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SHOCK CARDIOGENO: PROFILI EMODINAMICI

Hemodynamic Profiles in Heart Failure Hemodynamic Profiles in Shock
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Table 11

Main mechanisms

Main cause of

symptoms

Onset

Clinical presentations of acute heart failure

Acute decompensated
heart failure

LV dysfunction
Sodium and water renal

retention

Fluid accumulation, increased

intraventricular pressure

Gradual (days)

LG ESC 2021
Acute pulmonary Isolated right
oedema ventricular failure

Increased afterload and/or
predominant LV diastolic
dysfunction

Valvular heart disease

Fluid redistribution to the
lungs and acute respira-

tory failure

Rapid (hours)

RV dysfunction and/or
pre-capillary pulmonary
hypertension

Increased central venous
pressure and often sys-

temic hypoperfusion

Gradual or rapid

Cardiogenic shock

Severe cardiac dysfunction

systemic hypoperfusion

Gradual or rapid

Main haemodynamic

abnormalities

Main clinical

presentations’*4®

Increased LVEDP and PCWP*
Low or normal cardiac output

MNormal to low SBP

Wet and warm OR Dry and
cold

Increased LVEDP and
PCWP*
MNormal cardiac output

MNormal to high SBP

Wet and warm®

Increased RVEDP
Low cardiac output
Low SBP

Dry and cold OR Wet and
cold

Increased LVEDP and
PCWF
Low cardiac output

Low SBP
Wet and cold

Main treatment

Diuretics

Inotropic agents/vasopressors
(if peripheral hypoperfu-
sion/hypotension)

short-term MCS or RRT if

needed

Diuretics

Vasodilators”

Diuretics for peripheral
congestion

Inotropic agents/vasopres-
sors (if peripheral hypo-
perfusion/hypotension)

Short-term MCS or RRT if

needed

Inotropic agents/
VaASOpressors
Short-term MCS

RRT

£ ESC 2021
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e o Consensus on circulatory shock

e S and hemodynamic monitoring. Task force
Jan Bakker of the European Society of Intensive Care
i Ther s Medicine

Alexandre Mebazsan
Michael K. Pinsky
Jean Louis Tebouol
Jean Louis Vincent
Andrew Rhodes

The three main reasons for monitoring cardiac
function in circulatory shock are for:

e |dentifying the type of shock.

e Selecting the therapeutic intervention.

e Evaluating the patient’s response to therapy.




REVIEW

Hemodynamic monitoring in the critically ill: an overview of

current cardiac output monitoring methods

Transesophageal
echocardiography

Esophageal Doppler

Non-invasive methods

Transthoracic
echocardiography

Non-invasive pulse
contour systems

Bioimpedance

Estimated continuous
cardiac output®

Ultrasonic cardiac
output monitoring®

T-line®
ClearSight®/Nexfin®/
Physiocal®
CNAP®/VERIFY®

esCCO®

USCOM®

Operator dependent

Operator dependent

Operator dependent

Non-calibrated

Non-calibrated

Non-calibrated

Non-calibrated

Real-time images of the
cardiac structures and
blood flow

Real-time CO and

afterload data, added
variables

Direct measurement of
CO and visualization of
cardiac structures

Non-invasive, simple
tool

Simple toal, providing
data concerning CO
and fluid overload

Uses widely available
variable to estimate CO

Short learning curve
and only few risks

Learning curve, (low) risk of
complications

Risk of dislocation

Ultrasound characteristics
often suboptimal in ICU
patients

Less accurate, needs more
validation

Changes intrathoracic fluid
content and SVR influence
measurements

Is only estimate, inadequate
accuracy

Only estimate, uses standard
valve areas which can differ

in patients
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Echocardiography in the intensive care unit: An
essential tool for diagnosis, monitoring and
guiding clinical decision-making
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Hypotension (shock)

|

Visual assessment of LV/ RV size and function

Assessment of stroke volume

| |

[LVDTVTI:lB::m |wor VT!EIBcrnl

Vasoplegic shock
Obstructive shock ]
(PE, tamponade, dynamic LVOT/mid-cavitary obstruction)
Assess LV filling pressures Narmal

Echo signs of A LV filling pressures:
~Eff»2

- Septal e'< 8 cm/sec,

- Lateral &' < 10 cm/sec

-Efe’ > 15

- LA volume = 34 mL/m*
- PV flow 5/D ratio < 1

= LA strain < 20%

= LLIS; Bilateral symmetrical B lines pattern

Elevated Normal

Check LVEDA

Cardiogenic shock Hypovolemic shock




Pulse Contour Analysis
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Parametri PRAM (Pressure Recording Analytical Method)

® Pressioni arteriose: P sistolica, P diastolica, P media, P
dicrota

® Pulse rate (bpm)

® Cardiac output (I/min)

® |ndice cardiaco (I/min/m?)
® Stroke volume (ml)

® Stroke volume index (ml/m?)




