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RESUMO

Introducdo: Durante a parada cardiorrespiratéria (PCR) os niveis da pressdo expiratoria
final de CO, (PetCO,), producdo de CO, (VCO,) e a pressdo de perfusdo coronariana
(PPCor) caem abruptamente e tendem a se normalizar ap6s o retorno da circulagdo
espontanea (RCE). Estas variaveis fisiologicas tém sido utilizadas para avaliar a eficacia das
manobras de ressuscitacdo cardiopulmonar (RCP), as taxas de RCE e até mesmo a
sobrevivéncia de curto prazo das vitimas de PCR. Sendo assim, a monitorizacdo da PetCO,
e da VCO, por meio da capnografia € uma ferramenta valiosa durante o manejo clinico de
pacientes em PCR, ja que seus valores estdo relacionados com o desempenho dos esfor¢os
da RCP e a utilizacdo de drogas vasopressoras. Objetivo: Avaliar se a PetCO,, VCO e
PPCor sao uteis na predicdo de sucesso da RCE em um modelo animal submetido a
PCR/RCP em que foram utilizadas medicacbes vasopressoras.Material e Método: 42
porcas, Large White, imaturas, divididas em quatro grupos, foram anestesiadas, intubadas e
ventiladas (PEEP=0cmH,0 e F0,=0,21). Sob monitoriza¢des respiratéria e hemodinamica
continuas, foram submetidas & PCR por fibrilacdo ventricular (FV) ndo assistida por 10min,
apo6s o qual se iniciou RCP manual (100 CTE continuas/10 ventilacdes/min). No 2°min de
RCP cada grupo recebeu: Adrenalina (ADR) (45ug/kg™); Salina-Placebo (SAL) (10mL);
Terlipressina (TP) (20ug/kg™) ou TP (20ug/kg™) + ADR (45ug/kg™). No 4° min de RCP os
animais foram desfibrilados e os sobreviventes observados por um periodo adicional de
30min. As variaveis de interesse foram anotadas nos periodos basal, 10min de FV, 2°min de
RCP, 4°min de RCP e 30min ap6s a RCE (sobreviventes).Resultados: Os valores da
PetCO, e da VCO,, tanto no 2° quanto no 4° min de RCP, ndo se correlacionaram com as
taxas de RCE em nenhum dos grupos estudados. Por outro lado, valores mais elevados da
PPCor no 4°min de RCP estiveram associados a uma maior taxa de RCE nos grupos ADR e
ADR+TP.Conclusdes: Embora valores mais elevados de PPCor aos 4min de RCP tenham
se associados a maiores taxas de RCE nos animais que receberam ADR ou ADR+TP, a
PetCO, e a VCO, mensuradas aos 2min e aos 4min de RCP, contrariando alguns estudos e
recomendacdes da literatura, ndo se mostraram preditores Uteis das taxas de RCE neste
modelo de PCR/RCP (PEEP=0 cmH,0 e F,0,=0,21).

Palavras-chave: parada cardiaca; ressuscitacao cardiopulmonar; capnografia; adrenalina;

terlipressina.



ABSTRACT

Introduction: During cardiac arrest (CA) end-tidal CO, (EtCO,), CO, production (VCO,) and
coronary perfusion pressure (CorPP) fall abruptly and tend to return to normal levels after an
effective return of spontaneous circulation (ROSC). These physiologic variables have been
used to evaluate the efficacy of cardiopulmonary resuscitation (CPR) maneuvers, ROSC
rates and eventually short term survival of CA victims. Therefore, PetCO, and VCO,
monitoring by capnography is a useful tool during clinical management of CA patients, since
their values are related to the performance of CPR maneuvers and the use of vasopressor
drugs.Objective: To evaluate if PetCO,, VCO, and CorPP are useful for ROSC prediction in
an animal model of CA/CPR treated with vasopressor drugs.Methods: 42 female, Large-
White, immature swines, divided into four groups, were anesthetized with
ketamine/thiopental, orotracheally intubated and mechanically ventilated (FIO,=0.21;
RR=10ipm and TV adjusted to keep PetCO, around 40mmHg). The animals were kept under
continuously respiratory and hemodynamic monitoring. Ventricular fibrillation (VF) was
induced and after a 10min non-assisted CA manual closed-chest CPR was initiated (100
continuous ECC/10 ventilations/min). After 2min of basic CPR, each group received:
Adrenaline (ADR) (45ug/kg™); Saline-Placebo (SAL) (10mL); Terlipressin (TP) (20ug/kg™) or
TP (20ug/kg™) + ADR (45ug/kg™). Two minutes later (4™ min CPR) the animals were
defibrillated and the survival ones were observed for an additional 30min period. The
variables of interest were recorded at basal period, 10min of VF, 2™ min CPR, 4™ min CPR
and 30min after ROSC and statistically analyzed.Results: EtCO, and VCO, values, both as
recorded at 2min and 4min CPR, did not correlate with ROSC rates in any group. On the
other hand, higher values of CorPP at the 4™ min CPR have been associated with increased
ROSC rates in ADR and ADR+TP groups.Conclusion: Although higher values of CorPP at
the 4™ min CPR have been associated with increased ROSC rates in animals that received
ADR or ADR+TP, EtCO, and VCO,, both as recorded at the 2™ and the 4" min CPR,
contrary to some studies and the literature recommendation, have not been shown useful for

predicting ROSC rates in this porcine model of fibrillatory CA/CPR.

Key words: cardiac arrest; cardiopulmonary resuscitation; capnography; adrenaline;

terlipressin.
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INTRODUCAO

Paradas cardiacas ocorrem em grande numero, diariamente, em varios
paises do mundo e, em sua maioria, resultam em morte. A ressuscitacao
cardiopulmonar (RCP) é proposta pela American Heart Association (AHA) com
0 propésito de ser uma intervencédo facil e com o objetivo de reduzir o nimero
de mortes, apesar de estatisticas desanimadoras demonstrarem que apenas
um pequeno numero de pacientes sobrevive apds esse evento. O uso de
métodos que avaliem a eficacia da RCP, e que sejam preferencialmente nao-
invasivos, indicando o estado metabdlico e a dinamica do sistema
cardiovascular, seriam de grande valia. A RCP consiste essencialmente na
compressdo manual do térax do paciente, num esforco que ajude a criar um
fluxo sanguineo anterdgrado, combinado a uma técnica ventilatéria né&o-
invasiva (ex. boca a boca), ou ventilacdo mecanica invasiva, com a finalidade

de oxigenar o sangue que chega aos pulmdes.’

