12th UMEM Ciritical Care Symposium
Wedneday, May 21, 2025
Presentation by Dr. John Greenwood

=

Research Funding
NIH: NHLBI
Reprieve Cardiovascular
Avive AED

Conflicts of Interest: None

N


dlucadamo
Typewriter
12th UMEM Critical Care Symposium

Wedneday, May 21, 2025

Presentation by Dr. John Greenwood


¥ =
: E

71 year-old male
h/o CHF, HTN, DM
Malaise & SOB

9B6
8B4 98B3z42 W
N 28 95%

15% Hypovolemic

Obstructive

De backer D, Biston P, Devriendt J, et al. N Engl J Med. 2010;362(9):773-89.

HFpEF
STEMI Arrhythmia

Myocarditis

HFrEF

Distributive

18-20%

~60%
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3x in cardiogenic shock
presenting to ED over last 15
years

AMI-CS Mortality ADHF-CS Mortality
39% 42%

Morici N, et al. Cath Cardio Int, 2023; Jentzer JC, et al. JACC 2019.

Osman M, et al. JAHA, 2021 . e
Bertaina M, et al. ESC HF, 2023 @ Penn Medicine
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AN - Does Time to Dx & Location
|, o Impact Outcomes?




Time - How is CS recognized?

S CA I EXTREMIS

Society for Cardiovascular .
Angiography & Interventions

A patient being supported by multiple interventions who may ba
expeliencing cardiac arrest with ongoing CPR and/or ECMO.

DETERIORATING

A patient who fails to respond toinitial intervantions. Similar to stage Cand
gatting worse.

CS diagnosis requires: R
e B n
- emodynamic
BEGINNING
- B I O C h e m I C a | M a rke r‘ _ A patient whe has clinical evidence of relative hrvpul.ansiunqr :schy:a:_dia
without hypoparfusion.
ATRISK

A patient with risk factors for cardiogenic shock who is not currently
expariancing signs or symptoms. For example, large acute myocardial
infaretion. prior infaretion. acute andfor acute on chronic heart failre.

& Penn Medicine

Time - How is CS recognized?
Physical Exam

Intensive Care Med (2019) 45:190-200
ttps://doLorg/10.1007/5001 34-019.05527-¥.

ORIGINAL

The diagnostic accuracy of clinical = 2 8 D patle nts
examination for estimating cardiac index : js)
in critically ill patients: the Simple Intensive Care CI < 22 L/ mln/ m
Studies-|

Bart Hiemstra'*®, Geert Koster' ®, Renske Wiersema' @, Yoran M. Hummel?, Pim van der Harst?®

Apply pressure witha

glass slide to whiten - v v
the finger tip

Wait 10 seconds EE ‘

Capillary Refill Time Atrial fibrillation Altered Mental Status
PPV: 49% PPV: 46% PPV: 42%

Hiemstra (2019). Intensive Care Medicine. @ Penn Medicine




280 patients

Cl < 2.2 L/min/m?

Hiemstra (2019). Intensive Care Medicine. @ Penn Medicine

Reducing time to CO Normalization

Early Inotrope  Late Inotrope

Greenwood et al. 2025. Under Review < Bhours i s
Characteristics m = 87) (n = 51) p-value
Age, years 61+£15 59+16 0.394
. Gender, male (%) 61(53) 26 (65) 0.189
Inclusion: Race n, (%)
. . . White 26 (30) 22 (43) 0.115
- Dx of Cardiogenic shock (inotrope started <24h] gL« 54 (62) 27 (54) 0203
- Admitted to Penn HVICU (623 patients) Other 78 1@ 0.344
Comorbidities n, (%)
A Non-ischemic Cardiomyopathy 51 (59) 21 (41) 0.048
Exclusion: STEMI, HFpEF, home Ischemic Cardiomyopathy 24 (28) 14 (27) 0.986
. . Diabetes 28 (33) 12 (24) 0.279
inotropic tx, heart txpx, OHCA Chronic Kidney Disease 29 (34) 13 (25) 0.334
LVEF % 20 [14 - 28] 20[15-30]  0.340
i . ; APACHE Il Score 185+ 9.4 205+ 8.1 0.207
Eligible cohort: 138 patients Hospital LOS (days) 19 [14-30] 20 [14-30] 0.637
Shock Start ‘Time 0’: Meeting SCAI C criteria
% Penn Medicine
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Reducing time to CO Normalization
Time - How was CS recognized?

