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Variability of morphology derived from arterial blood pressure waveform is associated with ICU and in-hospital mortality in septic patients

Ruey-| Hsmg Chou®?, Yu -Ting Lin?, Shen Chlh Wang?, Cheng Hsueh Wu'?, Po-Hsun Huang
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Conference abstract

Variability of morphology derived from arterial blood pressure
waveform is associated with ICU and in-hospital mortality in

septic patients

Yu-Ting Lin, Ruey-Hsing Chou, Shen-Chih Wang, Cheng-Hsueh Wu, Po-Hsun
Huang, Hau-Tieng Wu

Background:



The ever-changing arterial blood pressure (ABP) offers vital assessment
in intensive care unit (ICU). We investigated a new kind of waveform
information in this study: variation of the morphology in beat-to-beat
ABP waveform. We hypothesis the variability of ABP waveform morphology
18 associated with disease severity and survival outcome in septic
patients.

Methods:

This 1s a prospective observational cohort study performed in one
tertiary academic ICU. We used the Dynamical Diffusion Map algorithm, an
unsupervised learning algorithm, to quantify the variability of
morphology. The quantitative index 1s summarized every 12 hours. Three
clinical outcomes were defined as ICU mortality, in-hospital mortality,
and 30-day mortality since ICU admission. We used the daily renewed
APACHE II and SOFA scores to represent the disease severity for
comparison.

Results:

Totally 93 septic patients admitted to ICU were enrolled. Patients of
the survival groups from all 3 outcome types present higher variability
of morphology in their ABP waveform. The survival groups shows upward
trend of variability and downward trends of ABACHE II and SOFA scores in
the first 6 days. As a mortality predictor, the ABP waveform variability
has greatest performance at day 3. The predictive performance of
waveform variability 1s constantly better than scoring systems in the
first 72 hours of ICU stay.

Conclusion:

Upward and higher variability of ABP waveform morphology reflects lower
disease severity and better mortality outcomes 1n septic patients
admitted to ICU.
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1. CPR(ECPR)
2. Targeted temperature management
3. LV unloading in V-A ECMO

CPR(ECPR)

NemIEBENEZE R/ » CPR AV AL > All outcome F37 o BEAIHLAT CPR #Y
outcome AR ° VF/VT ByffE » Asystole B PEA RIERZE » [RIELE> —490 By
shockable rhythm B non-shockable rhythm  FE#5<75 BEHY shockable rhythm
F£ CPR 10 4788FH S%LA_ERY CPC 1-2 BfETR » /@A e DIt FESURESN BNS
NEHEFTHY CPR » MHE . T AT 2909HE1% - FHitE CPR AR —& » 2
#J CPR TAZBLES IR T - [EmARAVERSE E > E2ELL coronary artery
disease £ (84%) » KB acute thrombotic lesion MiZEZE CPR « >



Z Nehme et al. / Resuscitation 100 (2016) 25-31

VENT - PEA Asystole

Dynamic probability of 1-month CPC 1-2 (%)
¥
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CPR Duration (min) 0 5 10 15 20 25 30 35 4 45 50 55
CPR duration (minutes)

A ‘Shockablabystander resuscitation group
(n=22.380)

Resquaree0 295
Pe00ot

Standard resuscitation
strategies are inefficient as the
duration of CPR increases.
Survival is grim after 30min of
CPR even in patients with
initial shockable rhythms.

M UNIVERSITY OF MINNESOTA
Driven to Discover

W DIAEAERY standard CPR T invasive CPR(E[] ECMO 2B )AHER®S » HI
invasive CPRAHHZNY 180 RIFEESS o W DUFE Rl iGaE - 28 B0kER
SRR EE A AR B 1)initial rhythm “shockable” , 2)CPR time
<30 77##, 3)invasive approach » B ECMO « 155k CPR AV RIEM 7> - A
s e ~ MERN ~ rhythm ~ S5PFTFEEC epinephrine BKIES » B dHf
ECMO+CPR #fE

RIELENELEREYS CPR(out of hospital )iEBERVESE - EOMO t4E CPR e 5 A
At & 3 shock BB 10 7788 CPR HIF&# A HIGRE v LB B
ECPR T - °