A capnografia apresenta-se como um método nao-invasivo e aplicavel a
beira do leito, permitindo avaliar o status cardiorrespiratério tanto em estudos

12 sendo considerada um indicador e/ou guia

experimentais®® quanto clinicos,
de decisdes que permite avaliar também a qualidade de manobras de RCP.*® E
um método que avalia e monitora as condi¢Oes fisioldgicas por meio da
mensuracdo do CO, exalado, utilizando para isto um sensor de Iluz
infravermelha. A excrecao de CO, (VCO,) e a pressao parcial de CO, ao final
da exalacdo (PetCO,) sao indicativos do consumo de O, pelo metabolismo
oxidativo nos tecidos e tais valores estao intimamente relacionados a relacéo
ventilacdo/perfusdo pulmonar (VA/Q), esperando-se que numa RCP eficaz
ambas aumentem. Dessa forma, a monitorizacdo do CO, exalado tem sido
proposta e utilizada como um método ndo invasivo para avaliar a fungéo
cardiorrespiratdria, especialmente em situacées de baixo débito cardiaco (DC),
como por exemplo estados de choque e RCP, sendo de uso obrigatério em

Centro Cirtrgico.™

A capnografia tem sido considerada como um método de monitoramento
potencialmente Util na avaliacdo da eficacia das manobras de RCP, a despeito

das limitages e controvérsias que envolvem o assunto.’® Estudos em
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animais®® e humanos mostraram uma boa correlacdo entre a PetCO, e o DC
durante estagios de baixo fluxo sanguineo e durante a RCP*°. A PetCO, pode
refletir o fluxo sanguineo pulmonar gerado na RCP se a producao de CO; e a
ventilacdo alveolar forem relativamente constantes durante as manobras de
ressuscitacdo, havendo certa dificuldade para ser medida quando a RCP é
interrompida devido a alteracGes da raz&o entre o espaco morto alveolar e o

volume minuto, que afeta a correlacdo entre a PetCO, e o DC.Y

Alguns estudos sugerem que o aumento da PetCO, durante a PCR é um
preditor do sucesso da RCP. Considerando o evento da parada cardiaca, a
reanimacgdo e o pos-evento, podemos encontrar diversas alteracdes nos niveis
da PetCO,. Sabe-se que os valores da PetCO, no comeco da fibrilacéo
ventricular (FV) caem significativamente, reducéo esta atribuida ao baixo fluxo
sanguineo pulmonar, insuficiente para transportar e permitir a eliminagdo do
CO; produzido nos tecidos. Evidentemente, em casos extremos de baixo DC,
haveria também uma menor producdo de CO, em decorréncia do metabolismo
anaerobico, dado o baixo aporte tissular de O,. Uma vez iniciada a RCP, e
sendo esta eficaz em oxigenar o sangue e aumentar o fluxo tissular, espera-se
gue os valores da PetCO, também aumentem, ja que deve ocorrer um
aumento do fluxo sanguineo nos capilares pulmonares, que resulta na
exalacdo de CO,. Quando ha o retorno da circulacdo espontanea (RCE) esses
valores aumentam significativamente, atingindo niveis comparaveis aqueles
anteriores a PCR. Essas alteracdes servem para quantificar a eficacia e o
sucesso das manobras de RCP, bem como avaliar o status cardiorrespiratério
do paciente apés RCE. Observa-se que para uma PetCO, < 5mmHg nao ha

sobrevivéncia. b

Existem alguns fatores, citados em certos estudos, que podem afetar os
niveis do CO; eliminado pela expiracdo. Entre eles estdo a ventilacao alveolar,
o DC, a regido de distribuicdo do fluxo sanguineo no corpo e a producdo de
CO, pelos tecidos. Alguns autores também relatam que a mensuracao do CO,
nao € capaz de refletir ao certo o sucesso da RCP, ja que seus resultados nao
confirmam aqueles relatados em outros estudos que mediram outros

parametros.*®
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A pressédo de perfusdo coronariana (PPCor) é tida como fator de suma
importancia para o sucesso da RCP bem como do RCE. Ela é calculada como
o gradiente da pressao da artéria aorta e da presséo do atrio direito durante a
fase de relaxamento cardiaca na PCR. A deficiéncia do fluxo sanguineo
coronério afeta o estado metabolico do miocardio durante a PCR, onde ha uma
isquemia aguda. Quando realizada a RCP, aumenta-se o fluxo coronario e

consequentemente, o fornecimento de oxigénio (O,) ao miocardio.*®*

Desta forma, a PPCor e por consequéncia as medidas da capnografia
volumétrica, que é utilizada e considerada como um bom e eficaz método néo-
iInvasivo capaz de mensurar a excrecdo de CO, (VCO;) bem como a pressao
deste no ar alveolar (PetCO,), podem ser consideradas na conducdo do
procedimento de RCP, tomada de decisdes, avaliacdo de seu sucesso inicial
(RCE) e evolucdo clinica subsequente (estabilizacéo cardiorrespiratoria), sejam

nas Salas de Emergéncia, Centro Cirurgico ou UTIs.
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OBJETIVO

O objetivo do presente estudo foi avaliar se os valores da pressao
expiratoria final de CO, (PetCO,), excrecao de CO, por minuto (VCO,) e da
pressdo de perfusdo coronariana (PPCor) séo Uteis na predicdo de sucesso da
RCE em um modelo animal de PCR/RCP em que foram utilizadas medicacbes

vasopressoras.
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METODOLOGIA

Este estudo foi aprovado pela Comissdo de Reviséo Institucional para
Experimentos com Animais (CEEA-IB-Unicamp-1276-1/2007) e conduzido no
Laboratério de Medicina e Cirurgia Experimental da Faculdade de Ciéncias

Médicas - Universidade Estadual de Campinas (Unicamp), Sao Paulo, Brasil.

