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1. INTRODUCAO

O oxigénio (Oz) inalatério suplementar tem sido usado como agente
terapéutico desde o final do século XVII e é considerado tratamento para hipoxemia
aguda desde 1887 (HEFFNER, 2013). Em face de comprometimento da ventilagéo e
perfusdo pulmonar, desde a era moderna, tem sido administrado para aumentar a
pressdo parcial alveolar de oxigénio (PaO,). Porém, atualmente sabe-se que sua
eficacia pode ser limitada se a taxa de fluxo inspiratorio do paciente exceder o fluxo
de O, administrado, resultando em arrastamento de ar do ambiente (SPOLETINI, et
al. 2015).

A terapia de alto fluxo por canula nasal (TAFCN) tem sido um método descrito
na literatura como uma forma segura e eficaz para entregar O, de forma nao
invasiva ao paciente (FRAT, et al. 2015). A TAFCN consiste em um circuito que
entrega ao paciente, através de uma pronga ou cateter nasal, ar umidificado e
aguecido a 37°C, em fracdes inspiradas de oxigénio (FiO;) que podem variar de
21% a 100% com fluxo de até 80L/min. Este nivel de fluxo pode gerar baixos niveis
de pressdo positiva na via aérea superior do paciente, trazendo como efeitos a
diminuicdo do espac¢o morto fisiol6gico e remocado o diéxido de carbono (CO;) nas
vias aéreas superiores (MOLLER, et al. 2017).

A TAFCN foi primeiramente e tem sido extensamente descrita em populacdo
pediatrica e neonatal, mas apenas nos Uultimos anos grandes trabalhos
randomizados foram realizados em adultos, demonstrando que o0s principais
beneficios de seu uso durante a insuficiéncia respiratoria aguda hipoxémica sdo a
diminuicdo da frequéncia respiratoria, taxa de reintubacdo e da mortalidade em 90
dias (HERNANDEZ, et al. 2016). Além disso, sdo escassas as evidéncias que
fundamentam o uso da TAFCN como suporte respiratdrio em pacientes criticos
agudos admitidos em unidades de emergéncia (no Brasil).

O presente estudo tem por objetivo avaliar os efeitos fisioldégicos nas
pressoes, volumes e capacidades pulmonares da TAFCN pela monitorizag&o clinica
com baldo esofagico e tomégrafo de impedancia elétrica em pacientes adultos com
insuficiéncia respiratdria aguda hipoxémica admitidos em um servico de emergéncia.
Nossa hipotese é que a TAFCN pode potencializar (melhorar) significativamente os

parametros: dispneia, frequéncia respiratéria, trabalho respiratorio, volume minuto,



troca gasosa, volume corrente (VC), volume de reserva expiratorio, presséo

transpulmonar e homogeneidade da ventilagao no parénquima pulmonar.



2. REVISAO DA LITERATURA

A insuficiéncia respiratéria é a “incapacidade de manter o fornecimento
normal de O, aos tecidos ou a remocéo normal de CO, dos tecidos" e muitas vezes
resulta de um desequilibrio entre a carga respiratéria e a forga ou resisténcia
ventilatéria. Os critérios para insuficiéncia respiratéria baseados em gases do
sangue arterial foram estabelecidos por Campbell, em 1965 e geralmente definem a
falha como PaO, inferior a 60 mmHg (também referida como falha respiratoria
hipoxémica ou tipo I), presséo parcial alveolar de diéxido de carbono (PaCO;) maior
que 50 mmHg (insuficiéncia respiratoria hipercapnica ou tipo Il), ou ambos, em
individuos saudaveis que respiram o ar ambiente ao nivel do mar (KACMAREK;
STOLLER; HEUER, 2017).

A insuficiéncia respiratoria pode ser um processo agudo ou cronico. Pacientes
com distarbios &cido-base (por exemplo, doenca pulmonar obstrutiva cronica
[DPOC], doenca neuromuscular, doenca pulmonar restritiva ou parenquimatosa)
podem ser cronicamente hipercapnicos e em insuficiéncia ventilatéria crénica.
Embora a andlise dos gases no sangue seja Util na distingdo entre a insuficiéncia
respiratéria hipoxémica (tipo |I) e a hipercapnica (tipo Il), muitos pacientes com
insuficiéncia respiratoria aguda desenvolvem hipoxemia e hipercapnia (ROCA; et al.
2010).

