FACIL - FORMACAO ACELERADA EM
CUIDADOS INTENSIVOS, LUZ E LOURES

HOSPITAL U HOSPITAL DA LUZ

| ANGELS



FACIL - FORMAGCAO ACELERADA EM
CUIDADOS INTENSIVOS, LUZ E LOURES

Monitorizacao Hemodinamica

Manuel de Sousa
Servico de Medicina Intensiva
Hospital Beatriz Angelo



ORGANIZACAO DA SESSAO

Organizacao da Sessao

Pressao arterial

medicao indirecta e medicdo directa
curva de pressao

Pressao venosa central

curva de presséao
indice de pré-carga

Cateter da artéria pulmonar

pressdo de oclusao
curva de presséao de oclusao / auricular esquerda

Débito cardiaco

método de Fick

diluicdo de marcador
termodiluicdo

analise da curva de presséao pulso

Responsividade ao Volume

marcadores estaticos
testes dinamicos
dados hemodinamicos na ventilagéo

Ecocardiografia
pré-carga, débito cardiaco, contractilidade, responsividade ao volume...



PRESSAO ARTERIAL — CONSIDERACOES GERAIS

Pressao Sistolica, Diastdlica, Média e Pressao de Pulso

Term Defintion

Systolic pressure Maximum pressure (peak of artenial pressure wave)
Diastolic pressure Minimum pressure (trough of arternal pressure wave)
Pulse pressure Difference between systolic and diastolic pressure
Mean arterial pressure Average pressure dunng the cardiac cycle

Mean arterial pressure

The mean arterial pressure (MAFP) is the average pressure during the cardiac
cycle. Calculation of the true MAP requires integration of the arterial pressure
over time. In clinical medicine, a useful approximation of MAFP when the heart
rate is 60 bpm can be obtained using the following formula:

MAP = DBP + 1/3 (pulse pressure)

where DBF is the diastolic blood pressure. This formula is only applicable at
lower heart rates because the relative amount of time spent in systole increases
at higher heart rates.




PRESSAO ARTERIAL — CONSIDERACOES GERAIS

Determinantes da Pressao

Presséo Sistolica: volume sistolico e compliance aortica

Presséo Diastolica: resisténcia sistémica, compliance aortica e FC

Valores Normais

Classification of hypertension by the Seventh Report of the Joint National Committes
on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure (JNC 7)

SBP jmm Hg) DBP {mm Hg)
MNormal =120 and =80
Prehypertension 120139 or B0—89
otage 1 hypertension 140-159 or 9099

otage 2 hypertension =160 or =100




PRESSAO ARTERIAL — CONSIDERACOES GERAIS

Pressao Arterial # Fluxo Sanguineo

Fluxo (Q) = gradiente de pressao (AP) / resisténcia (R)
(Lei de Ohm modificada)
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PRESSAO ARTERIAL — MEDICAO INDIRECTA

Método Auscultatorio

Insuflacdo manual de manga de pressao
Auscultacéo de sons de Korotkoff

Método Oscilomeétrico

Utilizacdo do principio da pletismografia
Medicao automatica das oscilacOes de pressao

Imprecisado dos Métodos de Medicao Indirecta

Grande variabilidade e pouca reprodutibilidade de resultados
Maior nos estados de alto ou baixo fluxo e na doenca arterial
periférica
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PRESSAO ARTERIAL — MEDICAO DIRECTA

Onda de Pulso Periférica

Cateterizacao da artéeria radial ou femoral
Nivelar o transdutor de presséo com o ponto flebostatico
Efectuar o zero de presséo ao nivel do ponto flebostatico
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PRESSAO ARTERIAL — MEDICAO DIRECTA

Onda de Pulso Periférica

Pressao arterial média = area abaixo da curva : duracdo da curva

Pico sistolico progressivamente mais alto e afilado

sobrevalorizacdo da pressao arterial sistolica
area abaixo da curva sobreponivel > pressao arterial média é constante !

