMETRIA
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Nocturnal monitoring of home non-invasive ventiation: the contribution of simple

tools such as pulse oximetry, capnography, built-in ventilator software and
autonomic markers of sleep fragmentation

Janssens et al. Thorax 2010
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Nocturnal monitoring of home non-invasive ventiation: the contribution of simple

tools such as pulse oximetry, capnography, built-in ventilator software and
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Janssens et al. Thorax 2010
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MONITORITZACIO PtcCO2 NOCTURNA

Sleep hypoventilation in hypercapnic chronic obstructive pulmonary
disease: prevalence and associated factors

REM -+
. @ F.J. ©’'Donoghue**, P.G. Catcheside*, E.E. Ellis", A.R. Grunstein, A.J. Pierce®,
waka T 3R ; - L.5. Rowland*, E.R. Collins~, 5.E. Rochford®, R.D. McEvoy**

for the Australian trial of Moninvasive Ventilation in Chronic Airflow Limitation (ﬁ.".:'C.ﬁ.L} investigators
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MONITORITZACIO PtcCO2 NOCTURNA

* Is continous transcutaneous monitoring of PCO2 (TcPCO2) over 8 h reliable in
adults? Janssens et al. Respiratory Medicine 2001; 95:331-335

« Transcutaneous monitoring as a replacement for arterial PCO2 monitoring during
nocturnal non-invasive ventilation. Storre et al. Respiratory Medicine 2011 105:143-
150

« Carbon dioxide monitoring during long-term noninvasive respiratory support in
children. Paiva et al. Intensive Care Med 2009; 35:1068-1074.

« Validation of a Transcutaneous CO2 monitor in adults patinets with chronic
respiratory failure. Hazenberg et al. Respiration 2011; 81:242-246.
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Resmramory Memoare (2001) 95, 331-335 .
dod: 101053, rmed, 2001.1045, available online at http: & wwewidealibraryveom on IDERL™

Is continuous transcutaneous monitoring
of PCO; (TcPCO;) over 8h reliable in adults?

PaCO2 (FIO2 0.21) 49 + 8 mmHg

1. B Janssens, B Perrin, 1 Biuwasa, B. os Mugacs, V. Trreuion and C. Preaun
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MONITORITZACIO PtcCO2 NOCTURNA

PaCO2 mitjana 47 mmHg

Table 4 Comelation analysi and method comparison of PieC0, FPa00-pairs at 11 pm, 2 2m, 5 am and 7 am. Resulis are given
for all patients (N = 34}, imespective of the underhying dissass.

SafiTer D TCNA-TIMNA TOSCASOD
Pal0; veras aif fl-uncornecied
PieC0s
Pairs of vakies (M) 93 88 a7
Peaman correlation coslficient R = 0.943, p < 0.000 R = 0.740, p < 0.00H R =0.9H, p < 0.0H
(R), p-value
Mean of the difference (mambgy 1.0 1.5 0.8
Lirmits ol agresmeant (range) A7 o &7 [11.4) 15.6 1o 12.5 [28.1) 6.8 ta B.3 [15.1)
{memHg)
Mean ol the differencs 1.1% 1735 1.7%
»7.5 mmHg
PaC0y veraes dif fl-carmecied soltwane basad ca houla ted 2 e ul ated
Pl
Pairs of vakies (M) a0 80 a9z
Peaman correlation coslfcient R = 0.946, p < 0.000 R =0775, p < 0.00H R=092,p < 0.00H
Wean of the difference (b 0.8 1.3 1.4
Lirmits ol agresmeant (range) 4.9 o &5 [11.4) 15.8 @ 9.3 [75.1) B4 ta 5.2 [13.6)
[menHZ)
Mean of the differance 1.1% 78.5% 4,78

Pal0; = arterial partial presure of carhon dioxide, Ptdl0; = trarscutsneos partis] presune of airbon diadde.