Early Inotrope  Late Inotrope

SCAI Shock C C Fsh:‘;rs ‘38h01|.)|rs 1
, oc riteria n =87 n=5 p-value
Greenwood et al. 2025. Under Review Physical exam critoda, 1 (%)
Peripheral exam; cool extremities 29 (34) 8 (16) 0.022
Was CRT measured? Yes 19 (22) 14 (27) 0.456
’l . CRT was ra rely measu Ped Altered mental status 13 (15) 6(12) 0.601
Invasive or non-invasive
mechanical ventilation 15(17) 6(12) 0.387
. Urine output < 30 mL/hr 5(6) 5(10) 0.375
2. Abn Lactate trigger Volume overload 70 (80) 44 (86) 0.384
Biochemical markers, n (%)
Lactate > 2 mmol/dL 62 (71) 25 (49) 0.009
. . > 50% decrease in GFR 40 (46) 20 (39) 0.439
3. Hypotension assoc. with Abnormal liver function tests 25 (29) 18 (35) 0.422
. . Elevated B-natriuretic peptide 59 (68) 35 (69) 0.921
d5/3y€d in Otro p IC Su p pO Pt Hemodynamic criteria met first, n (%)
SBP < 90 or MAP < 60 mmHg 50 (57) 43 (84) 0.001
Cardiac Index < 2.2 L/min/m? 34 (39) 12 (24) 0.061
% Penn Medicine
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Time - How was CS recognized?
D
Greenwood et al. 2025. Under Review
< 8 hours > 8 hours
. . (n = 87) (n = 51) p-value
Delayed inotropic support: Diagnostic investigations
Time to cardiac output measurement (hrs) 6.5[1.0-20.8] 18.5[8.5-24.2] <0.001
. Transthoracic Echocardiography 15 [3-24) 19 [11-36] 0.053
1. Longer time to CO measurement Pulmonary Artery Catheter 16 [2-46] 25 [16-45] 0.042
Vasoactive requirements
Vasopressor plus inotrope, n (%) 30 (34) 34 (67) <0.001
2 R . d ,l Vasopressor started prior to inotrope, n (%) 10 (11) 23 (45) <0.001
. Recelved vasopressor ‘I st Vasoactive-Inotropic Score (VIS, first 24 hrs)  2.5[1.3-9.2] 7.1[1.3-21.3]  0.014
Perfusion metrics
Peak Lactate mmol/L 3.6[2.1-5.3] 2.6[1.4-5.8] 0.475
8 |ncrweased mor\tallty Initial SvO; % 53+13 52+12 0.661
’ Outcome(s)
[ 28-day mortality 15 (17) 17 (32) 0.031 |
VA-ECMO 8(9) 5(10) 0.906
% Penn Medicine
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Time - Qutcomes

Greenwood et al. 2025. Under Review

-©- Early Inotrope z24h ] < 24h— = 1

- -m Delayed Inotrope
>20h /< 20h- H—E—

>16h/<16h- FH—l—

>12h/<12h- F—@—

Cardiac Index
(L/min/m?)

Time to initial inotropic therapy (hours)

>8h/<8h- I———
0 T T T 1 20 1 T T 1 1
0 6 12 18 24 0 6 12 18 24 >4h [ < 4h I L {
Time after inotrope initiation Time after inotrope initiation
(hours) (hours) Tt 1 1 1. & 11
0 1 2 3 4 5 6 7 8 9 10
Odds Ratio of Death
(95% Confidence Interval)
% Penn Medicine
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Hemodynamic

— Variables
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..... mean

RVSWI co
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Wet ana '
(classic L — CPO
- LVEDD
Mortality in Phenotypes
Ory and colu = g
o = e
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DBP

| ] n
Non- Cardio-  Cardio-
congested  renal metabolic

Zweck E, Thayer KL, Helgestad OKL, et al. Phenotyping cardiogenic shock. JAHA 2021
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Doppler Echocardiography in Advanced Systolic
Heart Failure
A Noninvasive Alternative to Swan-Ganz Catheter

Pier Luigi Temporelli, MD: Francesco Scapellato, MD; Ermanno Eleuteri, MD:;

Alessandro Imparato, MD: Pantaleo Giannuzzi, MD

1. Inpatient ADHF patients (LVEF < 35%)
2. Cardiology Echocardiographers

3. Performed in an ECHO lab

4. 43 patients

co PAPS

ECHO (liters/min)
ECHO (mmHg)
ECHO (mmHg)
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Figure 2. Plots showing correlation between invasive and ynamic variables.
Lines rapresent the linear fitting of tha ragression between invasive and noninvasive determinations, CO, cardiac output; RAP, right
atrial pressure; PAPS, pulmonary artery systolic pressure; PVR, pulmonary vascular resistance; PVRI, pulmonary vascular resistance
index; PCWP, pulmonary capillary wedge pressure; EGHO, echocardiography.

