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SEPTIC CARDIOMYOPATHY:
WHERE WE ARE & WHERE
WE'RE GOING

ROBERT R. EHRMAN, MD, MS, FACEP, FASE
MARCH 31, 2022

LECTURE OBJECTIVES

. TO DESCRIBE THE CURRENT UNDERSTANDING OF CARDIAC DYSFUNCTION IN
SEPSIS

. TO REVIEW THE CURRENT LITERATURE ON SEPTIC CARDIOMYOPATHY AND
DISCUSS ITS MAJOR LIMITATIONS

. TO PRESENT NOVEL DIAGNOSTIC APPROACHES TO SEPTIC CARDIOMYOPATHY
USING ADVANCED ECHOCARDIOGRAPHY AND EMERGING BIOMARKERS

. WHY SHOULD | CARE ABOUT SEPTIC CARDIOMYOPATHY¢
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WHAT IS SEPTIC CARDIOMYOPATHY?¢

* TRANSIENT AND REVERSIBLE MYOCARDIAL DEPRESSION THAT OCCURS IN THE
SETTING OF SYSTEMIC INFECTION

Annals of Intermal Medicine*
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WHAT IS SEPTIC CARDIOMYOPATHY (SCM)¢

* TRANSIENT AND REVERSIBLE MYOCARDIAL DEPRESSION THAT OCCURS IN THE
SETTING OF SYSTEMIC INFECTION

* DEFINITION IS NEARLY 40 YEARS OLD!

» DESPITE EXTENSIVE STUDY, A THOROUGH UNDERSTANDING OF SCM REMAINS
ELUSIVE

* |F WE DON'T UNDERSTAND SCM, HOW CAN WE TREAT IT¢

WHAT IS SEPTIC CARDIOMYOPATHY (SCM)?2

* TRANSIENT AND REVERSIBLE MYOCARDIAL DEPRESSION THAT OCCURS IN THE
SETTING OF SYSTEMIC INFECTION

» DEFINITION IS NEARLY 40 YEARS OLD!

 DESPITE EXTENSIVE STUDY, A THOROUGH UNDERSTANDING OF SCM REMAINS
ELUSIVE

e |F WE DON'T UNDERSTAND SCM, HOW CAN WE




SCM: WHY SHOULD | CARE?

SCM: WHY SHOULD | CARE®?

* YOU TREAT SEPSIS!
* YOU WANT TO DO IT WELL

» TREATING INDIVIDUAL PATIENT, NOT THE DISEASE...

* MANDATED AND/OR GENERIC TREATMENTS
« 30cc/kG IVF
» STATIC MAP GOALS
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SCM & FLUID LOADING

* TOO MUCH FLUID CAN BE HARMFUL
* PULMONARY EDEMA, HYPOXIA
* SYSTEMIC EFFECTS BEYOND THE LUNGS

* TOO LITTLE FLUID CAN ALSO BE HARMFUL

* HYPOTENSION/HYPOPERFUSION=> RENAL FAILURE, AMS, TACHYCARDIA...
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Fig. 1 Pathophysiology of septic myocardial dysfunction. IL interleukin, iNOS induced nitric oxide syr
necrosis factor
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SCM & FLUID LOADING

» EACH INDIVIDUAL HEART WILL BE DIFFERENT!
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SCM & FLUID LOADING

* EACH INDIVIDUAL HEART WILL BE DIFFERENT!
» STARLING CURVE

Frank-Starling Relationship

Normal (exercise)

Myocardial contractility

Heart failure

Ventricular performance

Fatal myocardium
depression

Dyspnea Pulmonary edema

Ventricular end-diastolic
volume (myocardial stretch)

LV End-Diastolic Pressure
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WHAT ABOUT IVC ASSESSMENTe

WHAT ABOUT IVC
ASSESSMENTe

* INDIRECT INFORMATION ABOUT
CARDIAC PERFORMANCE...

=




WHAT ABOUT IVC
ASSESSMENT?

*  |INDIRECT INFORMATION ABOUT
CARDIAC PERFORMANCE...

WHAT ABOUT IVC
ASSESSMENTe

* INDIRECT INFORMATION ABOUT
CARDIAC PERFORMANCE...

