. RSC——

tah kolapsibility DDZ hodnocené novym senzorem -

odhadovanemu objemu plazmy a ke koncentraci
NT-proBNP u pacientli s CHSS '

/i I
\ ﬂr'l -
-
=




JOURNAL OF THE AMERICAN COLLEGE OF CARDIOLOGY

VOL. 83, NO. 6, 2024

© 2024 PUBLISHED BY ELSEVIER ON BEHALF OF THE

AMERICAN COLLEGE OF CARDIOLOGY FOUNDATION

Implantable Hemodynamic
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Reduced Eje

JoAnn Lindenfeld, MD,* Maria

Richard Troughton, MD, Alan
Frank Smart MDD Necca Tnhne

FIGURE 2 Heart Failure Hospitalizations for Implantable Hemodyn
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TABLE 1 Summary of Studies
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FIGURE 4 Survival for Implantable Hemodynamic Monitoring and Medical Therapy in Pooled Population
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Years From Implant
No. At Risk
Treatment 666 539 345 237 158
Control 684 556 355 213 115

— Treatment — Control

Survival through 24 months, with implantable hemodynamic monitoring (treatment) in blue and medical therapy (control) in red. A significant
25% reduction in mortality was observed at 24 months in the pooled population. Survival estimated using Kaplan-Meier estimates; HR,

95% Cl, and P values estimated using Cox Proportional Hazards model.

Heart failure hospitalizations through 12 months for implantable hemoaynamic monitorning (treatment) in DWe ana MeaicalL tNerapy (Controwy
in red. A significant 36% reduction in heart failure hospitalizations was observed at 12 months in the pooled population. HR, 95% Cl, and

P values estimated using Andersen-Gill model.

AM PION'I 3.14,23

LAPTOP-HF"™**

ilticenter, randomized,
single-blinded evaluation
oMEMS HF System

nanagement using PAP
'd sensor

‘reatment group;
ontrol group
1easurements

15 communicated by
hed contact frequency
Jups

17 to December 2014

last subject reached 6 mo
(Q1, Q3:11.5, 23.0 mo)

ons at 6 mo

IL class Il with prior HF

on

[575)
0% (0.575)

Prospective, multicenter, randomized,
controlled evaluation of the LAP
Monitoring System (HeartPOD and PAM)

Hemodynamic management using LAP via a
transseptal lead

» Unblinded to treatment group;
unimplanted control group

o Twice daily recording of symptoms,
weights, and blood pressure; contin-
uous measurement of LAP

s Interventions communicated through
handheld PAM

June 2010 to April 2015

Continued until last subject reached
12 months
Median 22.8 mo (Q1, Q3: 14.6, 34.8 mao)

HF major acute cardiovascular and
neurological events at overall follow-up

NYHA functional class Ill with prior HF
hospitalization or persistently elevated
BNP

Baseline: 363
12 mo: 305
24 mo: 169

Mot reported previously (see Supplemental
Table 1)

Study stopped because of implant-related
complications; follow-up continued in
therapy-initiated patients.

+ with reduced ejection fraction; LAP = left atrial pressure; NT-proBNP = N-terminal
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H ea rt Fa i I u re OUtcomeS With FIGURE 1 Comparison Between Outcomes of Volume-Guided Patients and
Vo I u m e- G u i ded Ma nag em ent Propensity-Matched Control Patients

John E. Strobeck, MD, PuD,” Jonathan Feldschuh, AB,” Wayne L. Miller, MD, PuD" 35.5%

ABSTRACT

OBJECTIVES This study performed a retrospective outcome analyses of a large cohort of mix:
patients admitted for acute heart failure (HF), whose inpatient care was guided by individual qusz
analysis (BVA) results.

30
27.7%

BACKGROUND Decongestion strategies in patients hospitalized for HF are based on clinical ass 20

have not integrated a quantitative intravascular volume metric. hropewatlysmatchadicontiols

. Subjects
METHODS Propensity score control matching analysis was performed in 245 consecutive HF adn
hospital (September 2007 to April 2014; 78 + 10 years of age; 50% with HF with reduced ejectic o 12.2%
30% with Stage 4 chronic kidney disease). Total blood volume (TBV), red blood cell volume (RBC i