A administracdo de O, suplementar tem sido a terapia de primeira linha para
pacientes hipoxémicos. O O, geralmente é fornecido através de mascaras faciais ou
cateter nasal. Véarias desvantagens estdo associadas a esses dispositivos, 0 que
pode limitar a eficacia e a tolerancia a entrega de oxigénio. Geralmente, o O,nédo é
umidificado com baixo fluxo, e as queixas, especialmente nariz seco, garganta seca
e dor nasal, sdo comuns. Os umidificadores de bolhas s&o comumente usados para
umidificar o ar entregue a pacientes que respiram espontaneamente, mas quando a
umidade absoluta € baixa, os pacientes ainda se queixam de desconforto
(CAMPBELL; et al. 1988) (CHANQUES,; et al. 2009). Deste modo, 0 aquecimento e
a humidificacdo insuficientes conduzem a uma baixa tolerdncia a oxigenoterapia
convencional. Usando dispositivos convencionais, o fluxo de oxigénio é limitado a
nao mais que 15 L/min. Enquanto isso, o fluxo inspiratério de pacientes com

insuficiéncia respiratoria varia amplamente entre 30 e mais de 100 L/min. A



diferencga entre o fluxo inspiratorio do paciente e o fluxo fornecido é grande e, como
resultado, o FIO; é inconstante e muitas vezes menor do que o esperado. Assim,
como alternativa ao fornecimento convencional de O, para pacientes hipoxémicos, a
TAFCN tem recebido cada vez mais atencao (NISHIMIURA, 2015).

A capacidade de manter uma FiO, constante sob diferentes padrbes
ventilatérios do paciente torna dispositivos de terapia de alto fluxo adequados para
muitos pacientes. Como resultado, estes sistemas demonstraram tratar com sucesso
a hipoxemia moderada através de uma combinacdo das trés caracteristicas
principais: (1) entrega de uma alta FiO,, (2) mantendo ou até excedendo a ventilacéo
minuto do paciente e, portanto, entregando O, de forma constante, e (3) gerando
pressdo positiva na via aérea. Além disso, o recurso de umidade aquecida permite
gue esses sistemas entreguem O, altamente humidificado, evitando assim os efeitos
deletérios a mucosa do paciente (KACMAREK; STOLLER; HEUER, 2017).

O design menos confinante desses dispositivos tornam eles mais confortaveis
e melhor tolerados por muitos pacientes do que os dispositivos alternativos de
entrega de oxigénio, cateteres e mascaras. Como resultado, a TAFCN tem se
tornado um substituto popular tanto para dispositivos tradicionais de O, quanto para
configuragBes de presséo positiva continua em pacientes pediatricos com distarbios
como bronquiolite e displasia broncopulmonar (LENGLET; et al. 2012).

Algumas hipoéteses sugerem que a TAFCN pode afetar diretamente os fatores
determinantes da lesdo pulmonar induzida por ventilacdo, como 0 estresse
pulmonar, tensédo e falta de homogeneidade na expansao do parénquima pulmonar.
Estudos prévios observaram uma diminuicdo na conducdo das mudancas de
pressdo transpulmonar ao longo da inspiracdo. Em um estudo prospectivo
randomizado realizado em Monza, na lItalia, as estimativas absolutas de PuLei
(dynamic end-expiratory transpulmonary pressure) e PL, ee (dynamic end-inspiratory
transpulmonary pressure) foram maiores durante o uso da TAFCN, como esperado
pelo efeito de pressao adicional ao final da expiragéo, possivelmente resultando em
uma menor tendéncia ao colapso pulmonar (MAURI; et al. 2017).

O aumento do volume de reserva expiratorio induzido por TAFCN com VC
inalterado pode reduzir a tensdo pulmonar, o que parece estar linearmente
correlacionada com a gravidade da lesao pulmonar induzida por ventilagao (Bellani;

et al. 2011). A diminuicdo indireta da ndo homogeneidade da distribuicdo de



ventilacdo sugere que pode haver menor area regional de colapso alveolar
(MERTENS; et al. 2009), potencialmente reduzindo o risco de multiplicacédo focal da
tensdo da parede alveolar e lesdo adicional ao parénquima, potencializando os
volumes e capacidades pulmonares durante o uso da TAFCN (CRESSONI; et al.
2014).

A tomografia de impedancia elétrica (TIE) € uma ferramenta de
monitoramento ndo invasiva e sem radiacdo que permite a imagem em tempo real
de ventilagdo. E o Gnico método de beira de leito que permite medidas n&o invasivas
de mudancas regionais nos volumes pulmonares (FRERICHS; et al. 1999). Por esta
razdo, a TIE tem sido utilizado como ferramenta de monitoramento em uma
variedade de aplicagbes em pacientes criticos, incluindo monitoramento da
distribuicdo de ventilacdo, avaliacdo da hiperdistensdo pulmonar e colapso e
deteccdo de pneumotoérax (COSTA; LIMA; AMATO. 2009).

