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OBJECTIVES

1. Describe 2 cases with ADHF

2. Discuss the hemodynamic profiles and their
significance

3. Apply SCAI Cardiogenic shock definition
4. Discuss new evidence on CS in children
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CASE RK

® 8 day old male with respiratory distress

Mother presented 3 d prior delivery with fever, nausea and vomiting.
Labor induced due to fetal tachycardia. Mother was febrile 100.4°F

There was neonatal fever 100.4°F

® Cold feet and lukewarm. Grade 2/6 high frequency HSM;
Gallop+;Tachypnea with mild intermittent retractions; liver 3 cms
BRCM

® Cr-0.4 ; AST-70 PT-15; Full septic workup
® Started on Antibiotics
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WHAT HEMODYNAMIC PROFILE IS HE ON?

Cold and wet
Warm and wet
Cold and Dry
Warm and Dry
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WHAT INTERMACS STAGE IS HE ON?

a. Critical cardiogenic shock (IM-1)

b. Progressive decline  (IM-2)

c. Stable but inotrope dependent (IM-3)
d. Recurrent advanced HF (IM-4)
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COURSE

® Developed atrial flutter which was cardioverted

® Initial Troponin | was 37 mg/dL

® CSF positive for Enterovirus

* Patient developed significant mitral regurgitation and CHF

®* Was intubated for 2 %2 weeks and kept on milrinone continuous
infusion for 3 weeks- Thought of VAD x2

® Was discharged home after 4 weeks on: Captopril, sildenafil, lasix
and amiodarone

®* 5 months later=normal function
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HEMODYNAMIC PROFILE IN HF

CARDIOLOGY
2024

Warm & Dry
Represents asymptomatic
ventricular dysfunction
(normal filling pressures and
adequate perfusion). The
primary focus is on the
prevention of disease
progression and
decompensation.

Cold & Wet
Characterized by elevated
filling pressures and poor
perfusion. These patients
often require intensive care
management.

Warm & Wet
The most common
presentation and can be
characterized by elevated
filling pressures and
pulmonary edema with
adequate perfusion.

o ry
A dire condition best described
as the presence of normal
filling pressures with poor
perfusion. These patients
require aggressive treatment
to minimize the workload of
the myocardium.

Nohria A, et al. JACC. 2003




HEMODYNAMIC PROFILES DATA
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LESSONS FOR THE CLINICIAN

* Myocarditis is a serious but reversible cause of ventricular
dysfunction

* EKG still might be helpful diagnosing some conditions

* Management of the hemodynamic profile + changes and not
the echocardiogram are helpful to select appropriate
therapies

* Patient was hypertensive; cool feet and congested-IM-3

* With milrinone: hemodynamics improved. Although ischemic
cause and atrial flutter-; Course satisfactory on milrinone



CASE: 17 YEARS OLD

» 85kg patient with a hx of OHT for cardiomyopathy in 05/2021
* Presented with Vomiting and SOB x 3 days

* She presented with large pericardial effusion and severe LV
dysfunction to OOSH

* Now s/p pericardial window, then persistently increasing lactic acid

(>14) on increasing pressor support and wide complex tachycardia
s/p 1x DCCV (and 1x Amiodarone bolus),

* Transport call for urgent transfer on Epi=0.2 mcg/kg/min. Lactate=6
* Cr 0.9 (baseline 0.7), transaminitis (~500)
* Transport team recommended VA ECMO in OOSH and then transfer
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CASE: 17 YEARS OLD

* Per OOSH team, was interactive and neuro appropriate until
sedation for DCCV.