[Outdﬂocphl Cardiac Arrest Evaluated in thsﬂﬂd]
ROSC No ROSC after 3 shocks or
10 minutes of CPR with at least one shock
-
Obtain 12-lead ECG
Assess clinical criteria for
Transfer to hospital centers E-CPR in regions where
capabie of providing E-CPR is available
comprehensive post arrest care ke )
N s
Consider futlity in | YES | multiple unfavorable factors that * Age<75y
invasive care would indicate futility in care *« Witnessed
J « Initial rhythm VT/VF
+ Absence of comorbitity that Criteria Dmrmin
NO would preclude return to ROt met R
independent kiving and/or ” ACLS
™ 'S ~ contraindication 1o ECMO
Admit to ICU STE on Post Angst ECG : 5mj’r::t‘“““°" of ECMO
NO Cardiogenic Shock .
N <— Electrical Instability + Mechanical compression
Consider delayed Homodynamically Unstable L device available for transport )
L FoFAPY ) Pulmonary Embolism J ‘ Al criteria met 1
F o ™\
YES Transport to a hospital
capable of providing E-CPR
\ J
Activate Cardiac Cath Lab *
Ceronary Anglogiephy + End Tidal CO2 >10 mm Hg K2 toget 2 yrlodia
and/or + Arterial Pa02 >50 mm Hg or
Percutaneous Coronary Sal >85%
Intervention + Lactato <18 mmolL
and/or ~
Right Heart Catheterization At least 2 criteria met
and/or
Mechanical Circulatory Support ’ ~
nG/oT ECPR
c m: mn'mm,ﬂ gk 4 Coronary Angiography and
Th ysis or Clot E n PCI (it appropriate)
\ J

TR SR E - A @R RNFUER ) E Y CPR T JRRERAYIE T
TEESHEG > USRI FINERN 528 - S—JTARRE 20 Z4FH)]
FEBHAGIEATT ECPR 7 » SR A40 HART ROSC &R B1E-(5 A BOMO WG #EfT O B8 -
FHVERERH RS T AMIIEERE FUE ST o smitisE RaES - nTRE M
G2 THE S cormobidi ty » FiAEREAH A REIES organ
dysfunction » WAV EEERE G5 outcome N E(FIAI non-
shockable rhythm, PEA %) o 524} anaphylactic shock thAR#E & {8 ECMO A
ECPR T - Bt &R LESEEN -
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Targeted temperature management

Primary brain injury
Ischemia + Reperfusion
CO nce ptu a | Energetic failure ROS generation
Anoxic depolarization Excitotoxicity
m Od e | Loss of ion gradients  Patchy perfusion (reactive
Calcium/glutamate hyperemia/no-reflow)
BBB disrupted Cerebral edema

Aliﬁve Pulseless . ROSC m Post-arrest

] T 0

High-quality CPR
Rate and depth
Early defibrillation
Treat reversible causes

¥ ROSC YK A » targeted temperature management HYZEFI¥Y outcome H
I B EBR N2 EAE (PR 2388 » (HE AV ES BN R R RN R
FHEIEE - (elS L2KE - THI A ESE & CPR FUESE—4RHY TAE - S R EHE)
TEERIATIZATECE defibrillator  {HEE collapse S84 IFM R A E L
EIMEHIBEREM LI primary brain injury » EHRFEEMEY TIERUE S A EHY
CPR > fFiE(@BfE R EAAY ischemia Al reperfusion injury &iGpk
neurologic injury 1 CPR #&HY critical care Ht& 3528 m ¥
autoregulatory failure, cerebral edema, seizure, fever ZERAEFRRF A
HJ secondary injury °

Temperature management HYPERION

Mechanism of injury Effect of hypothermia S(death) W4 W3 W2 W1

1. Primary injury 1. None (unless cooled pre-arrest) . zio

2. ROS generation 2. ROS formation N‘""“’“ZZ"J: 838 . 5.7

3. Seizures —————————— 3. Seizure threshold

4. Cerebral edemalincreased ICP— 4. Edema/ICP ,l, 044

5. Ongoing tissue hypoxia 5. Brain metabolism & O, demand Hypothermia 817 .4.55 6
Group 5 .

(cmro,) |

b T T T T 1
(] 20 40 60 80 100

Lascarrou, et al. NEJM. 2019

Hypothermia ¥ E#tAY neurological injury {EE3E FEARESIIER - &
B FHEFFEHY - HYPERION study BEURFET 3R AIEREER neurological