A TIE fornece mapas de ventilacdo derivados do conceito introduzido por
Frerichs e Hahn (Brown et al., 1985; Adler et al., 1997, 1998; Frerichs et al., 1999;
Hedenstierna 2004; Victorino et al., 2004), onde alteracfes de impedancia relativa
acompanham o local e as mudancas no contetdo do ar dentro do pulmao, em tempo
real, pixel por pixel. A partir dessas imagens geradas € possivel observar
parametros como: mudancas nos volumes correntes regionais e sub-regionais (rVT e
srVT), volumes pulmonares expiratorios finais regionais e sub-regionais (rEELV e
SrEELV) e distribuicdo de ventilagcdo no parénquima pulmonar (BORGES; et al,
2014).

Adicionalmente a avaliagdo dos volumes e distribuicdo da ventilagdo, a
medida da presséo esofagica (através da instalacdo de cateter no eséfago) podem
aumentar substancialmente o conhecimento dos efeitos da TAFCN sobre as
propriedades mecénicas dos pulmdes, da parede toracica e de todo o sistema
respiratorio.

Na década de 50, um estudo mostrou que alteragBes nas pressdes pleural e
esofagica eram semelhantes e Uteis para compreender a mecanica respiratoria
(DORNHORST, LEATHART.1952). Pouco tempo depois, Cherniack e colaboradores
(1955) concordaram que as mudancas na pressao pleural eram semelhantes as
mudancas na pressdo esofagica, embora os valores absolutos das pressdes no

espaco pleural fossem frequentemente mais negativos do que no es6fago. Esses



achados indicaram que as medidas de pressdo esofagica poderiam fornecer uma

estimativa da pressdo pleural. Além disso, as medidas de pressao esofagica (e

parametros derivados como o esfor¢o ventilatorio) avancaram a compreensdo dos

mecanismos fisiopatologicos da insuficiéncia respiratéria aguda (TALMOR; et al.

2008). A partir da andlise das curvas da pressdo esofagica pelo baldo esofagico

derivam-se os seguintes dados:

produto do tempo de pressdo média durante um minuto (PTPn), definido
como a soma das areas subentendidas pela forma de onda Pes durante um
ciclo respiratorio pelo periodo de 2-3 minutos dividido pelo ndmero de
minutos, como medida do trabalho metabdlico da respira¢éo por minuto;
produto médio de tempo de pressao por respiracdo (PTP), definido como a
area subtendida pela forma de onda P¢s durante um ciclo respiratério em uma
série de respiracfes representativas divididas pelo nimero de respiracbes
(pelo menos dez), como uma medida do trabalho metabdlico da respiracdo a
cada ciclo respiratorio;

pressdo média do esdfago durante a inspiracdo (APes) definida como as
diferencas absolutas entre as pressdo expiratoria final e inspiratoria final na
mesma série de respiracdes representativas utilizadas para medir a PTP,
dividida pelo numero de ciclos respiratérios, como medida do esforco
inspiratorio do paciente;

pressdo transpulmonar expiratéria final dinamica (PL, ee), calculada como a
diferenca média entre a pressao da via aérea (assumida como 0 cmH,O com
a mascara de Venturi e 2,5 cmH,0 com a TAFCN) e a Pes absoluta medida no
final da expiracdo (zero fluxo) em uma série selecionada de ciclos
respiratorios;

pressao transpulmonar inspiratéria final dinamica (PL, ei), calculada como a
diferenca média entre a pressao da via aérea (assumida como 0 cmH,O com
a mascara de Venturi e 2,5 cmH,0 com a TAFCN) e a Ps absoluta medida ao
final da inspiracdo (zero fluxo) em uma série selecionada de ciclos
respiratorios;

pressao transpulmonar de condugéo (APL), calculada como (PL, ei - PL, ee).
(MAURI et al 2017).
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4. OBJETIVOS

4.1 Objetivo Geral
e Avaliar os efeitos fisiologicos da TAFCN em pacientes com insuficiéncia

respiratoria aguda hipoxémica.