Parametri PRAM

Cardiac cycle efficiency (CCE, Units)

Rapporto tra lavoro svolto dal cuore e spesa energetica
® valori sempre 0-1

® negativo in condizioni emodinamiche sfavorevoli

dP/dt.x (MmHg/ms)
Indice di contrattilita miocardica

® determinato dall’interazione tra fase di contrazione isovolumetrica
e arterial stiffness
®valore normale: 1

Elastanza (Ea, mmHg/ml)

Indicativa del post-carico imposto al ventricolo sinistro
® determinata da rigidita arteriosa, compliance e resistenza
all’efflusso

®calcolata come rapporto tra la pressione telesistolica del
ventricolo sinistro e SV




Inquadramento diagnostico precoce e multiparametrico paz con sospetto SC

(" Paziente con sospetto shock cardiogeno |
=] === )[==)
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|
|

PAM
Lattati,

Valutazione emodinamica diuresi PVC, SvcO, PO2/Fi02

Trattamento causa eziologica

Rivalutazione integrata dopo 30 minuti ed ogni 30-60 minuti in base alla risposta terapeutica.
Target terapeutici: PAM 270 mmHg; 12 < PVC >8 cmH,0; Sv0, >65%; diuresi =70 ml/h; lattati in rapida clearance

60 minuti

Rapida attivazione del centro di riferimento e se MCS avvertire centro LVAD/TC S Valente GIC 2021

Terapia sintomatica e di supporto al circolo J




VOql 2. 5SvcO2

Hb x 1.34 x (Sa0; - Sv0)

* E’ un surrogato della S\/(ﬁv

* Valori normali circa 70%. Valori
superiori della SvO2 perché non
risente del sangue VENOSO
proveniente dal seno coronarico e
delle parti inferiori del corpo che di
solito estraggono meno ossigeno.

* B’ importane valutare il trend nel
tempo

* Misura il rapporto tra il consumo e
I'apporto di O2 nell’organismo, e
riflette quindi la situazione a livello
cellulare e di microcircolazione.

* Indice di adeguata ossigenazione
tissutale

300

Critical DO2

380 800
= DO2 (ml/min) - EQ2

Asse delle categorie

MARKER DI IPOPERFUSIONE OCCULTA

Marini M et al G Ital Cardiol 2017;18(10):696-707
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Table 2. Hemodynamic Profiles of Cardiogenic Shock Subtypes

Systolic arterial pressure, mm Hg >90 <90 <90 <90 <90
CVP, mmHg Variable Variable <14 >14 >14
PCWP. mmHg Variable Variable >18 <18 Variable
CVP/PCWP Depends on degree of LV | Depends on degree of LV <0.86 >0.86 >0.86
and RV involvement and RV involvement
PAPi (PAS = PAD)/RA228-30 Depends on degree of | Depends on degree of >1.5 <1.5* <15
RV involvement RV involvement

Cardiac index, L/min/m’ <2.2 22.2 <2.2 <22 <2.2
SVR, dynes-sfcm >1600 800-1600 800-1600 800-1600 800-1600
CPO, W¥ Variable Variable <0.6 <0.6 <0.6

Circulation. 2020;141:1184-1197




Misured and derived parameters

Derived Parameters

Stroke Volume sV MI CO/HR*1000 60 - 100 mL
Stroke Volume Index T SV ml/M? SV/BSA 32-53 mL/m2
Systemic vascular resistance SVR Wood* (MAP-CVP)/CO 9-20 Wood
Systemic vascular resistance index' SVRI Wood.M** | (MAP-CVP)/CI 17-38 Wood-M?
Pulmonary vascular resistance PVR Wood* (PAM-PCWP)/CO 0.25-1.5 Wood
Pulmonary vascular resistance index' PVRI Wood.M** | (PAM-PCWP)/CI 0.45 - 2.9 Wood-M?*
Left ventricle stroke work LVSW mmHg.L (MAP-PCWP) * [CO/HR] 4.5-7.9 mmHg.L
Left ventricle stroke work index! LVSWI mmHg.L/M? | (MAP-PCWP) * [CI/HR] 2.4-4.2 mmHg.L/M?
Cardiac power output CPO Watts MAP* CO/451 >1 Watt
Cardiac power index! CPI Watts/M? CPO/BSA >0.6 Watts/M?*
Pulmonary artery pulsatility index PAPI Unitless (PAS-PAD)/CVP >2.0

Right ventricle stroke work RVSW mmHg.L (PAM-CVP) * [CO/HR] 0.19-0.48 mmHg.L
Right ventricle stroke work index’ RVSWI mmHg.L/M* | (PAM-CVP) * [CI/HR] 0.10-0.25 mmHg.L/M?
CVP/PCWP Ratio CVP/PCWP unitless CVP/PCWP 0.3-0.5

*SVR and PVR are typically expressed in units of dyne.sec.cm™ which can be obtained by multiplying the
Wood unit-based numbers (which are mmHg.min/L) by 80.
"Indexed values based on an average body surface area (BSA) of 1.9 m?