(PV) were measured at admission by using iodine-131-labeled albumin indicator-dilution technique b
targeted a TBV threshold of 6% to 8% above patient-specific normative values. Anemia was tre: 4O%
Hematocrit (Het) measurements were monitored to assess effectiveness of interventions. Contro B
Centers for Medicare and Medicaid Services data were matched 10:1 for demographics, comorbidity 2.0%
RESULTS Although 66% of subjects had PV expansion, only 37% were hypervolemic (TBV =10/ 0 -
(RBCV =10% deficit) was present in 62% of subjects. Treatment of true anemia without hypervols

30-day mortality 30-day readmissions  365-day all-cause mortality

peripheral Hect of 2.7 + 2.9% (p < 0.001), and diuretic treatment of hypervolemia in cases witk

4.5 + 3.9% (p < 0.001) increase in peripheral Hect at 11.3 + 7.5 days after admission. Subjects ha

readmission (12.2% vs. 27.7%, respectively; p < 0.001), of 30-day mortality (2.0% vs. 11.1%, re Data compare measured outcomes of 30-day mortality, 30-day readmissions, and 365-day
and of 365-day mortality (4.9% vs. 35.5%, respectively; p < 0.001) but longer lengths of stay

- . all-cause mortality in volume-guided subjects and in non-volume-guided propensity-
respectively; p <= 0.001) than control subjects.

matched control subjects. All comparisons are statistically significant with p values <0.001.

() Am Coll Cardiol HF 2018;6:940-8) © 2018 by the American College of Cardiology Foundation.




www.nature.com/scientificreports

scientific reports

Estimated plasma volume
status i1s a modest predictor
of true plasma volume excess
In compensated chronic heart
failure patients

Christoph Ahlgrim’, Philipp Birkner?, Florian Seiler?, Sebastian Grundmann?,
Christoph Bode” & Torben Pottgiesser’

ePV_Kaplan (inml) = (0.065 x body weight (inkg)) x (1 — haematocrit) x 1000.

...odhadovany plasmaticky objem muze odhalit hypervolemické
pacienty bez klinickych znamek dekompenzace



Pacienti se srdecnim selhanim mohou byt i bez klinickych znamek
kongesce ve stavu hypervolémie (zvyseny plnici tlak LK)

» zvySené predtizeni levé komory

= zvySeny srdecni vydej (CO)

* CO x perif. odpor = T arteridlni tlak
» T hydrostaticky kapilarni tlak

= filtrace tekutiny do IC prostoru

{

= edéem

...nutnost optimalni volémie k udrzeni dostatecného zIniho navratu a tim i tepového objemu X zamezeni dekompenzace

Am J Cardiol 2004 May 15; 93(10): 1254-9



* Velikost a kolapsibilita dolni duté zily ™ -
odrazi volémii pacienta —

Long axis
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Guidelines for the Echocardiographic Assessment of
the Right Heart in Adults: A Report from the American

Society of Echocardiography
Endorsed by the European Association of Echocardiography, a registered
branch of the European Society of Cardiology, and the Canadian Society of
Echocardiography

Table 3 Estimation of RA pressure on the basis of IVC diameter and collapse

Variable Normal (0-5 [3] mm Hg) Intermediate (5-10 [8] mm Hg) High (15 mm Hg)
IVC diameter =21cm =21cm >2.1cm >2.1cm
Collapse with sniff >50% <50% >50% <50%
Secondary indices of elevated RA pressure  Restrictive filling

e Tricuspid E/E' > 6
« Diastolic flow predominance in hepatic
veins (systolic filling fraction < 55%)

lcm

Short axis
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Hodnoceni dolni dutée zi
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Intravascular Volume? IVC geometry?
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...snizeni kolapsibility odrazi incialni (frustni) dekompenzaci

Zdroj: Moreno et al., Circ Res (1970) 27 (6): 1069-1080, 2. Seo et al., Am. Society of Echocardiography, (2017) 30 (5), 461-467.




First in Human Clinical Investigation of the FIRE1
System in Heart Failure Patients (FUTURE-HF)

ZACATEK STUDIE 11/2019

* ENROLMENT IN PHASE 1 - COMPLETE IN JULY 2022

Czechia

e ENROLMENT IN PHASE 2 EUROPE - First in Human Clinical Investigation of —
the FIRE1 Device/System to evaluate the feasibility and safety of implanting " acring
the FIRE1 system in stable HF patients.