4.1.2 Objetivos Especificos

e Avaliar os efeitos da TAFCN sobre a variacdo da presséo esofagica durante a
inspiracao (APes);

e Avaliar os efeitos da TAFCN sobre a variacdo da pressdo transpulmonar
durante a inspiragao;

e Avaliar os efeitos da TAFCN sobre a variagdo da pressédo transpulmonar
durante a expiracao;

e Avaliar os efeitos da TAFCN sobre as mudancas da impedancia pulmonar
regional e global ao final da expiracao;

e Avaliar os efeitos da TAFCN sobre o produto pressao-tempo através do
calculo da integral da curva presséo esofagica sobre o tempo (produto
pressdo-tempo-PTP) a cada respiracdo e a média no minuto.
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6. ABSTRACT

Rationale: High-flow nasal cannula (HFNC) can improve pulmonary function of
critical nonintubated patients with acute respiratory failure (ARF). The high flows may
provide a better oxygenation and lung air distribution with a better functional residual
capacity.

Methods: This was a prospective crossover study in nonintubated patients with ARF
with PaO,/FiO, < 300 mmHg admitted to the intensive care unit (ICU) or emergency
department (ED). We applied HFNC set at 50L/min and FiO, at 100% for sixty
minutes compared after initial fifteen minutes with a standard nonocclusive facial
mask. We divided into three moments; fifteen minutes with standard nonocclusive
facial mask; thirty minutes with HFNC and sixty minutes with HFNC. Toward the end
of each phase, we measured inspiratory effort and work of breathing by esophageal
pressure swings (APes) and pressure time product (PTP) with a esophageal
catheter. The estimated changes in lung volumes and ventilation homogeneity were
measured with electrical impedance tomography.

Results: Four patients were included in the study period from August, to October,
2018. Age 58 + 18.6 years old, male 76%, SAPS 3: 64.5 + 7.7, PaO,/FiO,= 61 (48 -
71), 100% had bilateral lung infiltrates and Murray score: 4 on the x-ray for all
patients, the reason for hospitalization in the four cases was pneumonia/ARDS, a
severe hipoxemic patient profile. Compared with the facial mask, Respiratory rate
decrease from 35 £ 11 to 29 £ 9, Borg dyspnea scale decrease from 6.7 £ 0.5 to 3.5
+ 1.3, PaO; increase from 57 (44 - 66) to 115 (96 - 126) and PaO,/FiO,: 61 (48 - 71)
to 115 (96 - 126) with oxygen mask compared to HFNC sixty minutes. HFNC
improved dynamic end-inspiratory transpulmonary pressure, dynamic end-expiratory
transpulmonary pressure, PTP and driving transpulmonary pressure (APL). These
results corroborate with those found in previous studies. Lung aeration in dependent
region increased 90% and at non-dependent region 42% with HFNC and tidal volume
did not change. These effects suggest a decrease in lung inhomogeneity of
ventilation distribution with some opening collapsed alveoli by increasing the
functional residual capacity.

Conclusions: In patients with ARF, HFNC exerts multiple physiologic effects
including less inspiratory effort, improved lung aeration and gas oxygenation. These
benefits might underlie the consistency of HFNC therapy.

Key words: Intensive care; emergency department; high flow nasal cannula;
respiratory failure.



7. Introduction

In the last decade, therapy with high flow nasal cannula (HFNC) has aroused
the interest of the critical care scenario, providing an oxygen supplementation
resource far above conventional methods ™. The results of this therapy are
interesting because is most cases, they were similar when compared to noninvasive
ventilation, ®*® however the difference is that the principle of action is not pressure,
but flow, which requires more understanding about its effects on lung parenchyma.

Currently, we know from recent research that certain patient profiles seem to
benefit more from this type of therapy, immunocompromised, with pneumonia and a
clinical scenario of hypoxemic respiratory failure'?. The FLORALI trial used HFNC
in patients with severe hypoxemia (PaO./FiO, < 200 mmHg) and the results showed
a lower rate of intubation and decreased mortality, however not all the studies in this
profile of patients found the same result, justifying the need to clear the physiological
effects of HFNC®%D,

There are studies comparing the efficacy of HFNC with noninvasive ventilation
in the rates of reintubation and hospital morbidity™**®, as well as the pre-intubation
methods in critical patients"®. Nevertheless, there is little information on the
physiological effects of therapy in relation to pulmonary function and the mechanisms
by which the therapy is able to decrease respiratory rate, effort, and improve gas
exchange.

Based on this context, the present study intends to explore the short-term
physiological effects of HFNC in patients with acute hypoxemic respiratory failure
(AHRF) in critical care patients through an esophageal catheter and electrical
impedance tomography to better clarify the patient's use of therapy in this patient

profile.