Arterial pulse waveform

Systolic peak
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Iliac artery

Thoracic aorta
Femoral artery

Abdominal aorta

Ascending aorta
Abdominal aorta

Ejected wave Reflected wave




PRESSAO ARTERIAL — MEDICAO DIRECTA

Distorcao da Onda de Pressao de Pulso

Damping (overdamping e underdamping)
Diminuir distancia do sistema, do cateter até ao transdutor de presséao
Eliminar bolhas ou coagulos do sistema

150 150 150

VAV

50 50 50 J

Normal Overdamped Underdamped




PRESSAO VENOSA CENTRAL (PVC) - CONSIDERACOES GERAIS

Presséao na Veia Cava Superior / Auricula Direita

Cateterizacao da veia jugular interna ou da veia subclavia
Conexao do lumen distal ao sistema de leitura de pressao
Medicdo com o zero de pressao ao nivel do ponto flebostatico

Sternocleidomastoid Muscle

Right Internal
Jugular Vein

Right Subclavian
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Superior Vena Cava
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PRESSAO VENOSA CENTRAL (PVC) - CURVA DE PRESSAO

Curva de Pressao Venosa Central

Variacao de pressdo na veia cava superior (auricula direita) ao longo
do ciclo cardiaco

(a)




PRESSAO VENOSA CENTRAL (PVC) — CURVA DE PRESSAO

Curva de PVC - AlteracOes Classicas

Prominent Blunted

A wave A\ dissociation (e.g. complete heart I:ulnc( Atnial arrhythmia >

(or ventnicular tachycardia)
Decreased ventnc compliance
ricuspid regurgitation or stenosis

Pulma EROTgitaton
X descent Tampeonade Atnial arrhythmia
RV ischemia (normal RA) A& ischemia
Atrial septal Tncuspid regurgitation
V wave ricuspid regurgitation > Tamponade
aTe Constrictive pencarditis
Hypovolemia

¥ descent Constnctive pericarditiz q-‘:i}nadﬁ >
Restrictive cardiomyopathy te e

Tnicuspid regurgitation Tricuspid stenosis




PRESSAO VENOSA CENTRAL (PVC) — CURVA DE PRESSAO

Curva de PVC - AlteracOes Classicas

Table 5.2 Right atrial pressura tracing findings invarious conditions

V wave ¥ descent A wave A descent  AA mean pressure Misc
Maormal Atrial filling following Rapd ventricular  Atrial contraction O=5 A=Y
wventricular cortraction  filling phase La: W = A

normal dalay in prassura
fransmisson from LA to pulm
cap: 140-200 me

FPreserved  Elavated tracings can have M or W form

Kuszmaul's zign

Presorved  Elevated
IS Ve constrict v Frofmimen Persistent elevation FHA pressure remains elevated

after pericamdiocsnta- des pite complete drainage

]2 (pericadial pressunme = Q)
Hestriction FProminent Freserved Elevated HAtradngs can have M or W
form
RV infarct Impainad Hevatad RAintact: increased Awave and

steap X descent

RA infamrct: decreased A wave
and impairad X and Y
dezcents




PRESSAO VENOSA CENTRAL (PVC) - INDICE DE PRE-CARGA

Medic&o Correcta da PVC como Indice de Pré-Carga

Pressao tele-diastolica no fim da expiracao

(a) R
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PRESSAO VENOSA CENTRAL (PVC) - INDICE DE PRE-CARGA

A PVC é Bom Preditor...

Da volémia ?

Do volume tele-diastélico final do ventriculo direito ?

Da antecipacao da resposta ao volume em termos de Débito Cardiaco
(“fluid responsiveness”) ?



PRESSAO VENOSA CENTRAL (PVC) - INDICE DE PRE-CARGA

A PVC é Bom Preditor...

Da volémia ?

Do volume tele-diastélico final do ventriculo direito ?

Da antecipacao da resposta ao volume em termos de Débito Cardiaco
(“fluid responsiveness”) ?
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PRESSAO VENOSA CENTRAL (PVC) - GRANDE VARIABILIDADE

Dependéncia da PVC de...