11



outcome * hypothermia group &PELEL/D o TIM ShFTHIRFME - 48 /NEFHIEE 24 /N
A E(RAY mortality o (HAREEVH AERFECE 25 > FIA7E out-of -hospital
i open-label study 52 HE %3 hypothermia B normal thermia #Y 6 {EH
mortality FUZES » iZHN CPR EAR BN AEEA ZEEFAE -

% shockable rhythm AY9% A > mild hypothermia(34 f&)AJ{F HZEE moderate
hypothermia(31 f&)5 » M{E nonshockable rhythm RIfHEZ » moderate
hypothermia kb mild hypothermia A EEEFAY survival °

40

8] Patients with shockable rhythm

100
501
. ¥ Mild (34 %C)

| Moderate (31 °C)

N
S

Probability of survival, %
L

No effect

Risk difference
predicting survival (%)
o

8

Hazard ratio for death, 1.20 (95% €, 0.82-1.73); log-rank P = 34

30

9
S

60 %0 120 150 180
Hours since randomization
No. at risk

Mild ypothermia 157 107 106 105 105 105 10
Moderate hypothermia 158 98 L 97 a 2 97 O
& & & & &
€ | Patients with nonshackable rhythm o' & & L *
100 . " . e
H’ Excluded patients with early cerebral edema and highly malignant EEG
Hazard ratio for death, 0.78 (95% C1, 0.43-1.43); log-rank P = 40
80+ ‘

® |

} 60

§ w0

% 1

£ w

3 "

2 9 Moderate (31 °C)

204 L
Mild (34 *C)
' o 30 60 S0 120 50 B0
‘Hours since randomization

No. at risk
Mild hypothermia 26 3 3 3 3 3 3
Moderate hvoothermia 26 L] L] [ & 6

FHZHE ST » & neurologic outcome TJAE(PCAC2)#Z{ERF » TIM 4E3F4E 36
FE#TA F| > M{F neurologic outcome #XZEAIHFE (PCAC3, PCACA)HI TTM 4EFFF
33 FEERA A o MEEAER - HAET TIM 4E557F 33 [-34 & 27 A

. 9
neurological outcome °
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LV unloadlng in V-A ECMO

A Mechanisms of LV Distention B Complications of LV Distention
Pulmonary Edema
o
Persistent LV preload ’

Retrograde flow from
the outflow cannula
causing increased
afterload Increase in LVEDP and
LVESP leading to higher
LAP and PCWP

Closed AV

Reduced or absent
. aortic valve opening
due toincreased
afterload and
reduced LV

Y cardiogenic shock H¥HE A » 1F CPR 7% {#H mechanical cardiac support
device (MCSD)EIRHEFEEAY - “iELE device » FiHliE BCOMO & T H:AYHE
artery MR - MEERZS LR > 3510 LVEDP ~ LVESP - (i {5 LAP A1
PCWP 887 E7F » s e B (B LBy &3 » R AR cardiogenic shock HIMKAE -
W SRS 25 5 ¥ pulmonary edema, pulmonary hemorrhage ° " iSFERY

A TR R AR IR S BT Co i > %855 thrombus SR BN EE - ¥NER
HRO > BB IR R SRR R B A E AR LA venting ~ LV
unloading ARG -

Study Odds Ratio VA-ECMO Control

During VA-ECMO suppo!