INVASIVE (Wood U)

Difference

Difference
{Invasive - ECHO) (mm Hg)

ECHO) (litors/min)

Limitations

1. Stable outpatients
2. Predominantly normal/high CI patients
3. Complex measurements, not ED relevant

co PAPS
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20 F Fuso
15 E E
o gt 8=
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& Penn Medicine
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Limitations

Transthoracic echocardiography: an ®ere 1. General ICU patients
accurate and precise method for estimating 2' Predomi f /hiah Cl patient
cardiac output in the critically il patient - Fredominantly normal/nig patients
Pablo Mercado', Julien Maizel’, Christophe Beyls', Dimitri Titeca-Beauport', Magalie Joris', Loay Kontar', 3 Paralyzed
4. DID NOT examine RAP, SVR, or report
RV Function
12 4r 25| .
af: 201 5 . * +1.96 SD
10 = 15} 5 S s
£ 4 E = 10 *
L £ . .
‘;E- L|l_.f 1r 0,5 &.‘ .-._ ¢ s Mean
uw 6 i |~ L 5 .
E F ot 0,0 .. .,.”'g-.‘ . 0,21
© <} SEJ -1.96 SD
2| 2+ 1,5 -1,32
0k | | L | ! i 39 L L 1 L L 20k I batt | L ! |
0 2 4 6 8 10 12 -4 2 0 2 4 6 2 4 6 8 10 12 14
CO-PAC, |/min ACO-PAC, I/min Mean of CO-PAC and CO-TTE
Bias: 0.2 L/min
Percent Error: 25%
Note: Acceptable < 30%
17
ESC European Heart journak: Acute Cardiovascular Care (2024) 13, 646-655 ORIGINAL SCIENTIFIC PAPER
Ergﬁmns::wew hitpsidoiorg/10.1093/ehjacc/zuaed87 Techniques in Acute Cardiology and Intensive Care ACCU raCy Of EChO Based H D Pa ra meters

failure-related cardiogenic shock: a st
towards echodynamics

Comprehensive non-invasive haemodynamic
assessment in acute decompensated heart

ep

Simone Frea @', Carol Gravinese @ ', Paclo Boretto ® '*, Giulia De Lio®,

Comprehensive non-invasive Hemodynamic As:

STUDY
POPULATION
101 ADHF CS patients

A

1%

35%
==\

RHC Echo

Decompensated Heart Failure-Related Cardiogenic Shock

sessment in Acute

STUDY DESIGN
Echo-dynamic assessment within
30 minutes from RHC, blinded to

invasive hemodynamics

PRIMARY OUTCOME
Accuracy of a comprehensive
echo-dynamic assessment vs.

invasive hemodynamics

Cardiac Index (r=0.88)

Sen: 97%
Spec: 73%

CVP (r=0.86)
Sen: 90%
Spec: 83%

<
<

Would add RV function

(TAPSE)
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RESEARCH

Transthoracic echocardiography: an @ © CRITICAL CARE
accurate and precise method for estimating
cardiac output in the critically ill patient Inclusion
Pablo Mercado""‘, Julien Maizel‘,"(hrirs[ophe Beyls', Dimitri Hteca-&aupon\ aga\ie Joris', Loay Kontar',

M9

1. General ICU patients

2. Intubated with PAC in place

3. Sinus rhythm

4. Paralyzed

5. Two non-echocardiographers
(duplicate measures)

6. 26 patients

19
Is IVC Ultrasound a Waste of Time?
B ] | of the American Saciety of N
13 journat o e American >ociety of
e | . ! =1
chocardiography A 6 MI1.2TIS 0.9
Volume 20, Issue 7, July 2007, Pages 857-861 = c C c S e ‘, 1 Dist 2.89cm
RITICAL =29 2 Dist 3.05cm
Reappraisal of the Use of Inferior Vena Cava Y e 73
for Estimating Right Atrial Pressure
]. Matthew Brennan MD, John E. Blair MD, Sascha Goonewardena MD, Adom Ronan MD, y
Dipak Shah MD, Samip Vasaiwala MD, James N. Kirkpatrick MD, Kirk T. Spencer MD R &

st sanrEap ot Ao rs sasanin srimpeernde e 1255 TN
spontaneously breathing patients?

Reasenable-estimate:ofRAR e o e tese—— B
Excellent NPV
Diameter > 2 cm + < 50% variability

Beware: TVR, high IAP, high resp drive

20



IVC size (cm) Inspiration
Effect
Small < 1.5 Collapse
Normal 1.5 - 2.5 Vv > 50%
Normal 1.5-2.5 Vv > 50%
Dilated > 2.5 ¥ > 50%
Dilated + Hepatic veins No collapse

From Otto CM and Pearlman AS: Textbook of Clinical Echocardiography

CVP
(mmHg)
0-5
5-10
10-15
15-20

> 20

Right Atrial Pressure [or Central Venous Pressure])

IVC diameter RAP

IVC <2.1 >50% 3 mmhg

IVC <2.1 <50% 8 mmhg

IVC >2.1 >50% 8 mmhg

IVC >2.1 <50% 15 mmhg

PENN MEDICINE ECHO REFERENCE
MEASUREMENTS
Updated 2/22/2023

21

MAP - CVP
Cardiac Index

80 *

Safety Check for starting

inotropic support

Normal: 1900 - 2400 dynes/sec/cm® *m?