* ENROLMENT IN US TRIAL - Early Feasibility Study of the FIRE1™ System in Nemocrice Na Homlce
Heart Failure Patients to evaluate the feasibility and safety of implanting
the FIRE1 system in stable HF patients

« PLANOVANE UKONCENI STUDIE 8/2026, CiL ZARAZENI 65 PACIENTU



Senzor DDZ




Senzor DDZ
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e vztah mezi kolaspibilitou DDZ a odhadovanym plasmatickym objemem

* vztah mezi kolapsibilitou DDZ a NT-proBNP
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Charakteristika souboru " ¥.0 .4

6 pacientd

* 83% muzl

e prameérny veék 62let,

* EF LK 20-35% (primér 27%)
* FAC PK 30-49% (prum. 35%)
* 50% ICHS

* 100% NYHA Il

* 67% CRT

* FA: 83% BB a ARNI, 100% antagonista aldosteronu, 33% gliflozin,
50mg prim.davka FSM

* Renalni insuficience (eGFR < 0,9 ml/min) 33%

1 pacient podstoupil nejdrive implantaci LVAD a posléze Tx



Metodika

* senzor byl implantovan 6 pacientum se systolickym srdec¢nim
selhanim v ramci studie FIRE 1 (FUTURE-HF), poCet méreni 52

e v ramci klinickych kontrol byla méfena kolapsibilta DDZ pomoci
senzoru, koncentrace NT-proBNP, koncentrace hemoglobinu a
hematokritu a hmotnost pacienta

* odhadovany objem plasmy (ePV) byl byl vypocten pomoci rovnice
z koncentrace hemoglobinu, hodnoty hematokritu a hmotnosti
pacienta

* korelace byla provedena pomoci Pearsonova korelacniho koeficientu



Vysledky

* Priimérny ePV byl 7713.5 ml (median 7465 ml)

« Prdmérnd hodnota kolapsibility DDZ (Cl) 46.5 %
(median 42.2%)

* Primérna hodnota NT-proBNP 1122.7 (median
988) ng/I

e Statisticky vyznamna inverzni
korelace byla mezi Cl a ePV
(r=-0.35, p=0.0076)

20 -

0

correlation coefficient = -0.35; p = 0.0076

6000 6500 7000 7500 8000 8500 9000 9500 10000

circulating blood volume [ml]



Vysledky

e Statisticky nevyznamna korelace mezi Cl a NT-proBNP
(r=-0.12,p=0.31)

..... zmeény cirkulujiciho objemu plasmy se velmi dobre odrazeji ve
zméné kolapsibility DDZ, zatimco u NT-proBNP neni optimalni korelace
s kolapsibilitou DDZ (zmény NTproBNP jsou multifaktoridlni - rendlni
insuficience, fibrilace sini, ...)



ZAver FIRE]

* index kolapsibility dolni duté zily a méreny novym inplantabilnim
senzorem koreluje s plasmatickym objemem

 sledovani zmén volémie pacientu se srdecnim selhanim i bez nutnosti
ambulantni kontrol

* pouziti senzoru vcas detekuje subklinickeé
znamky kongesce a umoznuje akutni zménu
medikace ...zlepseni prognozy pacientu
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* Natriuretické peptidy jsou doporucovany marker hodnoceni srdecniho

selhani
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Hodnoceni dolni dute zily

* Meéreni rozmeru DDZ v misté 1-2cm od Usti do PS,
kolmo k dlouhé ose

Guidelines for the Echocardiographic Assessment of
the Right Heart in Adults: A Report from the American

Society of Echocardiography
Endorsed by the European Association of Echocardiography, a registered
branch of the European Society of Cardiology, and the Canadian Society of
Echocardiography

MG:5 DR:60

Table 3 Estimation of RA pressure on the basis of IVC diameter and collapse

Variable Normal (0-5 [3] mm Hg) Intermediate (5-10 [8] mm Hg) High (15 mm Hg)
IVC diameter =2.1cm =2.1cm >2.1cm >2.1cm
Collapse with sniff >50% <50% >50% <50%
Secondary indices of elevated RA pressure » Restrictive filling

e Tricuspid E/E’ > 6
» Diastolic flow predominance in hepatic
veins (systolic filling fraction < 55%)




Dusledky hypervolémie

Integrované znazornéni Guytonova (Earkované kfivky) a Frankova-Starlingova (piné kfivky) modelu.
Body 1 a 3 znazorfiuji potatecni stav, body 2 a 4 (a pfislusné Sipky) znazorfiuji zmény v hemodynamic-

kych parametrech po podani objemu u pacienta preload responzivniho (2) a neresponzivniho (4)