Os dados foram coletados do banco de dados utilizados no artigo de
Carlos Cezar Sant'/Ana Ovalle?* , publicado em 2011, do qual participaram 42
porcas da raca Large White, imaturas, pesando 20,5 +1,5kg. Sob anestesia
com cetamina (10mg.kg™ IM) e tiopental (25mg.kg™ EV), os animais foram
intubados orotraquealmente e ventilados com uma F,0,=0,21 (e presséo
positiva ao final da expiracdo de 0 cmH,0), com uma frequéncia respiratoria
fixa (10 cpm) e um volume corrente variando de 15-20mL/kg (Ventilador DX-
3010®, Dixtal, Brasil), a fim de manter uma PetCO; entre 36-44mmHg (Monitor
de Perfil Respiratério CO,SMO Plus 8100®, Dixtal/Novametrix, Respironics,
Murrisville, PA). CateterizacGes vasculares cirdrgicas foram realizadas para se
medirem as pressdes na aorta toracica e no atrio direito (AD) (DX-2020®,

Dixtal, Brasil). Colocar fotos do experimento

Usando-se um marca-passo bipolar locado na cavidade ventricular
direita, induziu-se FV, que permaneceu sem assisténcia por 10 minutos. Em
seguida, os animais foram mantidos na posi¢cao supina e reconectados ao
ventilador mecéanico, dando-se inicio a RCP (100 compressdes/10
ventilagdes/min, continuamente, sem alternancia com as compressoes

torécicas).

Apés dois minutos, os animais foram alocados em quatro grupos
(randomizado e cego), recebendo via EV central: 1) Adrenalina (ADR -
45ug.kgh); 2) salina-placebo (10mL); 3) Terlipressina (TP* - *Glypressin®,
Laboratérios Ferring Ltda., Brasil - 20ug.kg™); e, 4) TP (20pg.kg™?) + ADR
(45pug.kg™). Todos os farmacos foram diluidos em soro fisioldgico (10mL), em
seringas iguais, e, assim, o0 ressuscitador principal ndo sabia qual era o

farmaco que estava sendo administrado.
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Dois minutos apés a injecdo dos farmacos, realizou-se a desfibrilacédo
com choques sequenciais (a cada 15 segundos) de 200 J (Desfibrilador
Bifasico, Cardiomax, Instramed, Brasil), até que houvesse RCE, fosse obtido
um ritmo que ndo a FV ou 2 minutos de tentativas tivessem transcorrido.
Definiu-se o retorno da circulagdo espontdnea como a recuperagdo de
batimentos cardiacos espontdneos com uma PA sistélica =2 60 mmHg por
tempo = cinco minutos. Os animais foram considerados sobreviventes quando
permaneceram vivos, com uma PA sistolica =2 60 mmHg, sem o uso de

medicacfes vasopressoras adicionais, por 30 minutos apos a RCE.

Durante a circulacdo espontanea a PPCor foi calculada como a
diferenca entre a pressao diastélica adrtica menos a pressao atrial direita
média (PAoD — PADm). Durante as manobras de RCP a PPCor foi calculada
durante a fase descompressiva como sendo a diferenca da presséo diastélica
adrtica menos a pressdo atrial direita diastdlica (PAoD — PADD) . Ao
completar o experimento, todos 0s animais ressuscitados foram sacrificados

com uma sobredose de tiopental e cloreto de potassio 19,1%.
Anédlise Estatistica

O tamanho da amostra foi: Grupos: Adr+Terli = 11; Adr = 10; Placebo =
10; Terli = 11. Foi realizada inicialmente uma analise descritiva com
apresentacao de tabelas de frequéncia e medidas de posicao e dispersdo dos
valores. Para comparacao dos parametros avaliados apenas em um momento
entre os grupos foi utilizado o teste de Kruskal-Wallis. Para comparacao dos
parametros medidos entre grupos e tempos foi utilizada analise de variancia
(ANOVA) para medidas repetidas, com transformacao por postos, seguida de
comparacdes multiplas pelo teste de Tukey para localizacdo das diferencas
entre grupos e o teste de perfil por contrastes para localizacdo das diferengas
entre tempos. Para verificar diferenca entre proporcdes foi utilizado o teste
exato de Fisher. Os testes estatisticos foram bilaterais e o nivel de significancia
adotado foi de 5% (p<0,05).
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RESULTADOS

Artigo: PetCO,, VCO; and CorPP values in the successful prediction of the return
of spontaneous circulation: an experimental study on not assisted

cardiopulmonary arrest
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Abstract

Introduction: During cardiac arrest, end-tidal CO (PetCO;), VCO;
and coronary perfusion pressure fall abruptly and tend to return to
normal levels after an effective return of spontaneous circulation.
Therefore, the monitoring of PetCO; and VCO; by capnography is a
useful tool during clinical management of cardiac arrest patients.

Objective: To assess if PetCO2, VCO, and coronary perfusion
pressure are useful for the prediction of return of spontaneous
circulation in an animal model of cardiac arrest/cardiopulmonary
resuscitation treated with vasopressor agents.

Methods: 42 swine were mechanically ventilated (Fi02=0.21).
Ventricular fibrillation was induced and, after 10 min, unassisted
cardiac arrest was initiated, followed by compressions. After 2
min of basic cardiopulmonary resuscitation, each group received:
Adrenaline, Saline-Placebo, Terlipressin or Terlipressin + Adrenaline.
Two minutes later (4th min of cardiopulmonary resuscitation), the
animals were defibrillated and the ones that survived were observed
for an additional 30 min period. The variables of interest were

recorded at the baseline period, 10 min of ventricular fibrillation, 2
min of cardiopulmonary resuscitation, 4" min of cardiopulmonary
resuscitation, and 30 min after return of spontaneous circulation.