(95%C1) (niN) (niN)
----- e e - - T
ECMO-CS 1.49 (0.58-3.77) 18137 14/36 —1——
4 ology ’% ’ EURO SHOCK 0.44 (0.11-1.79) M5 12118 et
ECLS-SHOCK 0.95 (0.65-1.40) 100209 102/208 )—.—1

Overall 0.93 (0.67-1.29) 128/282  135/283 T

= 0205081 15 2 3 4

.......... VA-ECMO better VA-ECMO worse
L

.....

e Frame for Unlood gE

T
Hemodynamic variations
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Subgroup Odds Ratio VA-ECMO Control P Interaction
(95%Cl) (nN)  (nIN)

Age >= 65 years  0.83 (0.50-1.36) 69/124 83141
Age<65years 1.11(0.69-1.79) 60/157 52/142

Female  1.09 (0.50-2.38) 30/55 28/52
Male  0.90 (0.62-1.30)  99/226 1077231

Lactate >= 5mmol/l  0.76 (0.50-1.16)  98/184 100/181
Lactate < Smmoll  1.54 (0.80-2.99) 28/93 22197

Cardiac arrest  0.86 (0.57-1.29)  84/190 91/191
No cardiac arrest  1.07 (0.60-1.93) 45/92 44192

STEMI  0.88(0.58-1.34)  74/181 81/182
NSTEMI  1.04 (0.57-1.91) 45/85 45/89

Anterior Ml 0.98 (0.59-1.64)  50/122 56/130
MI at other location  0.84 (0.45-1.55) 36/82 40/83

it t* AL

11 1213 =% 2T 13

TIMI 0/1 after PCI  0.78 (0.07-8.51) 513 48 9
TIMI 2/3 after PCI 0.88 (0.61-1.26)  108/245  120/252 o

L

02 05 1 2345

VA-ECMO better VA-ECMO worse

B8~ » VA-EOMO ££ infarct-related cardiogenic shock fI-#A medical
therapy HY cardiogenic shock #HEE » 74 30-day mortality BVFEE » KKIMiE
e S E s © T VA-ECMO did not reduce 30-day death rate compared
with medical therapy alone in patients with infarct-related

cardiogenic shock, and an increase in major bleeding and vascular

complications was observed. A careful review of the indication for
VA-ECMO in this setting 1s warranted.( The Lancet 402.10410 (2023):
1338-1346.) ,

LV Decompression during VA ECMO

t LV Venting LV Unloading
| LV filling | LV myocardial
Suviesl o ponary pressures O, consumption
ey ~LV work LLV work IABR
:'aﬁi
)
Left atrial Atrial | 2
cannula septostomy :-:'-::
| feo
[) . . Inotropic agents
< 5 & Active |mechanical Vasodilators
f}f Z / Passive Decompression myocardial power Diuretics

) - _/ I LV unloading strategies usually vent, but not the other way around |

1F VA ECMO (= » @r2E3 32 LV decompression FYESK - HE& F > LV

venting A& LV unloading ° LV venting J&/V'LV filling pressure » LV

unloading RIS EHREMRAVIE/ D LV work BIFEREE « EFIEH LY

distension * FLETEHEAZ] congestion I hypoperfusion ~ HJE ~ HifizKHeEHT L 1
—i#EE complication HYEEAET & F#E7T unloading » ©'°
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Indications for unloading: Pathophysiology

Peripheral Veno-Arterial Extra Retrograde
PO MO g ECMO Flow -
" 2 LV stasis/thrombus

| Congestion & Hypoperfusion ‘

LV distension o
P
(4‘ *Systemic |

;f Mﬂ \I’\ AV closure coroRay’
i -y L Aortic stasis/thrombus hypoperfu

=

Pulmonary edema

*Stroke

hemorrhag
*Impaired

myocardiz

recovery

LV unloading HYMRER LR - A]DITERLEETY pressure volume loop f541 « fi&
E T LASEGE Y o (REIEE YA E]E cardiogenic shock » BEE{HA LV
pressure volume loop ¥ curve A#E1£E) > M L VA EQNO 1& > & E NS
{El pressure volume loop 1% » FEEERAYIENL A LAHIEEY) ~ H Impella(R)Z
JEAY device ZREEME » HEF LV unloading HIER -

150 150

8
g

Pressure - left ventricle (mmHg)
Pressure - left ventricle (mmHg)

Afterload {,
MAP 65 mmHg
0 |—— w— (]
o = 0 50 100 150 200
o 50 100 150 200 .
Volume - left ventricle (mL) Volume - left ventricle (mL)
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Impella®
1-5 L/min