Circulation. 2020;141:1184-1197.

16



JACC: HEART FAILURE VYOL. 8, ND. 11, 2020

& 2020 BY THE AMERICAN COLLEGE OF CARDIOLOGY FOUNDATION
PUBLISHED BY ELSEVIER

Complete Hemodynamic Profiling With =
Pulmonary Artery Catheters in

Cardiogenic Shock Is Associated With
Lower In-Hospital Mortality
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OBJECTIVES The purpose of this study was to investigate the association between obtaining

hemodynamic data from early pulmonary artery catheter (PAC) placement and outcomes in
cardiogenic shock (CS).

METHODS The Cardiogenic Shock Working Group (CSWG) collected retrospective data in CS patients

from 8 tertiary care institutions from 2016 to 2019

TABLE 2 Distrdbution of Hemodynamic Data Across Complete and Incomplete Groups

Hemodynamic Number of PAC Parameters Collected

Paramet ers

Collected All (N =1414) 0 (n = 260) 1{n = 40) 2 (n=51) 3in=198) 4 (n= 267) 5 (n=598)
PASP 1,080 (76.38) 0 (0.00) 1(250) 19 (37.25) 195 (SE48) 267 (100.00) 598 (100.00)
PADP 1,074 (75.95) 0 (0.00) 0 (0.00) 17 (33.33) 192 (96.97) 267 (100.00) 548 (100.00)
PCWP E4E (59.97 0 000 4 (10.00) 30 (58.82) 24{1212) 192 {7.91) 598 (100.00)
PA Sat 755 (53.39) 0 (0.00) 28 (70.00) 32(B2.75) 9 (4.55) EE (32.958) 598 (100.00)
RAP 1,037 (73.34) 0 (0.00) T017.50) 4 (7 B4) 174 (B7.BB) 254 (95.13) 598 (100.00)

Walues are m (%6).

PA = pulmonary artery; PA Sat = pulmonary artery oxygen saturation; PAC = pulmonary artery catheter; PADP = pulmonary arteny diastolic presswune; PASP = pulmonary arteny systolic pressmre PONP =
pulmaonary capillary wedge pressure; RAP = right atrial presswre.

JACC:HEARTFAILUREVOL.8,NO.11,2020
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TABLE 3 Assessment of PAC Usage by SCAl Stages, Causes of (S, and Device Usage

PAC Usage
None Incomplete Assessment Complete Assessment
All (N =1414) (n=260) (n =556) (n =598) p Value

Acute mechanical support treatment

Mo MCS 224 (15.8) 30(134) 15 (6.7 179 (719.9) <0.0MM

|IABP 770 (54.5) 130 (16.9) 338 (43.9) 302 (39.2) <0.001

Impella 410 (29.0) B0 (19.5) 169 (41.2) 161 (39.3) 033

ECMO B3I (B8 a5 (28.5) 161 (48.4) 77 (23.7) =<0.001

Multiple MCS 308 (21.8) 62 (20.1) 124 (40.3) 122 (39.6) 0.55
Medical Therapy 1,043 (73.8) 109 (10.5) 445 (42.7) 489 (46.9) <0.0M
Shock cause

MI 494 (34.9) 123 (24 .9) 212 (42.9) 159 (32.2) <0.001

HE 712.(50.4) 57 (8,0 286 (40.2) 359 (518 | <0.001

Other 178 (12.68) 59 (13.2) 50 (28.1) 69 (38.8) < 0.0
SCAIl Stage

B 46 (3.3) 1(2.2) 2(4.4) 43 (93.5) <0.00

C 263 (18.68) 68 (25.9) 63 (24.0) 132 (50.2) <0.001
|_[‘.= 758 (53.6) 66 (B.7) 361 (47.6) 331 (43.0 ] < 0.0

E 212 (15.0) 39 (84) 90 (425) B3 (39.2) <0.0M
Walues arem (96

ECMO = extra-conporeal membrane oxygenation; HF = heart failure; IABP = intra-aortic balloon pump; MCS = mechanical droulatory support; MI = myocandial infarction;

SCAl = Sooety of Candiovascular Angiography and Interventions.