Results: PetCO2 and VCO; values, both recorded at 2 min and
4 min of cardiopulmonary resuscitation, have no correlation with
the return of spontaneous circulation rates in any group. On the
other hand, higher values of coronary perfusion pressure at the 4th
min of cardiopulmonary resuscitation have been associated with
increased return of spontaneous circulation rates in the adrenaline
and adrenaline + terlipressin groups.

Conclusion: Although higher values of coronary perfusion
pressure at the 4th min of cardiopulmonary resuscitation have been
associated with increased return of spontaneous circulation rates
in the animals that received adrenaline or adrenaline + terlipressin,
PetCO; and VCO; have not been shown to be useful for predicting
return of spontaneous circulation rates in this porcine model.

Keywords: Heart Arrest, Induced. Cardiopulmonary Resuscitation.
Capnography. Epinephrine.

Abbreviations, acronyms & symbols

ADR =Adrenaline

AHA =American Heart Association

CA =Cardiac arrest

CorPP =Coronary perfusion pressure
CPR =Cardiopulmonary resuscitation
DC =Decreased cardiac output

1MV =Invasive mechanical ventilation
PetCO?  =End-tidal CO;

ROSC =Return of spontaneous circulation
TP =Terlipressin

VF =Ventricular fibrillation

V/Q =Ventilation/perfusion ratio

'Universidade Estadual de Campinas (UNICAMP), Campinas, SP, Brazil.
2Universidade Paulista, Sao Paulo, SP, Brazil.
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INTRODUCTION

Cardiac arrests occur daily in large numbers in several
countries of the world and, for the most part, result in death.
Cardiopulmonary resuscitation (CPR) is proposed by the
American Heart Association (AHA) as an easy intervention, with
the goal of reducing the number of deaths, despite discouraging
statistics showing that only a small number of patients survive
after this event. The use of methods that assess the effectiveness
of CPR and that are preferably non-invasive, indicating the
metabolic state and the dynamics of the cardiovascular system,
would be of great value. Essentially, CPR consists of manual
compressions of the patient’s thorax, in an effort to help create
an artificial anterograde blood flow, combined with either a non-
invasive ventilation technique (e.g.,, mouth-to-mouth) or invasive
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mechanical ventilation in order to oxygenate the blood that
reaches the lungs!".

Capnography presents itself as a non-invasive method,
applicable at the bedside, that allows for the assessment of
cardiorespiratory status both in experimental®® and clinical
studies” 2, |n addition, it is considered an indicator and/or
guide for decisions that enables the assessment of the quality
of the CPR maneuvers!'3. Capnography evaluates and monitors
physiological conditions by measuring exhaled CO; through an
infrared light sensor. CO; excretion (VCOy) and partial pressure
of CO; at the end of the exhalation (PetCO;) are indicative of O,
consumption by the oxidative metabolism in the tissues and
those values are closely related to the pulmonary ventilation/
perfusion ratio (V/Q); hence, it is expected that both will increase
in an effective CPR. Therefore, the monitoring of exhaled CO> has
been proposed and used as a non-invasive method to assess
cardiorespiratory function, especially in situations of decreased
cardiac output (DC), such as during shock and CPR, and its use is
compulsory in Surgical Centers!.

Capnography has been regarded as a potentially useful
monitoring method in evaluating the effectiveness of CPR
maneuvers, despite limitations and controversies surrounding
the subject!™. Animal and human studies have shown a
good correlation between PetCO; and DC during stages of
decreased blood flow and during CPR'®. PetCO; can reflect the
pulmonary blood flow generated in CPR if CO; production and
alveolar ventilation are relatively constant during resuscitation
maneuvers; however, it is difficult to be measured when CPR
is stopped because of changes in the alveolar dead space and
minute volume ratio, which affects the correlation between
PetCO, and DCI'7,

Some studies suggest that the increase in PetCO; during CA
is a predictor of the success of the CPR. Considering the event
of cardiac arrest, CPR and the post-event, we can find several
changes in PetCO; levels. It is known that the values of PetCO; at
the beginning of ventricular fibrillation (VF) fall significantly, and
this reduction is attributed to decreased pulmonary blood flow,
which is insufficient to carry and eliminate the CO; produced in
the tissues. Evidently, in extreme cases of low DC, there would
also be a lower CO; production because of the anaerobic
metabolism, given the low O, supply to the tissues. Once CPR is
started, and it is effective in oxygenating the blood and increasing
the tissue flow, PetCO; values also increase, as an increase in
blood flow must occur in the pulmonary capillaries, which in turn
results in the exhalation of CO,. When the return of spontaneous
circulation (ROSC) occurs, those values increase significantly,
reaching levels comparable to those before CA. These changes
are useful to quantify the effectiveness and success of the CPR
maneuvers as well as to assess the cardiorespiratory status of the
patient after ROSC. It has been observed that there is no survival
for a PetCOz < 5 mmHg!'e,

Some studies have mentioned a few factors that can affect
the levels of CO; eliminated by expiration. Among them, we
can mention alveolar ventilation, DC, the area of distribution of
blood flow in the body, and the production of CO; by tissues.
Some authors also reported that the measurement of CO; is
not able to reflect the certain success of CPR, since the results

do not confirm those reported in studies that have measured
other parameters!'?. However, capnography is still used and
regarded as the best and most effective non-invasive method of
measuring the elimination of CO; in Emergency Rooms, Surgery
Centers, and ICU in cases of CA, being considered essential
when performing CPR, for decision-making, assessment of
its initial success (ROSC), and subsequent clinical evolution
(cardiorespiratory stabilization).

The objective of this study was to assess if PetCO,, VCO,,
and coronary perfusion pressure (CorPP) values are useful in
predicting the success of ROSC in an animal model of CA/CPR
using vasopressor agents.

METHODS

Thisstudywasapprovedbythelnstitutional Review Committee
for Experiments with Animals (EAEC-IB-Unicamp-1276-1/2007)
and it was conducted in the laboratory of Experimental Surgery
and Medicine, School of Medical Sciences — Universidade Estadual
de Campinas (UNICAMP), Sdo Paulo, Brazil.