*  WHICH CAN BE MISLEADING!
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WHAT ABOUT VOLUME RESPONSIVENESS?

* INCREASE IN CO >10% AFTER 500CC FLUID CHALLENGE

WHAT ABOUT
VO I—UM E contractility
RESPONSIVENESS?

* INDIRECT INFO THAT DOESN'T TELL
THE WHOLE STORY

Impaired
contractility

LVEDP (mmHg)
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SCM LITERATURE: WHAT'S OUT THERE

« LEFT VENTRICULAR SYSTOLIC FUNCTION: EJECTION FRACTION (LVEF)
e MEASURE OF LV PERFORMANCE NOT CONTRACTILITY
« INFLUENCED BY MANY FACTORS: AFTERLOAD, PRELOAD, ETC

CardiDiffic
. H3
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PATIENT #1 PATIENT #2

LVEDV 180ML LVEDV 42MmL
SV 50ML SV 30ML
LVEF=50/180 x100% LVEF=30/38x100%
. 28% -71%
=50 x 90 = 30x90
* 4.5 L/MIN — 2.7 L/IMIN

SCM LITERATURE: LVEF

RA. Sevilla Berrios et al. / Journal of Critical Care 29 (2014) 495-499 Pooled Sn: 0.48

Sensitivity (95% C1)
Pulido et al, 2012 0.43 (0.24-0.63)
Weng et al, 2012 0.17 (0.05-0.37)
Turner et al, 2011 051 (0.34-0.68)
Werdan et al, 2011 0.94 (0.70-1.00)
McLean et al, 2007 0.00 (0.00-0.52)
Mokartet al 2005 0.75 (0.43-0.95)
Brueckmann et al, 2005 033 (0.01-0.91)

Pooled Sensitivity = 0.48(0.39100.57)
Chi-square = 37.15; df=6 (p=0.0000)
Inconsistency (I-square) = 83.9%

uido et al, 2012 o5 l036-08 Pooled Sp: 0.65

Weng etal, 2012 0.68 (0.50-0.82)
Turner et al, 2011 0.74 (0.65-0.82)
Werdan et al, 2011 0.38 (0.09-0.76)
McLean et al, 2007 0.72 (0.51-0.88)
Mokart et al 2005 047 (0.23-0.72)
Brueckmann et al, 2005 0.50 (0.25-0.75)

Pooled Specificity = 0.65(0.59100.71)
Chi-square = 14.24;df=6 (p=0.0271)
Inconsistency (I-square) = 57.9%
04 06 08
Specificity

Fig. 2. Pooled sensitivity (top) and specificity (bottom)




SCM LITERATURE: LVEF

Survivors Non Survivors
Study or Subgroup Mean SD Total Mean SD Total Weight
Boissier et al, Int Care Med 2017 . . 11.7%
Chang et al, Int Care Med 2015 . . 3 15.3%
De Geer et al, Crit Care 2014 . X 6.9%
Innocenti et al, Intern Emerg Med 2016 5.9%
Landesberg et al, Crit Care Med 2014 g ! A 15.2%
Lanspa et al, Ann Intensive Care 2017 K X . 30.9%
Orde et al, Crit Care 2014 9.1%
Shahul et al, Anaesth Analg 2015 X . X 4.9%

Total (95% CI)
Heterogeneity: Tau .00; Chi
Test for overall effect: Z = 0.22 (P =

100.0%
7.21,df =7 (P = 0.41); I

Fig. 4 Comparison of left ventricular global ejection fraction (LVEF) values bet
sepsis and/or septic shock, in studies also reporting global longitudinal strain

Std. Mean Difference

1V, Random, 95% CI
0.00 [-0.45, 0.45]
0.04 [-0.35, 0.43]
0.25 [-0.34, 0.83]
0.75[0.11, 1.38]
-0.07 [-0.46, 0.32]
-0.03 [-0 0.24]
-0.25 [-0.76, 0.25]
-0.11[-0.81, 0.59]

0.02 [-0.14,0.17]

rs and non-sun
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Std. Mean Difference
IV, Random, 95% CI