8. Methods
8.1 Study design

This prospective crossover study received ethical approval from the
Institutional Ethic Committee (CAAE: 72799517000005327) and signed informed
consent was obtained from all participants. The study encompassed three moments:
1 = patient with oxygen mask for 15 minutes, 2 = patients in HFNC after 30 minutes,
3 = HFNC after 60 minutes of use, Patients were monitored during the entire study
period for: changes in ventilatory effort (Pes); effects of HFNC on the variation of
esophageal pressure during inspiration (APes); transpulmonary pressure variation
during inspiration; regional and global pulmonary impedance changes at the end of
expiration; and for pressure-time product by calculating the integral of the curve of
esophageal pressure over time (product pressure-time-PTP) with each breath and

the mean per minute.

8.2 Participants

This study included patients with nonintubated acute hypoxemic respiratory
failure admitted to the emergency department (ED) or intensive care unit (ICU),

with the following criteria: respiratory rate> 25 bpm, arterial oxygen partial pressure

and inspiratory oxygen fraction ratio (PaO, / FiO;) <300 mmHg, O, saturation

(Sp02) 90% with FiO2> 0.4.

After inclusion in the study, the identification number, hospitalization date,
Glasgow coma scale at hospital admission, body mass index (BMI), clinical
diagnosis and SAPS Il were obtained for the medical record and recorded on the
data collection form.

Initially, the patient was placed in the dorsal position, with the head elevated
at 70° and the modified BORG scale was applied to obtain dyspnea level and
procedures adopted in the following order: esophageal catheter placement,
ventilatory monitoring with electrical impedance tomography (TIE) and beginning
of HFNC. The data generated were continuously recorded and later evaluated
offline. Dyspnea levels were evaluated at the end of the first 15 minutes, with 30

minutes of HFNC use and 60 minutes at the end of the collection. After that, the



patient remained with only HENC, depending on clinical recommendation.

8.3 Procedures

8.3.1 Insertion and monitoring through the esophageal catheter

The catheter balloon was inserted through the nasal cavity, using a topical
anesthetic (eg, lidocaine spray), and positioned in the distal third of the esophagus to
monitor esophageal pressure to determine thoracic complacency and ventilatory
effort. An additional extension line and a 3-5mL syringe were required. The extension
line was connected to the auxiliary port of the pressure and conditioning sensor. The
catheter was marked to help identify the appropriate depth in the positioning of the
balloon (lower third of the esophagus). The estimated depth for placement of the
catheter was measured by the distance from the nostril to tragus from the ear to the
xiphoid, or calculated using the patient's height (in cm) x 0,288. Esophageal pressure
(Pes) measurements were collected continuously throughout exercise testing with an
integrated data-acquisition setup. Inspiratory (Pes, insp) and expiratory (Pes, exp)
Pes were evaluated as the most negative and positive values during tidal breathing.
Pes were also evaluated at end-expiratory points of zero flow.

8.3.2 Monitoring with electrical impedance tomography

The TIE is a device that uses a high-frequency low-amplitude electrical current
with 32 electrodes that are installed in a belt that have the correct perimeter of the
transverse plane of the chest at the level of the patient's fifth and sixth intercostal
space. The information measured by the electrodes is transmitted to software that
generates an algorithm of values related to lung volume and capacities. An image is
then shown that reproduces real-time ventilation in the pulmonary parenchyma,
allowing the visualization of an image according to the regional distribution of the
insufflation. The TIE data are measured by dividing the lung into four regions, left
ventral, right ventral, left dorsal and right dorsal. In the present study the final
expiratory volume impedance and the expiratory reserve volume variations were

generated before and after of the HFNC installation, according to the flow demand of



each patient. The data was recorded using the impedance tomography monitor
Enlight 1800 (Timpel, Sdo Paulo, Brazil).

8.3.3 High Flow Nasal Cannula

The system we used was from a mechanical ventilator (Evita XL, Lubeck,
Germany) with oxygen therapy software; Heated Base (MR730, Fisher & Paykel,
Auckland, New Zealand); Circuit with heated wire and nasal cannula (Optiflow
MR850, Fisher & Paykel, Auckland, New Zealand). The nasal cannula was installed
in the patient with 100% FiO2, and 50 L/min flow and a circuit heating temperature of
37 °C.

8.3.4 Sample calculation

The sample was calculated in order to detect a difference of 5 units (cmH20),
(DP = 3.4) before and after the installation of HFNC in the esophageal pressure
variation (difference between final expiratory pressure and final inspiratory pressure -
APes) according to a study by Mauri and colleagues, assuming a type | and Il error of

5 and 20%, respectively. Thus, 7 patients must be included.