The methods used were the same as the ones described
in the novel article of Ovalle et all9, using forty-two Large-
White, immature swine, weighing approximately 20 kg, which
presented ROSC. Under anesthesia with ketamine (10 mg.kg™
intramuscularly) and thiopental (25 mgkg™" intravenously), the
animals were intubated endotracheally and ventilated with
FiO,=0.21 (and positive pressure at the end of exhalation of 0
cmH0), a fixed respiratory rate (10 cpm), and a tidal volume
ranging from 15 to 20 ml/kg (Ventilator DX-3010®, Dixtal,
Brazil), in order to maintain a PetCO; between 36-44 mmHg
(Respiratory Profile Monitor CO,SMO  Plus 81009, Dixtal/
Novametrix, Respironics, Murrisville, PA, USA). Surgical vascular
catheterizations were performed to measure pressure in the
thoracic aorta and the right atrium (DX-2020%, Dixtal, Brazil).

Using a bipolar pacemaker placed on the right ventricular
cavity, we induced VF, which remained without assistance for
10 minutes. Then, the animals were kept in the supine position
and reattached to the mechanical ventilator, and we started CPR
(100 compressions/10 ventilations/min, continuously, without
alternating with chest compressions).

After two minutes, the animals were allocated into four
groups (randomized and blind), receiving via central IV: Group 1
- Adrenaline (ADR - 45 pg.kg™); Group 2 - saline-placebo (10 ml);
Group 3 - Terlipressin (TP* - *Glypressin®, Laboratérios Ferring
Ltda., Brazil - 20 ug.kg™); and Group 4 - TP (20 pug.kg™) + ADR (45
ug.kg™). All drugs were diluted in saline solution (10 ml), in equal
syringes, thus the main resuscitator did not know what drug was
being administered.

Two minutes after injecting the drugs, defibrillation was
performed with sequential shocks (every 15 seconds) of 200 J
(Biphasic Defibrillator, Cardiomax, Instramed, Brazil), until ROSC,
a pace other than VF was obtained or 2 minutes of attempts
had elapsed. We set the return of spontaneous circulation as the
recovery of spontaneous heart rate with a systolic blood pressure
> 60 mmHg for > 5 minutes. The animals were considered as
survivors when they remained alive, with a systolic blood
pressure > 60 mmHg, without the use of additional vasopressor
agents for 30 minutes after ROSC.
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During spontaneous circulation, CorPP was calculated as the
difference between mean arterial pressure and mean central
venous pressure. During CPR maneuvers, CorPP was calculated
as diastolic arterial pressure (decompression) minus central
venous pressure (decompression)?'. At the completion of the
experiment, all animals resurrected were killed with an overdose
of thiopental and 19.1% potassium chloride.

Statistical Analysis

Initially, we performed a descriptive analysis, presented in the
form of tables with frequency and measures of the location and
dispersion of values. For comparison of the parameters assessed
in only one moment between the groups, we used the Kruskal-
Wallis test. For comparison of the parameters measured among
the groups and times, we used the analysis of variance (ANOVA)
for repeated measures, with transformation by posts, followed
by multiple comparisons through the Tukey test for the location
of differences between groups and the profile test for contrasts
for the location of the differences between times. To verify the
difference between proportions, we used Fisher’s exact test.
Statistical tests were bilateral and the significance level adopted
was 5% (P<0.05).

RESULTS

In Table 1, we describe the values of the following
variables:

« PetCO; (mmHg) measured at baseline (before induction
of CA), two minutes of CPR (before the injection of drugs),
and 4 min of CPR (2 min after the injection of drugs and
immediately before ventricular defibrillation); there were no
statistically significant differences between the groups;

VCO, (mL/min) measured at baseline (before induction
of CA), two minutes of CPR (before the injection of drugs),
and 4 min of CPR (2 min after the injection of drugs and
immediately before ventricular defibrillation); although there
was a statistically significant decrease in VCO; at 2 min and 4
min of CPR in relation to baseline, there were no statistically
significant differences between the groups at any moment;

CorPP (mmHg) measured at baseline (before induction of CA),
two minutes of CPR (before the injection of drugs), and 4 min of
CPR (2 min after the injection of drugs and immediately before
ventricular defibrillation). A statistically significant increase
in CorPP between the 2 min of CPR (before the injection of
drugs) and 4 min of CPR (2 min after the injection of drugs) was
observed in the ADR and ADR+TP groups compared to the
placebo and isolated TP groups (which was equal to placebo);

« Baseline rectal temperature (°C): ADR: 39.0+0.7; Placebo:
39+0.5; TP: 39.3+0.6; and ADR+TP: 39.6+0.4 (P=0.2085).

Those same variables are shown in Figures 1,2 and 3.

DISCUSSION

Several studies, both clinical and trial, have investigated
the prognostic value of capnography in CA/CPR. The PetCO;
measured by capnography in intubated patients has been
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—fl— Adrenaline + Terlipressin

==& Pplacebo
=7+ Terlipressin
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0
80
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0
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20 4
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Fig. 1 - Comparative evolution of the variables assessed at baseline
(0), 2 min of CPR (2) and 4 min of CPR in the groups studied. Average
value and standard deviation of PetCO, in each moment and group.
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Fig. 2 - Comparative evolution of the variables assessed at baseline
(0), 2 min of CPR (2) and 4 min of CPR in the groups studied. Average
value and standard deviation of VCO; in each moment and group.
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Fig. 3 - Comparative evolution of the variables assessed at baseline
(0), 2 min of CPR (2) and 4 min of CPR in the groups studied. Average

value and standard deviation of CorPP in each moment and group.
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Table 1. Descriptive analysis and comparisons of the variables assessed at baseline (0), 2 min of CPR (2), and 4 min of CPR (4) within

and among groups.