CENTRAL ILLUSTRATION Frequency of Mortality Among PAC Use Overall and by SCAI Stage

PAC Utilization Study Definition PAC Utilization Among Study Cohort

Presence of NONE of the following invasive
hemodynamics:
Pulmonary Artery Systolic Pressure
Pulmonary Artery Diastolic Pressure

. Pulmonary Capillary Wedge Pressure

Pulmonary Artery Saturation
Right Atrial Pressure

incomplete Presence of 1-4 of the following invasive
Assessment hemodynamics:

Pulmonary Artery Systolic Pressure
Pulmonary Artery Diastolic Pressure

Pulmonary Capillary Wedge Pressure
Pulmonary Artery Saturation

L]
L]
L]
L]

Overall SCAIl Stage D SCAl Stage E

(N =1,279) (N = 758) (N=212)
Complete Presence of ALL of the following invasive =
Assessment hemodynamics: 80 - 80 - 80 s )
. Pulmonary Artery Systolic Pressure
. Pulmonary Artery Diastolic Pressure 2 604 5 .<00m 604 P=005 60+
. Pulmonary Capillary Wedge Pressure  § o g

Pulmonary Artery Saturation 2
# 20- 20 -
I l.l
0 - 0

Garan, A.R. et al. J Am Coll Cardiol HF. 2020;8(11):903-13.
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Uomo di 65 anni
Iperteso, dislipidemico, intolleranza glucidica, ex fumatore

APR: occlusione intestinale trattata chirurgicamente, portatore di stomia in
attesa di ricanalizzazione

Accede in PS con quadro di STEMI infero-postero-laterale-->PCl primaria su
Cx prossimale, residua malattia critica di IVA con indicazione a
completamento intra-ricovero. Picco tropo 480.000 ng/ml.
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RISULTATO FINALE
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DECORSO CLINICO

In prima giornata post-IMA insorgenza di ipotensione 80/60 mmHg con

modificazioni ecg-grafiche ed angor.

Eco invariato, non versamento pericardico




DECORSO CLINICO

In seconda giornata post-IMA insorgenza di ipotensione 80/60 mmHg, poco
responsivo a NA (fino 200 ng/kg/min). TC 37.2°C

EQ: iniziale marezzatura arti inferiori

Ecoscopia: VCI ai limiti superiori, ipocollabente, IM trascurabile, FE ispettiva
35%, E>A

Rx torace: negativo per addensati, lieve congestione ilare, non versamenti
EGA AA: pH 7.45, pC02 38, p02 85, Na 138, k+ 3.8, Lat 2.9

Svc02 56.5%
Ematici: WBC 11.080 (invariati), Hb stabile, PCR 41, PCT 0.03

Si configura quadro di shock.



Elementi di diagnosi differenziale di shock

Cardiogeno Non cardiogeno

v’ Recente IMA v' Quadro ecocardiografico
invariato

v'Disfunzione ventricolare
sinistra (EF 35%) v’ Svc02 non particolarmente
ridotto a fronte di iniziale

e aumento della lattacidemia
v"Non franchi richiami d’organo




CORONAROGRAFIA URGENTE

Quadro invariato alla coronarografia

IABP e PCl su DA?




CATETERISMO DX

AO: 95/60/70

WP: 15 mmHg

PAP: 35/15/22 mmHg
Vdx: 35/0-8 mmHg
RAP: 6 mmHg

Portata cardiaca (metodo di Fick): 5,5 |/min

Resistenze vascolari periferiche: 11 UW (931 Dynes.sec.cm-5)

&




NO IABP, NO PCI
RIEMPIMENTO VOLEMICO

Al rientro in UTIC iniziato riempimento volemico fino a raggiungimento
di PVC target che ha consentito il graduale svezzamento dalla
noradrenalina.

Inviate emo ed urocolture ed inizia tp antibiotica empirica con Tazocin
TC torace addome negativa
Emocolture +: Enterococco faecalis

£
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The pulmonary artery catheter: is it still alive?

Daniel De Backer® and Jean-Louis Vincent®

KEY POINTS

e PAC use has decreased over time, but there has been a
trend to a revival in use in recent years.

e The PAC still has a place in the monitoring of severely
ill patients with left and right cardiac impairment.

e Efforts should be made to maintain PAC expertise by
providing adequate training for nurses and doctors.




Messaggio Conclusivo

ECG, EGA, ecocardiogramma, CVC, monitoraggio arterioso,

esami di laboratorio, Rx torace

Trattamento della causa sottostante e miglioramento clinico
PAM 270 mmHg; 12 < PVC >8 cmH,0; SvO, >65%; diuresi >70 mi/h; lattati in rapida clearance
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