Systemic Vascular Resistance Index
(SVRI)

Kidneys

22




How to measure Cardiac Output
<2 minutes

23

*NE: 7 mcg/min
* MAP: 68 mmHg
e LA: 6 mmol/dL




EF Doesn’t Matter

Cardiac Index
+

Perfusion

25




AVA = Use LVOT diameter

LVOT
FLOW
[VTI]

27

Stroke Volume = AVA * LVAT VTI
Cardiac Output = SV * HR

Cardiac Index = CO/BSA

28



*NE: 7 mcg,/min
* MAP: 68 mmHg
e LA: 6 mmol/dL

HR 110

LVOT Diam 2.1 cm
LVOT Area 3.46 cm?




£
o
S
o
=
>
<

o o °
~ JU00 pRl @m0 y

31




AP 96.6% MI 0.5 115 0.8 3 LVOT Vmax 60.03 cm/s

LVOTPGmax 1.44 mmHg
LVOT Vmean 36.31cm/s
LVOT PGmean 0.65 mmHg
LVOT VTI 9.28 cm
LVOT SV 52.60 ml
LVOT SI 16.82
4 LVOT Vmax 61.40 cm/s
LVOTPGmax 1.51 mmHg
LVOT Vmean 37.55cm/s

LVOT PGmean 0.69 mmHg Cardiac Index: 1.9

LVOT VTI 8.38cm . 5
LVOT sV 47.51ml (L /' min / m?)

IREAL

ora WA Vg

‘ w ‘ L"’

T

Stroke Volume = AVA * LVOT VTI

Cardiac Output = SV * HR

Cardiac Index = CO/BSA

34



TAPSE
(TAP - SEE)

35

AP 96.6% MI1.4TIS 1.1




HUP ED

AP 96.6% MI1.2TIS 0.9 :
TAPSE -"'/’, ; NOI'ma| > ]6 cm
Mod:1.0-1.6 cm
Severe:<1.0cm

tismn: 88/48

Intervention?

38



HUP ED

Normal LVOT VTI
15-25 cm

AP 96.6% MI 0.5TIS 0.6

Normal SVRi < ' LVOT VTI:
1900-2400 z ’, 6-8 cm

HR: 125

MAP: 60

Cl: 1.5

est CVP: 15-20

SVRI 2100 2400




Step 1- Reducing time to CO Normalization

a.) Can we identify the correct CS phenotype in the ED?

ADHF-CS AOREES

HFpEF

LVEF <30%*
or BiV failure

* Independently associated with inpatient mortality (OR 2.15, 95% CI: 1.40-3.29)

S\

FRENSHOCK Registry. ESC Heart Failure 2022; 9: 408—419 @ Penn Medicine
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Step 1 - Time to CO Normalization

Patient Identification

Compare ED POCUS to Gold Standard

Spontaneously breathing suspected “SCAI C” patients

Cardiac Index
[LVEF < 30%] 1._5 2“5 3.‘5 Liter/minute/m]
Planned RHC or PAC in place (& _ N

590

Not cardiogenic

[:] "
.

Measurement in duplicate

Important measurements:
CO/CI: LVAT VTI
estimated RAP/CVP
RV function: TAPSE

Systemic Vascular Resistance
1500

- Estimated SVR [ }
S
Imaging QI &7 O
- Analysis: Regression, agreement/ bias Dynes/second/cm
- Outcome: relationship with PAC/RHC @ Penn Medicine

42



ECHO CVP

30+

R? =0.802

PAC CVP

Preliminary Data
(5 subjects with ADHF-CS)

2.5-
2.0 e
5] 1.5 .///
° [ ISSS—
8 1.0-
0.5
0.0 T T T T T 1
12 14 16 18 20 22 24
PAC CI
R2 =0.396

ECHO SVRi

8000
6000
4000
2000

0 T T T T 1

2000 2500 3000 3500 4000 4500

PAC SVRi
R2=0.693
& Penn Medicine
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APPLICATIONS QUTSIDE OF
CARDIOGENIC SHOCK

44




tismn: 88/48

Intervention?

45

AP 96.6% MI0.4TIS 0.7

Normal LVOT VTI
15-25 cm

) L VOT VTI:
Normal SVRIi ; 20-25¢cm
1900-2400
HR: 125

MAP: 60
Cl: 4.7
est CVP: 0-5

SVRI: 900 - 1000




The FLAT IVC does NOT
always equal hypovolemia

47

Vasopressor

inodilator
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QUESTIONS?

M john.greenwood@pennmedicine.upenn.edu
E “' @JohnGreenwoodMD
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