ADR +TP (n=11) ADR (n=10) Placebo (n=10) TP (n=11) P
PetCO, 0% 425452 394+35 434435 40.4+6 ®
VCO; 0¥ 121.2+20.5 133.4453.7 1:10:2:424..2: 119.3+40.8 ¥
CorPP 08 88.9+21 89.7+19.5 91.0+183 85.5+23.2 §
PetCO, 2* 50.7+13.1 374+14 434+16.3 442+17.7 %*
VCO; 2¥ 48.7+27.5 57.5+30.2 475+21.2 4534245 ¥
CorPpP 25 21.3+104 126+12.1 2274135 20.2+15.5 5
PetCO, 4* 44.3+15 436+19.3 46.3+124 51.0+194 "
VCO; 4¥ 464+31.1 496+329 4924213 3554255 ¥
CorPP 45 446+13.1 53.1+15.2 13.7+12 7.0+10.5 §

ADR=adrenaline; TP=terlipressin; PetCO,=end-tidal carbon dioxide tension (mmHg); VCO,=carbon dioxide excretion;
CorPP=coronary perfusion pressure
* Results of the ANOVA for repeated measurements with transformation for posts:
Effect of group, P=0.5427; effect of time, P=0.1317; group/time interaction, P=0.3043.
¥Results of the ANOVA for repeated measurements with transformation for posts:
Effect of group, P=0.7530; effect of time, P=<0.0001; group/time interaction, P=0.8622.
Differences between times (profile test for contrast):
Basal “ 2'CPR, P<0.0001; basal “ 4'CPR, P<0.0001; 2'CPR " 4'CPR, P=0.2286.

$Results of the ANOVA for repeated measurements with transformation for posts:
Effect of group, P=0.0012; effect of time, P<0.0001; group/time interaction, P<0.0001.
Fixed group and time comparison (profile test for contrast):
Placebo group, P<0.0001; Basal «» 2'CPR, P<0.0001; basal «» 4'CPR, P<0.0001; 2'CPR «» 4'CPR, P=0.06.

Adrenaline group, P<0.0001; Basal «s 2'CPR, P<0.0001; Basal «» 4'CPR, P<0.0014; 2'CPR «» 4'CPR, P<0.0001.
Terlipressin group, P<0.0001; Basal «» 2'CPR, P<0.0001; Basal «» 4'CPR, P<0.0001; 2'CPR «» 4'CPR, P=0.0072.

ADR+TP group, P<0.0001; Basal «» 2'CPR, P<0.0001; Basal «» 4'CPR, P=0.0003; 2'CPR «» 4'CPR, P<0.0001.
Setting time and comparing groups (Tukey test):
Basal, without differences, P=0.9369; 2'CPR, without differences, P=0.2341; 4CPR, with differences in Placebo and Adrenaline;
Adrenaline and Terlipressin; ADR+TP and Placebo; Terlipressin and ADR+TP, P<0.0001.

Table 2. Descriptive analysis and comparison of the percentage of survivors among the groups.

Surviving groups ADR+TP (n=11) ADR (n=10) Placebo (n=10) TP (n=11) Total (n=42)
No n (%) 2(18) 2 (20) 8 (80) 10 (91) 22 (52)
Yes n (%) 9(82) 8 (80) 2 (20) 109 20 (48)

P<0.0001 (Fisher’s test)

correlated with the quality of CPR maneuvers and with ROSC,
considering thatitis directly related to DC, which in turn is directly
related to pulmonary blood flow, PetCO; being its reflection??.
However, no experimental model under invasive mechanical
ventilation (IMV), with PEEP=0 cmH>O and Fi0,=0.21, has
assessed PetCOy, VCO,, and CorPP in the prediction of success of
ROSC on unassisted CPR for 10 min using terlipressin (a pro-drug,
a vasopressin synthetic analogue, with a longer half-life than

vasopressin), adrenaline and their combination as vasopressor
agents, in addition to placebo.

In several published studies, PetCO; has proved to be a useful
variable in assessing the effectiveness of CPR maneuvers and
results in different models of CA.

In the 1980s, Sanders et al.”*! monitored the elimination of
CO; (VCOy) in experimental studies of CA/CPR. The elimination
of CO; was assessed in different types of chest compression,
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and the study reported that all types of maneuvers increased
PetCO,. Little more than a decade later, Blumenthal et al.24,
also in an experimental study, measured PetCO; and VCO; and
concluded that higher values of PetCO; during and after CPR
were associated with a better prognosis.

In our study, there was no statistically significant association
between the times and the registered values for PetCO, with
ROSC, although a sudden and immediate increase in PetCO; at
the beginning of the CPR was observed, which expresses the
pulmonary blood flow, and thus, DC. The data indicates that
PetCO,, both at 2 min and 4 min of CPR (more importantly,
because it was after the administration of the drugs), is not
correlated with ROSC rates, ie., it was not different among the
four groups. Nevertheless, we have to consider that in our study
the CA/CPR model was performed on very young (immature)
animals, being an extreme CA model, for 10 min without any
assistance, and, after this period, the animals were ventilated with
aninitial FiO, (0.21). We should also highlight the fact that we did
not alternate between ventilation and compression, which may
have compromised the effectiveness of the alveolar ventilation.

In relation to VCO; at 2 and 4 min of CPR, it did not differ
statistically between the four groups and, therefore, it was not
indicative of ROSC. On the other hand, CorPP proved to be
significantly higher in the ADR and ADR+TP groups compared to
the Placebo and Terlipressin groups at 4 minutes of CPR, which
indicates that CorPP was a predictive factor for ROSC.

Human studies use other variables to assess the successful
prediction of ROSC. Different criteria are used, but capnography
is also the main focus of the prognostic assessment after CA.
One of the first studies in the 1980s by Garnett et al.?* assessed
patients under IMV who presented CA, and they concluded that
the monitoring of PetCO; during CPR can be useful and serve as
a guide during resuscitation maneuvers.

Another clinical study, conducted by Sanders et al.l?9,
assessed PetCO, in patients subjected to CPR. The authors
reported that all patients listed and those who presented ROSC
showed an average PetCO; > 10 mmHg. None of the patients
with an average PetCO; < 10 mmHg presented ROSC. The data
in this prospective clinical test indicate that the monitoring of
PetCO; during CPR can be useful in the prediction of ROSC in
CPRin humans.