Volume de sangue central
retorno venoso, débito cardiaco, volémia total

Compliance do compartimento central
ténus vascular, compliance ventricular (doenca miocardica e pericardica)

Doenca da valvula tricuspide

insuficiéncia, estenose

Ritmo cardiaco
fibrilhacdo auricular, ritmo juncional, dissociacdo AV

Presséao intratoracica
respiracdo expontanea, ventilacdo mecanica, PEEP



CATETER DA ARTERIA PULMONAR — CONSIDERACOES GERAIS

Cateter com Balao para Orientacao por Fluxo

Indicado para diagnostico e manuseamento de situacdes de choque

Mede pressoes, débito e saturacdo venosa mista (Svo,)

via extra para
medicacao

termistor

via
distal
via extra
5 para
medicacao
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CATETER DA ARTERIA PULMONAR — CONSIDERACOES GERAIS

Pressao Venosa Central (CVP) 1-6 mmHg

Pressao de Oclusao da Artéria Pulmonar (PWCP) 6-12 mmHg

Indice Cardiaco (ClI) 2.4-4 L/min/m?

Indice de Volume Sistdlico (SVI) 40-70 mL/batimento/m?
indice de Trabalho Sistélico de VE (LVSWI) 40-60 g.m/m?2

Indice de Trabalho Sistélico de VD (RVSWI) 4-8 g.m/m?

Volume Diastoélico Final do VD (RVEDV) 80-150 mL/m?

indice de Resisténcia Vascular Sistémica (SVRI) 1.600-2.400 dynas.sect.cm>/m2
indice de Resisténcia Vascular Pulmonar (PVRI) 200-400 dynas.sect.cm®/m?
Saturacao de Oxigenio Venosa Mista (Svo,) 70-75%

Transporte de Oxigénio (DO,) 520-570 mL/min/m2
Consumo de 02 (VO,) 110-160 mL/min/m?

Extracdo de Oxigénio (O,ER) 20%-30%



CATETER DA ARTERIA PULMONAR — CONSIDERACOES GERAIS

Insercdo em Veia Central (Jugular Interna / Subclavia)
Insuflacédo do balédo distal e conducéo pelo fluxo

Monitorizac&o pelas curvas de pressao direitas

A
LN "n

Figure 2: This is a typical waveform progression as the pulmonary artery catheter floats through the cardiac chambers.
Monitoring these waveforms tells clinicians where in the heart the catheter is as it advances.




CATETER DA ARTERIA PULMONAR — PRESSAO DE OCLUSAO (CURVA DE PRESSAQ)

Pressao Medida apds Insuflacao do Baldo Distal

Presséo veno-capilar pulmonar ou pressao na auricula esquerda

3~ Bronchiole

B Alveolus

Balioon
inflated

Pulmonary
capillary

40

Pulmonary
vein

Pulmonary

artery 30
mmHg
Swan-Ganz Left 20
catheter atrium
Right
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Left
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Right
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CATETER DA ARTERIA PULMONAR - PRESSAO DE OCLUSAO (INDICE DE PRE-CARGA)

Medic&o Correcta da POAP como Indice de Pré-Carga

Pressao tele-diastolica no fim da expiracao

40

mmHg
20

PCW PRESSURE
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CATETER DA ARTERIA PULMONAR — IMPACTO NA MORTALIDADE

Impact of the Pulmonary Artery Catheter
in Critically Ill Patients

Meta-analysis of Randomized Clinical Trials

Monica R. Shah, MDD, MHS, M5]

Vic Hasselblad, Phld

Lynne W. Stevenson, MD

Cynthia Binanay, RN, BSN

Christopher M. 0" Connor, MIY

Georre Sopko, MDD, MPH

Hobert M. Califf, MDD

Context Randomized dinical trak (RCTs) evaluating the pulmanary artery catheter
{PAC) have been limited by small sample size. Some nonrandomized studies suggest
that PAC use is associated with increased morbidity and mortality.

Objectlve To estimate the impact of the PAC device in critically ill patients.

Data sources MEDLINE (1935-2005), the Cochrane Controlled Trials Registry (1983-
2005), the National Institutes of Health ClinicalTrials. gov database, and the s Food
and Drrug Administration Web site for RCTs in which patients were randomly as-
signed to PAC or no PAC were searched. Results from the ESCAPE trial of patients
with severe heart failure were ako included. Search terms included pulmonary arfery
catheter, right heart cathefer, catheter, and Swan-Ganz.