-1 -0.5 0 0.5 1
Favors Lower LVEF Favors Higher LVEF

IS among patients

SCM LITERATURE: WHAT'S OUT THERE

e |LEFTY  <®ICULAR EF*




SCM LITERATURE: WHAT'S OUT THERE

e LEFTY_~ SICULAR EF*
* LV DIASTOLIC FUNCTION

LV DIASTOLIC FUNCTION

» DIASTOLE IS ACTIVE LV RELAXATION

3/24/2022
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LV DIASTOLIC FUNCTION

Echocardiographic Classification of Diastolic Dysfunction

Normal Diastolic | __ I Slll!l:d e Stage Il - Rs“:f:lll:lle = s:‘:‘w
Function 2 Pseudonormal - o
Relaxation Restrictive Restrictive

0.75<E/A<1.5 a— 0.75<E/A<1.5 E/A>LS EA>LS
DT>140 ms e DT>140 ms DT<140 ms DT<140 ms

20
Mitral Inflow 2 1 1
X ime, ms

LV DIASTOLIC FUNCTION: TDI

Lateral
annulus




LV DIASTOLIC FUNCTION

[ Echocardiographic Classification of Diastolic Dysfunction J

Stage | Stage 11 Stage 11l
- Impaired had
Relaxation

Normal Diastolic
Function

0.75<E/A<L.S E/A<0.75 0.75<E/A<1.S E/A>LS E/A>LS
DT>140 ms ASh: DT>140 ms DT<140 ms DT<140 ms

1A !

Time, ms Time, ms

Mitral Inflow

Doppler Tissue
Imaging of Mitral
Annular Motion

% E/Ea<10 E/Ea<10 E/Eaz10 E/Eaz10 E/Ea210
Wl VY MU B A

Time, ms Time, ms Time, ms Time, ms Time, ms

Velocity, m's

LV Relaxation Normal Impaired Impaired Impaired Impaired
LV Compliance Normal Normal to L2 Y Vb
Atrial Pressure Normal Normal ~M MM b ded b )it M

SCM LITERATURE: DIASTOLIC DYSFUNCTION (E’)

Survivors NON-SUIVivors Standard mean difference Standard mean difference
Study or subgroup Mean  SD Mean SD Total Weight IV, Random, 95% CI 1V, random, 85% C
Brown ef al,, Crit Utrasound J 2012 926 345 1058 538 13 62% -0.34(-0.94,026) v

Chang et al,, Int Care Med 2015 73 28 85 38 7.4%  -0.39 (-0.78,001) ——
De Geer et al, Crit Care 2014 11 593 1 593 6.3%  0.00(-0.59,059) —
Gonzalez et al, Ann Int Care 2016 M9 45 1 a7 8.0% 0.33 (0.05, 0.61)
Ikonomidis et al., Int J Cardol 2014 103 11 14 6.6% 1.58(1.04,2.12)
Landesberg et al., Crit Care Med 2014 10.55 3 27 7.4% 055 (0.15, 0.95)
Landesberg et al., Eur Heart J 2012 103 285 8.1% 0.69 (0.43, 0.95)
Lanspa et al,, Crit Care 2016 732 3.01 7.6%  -0.03 (-0.39,0.33)
McLean et al,, Crit Care Med 2007 68 23 53% -078(-1.54,-0.01)
Mourad et al,, Brit J Anaesth 2014 "7 6.9% 0.80 (0.32, 1.28)
Pulido ef al, Mayo Clin Proc 2012 78 7.3%  0.00(-0.42,042)
Rolando et al. Rev Bras Ter Intensiva 2015 12 6.4%  -0.08 (-0.65,048)
Santos et al., J Emerg Med 2015 15.68 5.5% 1.42(0.70, 2.14)
Sturgess et al, Crit Care 2010 104 4.1% 1.12(0.10,2.14)
Wet et al,, Crit Care 2012 83 3 6.7% 0.38 (-0.14,0.90)

Total (95% C1) 514 100.0%  0.33(-0.05,062)
Heterogeneity: Tau’=0.24; Chi*=79.26, di=14 (P<0.00001); F’= +
Test for overall effect Z=2.31 (P=0.02) 1 0 1

Favours lower &' Favours higher e’

Fig 2 Forest plot comparinge’ values between survivors and non-survivors among patients with severe sepsis and/or septic shock. Studies are grouped according
to the regional criteria for evaluation of ¢ (septal, lateral or average)

3/24/2022
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SCM LITERATURE: DIASTOLIC DYSFUNCTION (E/E’

0 survivors s Standard me

Study or subgroup SD Total Weight

Brown et al., Cr y 65 956 335 13 5.