PetCO; values have been correlated with CorPP and ROSC
rate. Thus, in an animal model (dogs) of CA/CPR, Sanders et al.?7,
inanother study, found a significant correlation (P<0.01) between
PetCO; and CorPP. The data in this study were confirmed by
the same group, in the same year, with small variations in the
method. However, the actual physiological relationship between
CorPP and PetCO; during CPR remains uncertainf?,

In our study, we have observed a significant increase in CorPP
(P<0.0001) in the 4™ minute of CPR (after drugs) in relation to the
2" min (before drugs) of CPR in the ADR and ADR+TP groups.
However, the same behavior was no observed in PetCO; and VCO5.

The use of vasopressor agents is suggested in the first cycles
of CPR2, For different types of CA, vasopressor, adrenaline or
vasopressin can be administered in order to increase myocardial
and cerebral blood flow. In the study of Ovalle et al.2%, the use
of some vasopressor agents during CPR was assessed. It was

observed that ADR and its combination with terlipressin, but
not isolated terlipressin, were effective in increasing CorPP and
ROSC. Furthermore, the ADR+TP combination provided greater
hemodynamic stability after ROSC in the surviving animals,
suggesting that TP can be a useful drug in handling hypotension
after CPR28],

In most published studies, both clinical and experimental
ones, the initial, final, maximum and minimum readings show
higher values of PetCO; in patients who presented ROSC. These
authors highlight that clinical studies receive influences from
diseases already present in patients, and this factor should be
considered'8l,

The PetCO; values assessed in many (clinical and
experimental) studies can assist in verifying the effectiveness of
CPR maneuvers in order to guide, with due caution, the actual
results of resuscitation, since very low PetCO; values may indicate
that there is no more reason to continue the efforts of CPR2,

In short, PetCO; and VCO; values obtained by volumetric
capnography have differed from the findings in some published
studies. In addition, those values are not correlated with
hemodynamic variables (CorPP) or with ROSC rates in our
experimental model with immature swine, in which CA was
induced by ventricular fibrillation and the animals remained
without assistance for 10 min with subsequent CPR. It should
be noted that the animals were under IMV, with FiO,=0.21 and
PEEP=0 cmH,0, and we used vasopressor agents (ADR and TP,
isolated or in association).

CONCLUSION

From the results obtained in the study, both PetCO; and
VCO; showed no correlation with ROSC, although VCO; was 50%
lower during the CPR maneuvers (would it be more sensitive in
the detection of a decrease in pulmonary blood flow?). Although
we cannot affirm with certainty, some hypotheses were made to
explain this fact, namely: FiO,=0.21 during the entire experiment,
immaturity of the animals, time of non-assistance after CA (10
minutes), and positive pressure (IMV) in the CPR, which may have
led to an even sharper decrease in the right preload. Thus, further
studies are needed to verify the value of volumetric capnography
(PetCO; and VCOy) to guide the effectiveness of CPR maneuvers,
especially with the use of adjuvant vasopressor agents.
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DISCUSSAO GERAL

Varios estudos, tanto experimentais quanto clinicos, tém investigado o
valor prognostico da capnografia na PCR/RCP. A PetCO, mensurada pela
capnografia em pacientes intubados tem sido correlacionada com a qualidade
das manobras de RCP e com o RCE, tendo em vista que esta variavel esta
diretamente relacionada ao DC, e este ao fluxo sanguineo pulmonar, sendo a
PetCO, um reflexo deste.??> Porém, nenhum modelo experimental sob VMI, com
PEEP=0 cmH0, F0,=0,21, avaliou a PetCO,, a VCO, e PPCor na predicao de
sucesso no RCE na RCP nao assistida por 10min utilizando como medica¢cfes
vasopressoras a terlipressina (um analogo sintético da VP a qual possui uma
farmacodinamica similar, porém com uma meia vida significativamente mais
longa e uma relagéo de efeitos sobre os receptores Vi/V; cerca de duas vezes
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mais intensa que a Vv , sendo as suas principais indicacdes de uso clinico

atuais incluem o controle de hemorragia digestiva alta decorrente de varizes
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esofageanas e 0 manuseio da sindrome hepatorrena adrenalina e a

combinacdo destas, além de placebo.

Em vérios estudos publicados, a PetCO, tem se mostrado uma variavel
uatil na avaliagdo da eficacia das manobras e resultados da RCP em diferentes
modelos de PCR.*?

Na década de 1980, Sanders et al.?? monitorizaram a eliminacdo de
CO, (VCO,) em estudos experimentais de PCR/RCP. Foi avaliada a eliminacao
de CO, em diferentes tipos de compressao toracica, relatando que todos os
tipos de manobras aumentaram a PetCO, .Pouco mais de uma década depois,
Blumenthal et al., também em estudo experimental, mensuraram a PetCO, e a
VCO,, concluindo que valores maiores da PetCO, durante e ap6s a RCP
estavam associados a um melhor prognéstico.*

No presente estudo ndo houve associacdo estatisticamente significativa
entre os tempos e os valores registrados da PetCO, com o RCE, embora se
constate no inicio da RCP um subito e imediato aumento da PetCO,, a qual
expressa o fluxo sanguineo pulmonar, e este, o DC. Os dados indicam que a
PetCO,, tanto aos 2min quanto aos 4min de RCP (mais importante, porque foi

depois da administracdo das drogas) ndo se correlacionaram com as taxas de
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RCE, ou seja, ndo foram diferentes entre os quatro grupos. Quanto a isto, a
literatura ainda apresenta controvérsias. No entanto, ha de se considerar que
no presente estudo, o0 modelo de PCR/RCP foi realizado em animais muito
novos (imaturos), sendo um modelo extremo de PCR, com 10min de duragao
sem qualquer assisténcia, onde, apos esse periodo, 0s animais voltaram a ser
ventilados com uma FO; inicial (0,21). Ressalta-se ainda o fato de que no
presente estudo ndo houve alternéancia ventilagdo/compressao, o que pode ter
comprometido a eficacia da ventilagao alveolar.