Study Selectlon Eligible studies induded patients who were undergoing surgery,
in the intensive care unit (ICL), admitted with advanced heart failure, or diagnosed
with acute respiratory distress syndrome and/or sepsis; and studies that reported death
and the number of days hospitalized or the number of days in the ICU as outcome
Measures.

Data Extractlon Information on eligibility criteria, baseline characteristics, interven-
tions, outcomes, and methodological quality was extracted by 2 reviewers. Disagree-
ments were resolved by consensus.

Data Synthesl
treatment strategies varied among trak. A mndom-effects model was used to estimate
the odds ratics (ORs) for death, number of days hospitalzed, and wse of inotropes and
intravenous vasodilators. The combined OR for mortality was 1.04 (95% confidence in-
terval [C1], 0.90-1.20; P=_53). The difference in the mean number of days hospitalezed
for PAC minus the mean for no PAC was 0,11 {95% CI, —0.51 to 0.74; P=73). Use of
the PAC was associated with a higher use of inotropes (OF, 1.58; 5% CI, 1.19-2.12;
P=.002) and intravenous vasodilators (OR, 2.35; 35% CI, 1.75-3.15; P<_.001).

Concluslons In critically ill patients, use of the PAC neither increased overall mor-
tality or days in hospital nor conferred benefit. Despite almost 20 years of RCTs, a
clear strategy leading to improved survival with the PAC has not been devised. The
neutrality of the PAC for clinical outcomes may result from the absence of effective
evidence-based treatments to use in combination with PAC information across the spec-
trum of critically il patients.

JAMA, 2005254 T654- 767D WEW ama.com




DEBITO CARDIACO — GENERALIDADES

Definicao

Quantidade de sangue que se desloca, por unidade de tempo, do
sistema venoso para o0 sistema arterial por forma a suprir as
necessidade de perfuséo tecidular do organismo

Débito Cardiaco = Volume Sistolico (VS) x Frequéncia Cardiaca (FC)

Determinantes do Débito Cardiaco
200

Pré-Carga
Pos-Carga
Contractibilidade

ESPVH

LV
pressure 100
(mm Hg)

! |
0 ESV 100 Epv 200

LV volume (mL)



DEBITO CARDIACO — METODO DE FICK

Principio de Fick

Débito Cardiaco = O, absorvido por minuto pelos pulmées (mL/min)
diferenca arterio-venosa de O, (mL/L de sangue)

Taxa de O, absorvida: valor medido VS calculo aproximado

PULMOES

Oxigénio absorvido = 200 mL/min

> VY VY VYV Y |
02 = 160 mL/L Débito Cardiaco =5 L/min 02 = 200 mL/L
(coracéo direito) (coracéo esquerdo)




DEBITO CARDIACO - DILUICAO DE MARCADOR

Diluicao de Marcador - Equacao de Stewart-Hamilton

Injectada uma “massa” conhecida de marcador
Medida a concentracdo do marcador ao longo do tempo

DC (mL/min) = miligramas do marcador injectado x 60 (seq)

[ ] média marcador (mg/mL) x duracéo da curva (seg)

Injeccéo




DEBITO CARDIACO - DILUICAO DE MARCADOR

Principio Utilizado no “LiDCOplus” (utilizacao de litio)

Aclual or Average data available Oxygen delivery

Cardiac Output

Cardiac Index

Systemic Vascular
Resistance
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DEBITO CARDIACO — TERMODILUICAO

Principio da Conservacéao de Energia
Adaptacao da equacao de Stewart-Hamilton
Termodiluicdo nas cavidades direitas (Swan-Ganz)

Termodiluicéo transpulmonar (PiCCO, EV1000)

Injeccéo




DEBITO CARDIACO — TERMODILUICAO NAS CAVIDADES DIREITAS (Swan-Ganz)

Termodiluicdo por Bolus Intermitentes
Injeccao de soro frio no lumen proximal (auricula direita)

Deteccao da temperatura pelo térmistor distal (artéria pulmonar)

Figure 29
Mormal Cardiac Output

T

Figure 30
Low Cardiac Output

8.21 I/min

Figure 31
- High Cardiac Output




DEBITO CARDIACO — TERMODILUICAO NAS CAVIDADES DIREITAS (Swan-Ganz)

Termodiluicdo Continua
Filamento eléctrico emitindo pulsos continuos de calor (30-60 seg.)