8.3.5 Statistical analyses

Normal distributed variables were expressed as mean + SD, nonnormal ones
as median (interquartile range). P value by Friedman’s two-way analysis of variance
by ranks (post hoc bonferroni) or by Wilcoxon signed rank test, as appropriate. The
SPSS statistical package (v.24.0, Chicago, USA) was used for the statistical

analyses. The level of statistical significance was set at p<0.05.



9. Results

Four patients were included in the pilot study period from August, to October,
2018. The mean age of the patients was 58 + 18.6 years old, 75% were male, and
with, SAPS 3: 64.5 = 7.7, The initial oxygenation index was PaO,/FiO, = 61 (48 - 71),
100% had bilateral lung infiltrates and Murray score: 418 on the x-ray for all patients,
the reason for hospitalization in the four cases was pneumonia/ARDS, a severe and
similar hypoxemic patient profile.

After sixty minutes when compared to the facial mask, it was found a
respiratory rate decrease of 35 = 11 to 29 + 9, the subjective sensation of dyspnea
measured using the Borg Dyspnea Scale decreased from 6.7 £ 0.5to 3.5 + 1.3, PaO,
increased from 57 (44 - 66) to 115 (96 - 126) and PaO,/FiO,: 61 (48 - 71) to 115 (96 -
126). These results suggest better oxygenation and gas exchange with high flows,
probably due to the delivery of oxygen, in the case, was greater than the minute
ventilation of the patient, and the ventilatory demand had been well supplemented.

HFNC improved dynamic end-inspiratory transpulmonary pressure (p=0,039),
dynamic end-expiratory transpulmonary pressure (p=0,039), PTP and driving
transpulmonary pressure (APL) which corresponds to a decrease in inspiratory effort
and work of breathing (p=0,039).

It was found, changes in lung aeration and distribution in lung parenchyma
after the institution of HFNC. The low levels of pressure caused in the upper airways
seems to exert positive pressure levels at the end of the expiration (PEEP),
increasing the functional residual capacity and could be a result of the 90% increase
in the dependent region and the 42% increase in the non-dependent region with
HFNC. However, this pressure was not enough to change the tidal volume. These
effects suggest a decrease in lung inhomogeneity of ventilation distribution with some

opening collapsed alveoli by increasing the functional residual capacity.



10. Discussion

The present study showed that in patients with AHRF, HFNC improved several
key physiologic parameters including oxygenation, inspiratory effort, functional
residual capacity, dynamic compliance, transpulmonary pressure, and homogeneity
of ventilation distribution.

During the use of HFNC, oxygenation was higher and a reduction in the
patient's hypoxic drive was observed. The use of an air-entrainment mask reduces

the efficiency of the deliver flow of oxygen (9%

. In contrast, the high flows at 50
L/min can provide better oxygenation and can supply the patient's minute ventilation
demand. In the present study, the corollary is verified through a higher PaO,/FiO,
after 60 minutes with HFNC©%:22:26),

Some previous studies in infants show a decrease in respiratory effort
represented by changes in esophageal pressure swings after HFNC®". However, we
didn't find the same results with this variable in adults with ARHF, in fact, we
observed this phenomenon but there are no statistics to prove this decrease. In this
pilot study, we believe that it is not possible to observe the same variation because
our sample size was not sufficient to reach statistical significance.

The work of breathing and inspiratory effort (PTP and driving transpulmonary
pressure (APL)) was significantly lower during HFNC use. According to MAURI et al,
the effects of high flows in the airway may be propagated to lung parenchyma and
lower levels of PEEP can provide a better functional residual capacity, which was
converted into some physiological implications: the occurrence of better oxygenation
through a more efficient set of FiO, combined with higher flows delivered and PEEP
generated result in the optimization of work of breathing and ventilation-perfusion
ratio @.

Furthermore, some studies do not establish a relationship between the
decrease in RR and lower PTPmin &, they believe that the decrease in RR is related
to the success of clinical treatment and not as a result of the decrease in ventilatory
overload, a correlation not found in this study. Further studies are necessary to
determine whether there is a relationship.