Com relagdo ao VCO; aos 2 e 4 min de RCP, estas nédo diferiram
estatisticamente entre os quatro grupos, e, portanto, ndo foram indicativas de
RCE. Por outro lado, a PPCor mostrou-se significativamente maior nos grupos
ADR e ADR+TP em relagéo aos grupos Placebo e Terlipressina aos 4 minutos
de RCP, o que indica que ela (PPCor) foi um dado preditivo de RCE.

Estudos em humanos utilizam outras variaveis para avaliar predicdo de
sucesso no RCE. Diferentes critérios séo utilizados, mas a capnografia foi
também o foco principal da avaliacdo prognostica pés-PCR. Um dos primeiros
estudos realizados na década de 1980 por Garnett et al. avaliou pacientes sob
VM e que apresentaram PCR, concluindo que a monitorizacdo da PetCO,
durante a RCP pode ser util e servir de guia durante as manobras de
resuscitacéo.**

Outro estudo, também clinico, realizado por Sanders et al., mensurou a
PetCO, em pacientes submetidos a RCP. Os autores relatam que em todos 0s
pacientes arrolados e que apresentaram RCE mostraram uma PetCO, média =
10 mmHg. Nenhum dos pacientes em que a PetCO, média foi < 10 mmHg
apresentou RCE. Os dados desse ensaio clinico prospectivo indicam que a
monitorizacdo da PetCO, durante a RCP pode ser til na predicdo de RCE na
RCP em humanos.®

Os valores da PetCO, tém sido correlacionados com a PPCor e as taxas
de RCE. Assim, num modelo animal (cdes) de PCR/RCP, Sanders et al., em
outro estudo, encontraram significativa correlagéo (p<0,01) entre a PetCO, e a
PPCor. Os dados desse estudo foram confirmados pelo mesmo grupo, no
mesmo ano, com pequenas variacbes no método.*® No entanto, a verdadeira
relacdo fisiologica entre a PPCor e PetCO, durante a RCP permanece

incerta.>?
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No presente estudo, observou-se um aumento significativo da PPCor
(p<0,0001) no 4° minuto de RCP (pés-drogas) em relacdo ao 2° min (pré-
drogas) de RCP nos grupos ADR e ADR+TP. No entanto, o mesmo
comportamento ndo foi observado na PetCO, e VCO,. A deficiéncia no fluxo
sanguineo coronariano € um fator etiologico muito importante nos eventos
cardiacos. Quando se otimiza esse fluxo, de forma a aumentar a PPCor
(drogas vasoativas), otimiza-se a RCP.?° Isso pode ocorrer visto que a resposta
cardiaca (PPCor) precede a resposta respiratoria (capnografia volumétrica)
durante na RCP.

O uso de vasopressores é sugerido nos primeiros ciclos de RCP.** Para
diferentes tipos de PCR um vasopressor, adrenalina ou vasopressina, pode ser
administrado com o objetivo de incrementar o fluxo sanguineo cerebral e
miocardico.>’ No estudo de Ovalle et al. avaliou-se o uso de alguns
vasopressores durante a RCP.?* Foi observado que a ADR e sua combinacéo
com terlipressina, mas néo a terlipressina isolada, foram eficazes para
aumentar a PPCor e o RCE. Ademais, a combinagdo ADR+TP proporcionou
maior estabilidade hemodindmica p6s-RCE nos animais sobreviventes,
sugerindo que a TP pode ser uma droga util no manuseio da hipotensdo pos-
RCP.38'39

Na maioria dos estudos publicados, tanto clinicos quanto experimentais,
as leituras iniciais, finais, maximas e minimas, mostram valores maiores de
PetCO; nos pacientes que apresentaram RCE. Esses autores ressalvaram que
estudos clinicos recebem influéncias das doencas ja instaladas nos pacientes,
fator este que deve ser considerado.**

Esses valores da PetCO,, avaliados em muitos estudos (experimentais e
clinicos), podem ajudar na comprovacao da eficacia das manobras de RCP, a
fim de nortear, com a devida cautela, a real obtencdo de resultado da
ressuscitacao, uma vez que valores muito baixos de PetCO, podem indicar que
nao haja mais razao suficiente para continuar os esforcos de RCP.

Em suma, os valores da PetCO, e VCO, obtidos pela capnografia
volumétrica diferiram dos achados em alguns estudos publicados. Ademais,
estes valores nédo se correlacionaram com as variaveis hemodinamicas
(PPCor) ou com as taxas de RCE neste modelo experimental, em porcos

imaturos, nos quais foi induzida a PCR por fibrilagdo ventricular e que
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permaneceram sem assisténcia por 10 min com posterior RCP. Ressalta-se
ainda que o0s animais encontravam-se sob VMI, com F0,=0,21,
PEEP=0cmH,0 e que foram utilizadas medicacdes vasopressoras (ADR e TP;

iIsoladas ou em associacgao).
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CONCLUSAO

Os resultados obtidos no estudo, tanto a PetCO, e a VCO; néo
apresentaram correlagdo com a RCE, embora a VCO, apresente-se 50%
menor durante as manobras de RCP (seria mais sensivel na deteccdo de
gueda de fluxo sanguineo pulmonar?). Algumas hipoteses sao levantadas para
explicar tal fato, embora ndo possamos afirmar ao certo. Séo elas: FiO,=0,21
durante todo o experimento, imaturidade dos animais, tempo da ndao-
assisténcia no pés-PCR (10 minutos) e a pressao positiva (VMI) na RCP que
pode ter levado a uma diminuicdo ainda mais acentuada da pré-carga direita.
Desta forma, vé-se que novos estudos sdo necessarios a fim de se verificar o
valor da capnografia volumétrica (PetCO, e VCO,) como norteadora da eficacia
das manobras de RCP, especialmente com o uso adjuvante de medicacdes

vasopressoras.

Com relacéo a variavel PPCor, esta apresentou aumentos significativos
em seus valores e correlacdo com as taxas de RCE, evidenciando seu papel
na verificagdo da eficacia da RCP. Neste estudo, a adrenalina e a associacéo
de adrenalina e terlipressina se diferenciaram tendo sucesso no retorno dos
animais e também estabilidade hemodinamica pés RCP, diferenciando do

grupo terlipressina e placebo.
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