Deteccao continua da temperatura pelo térmistor distal do cateter

Balloon




DEBITO CARDIACO — TERMODILUICAO TRANSPULMONAR (PiCCO, EV1000)

Termodiluicdo por Bolus Intermitentes
Injeccéo de soro frio pelo CVC (VJI ou VSC)

Deteccéo da temperatura pelo térmistor num cateter arterial periférico

TERMISTOR
CVvC

TERMISTOR
ARTERIA




DEBITO CARDIACO - TERMODILUICAO TRANSPULMONAR (PiCCO, EV1000)

Termodiluicdo Transpulmonar (PICCO e EV1000)

Néo pode aprender derivagéo V

3-Abr  1:57
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DEBITO CARDIACO - ANALISE CONTINUA DA PRESSAO DE PULSO

DC Continuo por Analise Continua da Pressao de Pulso

Pressao arterial = débito cardiaco x resisténcia sistémica
Andlise da area abaixo da curva durante a sistole
Correlagcdo com a impedancia adrtica

Calculo do volume sistolico / débito cardiaco

P[mmHg] |

T T ts]

PCCO = cal * HR » j{%%—+ Cip)+ 9 ) dt

Systole

Patient-specific Heart Area under Aortic Shape of
calibration factor rate pressure compliance pressure
(determined by curve curve

thermodilution)



DEBITO CARDIACO — ANALISE CONTINUA DA PRESSAO DE PULSO

Metodos Calibrados (PiICCO, EV1000)

Afericéo pela termodiluicao

Néo pode aprender derivagéo V




DEBITO CARDIACO — ANALISE CONTINUA DA PRESSAO DE PULSO

Metodos Nao Calibrados (Vigileo, LIiDCOrapid)

Analise continua da curva de pressao isoladamente
Dados da compliance aortica extrapolados (idade, sexo, area corporal)

5. 52013 - 0:47:25
Inserir Valores Valores Calculados

PVC* = 14 mmHg DO:= 631 O: ml /min
Sp0:* = 99 % IDO:= 364 O: mimin/m*
Pa0:"= 129 mmHg RVS = 990 dyne-sfcm®

Hb*= 10.7 g/dl IRVS = 1715 dyne-s-m*/cm®

DC= 4.2 limin
PAM = 66 mmHg Retornar

[ 5 52013
0:48:22

Alerta de RVS: Por; do Sil:i Ad-a's pressoes
recebidas do monitor externo




RESPONSIVIDADE AO VOLUME — CONSIDERACOES GERAIS

Aumento do Débito Cardiaco se administracédo de volume ?

Dependéncia da relacéo de Frank-Starling
Relacao curvilinea entre a pré-carga ventricular e o volume sistoélico

Volume
Sistolico

Responsividade ao aumento da pré-carga

Pré-carga ventricular



RESPONSIVIDADE AO VOLUME — CONSIDERACOES GERAIS

Facil de prever em alguns doentes...

Admissao no SU com choque hemorragico, desidratacao, sépsis...

Dificil de avaliar apds a primeira fase de ressuscitacao

Inespecificidade dos sinais classicos de deplecéao de volume
taquicardia, hipotensao, oliguria, ...



RESPONSIVIDADE AO VOLUME — MARCADORES ESTATICOS

Pressao Venosa Central e Pressao de Oclusao da AP

Nao séo bons preditores de responsividade ao volume

Podem ser utilizados grosseiramente para avaliar o aumento de
pressdes apods a administracao de fluidos

A
Coracao normal
E Responsividade ao aumento da pré-carga
Volume -
Sistolico ! Coracéo insuficiente
: N&o responsividade ao aumento da pré-carga
|
E
. >

Pré-carga ventricular



RESPONSIVIDADE AO VOLUME - TESTES DINAMICOS

Testar a Curva de Frank-Starling a Cabeceira do Doente

Provocar um aumento da pré-carga

elevacdo passiva das pernas
administracao rapida de 250-500 cc de volume (“fluid challenge”)

Avaliar a resposta em termos de aumento do volume sistélico
avaliacdo da variacdo da presséo sistolica
avaliacao da variacao da pressao de pulso