Chang et al, Int Care Med 2015 3 452 39

Do Geer et al,, Crit Care 2014

Gonzalez et al,, Ann Int Care 2016 -021 (-0.49, 0.07)

Ikonomidis et al., Int J Cardol 2014 3 4 % ~0.53 (~1.01,-0.06)
erg et al, Crit Care Med 2014 9.95 9 ” 5 (-0.54,024)
erg et al., Eur Heart J 2012 13 058 (-0.84, -0.32)

Lanspa et al, Crit Care 2016 0,02 (-0.33,0.38)

McLean et al, Crit Care Med 2007 E %  038¢

Mourad et al, Brit J Anaesth 2014 ~1.06 (~1.55, -0.56)

Puido et al., Mayo Ciin Proc 20

Rolando et af,, Rev Bras Ter Intensiva 2015 E ~0.78 (-1.37,-0.19)

Santos et af,, J Emerg Med 2015 0.8 -172

Sturgess et al., Crit Care 2010 % ~2.19 (-3.39, -0.

Weng et al, Crit Care 2012 0,00 (-0.51

Zaky et al, Anaesth Int Care 2016 . 2 5 % 0.06(-0.49

Total (95% Cl)

Heterogeneity: Tau’=0.16; Chi’=61.26, df=15 (P<0.00001); '=76'
Test for overall effect: Z=2.78 (P=0.

Fig 3 Forest plot comparing E/e’ values between survivors and non-survivors among patients with severe sepsis and/or septic shock. Studies are grouped accord-
ing to the regional criteria for evaluation of ¢’ for the E/e’ ratio calculation (septal, lateral or average).

SCM LITERATURE: WHAT'S OUT THERE

» LEFT .~ SICULAR EF*
* LV B~ o+21LIC FUNCTION®
» GLOBAL LONGITUDINAL STRAIN (GLS)?¢
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WHAT IS GLS¢

Gather optimal two-dimensional digital echocardiograms

w
y

Use image-processing algorithms to identify
small stable myocardial footprints (‘speckles’)
¥
Tracked over the cardiac cycle, the displacement of speckles
can provide information about myocardial deformation

11/2015 11:08:19 AM
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WHAT IS GLS¢

End-Diastole End-Systole

ESV - EDV-ESV 100
LVEF EDV

Myocardial Strain

Li-Lo _ 810 _
Lo, 10

Strain (¢) =
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WHAT IS GLS¢
B

WHAT IS GLS¢

Apical 4-Chamber View

3 ‘
‘A-l w 1’\
" )

4

«©

Septal segments
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WHAT IS GLS¢

Apical 4-Chamber View

Lateral segments

WHAT IS GLS¢

&) _strain, echo GE HEALTHCARE M4SRS i 1.3
ok o‘;f_@; Dleacr e 4107115 3:29:23 P ADM strain2 Tis 0.8

04/07/2015 03:29:23 PM v l 04/07/2015 03:30:56 PM v
12 24
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LIMITATIONS OF GLS

* |IMAGE QUALITY
* 'SPECKLES"
e OPERATOR SKILL

HIGH
+ DEPTH
+ SECTOR WIDTH

GooD ECG TRACING

HIGH HEART RATES (UNRELIABLE > 120 BPM)
“NEGATIVE"” CONNOTATION

VENDOR DIFFERENCES

LOAD DEPENDENCY

SCM LITERATURE: GLS




Table 2 Characteristics of included observational studies

Echocard

TTE within 24 h of
adrmission

TTE within 24 h of ICU
admission

TTE within 24 h if ICU

admission

TTE on KU admission day
ICU patie r as soan as passitle
evere sepsis or septic
TTE within 24 h of CU
dmission

evere sepsis or sepi
nock

SCM LITERATURE: GLS

SCM
LITERATURE
GLS

Survivors

Study or Subgroup Mean

SD Total

Non Survivors
Mean  SD Total Weight

Std. Mean Difference

IV, Random, 95% CI

Std. Mean Difference
IV, Random, 95% CI

-14.2 4.6
-14.9
-17.4
-11.7

Boissier et al, Int Care Med 2017
Chang et al, Int Care Med 2015

De Geer et al, Crit Care 2014

Innocenti et al, Intern Emerg Med 2016
Landesberg et al, Crit Care Med 2014 -13.7
Lanspa et al, Ann Intensive Care 2017 -16.6
Orde et al, Crit Care 2014 -14
Shahul et al, Anaesth Analg 2015 -15.51