* ECMO: ~4.2L/min flows 60% Fio, sweep 2 with signs of
adequate end organ perfusion with UOP and cleared acidosis

e Lactate initially cleared to <2. Currently without significant
pulmonary edema or high respiratory settings. Positive for
rhinovirus, RSV, enterovirus without prodromal symptoms

* Good UOP. Empiric cefepime with Bcx at OSH
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QUESTION

* What would you estimate of PCWP be?
A. Less than 15 mm Hg

15-20 mm Hg

20-25 mm Hg

. 25-30 mm Hg

More than 30 mm Hg
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CXR APPEARANCE AND PCWP
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Climical, Radiographic, and Hmo‘y-de(omluhmh
Chrenic Congestive Heart Failure: Conflicting Results
May Lead to lnappropriate Care
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Clinical Presentation, n
Classification, and Outcomes
of Cardiogenic Shock in Children
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* Largest pediatric study on CS
* ~600 patients

* Applied the SCAI definitions
to children (<21 years)

e CS= ADHF due to Ventricular
dysfunction + 2 of the
following:

a. Lactate >2 mmol/L
b. Cool to touch

c. Systemic hypotension <5th
d. CPR within 24 hr-admit



SCAI CLASSIFICATION FOR CS SEVERITY

TABLE 1 Modified SCAI Classification for Severity of CS

CS Stage Modified SCAI Definition
Stage A: “at risk" Children with ADHF who are hemodynamically stable with normal perfusion but are at risk of developing CS
Stage B: "beginning” Children with ADHF who are hypotensive OR: require treatment with vasoactive medications but have normal
perfusion
Stage C: “classic” Children with ADHF and CS who are hypotensive AND receive treatment with vasoactive medications OR: display
features of hypoperfusion (ie, cool extremities or lactate >2 mmol/L)
Stage D: "deteriorating"” Children with ADHF and CS whose hemodynamic instability requires >2 vasoactive medications or mechanical

circulatory support

Stage E: "extremis"” Children with ADHF and CS with overt circulatory collapse necessitating cardiopulmonary resuscitation

ADHF = acute decompensated heart failure; CS = cardiogenic shock; SCAl = Society for Cardiovascular Angiography and Interventions.
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CS STAGE AND MORTALITY

D
CS Stage Study Definition Inpatient Mortality Rates
Stage A "At risk” ?;JA?JE’LSSE 2:: t\;an;m by CS Stage at 24 Hours
Stage B "Beginning” :{::;t:tn:m? cRri\tl:;gafitri\::esagents S
Stage B
Stage CClassic’ | L0 O ercitermforcs | Stage

Stage D "Deteriorating” | MCS or >2 vasoactive agents gD

Stage E 36%

Stage E "Extremis” Circulatory collapse with CPR

0% 10% 20% 30% 40%

Puri K, et al. J Am Coll Cardiol. 2024;83(5):595-608.



CHARACTERISTICS+OUTCOMES

Hospital Outcomes Stratified by

CS Status at Presentation

All ADHF Hospitalizations Etiology of Cardiogenic Shock
(N=803) (n=207) 8%
8% @ 100% -
9% "g
= m Cardiomyopathy O 80% A
» Myocarditis ‘.6
* Transplant graft failure ) 60% -
CHD o
wm;::{l' Cs, ‘ Others 'E 40% -
Q
(=) 0/ J
E 20%
0% -

CS (n=207) Without CS (n = 596)
CS Status at Presentation

® NHS = HRT Survival m Mortality



OUTCOMES

SIONRE 4 90-Day In for n AW FIULUEE S Muspitad Mortabty Stratifed by (3 Stage and Tine Paint of Clasufication
2 104 Hospital Mortality by CS Stage at Different Time Points (N = 591)
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Importantly, 74% of hospitalizations with CS that received MCS survived to
hospital discharge, similar to the survival rate of cases without MCS (80%)
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; : ; ; ; CENTRAL ILLUSTRATION: Left Ventricular Mechanical Unloading during
Mechanical Left Ventricular Unloading in Patients Undergoing Venoarterial Extracorporeal Viourtartal Bty acoroarast Mehrrne Dxveaustioss Thiaorsl Tronds ibd

Membrane Oxygenation Association With Outcomes
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* Primary outcome was in-hospital mortality; secondary Ay WD Const
outcomes included on-support mortality and complications 8
. In-Maspital Mortality ver! 0.84 (0.77-092) <0001
durlng VA-ECMO On-Support Mortality - -t | 0.77(0.70-0.84) < 0.001
. . Medical Bleedin ~ 104 (0.89120) 062
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* Conclusions: VA-ECMO, MU associated with lower in- B3 e e AR,
hospital mortality despite increased complications o1 — i .
s t!
including hemolysis and cannulation site bleeding. Wechonicel Unieeding | Machenical Uniesding
Compared to pVAD, MU with IABP was associated with oG W, 64313 Am ol CimiloL 20227903 N1230:1250;

similar mortality and lower complication rates.