Another important point is the increase of end-expiratory lung volume (Minimo

Z upper, Minimo Z lower) without Vt change. Despite the absence of statistical



significance in this pilot study, our results suggest that HFNC may prevent lung strain
which could be correlated to ventilated-induced lung injury. The reduction of
inhomogeneity in lung parenchyma air distribution may be a key factor in protecting
the lung by helping to avoid stress and strain raisers in spontaneous breathing
obtaining smaller areas of alveolar collapse at the end of expiration®29,

Furthermore, with a better parenchyma capacity to distend a received flow and
irradiate pressure through the airway, it is appropriate to observe a significant
difference in dynamic compliance (PL,ei, cm H,O, PL,ee, cm H,O, APL), Thus, our
study shows that these physiological effects occur when the hypoxic drive was
adjusted at the expense of HFNC and work of breathing was consequently lower. It is
possible that the improvement of dynamic compliance is related to the decrease of
the inspiratory effort, causing an unloading of the respiratory muscles 3.

Our study has several limitations. The sample size should have been larger to
support our findings. The impedance tomography used was only able to show the
plethysmography graphic and the image of ventilation in real time, as a result, it was
impossible to determinate the flows variables (eg. time ins-exp). We assessed PTP
by analyzing only the esophageal pressure tracings rather than the traditional PTPes
which include the chest wall static recoil pressure-time curve. However, Vt measured
with the TIE did not significantly change throughout the three phases, therefore there
the probability that no difference in the measured values of PTP would be found is
low. Finally, the set FiO, in lower airways could not be measured and it would have
been important during mask phase with entrained room air. It is a single center study.
Therefore, it is important to have a larger sample size in the future to support our

results.



11. Conclusions

In patients with ARF, HFNC exerts multiple physiologic effects including less
inspiratory effort, improved lung aeration and gas oxygenation. These benefits might

underlie the consistency of HFNC therapy.
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13. APENDICE A — Termo de consentimento livre e esclarecido

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

N° do projeto GPPG ou CAAE: 72799517000005327

Titulo do Projeto: Terapia de alto fluxo por canula nasal em adultos com
insuficiéncia respiratoria aguda hipoxémica: Os efeitos fisiolégicos em
pacientes criticos.

Vocé estd sendo convidado a participar de uma pesquisa cujo objetivo é
verificar o impacto da colocagéo de um cateter nasal (terapia de alto fluxo por canula
nasal) na quantidade de ar que é movimentado pelo paciente durante a respiracao.
Esta pesquisa estd sendo realizada no Servico de Emergéncia do Hospital de
Clinicas de Porto Alegre (HCPA).

Se vocé aceitar participar da pesquisa, os procedimentos envolvidos em sua
participacdo sdo os seguintes:

Durante o periodo em que apresentar a queixa de falta e estiver recebendo
suporte ventilatério (ajuda para respirar) sera instalado um fino cateter que sera
introduzido pelo nariz e ficara na extremidade do es6fago para monitorizacdo da
forca que o participante faz para respirar. O cateter serd lubrificado com anestésico
local (lidocaina) e todo o processo sera lento, com manobras muito delicadas e sem
forcar qualquer obstaculo. Sera solicitado a vocé que respire normalmente e, ao
sentir o cateter na garganta, faca movimentos em sequéncia para engolir. A partir do
momento que o cateter estiver na posi¢ao correta, este aparelho comecara a medir a
forca que o paciente faz para respirar. Essas informacdes séao transmitidas para um
computador. Além disso, sera colocada uma cinta com eletrodos na altura do peito
para mostrar imagens do ar que entra nos pulmdes. Ap6s o final da andlise, o
cateter sera retirado cuidadosamente. Esse procedimento tera duracdo de dez
minutos. Caso vocé autorize, sera acessado 0 seu prontuario para coleta de
informacdes de dados demograficos e suas condicbes de internacao.

Os possiveis riscos ou desconfortos decorrentes da participacdo na pesquisa
sdo desconforto nasal ao colocar o aparelho e o ato de engolir repetidas vezes.
Caso se sinta muito desconfortavel, a introducdo sera interrompida. Podem existir
algumas complica¢cBes pela introducdo do cateter que sdo muito raras (0,2% dos
casos), e incluem diminuicdo na oxigenagdo sanguinea e alteracbes no ritmo de
batimento do coracdo (bradicardia ou taquicardia) e na pressdo arterial sistémica
(hipotensdo ou hipertensdo). Esses efeitos colaterais serdo monitorados
constantemente com o uso de monitor de oxigenagcdo sanguinea e de frequéncia
cardiaca e respiratoria, com presenca de equipe habilitada para o tratamento
imediato de qualquer uma dessas complicacdes.

Os possiveis beneficios decorrentes da participagdo na pesquisa sao
relacionados ao maior conforto respiratorio. Além disso, essa pesquisa contribuird
para o aumento do conhecimento sobre o assunto estudado, e, se aplicavel, podera
beneficiar futuros pacientes.