= 7zvySené predtizeni levé komory

= | pivové Frankovy:Staringovy ivky » zvy$eny srde¢ni vydej (CO)
g% dle miry kontraktility
-;; a afterloadu komory
2&" " x F F
£ | _ * CO x perif. odpor = T arteridlni tlak
» T hydrostaticky kapilarni tlak
rodina navratovych kfivek
S dle velikosti cévni napiné
N N = filtrace tekutiny do IC prostoru
N
‘ \ 4
% N
END-DIASTOLICKY TLAK " Edem

= ..nutnost optimalni volémie k udrzeni dostatecného zlniho navratu a tim i tepového objemu X zamezeni hypervolémie



NTproBNP se statisticky vyznamné nemeni v
prubéhu pauzy mezi dialyzami

Variabilita plazmatickych hladin big endotelinu a NT-proBNP u
nemocnych se srdecnim selhanim v chronickém hemodialyzacnim
programu; O. Ludka ; J. Spinar; L. Vitovcova ; D. Sobotova ; L.

Spinarova ; Z. Pozdidek ; V. Musil 1; J. Vitovec ; J. Tomandl; Vnitf Lék
2007; 53(11): 1177-1181
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Kolapsibilita dolni duté zily

1) Processing B-mode US videos of IVC 2) Estimation of IVC pulsatility indexes

Long axis Short axis
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Electronics 2020, 9(10), 1671, Automated Volume Status Assessment Using Inferior Vena Cava Pulsatility



* novel sensor designed to measure inferior vena cava (IVC) area over time
was used in this study (FIRE1). The system consists of the implantable
sensor and an external belt, which is worn around the patient’s abdomen
for a minute per day. The resonant frequency of the sensor is detected
externally by the belt. The results provide an accurate measurement of IVC
area and collapsibility index.

* Monitorace PAP na dalku ovlivhuje prognézu pac — viz Cl., stejne tak FIRE by
mohl snizit riziko dekompenzace pacientu s CHSS a pocet hospitalizaci ....
zlepseni prognozy



Vztah kolapsibility dolni duté zily hodnocené

novym senzorem k odhadovanému objemu

plazmy a koncentraci NT-proBNP u pacientu
s chronickym srdecnim selhanim

Petr Doskar, NNH



Hodnoceni dolni dute zily

* MéFeni rozméru DDZ v misté 1-2cm od Usti do PS,
kolmo k dlouhé ose

Guidelines for the Echocardiographic Assessment of
the Right Heart in Adults: A Report from the American

BG:®9 DR:76 MG:6

Society of Echocardiography
Endorsed by the European Association of Echocardiography, a registered
branch of the European Society of Cardiology, and the Canadian Society of
Echocardiography

Table 3 Estimation of RA pressure on the basis of IVC diameter and collapse

Variable Normal (0-5 [3] mm Hg) Intermediate (5-10 [8] mm Hg) High (15 mm Hg)
IVC diameter =2.1cm =2.1cm >2.1 cm >2.1cm
Collapse with sniff >50% <50% >50% <50%
Secondary indices of elevated RA pressure » Restrictive filling

e Tricuspid E/E’ > 6
» Diastolic flow predominance in hepatic
veins (systolic filling fraction < 55%)
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Metody hodnoceni volemie

* Echokardiografie
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klinicka vysetreni

PROJEVY
HYPOVOLEMIE

zakladni monitorace

laboratorni markery

RTG plic

ECHO srdce

USG DDZ
USG plic

hypervolemie
dusnost

otoky dependentnich partii (véetné oblasti beder, sakra a rukou
u lezicich)

meéstnani krénich zil

poslechovy ndlez vihkych fenoménd na plicich

tachykardie, poruchy rytmu (fibrilace sini)
vysoky CVP

tachypnoe, hypoxemie

hypalbuminemie

vysokd hodnota BNP, NT-proBNP
intersticidlni (alveolarni edém), Kerleyho linie
kardiomegalie, zesileni plicnich arterii

objemové pretizeni obou komor, restriktivni pinéni (expertni ECHO)

= 2,5 cm; absence respiracni variability

pfitomnost vice nez 3 B linii ve vice nez 2 kvadrantech plic symetricky
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