Transcutaneous monitoring as a replacement for arterial PCO2 monitoring during
nocturnal non-invasive ventilation Storre et al. Respiratory Medicine 2011;105:143-150



MONITORITZACIO EN LA VMNI NOCTURNA

MONITORTIZACIO PtcCO2 NOCTURNA

PtcCO2 > 50 mmHg > 10% del temps
o bé >5 minuts consecutius

Table 3 Daytime partial arterial carbon dioxide pressure (PaCO,)

I'able 2 Results of the nocturnal recording by the combined and nocturnal transcutaneous carbon dioxide (PicCO,) recording

PtcCO,/SpO, monitor with the combined PtcCO-/Sp0, monitor in the 50 patients
\4

Normmal Abnormal Total pumhcr Patients with Patients with
PtcCO, PtcCO, of patients normal overnight ~ abnormal overnight
recording recording N=350 PtcCO, PtcCO,

— n =29 (%) n =21 (%)

SpO» cut off of 90%

Sp0O; > %% 28 (56%) 21 (42%) 49 (98%) PaCO, < 45 mm Hg 29 (48%) 18 (36%)

SpO—=565 250 B85 2o ot ot 5

SpOs cut off of 92%

Sp0, > 92% 28 (46%) 18 (36%) 46 (92%)

5p0, = 92% 3(6%) 1(2%) 4 (8%)

Sp0a cut off of 95%

S5p0; > 95% 18 (36%9%) 12 (24%) 30 (60%)

S5p0: = 95% 13 (26%) 7 (14%) 20 (40%)

Objectius 1) Validar PtcCO2/Sp02 ; 2) Analitzar la necessitat PTcCO2 en VMNI

Pavia R, et al. Intensive Care Med 2009; 35:1068-1074
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MONITORTIZACIO PtcCO2 NOCTURNA

Validation of a Transcutaneous CO,
Monitor in Adult Patients with Chronic
Respiratory Failure

After 30 min After4 h After 8 h
1.5 4 2.5 N
_..041.965D 2
= 127 5 2.0 o )
& o +1.96 5D & i o
f; 1.0 4 O fm ................................................ R = 2.0 +1.96 5D
o o o) 4 o ’ = T
3 i . g s S ] 1.79
= .
T o054 o o Mean " 104 - & o o
S - 0.40 g o o
Y Mean S 1.0+ o
g 0 o b 0.5 ] o DE| o 0.60 g . ’ Mean
o 0 = =] o E ’ [m] a : a T
g O o g o =] 5 o0sd o 072
c c 04 e o oo
g 1.96 SD g 9] oo
05 - : kT &
£ 03 -048 E 05 -1965D £ 04 o
e e S L
1.0 4 1.0 H ~0.5 -035
T T T T T T T T T T T T T T T T T T T T T T T T T
2 3 4 5 6 7 8 9 3 4 5 6 7 8 9 10 3 4 5 6 7 8 9 10
Average: PteCO; + PaCO; (kPa) b Average: PtcCO; + PaCO; (kPa) c Average: PtcCO; + PaCO, (kPa)

Bland i Altman
Monitoritzacio PtcCO2 (TOSCA) en 15 pacients amb IRC i VMNI

Bona concordancia entre PtcCO2 i PaCO2

Desviacié molt petita durant les 8 hores de registre o
Hazenberg et al. Respiration 2011;81: 242-246



MONITORIZATCIO EN LA VMNI. CONCLUSIONS

GASOMETRIAARTERIAL DURANT LA VMNI DIURNA

OXIMETRIA DURANT LA VMNI NOCTURNA

PtcCO2 DURANT LA VENTIILACIO NOCTURNA

-

MODULS DE MONITORITZACIO
Coneixer les caracteristiques: com calcula les fuites, vm, flux i pressié

Afegir SpO2 per I'analisi conjunt de les variables

v

POLISOMNOGRAFIA/ POLIGRAFIA

Equips experiments

Ideal: mesura directa de les variables