Total (95% CI)

-15.6 5.94 34
-12.4
-14.7
-9.8 . B.5%
-12.3 15.0%
229 -15.6 20.6%
-14.28 11.4%
23 -14.27 6. 7.2%

540 100.0%

Heterogeneity: Tau® = 0.04; Chi® = 12.38, df = 7 (P = 0.09); I” = 43%

Test for overall effect: Z = 2.32 (P = 0.02)

Fig. 3 Comparison of global longitudinal strain (GLS) values between survivors and non-survivors among patients with severe sepsis and/or

septic shock

0.27 [-0.18, 0.71]
-0.62 [-1.02, -0.22]
-0.48 [-1.08, 0.11]
-0.49 [-1.12, 0.14]
-0.45 [-0.85, -0.06]
-0.17 [-0.44, 0.10]
0.06 (-0.44, 0.57]

-0.21[-0.91, 0.49]

-0.26 [-0.47, -0.04]

i

-1

-0.5 0.5
Favors More negative GLS Favors Less negative GLS

Study or Subgroup

Alive

Mean

Total

Dead
Mean SD Total Weight

Mean Difference
IV, Random, 95% CI

Mean Difference
IV, Random, 95% CI

Chang (2015)

De Geer (2015)
Innocenti (2016)
Orde (2014)
Ricarte-Bratti (2017)

Total (95% Cl)

-14.9
-16.7
-12
-13.9
-17

72
35
106
40
13

266

-124 49 39 28.0%
-16.2 71 15  7.8%
-10 4 40 35.9%
-146 43 20 19.3%
-14 4 5 91%

119 100.0%

Heterogeneity: Tau? = 0.54; Chi* = 5.71, df = 4 (P =.22); I* = 30%
Test for overall effect: Z = 2.76 (P =.006)

250 [-4.23, -0.77)
-1.50 [-6.51, 2.51]
-2.00 [-3.36, -0.64]

0.70 [-1.59, 2.99]

-3.00[-6.67,067] ]

-1.67 [-2.86, -0.48]

S

—

0
Alive Dead

3/24/2022
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SCM LITERATURE: WHAT'S OUT THERE

o LEFT& .~ RICULAR EF*
* LV BZr2LIC FUNCTION*®
» GLOBAL LONGITUDINAL STRAIN (GLS)*

SCM LITERATURE: LIMITATIONS

* TIMING OF ECHOCARDIOGRAPHY
e DONEINICU
e 24-72 HOURS AFTER ADMISSION!

CARDIAC FUNCTION ASSESSED AT SINGLE TIME POINT
PRE-MORBID CARDIAC FUNCTION UNKNOWN
MORTALITY IS MULTIFACTORIAL

HETEROGENEITY OF TREATMENT EFFECT
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SCM: WHAT'S NEXT¢

MORE DATA NEEDED
» EARLY IN TREATMENT COURSE (0-24 HOURS)
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SCM: UNANSWERED QUESTIONS

* WHAT IS SEPTIC CARDIOMYOPATHY ¢
* |S FUNCTION AT PRESENTATION PROGNOSTICALLY USEFUL?