MYOCARDIAL RECOVERY FROM DECOMPRESSION

‘Reverse Remodeling’ Potential
(‘ - VAD
V

RV

R

Courtesy of Dr. Stavros Drakos

Progression of Heart Failure



LESSONS FOR THE CLINICIAN

* Chest XRAY appearance cannot accurately predict PCWP
* CS has high mortality in children
e Stages of CS change during hospital admission

e Survival to discharge of children presenting with CS who need MCS is
similar to children who do not

* Mechanical unloading is important is there going to be any hope of
myocardial recovery

* Mechanical unloading improves outcomes in patient on peripheral VA
ECMO

CARDIOLOGY
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 Cardiogenic shock (CS): is systemic tissue

.ss e ek - hypoperfusion secondary to inadequate cardiac
Expert Consensus Statement on the Use output despite adequate circulatory volume and
of Percutaneous Mechanical Circulatory o11e

Support Devices in Cardiovascular Care LV f| I I I ng p ressure

Eadowd by 1he Avaiias lean Avscrta e Cardabgal Snwey of Fda s woodad

et e b e et * Diagnostic hemodynamic criteria: a SBP<90 mm
R T A . oA Hg for >30 min; a MAP>30 mm Hg below
»:z" e J’T{:’ii baseline, with a cardiac index (Cl) <1.8 L/min/m?2
i e without hemodynamic support or <2.2 L/min/m2

with support; and a PCWP >15 mm Hg

R NIy T P G0F oSt e i bW 139 3 TuCh el CHTAINTY Mt S in svelae T
(e, s b of ST b —e- e
s Dowonmgn, wad o oy, et ovd e b
o Mo W A Pl Ve e rggiacn Thema Snces ST waCITE, 3 e reredsae deas
e, v g, el (i ol soui ity THY Acmmmmet ren e S avoinge et o Fu chadetee of e

I S LT e The optimal timing of MCS insertion in ADHF and

CS remains unknown. For patients with advanced
HF, the INTERMACS has defined seven clinical
profiles before implantation of a surgical VAD.
Cardiogenic shock is identified by INTERMACS
profiles 1 and 2




CSWG Interpretation:

SCAI Shock Stages SCAI Stages by Treatment Intensity  Distribution within Stages

A

“Beginning CS"
without Hypoperfusion

“Classic CS™:
C First Intervention

L] R
moo®

“Deteriorating”
D despite first
intervention

Number of Devices

E “Extremis”

despite maximal 0 1 >1
psuppon Number of Drugs

Figure 1. Definition, retrospective adjudication, and distribution of Society for Cardiovascular Angiography and Interventions
(SCALI) stages within the Cardiogenic Shock Working Group (CSWG) registry.
CS indicates cardiogenic shock.



ORIGINAL RESEARCH

Left Atrial Decompression in Pediatric Patients
Supported With Extracorporeal Membrane
Oxygenation for Failure to Wean From
Cardiopulmonary Bypass: A Propensity-
Weighted Analysis

Francesca Sperotto, MD, PhD . ; Angelo Polito, MD, MPH; Angela Amigoni, MD ¢ = ; Nicola
Maschietto, MD, PhD () *; Ravi R. Thiagarajan, MBBS, MPH"

- 20915 patients supported with venoarterial ECMO for failure to wean from cardiopulmonary

bypass
- 1508 had biventricular physiology and 279 (18%) underwent LA decompression (LA+)

Conclusion: LA decompression independently decreased the risk of in-hospital adverse
outcome in pediatric venoarterial ECMO patients who failed to wean from cardiopulmonary
bypass, suggesting that these patients may benefit from LA decompression.