2
8

Impella® 5 L/min
MAP 65 mmHg

°

Pressure - left ventricle (mmHg)
g

100

Volume - left ventricle (mL)

No
Impella®

150

P IABP
E LV venting
° 2.3 L/min
o
£ ‘ LV failure +
g e VA-ECMO
& B
o
é | I
5 mpella
? o 5 Impella
3 5.0 L/min 2.5 L/min
o
o 200 250

200

) 0 1%
Volume - left ventricle (ml)

Meta-analysis IVE St 23R Impella B80T device ¥HY LV unloading AJ
DU AR IB AT - BN =S LV distension EAFNE Impel la ZEHEE]

LA SEEE
FEAE T HVEE: Ecmella

FEs R 2 (/NS e A Y outcome © ° ECMO+Impella 7

Left-Ventricular Unloading With Impella
During Refractory Cardiac Arrest Treated With
| Cardi ks

y
A Systematic Review and Meta-Analysis*

13 studies, 762 patients |

Thevathasan T. CCM. March 2024

irculation

CRCINAL RESEARCH ARTIQLE

Left Ventricular Unloading Is Associated With Lower
Mortality in Patients With Cardiogenic Shock Treated
With lembrane

t Study

1
i )

Circulation. 2020:142:2095-2106.

FEELNEE Impel a R fR A FE i
4EZEFEAR o Mechanical

unloading °

AR -

B AT 2 /NIEAEE

active LV

circulatory support SHEBHY » 1 H

+ | mortality & |MV days with active unloading (<2 s post ECMO implantatior
+ No significant increase in complication rate

ESC Acute
CardioVascular
Care

01 25
Favours MCS  Favours no MCS

Slide courteysy Guido Tavazzi MD PhD

CENMTRAL IL IATION Assaciation Between Timing of Actl Unlaac S —
30-Day Mortality ’ - Mechanical circulatory support |
for cardiogenic shock: a network meta-analysis
- of randomized c lled trials and i
s score-matched studies
r o o
s 2 o / "
H e " MCS dovices vs. no MCS
1o " igher e sk when Treatment (Ali-cause Mortaiity) ~ OR  95%Cl
- st 2. bl 0wt pgach
p ECMO+ABP - 054 (033 0.86]
o ECMOWVAD  —=1 81 [034; 1.10]
i mVAD - 070 [0.52 094]
-0 N o 0 1489 077 [062 095]
Hours: CVAD - 080 [0.34; 239]
Active LV unlaading =—s Active LV unloading ECMO 099 (075 1.30]
before after WA-E No MCS 1.
Steage B, 4. m Cll ol HF. J0BRHST-530 VAR e, 452 [0.17;12026]

051 130

°
Intensive Care Med (2024) 50:209-221

ECMELLA (ECMO+Impel1a) Y AH _EAEEF FIAVIRE » & A VA-ECMO K2k 5
AT ESE] EREEES > (H2E ML Inpella #EFT

ECMO HY RN EHE a-1ine
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active LV unloading st AlgEEr HIR G EUEESZ & cyanosis » J& RAF Lo
BYERE MM T ARG #ER] 25 » 35K upper body hypoxemia ©

FIGURE 1 Visualization of the Upper Body Hypoxemia Phenomenon

t1tt 1 ttit

1

Rigorous monitoring
for upper body
hypoxemia

¢ ! X Optimization of
pulmonary function

Early escalation of the
extracorporeal membrane
oxygenation circuit to a veno-
veno-arterial configuration

VA-ECMO only VA-ECMO + Active LV Unloading

LV = left ventricle; VA-ECMO = veno-arterial extracorporeal membrane oxygenation.

IR BN ~ EINRBEISSR LN RIIEEESAIES ] > S LAHER

G —FEE o OB AR ST R M A n] B BB R E AR
AT BRI IR ST U E RIS R AR N REEA RETE IS R SV RS - RIHESRE
OIS GITAV O - (MR AR 7] 55 E — B2 P
DM R 278 DRSS MR A © IRET& AR A = & (113 55 5 H) HI5H
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