» CAN TRAJECTORY OF CARDIAC FUNCTION INFORM PROGNOSIS OR GUIDE
TREATMENT DECISIONS @

LONGITUDINAL CARDIAC FUNCTION AND ILLNESS SEVERITY

Table 3: Mixed-Effects Model Results Showing The Relationship Between Emergency
Department Sequential Organ Failure Assessment Score and Marginal Mean of

Echocardiography Parameters

ED SOFA Score ]
Parameter 95% CI Percent Residual Number of
Estimate Variation Not Explained | Observations
by Within-Subject Included (%)

185 (84

.02 to 1.03 84.3 89 (41
147 (67
149 (68
139 (63

0.26 to 1.47 126 (58
126 (58

0.40 to 1.75 78.3 126 (58)
a single linear mixed-effects model with the outcome being
o) ours) of the cardiac function parameters listed in column 1
and the parameter estimate for ED SOFA score (covariate parameter estimates not shown).
LVEF= left ventricular ejection fraction; TAPSE= tricuspid annular plan systolic excursion; GLS=
global longitudinal strain; €' = mitral annular velocity; E/e= trans-mitral inflow velocity/mitral
annular velocity ratio.
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EARLY CHANGE IN LVEF AND 24-HOUR ILLNESS SEVERITY

[ED SOFA Scorej [ED SOFA Scorel
1 1

———-3
5
——7
k]

Probability A SOFA 22 at 24 Hours
Predicted 24-Hour SOFA Score

-10
Change in Ejection Fraction (Time 0 to 3 Hours)

Change in Ejection Fraction (Time 0 to 3 Hours)

Legend: Interaction plot showing that the influence of change in left-ventricular ejection fraction on the Legend: Interaction plot for showing that the influence of change in left-ventricular ejection fraction on
probability of meeting the outcome of ASOFA 2 2 at 24 hours varies by baseline (ED) SOFA Score, adjusted for predicted SOFA Score at 24-hours varies by baseline (ED) SOFA Score, adjusted for age, troponin-|, Average
age, troponin-|, average change in E/e’ from 0-3hrs, and history of heart failure= "yes”; bands represent 95% change in E/e’ from 0-3hrs, and history of heart failure= "yes”; bands represent 95% Cls.

Cls.

SCM: HIBERNATION VS KAROSHI?

+ HIBERNATION DURING STRESS = PROTECTIVES u‘ ¥
« RECOGNIZED PHENOMENA IN ISCHEMIA I

* REVERSIBILITY OF SCM IN SOME STUDIES
* | ACK OF MYONECROSIS IN SOME STUDIES

ne
X nocks your cold odt,
Whileyou're out cold.

27
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SCM: WHAT ARE THE PATHOMECHANISMS?

oo THIS SLIDE INTENTIONALLY LEFT BLANK sk

SCM: PATHOMECHANISMS

* SEPSIS IS A BALANCE BETWEEN PRO & ANTI-INFLAMMATORY MEDIATORS

* PRO: TNF, CYTOKINES, ROS, LIPIDS, HORMONES, GENETICS

* ANTI: SPECIALIZED PRO-RESOLVING MEDIATORS (SPMS)
* MARESINS, RESOLVINS, PROTECTINS
» OMEGA-3s




SCM: LIPIDOMICS

Alive vs Dead

SCM: LIPIDOMICS

Sepsis vs ARDS

Principal component 2

(¢}

Principal component 2

Principal component 2

2D Score Plot

I Survver
1 Non-Survwvor

Principal component 2

3/24/2022

2D Loading Plot
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BIOMARKERS IN SCM: NEXT STEPS

* IDENTIFY CANDIDATE MOLECULES

* IN VITRO & ANIMAL MODELS
* DIAGNOSTICS
» THERAPEUTICS

e BACK TO HUMANS

SCM: BIOMARKER DEVELOPMENT

Cardiac function and
Biomarkers?e
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SCM: WHAT DO WE WANTe

» DIAGNOSTICS

* PROGNOSTICATION

» THERAPEUTICS
« ECHO-GUIDED RESUSCITATION
 MEDICATIONS/INTERVENTIONS

SCM: CONCLUSIONS

* SCM REMAINS A POORLY DEFINED AND UNDERSTOOD ENTITY
» CRISITUNITY!

» ED IS THE IDEAL LOCATION TO STUDY SCM

» LONGITUDINAL USE OF IMAGING + BIOMARKERS AT POC
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THE END

“WHILE DOING THE RESEARH, KEEP IN MIND THERE
ARE ONLS> TWO KINDS OF FACTS... THOSE THATSUPPORT
MY ROSITION... AVD INCONCLUSIVE .

32