ARE CHEST RADIOGRAPHS USEFUL?

* Unlikely to be better than
physical examination in
defining serious vs. benign
heart disease

* Unlikely to give precise
anatomic diagnosis

* Good to exclude lung
pathology

* Good if concern is high and
echo is not available
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CASE
* 14 y.o. female with controlled epilepsy and a
strong FH of CHF who presented to an OSH ED
2 days ago with cough and concern for PNA.

 In the OSH ED she was given an IVF bolus and
she arrested. She received 35 minutes of CPR
with an unknown amount of epi. She was
transferred to OSH. She was intubated and
escalated on vasoactives (epinephrine and
milrinone), initially in the PICU.



CASE

» She then had a 3 minute arrest, with CPR and
ROSC and was then peripherally cannulated in
the right femoral artery (19F) with an a
7F retrograde perfusion line, and femoral vein
(23F) on 77/7/19. No issues with cannulation per
report with flows ~3.9-4.5L/min.

 She was cooled per the adult hypothermia for
cardiac arrest protocol (patient was located in the

adult ICU after ECMO initiation) and then gently
rewarmed per protocol
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UHIGINAL ARTIGLE

Invasive Hemodynamic Assessment and
Classification of In-Hospital Mortality Risk Among
Patients With Cardiogenic Shock 30% mortality
Katherine L Thayer, MPH; Elric Zweck; Mohyee Ayouty, MS; A Reshad Garan®, MD; Jaime Hernandez-Montiort MO, MPH;
Claudius Mahr, DO; Kevin J. Marine, MD:; Sarah Newman, BS; Lena Jorde, BS; Jillian L Haywood, MS; Neil M, Harwan MS;

Michels L Esposito, MD; Carlos D. Davila, MD; Detlet Wencker, MD; Shashank S. Sinha, MD, MS¢; Esther Varowich, MD;
Jacoh Abraham, MOD; William ONeif, MD; Jameas Udelson, MD; Daniel Burkhoft®, MD, PhD; Navin K. Kapur®, MD

BACXEROUND: Risk stratifying patients with cardiogenic shock (CS) ts a major unmet need. The recently proposed Society for
Cardiovascular Angiography and inferventions (SCAI) stages as an epproach to identify patients at risk for in-hospital mortaity
remains under investigation. We studied the ulility of the SCAJ stages and further explored the impact of hemodynamic
congestion on cinical outcomes,

METHOOS: The CS Working Group registry includes patients with CS from 8 medical centers enrolled between 2016 and
2019. Patients were classfied by the maximum SCAI stage (B~E) reached during their hospdal stay according to drug and
device utilization, In-hospital martality was evaluaied for association with SCAI stages and hemodynamic congestion.

RESOLTS: Of the 1414 patients with CS, the majority were due to decompensated heart failure {500%) or myocardial mfarction
(MI; 35b). In-hospital mortality was 319% for the fotal cohort, but higher among patients with MI (41% versus 26%, Ml versus
heart falure, P<0.0001). Risk for in-hospital mortality was associated with increasing SCAI stage (odds ratio [95% Cl}
325 [263-4.02]) in both Ml and heart failure cohorts, Hemodynamic data was avafable in 1116 (79%) patients, Elevated
biventricular filling pressures were common among patients with CS, and right atnal pressure was associsted with increased
mortality and higher SCAI Stage.

CONCLUSIONS: Our findings support an asscciation between the proposed SCAI staging system and in-hospital moriality
among patient with heart fasure and ML We further identify that venous congestion is common and identifies patients with
CS at high risk for in-hospital mortality. These findings provide may Inform future management profocols and cinical studies,

Key Words: cardiogenic shock ® haart fadure ® hemodyramics ® hospital mortalty @ myocardial inferction ® right atrial pressure
¥ yantncular congestion
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