Sua participagdo na pesquisa €é totalmente voluntaria, ou seja, ndo €



obrigatodria. Caso vocé decida nao participar, ou ainda, desistir de participar e retirar
seu consentimento, ndo haver4 nenhum prejuizo ao atendimento que vocé recebe
OU possa Vvir a receber na instituicao.

Nao estd previsto nenhum tipo de pagamento pela sua participagdo na
pesquisa e vocé nao terd nenhum custo com respeito aos procedimentos envolvidos,
porém, poderd ser ressarcido por despesas decorrentes de sua participacdo, cujos
custos serdo absorvidos pelo orcamento da pesquisa.

Caso ocorra alguma intercorréncia ou dano, resultante de sua participagao na
pesquisa, Vocé recebera todo o atendimento necessario, sem nenhum custo
pessoal.

Os dados coletados durante a pesquisa serdo sempre tratados
confidencialmente. Os resultados serdo apresentados de forma conjunta, sem a
identificacdo dos participantes, ou seja, 0 seu nhome ndo aparecera na publicacédo
dos resultados.

Caso vocé tenha duvidas, podera entrar em contato com a pesquisadora
responsavel Fernanda Machado Balzan, pelo telefone (51) 33598040, com o
pesquisador Eder Chaves Pacheco, pelo telefone (51) 33598040 ou com o Comité
de Etica em Pesquisa do Hospital de Clinicas de Porto Alegre (HCPA), pelo telefone
(51) 33597640, ou no 2° andar do HCPA, sala 2227, de segunda a sexta, das 8h as
17h.

Esse Termo é assinado em duas vias, sendo uma para o participante e outra
para os pesquisadores.

Nome do participante da pesquisa

Assinatura

Nome do pesquisador que aplicou o Termo

Assinatura

Local e Data:




Figure 1. X-ray for all participants.

All participants presented Murray score 4 on the x-ray at admission, indicated lung infiltrates in all
pulmonary quadrants (superior left, inferior left, superior right, inferior right) which is consistent with the
diagnosis of ARDS.
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Figure 2. Individual Plethysmography and Respiratory Effort.
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HFNC = high-flow nasal cannula; Mask = Oxygen mask; AZ (AU) = Delta Z; Esophageal pressure = Pes; Numbers in square =

patients corresponding to baseline characteristics table.



Table 1. Patients baseline characteristics.

Participants Sex Age Weight BMI Comorbidities
(N) (Years) (Kg) (kg/m?)
| | | | |

1 M 44 79 25,6 DM
2 F 41 58 234  SAH
3 M 70 65 24,7 SAH, DM
4 M 77 70 24,9 DM

Mean + SD - 58+18 615%6,7 24+1,2

DM = Diabetes Mellitus; SAH = Systemic arterial hypertension.



Table 2. Effects of HFNC on Work of Breathing and Ventilation

Distribution.
Variable Oxygen Facial HFNC 30° HFNC 60’
Mask

APes, cm H,0O 154 +3.0 122+£2.2 129+ 25
PL,ei, cm H,O -94+20 -49+1,3* -52+14
PL,ee, cm H,O -6.0+1.3 -2.3+1.2* -27+1.6
PTPmin, cmH,0 x s/min 3449 £127.1 224.2 +109.6* 242.3+90.3
APL, cm H,O 36+15 26+1.2* 25+1.7°
AZ (AU) upper 9.77 £9.89 8.27 £ 6.78 7.64 £ 4.46
AZ (AU) lower 16.77 £ 7.05 15.96 + 6.66 15.82+4.42
Minimo Z upper -0.044 + 0.01 -0.041 + 0.03 -0.025 + 0.03
Minimo Z lower -0.024+ 0.009 0.031 +0.08 0.047 £ 0.09

HFNC = high-flow nasal cannula; APes = inspiratory esophageal pressure swing; PL,ei = dynamic end-inspiratory
transpulmonary pressure; PL,ee = dynamic end expiratory transpulmonary pressure; PTPmin = pressure time
product per minute; RR = respiratory rate. APL = driving transpulmonary pressure; AZ (AU) = Delta Z. Normally
distributed variables are expressed as mean + SD, nonnormal ones as median (interquartile range). *P <0.05
Mask vs HFNC 30’ ; *P <0.05 Mask vs HFNC 60’. P value by Friedman’s two-way analysis of variance by ranks

(post hoc bonferroni) or by Wilcoxon signed rank test, as appropriate.



Figure 3. Flowchart collection data.
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Figure 4. Flowchart of participants in study.
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