RESPONSIVIDADE AO VOLUME - TESTES DINAMICOS

clinical investigations in critical care

Changes in BP Induced by Passive Leg
Raising Predict Response to Fluid
Loading in Critically lll Patients™

Thierry Boulain, MD; Jean-Michel Achard, MD; Jean-Louis Teboul, MD;
Christion Richard, MD; Dominigue Pervotin, MDY and Guy Ginies, MD

Objective: To test the hypothesis that passive leg raising (PLR) induces changes in arterial pulse
pressure that can help to predict the response to rapid fluid loading (RFL) in patients with acute
circulatory failure who are receiving mechanical ventilation.

Desipn: Prospective clinical study.

Setting: Two medical ICUs in university hospitals.

Patients: Thirty-nine patients with acute circulatory failure who were receiving mechanical
ventilation and had a pulmonary artery catheter in place.

Interventions: PLR for > 4 min and a subsequent 300-mL BFL for > 20 min.

Measurementz and main results: Radial artery pulse pressure (PPrad), heart rate, right atrial
pressure, pulmonar}' artery occlusion pressure (PADP), and cardiac output were measured
invasively in a population of 15 patients at each phase of the study procedure (ie, before and
during PLR, and then before and after RFL). PPrad, PAOP, and stroke volume (5V) signifi.cmi]}'
increased in patients performing PLR. These changes were rapidly reversible when the patients’
legs were lowered. Changes in PPrad during PLR were significantly correlated with changes in
SV during PLR (r = 0.77: p < 0.001). Changes in 5V induced by PLR and by RFL were
significantly correlated (r = 0.89; p < 0.001). Finally, PLR-induced changes in PPrad were
significantly correlated to RFL-induced changes in SV (r = 0.84; p < 0.001). In a second
population of 24 patients, we found the same relationship between PLR-induced changes in

et

Conclusion: The response to RFL could be pn:d,iﬂl:d norrir;\-'asiwl}' by a simple observation of
changes in pulse pressure during PLR in patients with acute circulatory failure who were
receiving mechanical ventilation. {CHEST 2002; 121:1245-1252)

Key words: artertal compliance; artertal pulse pressure; baroreflex; hyvpovolemta; postural manewvers; shock; stroke
volume; vascular volome expansion

Abbreviations: DAF = diastolic artertal pressure; HR = heart rate; LPBR = low-pressure baroreceptor; MAF = mean
arterial pressure; PAOF = pulmonary arery occluston pressure; PLR = passive leg ratsing; PPrad = radial anery pulse
pressure; AFL = rapid fuid loading: SAP = systolic antertal pressure; SV = stroke volume




RESPONSIVIDADE AO VOLUME - VARIACAO HEMODINAMICA COM A VENTILACAO

Interaccao Coracao-Pulmao Durante a Ventilacao
Alterac0Oes ciclicas na pré-carga ventricular durante a ventilagcao

Ocorréncia de modificactes ciclicas do volume sistolico

Dependéncia da “zona” da curva em que o coracdo esta a funcionar

T Left ventricular end diastolic volume L Left veniricular end diastolic volume
1 Systemic afterload T Systemic afterload

1 Right veniricular end diastolic volume T Right veniricutar end diastolic volume
T Pulmonary afterioad L Pulmonary afterlod

T Systemic blood pressure L Systemic blood pressure




RESPONSIVIDADE AO VOLUME - VARIACAO HEMODINAMICA COM A VENTILACAO

Modificagcoes Induzidas na Curva de Pressao de Pulso

Variacao da presséao sistolica (SPV): N < 10 mmHg

Alp Py




RESPONSIVIDADE AO VOLUME - VARIACAO HEMODINAMICA COM A VENTILACAO

critical care review

Predicting Fluid Responsiveness in ICU
Patients*

A Critical Analysis of the Evidence

Frédéric Michard, MD, PhD); and Jean-Lowis Teboul, MDD, PRI}

Study objective: To identify and critically review the published peer-reviewed. English-language
studies investigating predictive factors of Auid responsiveness in ICU patients.

Dezign: Studies were collected by doing a search in MEDLINE (from 1966} and scanning the
reference lists of the articles. Studies were selected according to the following criteria: volume
expansion performed in critically ill patients, patients classified in two groups (responders and
nonresponders) according to the effects of volume expansion on stroke volume or on cardiac
output, and comparison of responder and nonresponder patients” characteristics before volume
CAPATSEIOTL.

Besultz: Twelve studies were analyzed in which the parameters tested were as follows: (1)} static
indicators of cardiac preload (right atrial pressure [RAP], pulmonary artery occlusion pressure
[PAOP], right ventricular end-diastolic volume [RVEDV], and left ventricular end-diastolic area
[[ VEDA]: and (2) dymamic parameters f]mpmtu‘ljr decrease in BAP [ARAP], expiratory decrease
in arterial systolic pressure [Adown]. respiratory changes in pulse pressure [APP], and respiratory
changes in aortic blood velocity [AVpeak]). Before fuid infusion, RAP, PAOP, RVEDV, and
LVEDA were not significantly lower in responders than in nmmwﬂcn in three of five stud:ct
in seven of nine studies, in four of six studies, and in one of three studies, respectively. When a
significant difference was found, no threshold value could discriminate responders and nonre-
sponders. Before fluid infusion, ARAP, Adown, APP, and AVpeak were significantly higher in
n:ﬁpondEﬁ and a threshold \--B.II.I.E' prcd:ctcd fluid responsiveness with high positive (77 to 95%)

Conclusion: Dynamic parameters should I:c used prcrcreml:mﬂ'\r to static parameters to predict
Muid responsiveness in ICU patients. (CHEST 2002; 121:2000-2005)

Key words: artemal pressure; candtac output; cardiac preload; Muod responstveness; left ventimicular end-diastolse area;
pulmonary antery occlusion pressure; nght atmal pressure: rght ventricular end-diastolie volume; siroke volume; volome

expansion

Abbreviations: Adown = expiratory decrease in arterial systolsc pressure; LVEDA = left ventricular end-diastolic area;
PADOP = pulmonary artery occlusion pressure; PEEP = positive end-expiratory pressure; APP = respiratory changes in
arterial pulse préssure;; RAP = mpght atral  pressure; ARAP = mnspiratory decrease in right atnial | pressure;

RVEDV = rght ventrcular end-diastolic volume; AVpeak = respiratory changes in soric peak veloctiy




MONITORIZACAO HEMODINAMICA - ECOCARDIOGRAFIA

Método nao invasivo a cabeceira do doente

Avaliacdo da pré-carga esquerda e direita

Estimativa da Pressao na AE pela avaliacéo do fluxo-transmitral
Estimativa da PVC pela avaliacdo do diametro da Veia Cava Inferior

1 MV E Vel 044 m/s
MY DecT 192 ms
MY Dec Slope 2.3 m/s2
MY A Vel
MV E/A Ratio
MY PHT
MV A By PHT 3.9 cm2
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MONITORIZACAO HEMODINAMICA - ECOCARDIOGRAFIA

Método nao invasivo a cabeceira do doente

Avaliacdo do Débito Cardiaco
Medicao do diametro do trato de saida do VE (LVOT) e avaliagédo do VTI a nivel do LVOT




MONITORIZACAO HEMODINAMICA - ECOCARDIOGRAFIA

Método nao invasivo a cabeceira do doente

Avaliacao da Contractilidade

Céalculo da Fracgéao de Ejeccédo do VE (método de Teicholz, método de Simpson, ...)

@t 0000

1 LVLd A4C 9.2 ¢cm o LVEF MOD A4C
LVIDd 65.15 mm N LYEDY MOD A4C 185 ml godias : SV MOD A4C
LYPWd 993 mm :
LVIDs 57.70 mm
EF(Teich) %ol
%FSs 11 %)

LYd Mass 323.67 g




MONITORIZACAO HEMODINAMICA - ECOCARDIOGRAFIA

Método nao invasivo a cabeceira do doente

Avaliacao da Responsividade ao Volume

Avaliagéo da variabilidade da VCI

Avaliacéo da variabilidade do fluxo adrtico no doente sob VMI

Avaliacéo da variabilidade do DC / VTl em resposta a um fluid-clallenge / mini fluid-challenge

Aortic blood
flow
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