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Background

« Cardiac surgery is indicated in >50% of patients with infective
endocarditis (IE)

 Many patients are denied surgery despite the presence of an
indication for surgery (ca. 25%)

 Intracranial hemorrhage (ICH) represents the reason for denial
of surgery in 15% of patients with IE
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+» Clincal assessment

Surgery after
30 days

4

CT = computed tomagraphy; IE = infective endocarditis; MRI = magnetic resonance imaging
TOE = transoesophageal echocardiography; TTE = transthoracic echocardiography.

ESC Guidelines 2015
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Why should we operate earlier on patients with IE ?
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Early surgery prevents recurrent embolic events
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Data from Prospective Registry (ICE-PCS)
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To avoid local extension of |IE
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Vegetation on the Mitral Valve

Destroyed Cardiac Base
from Abscess
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Why is it dangerous to operate on patients with ICH?

High risk of further bleeding and neurologic
deterioration due to the inevitable use of high-dose
systemic anticoagulation during cardiopulmonary
bypass (CPB)
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. Patients with
Preoperative stroke and the .

occurence of postoperative n=308
stroke

Preop. stroke
n=91

No preop. stroke

(56 isch., 35 hemorrhagic) =2
Postop. stroke No postop. Postop. stroke No postop.
n=15 stroke n=18 stroke
(7 isch., 8 n=76 (7 isch., 11 n=199
hemorrhagic) 83.5% hemorrhagic) 91.7%

16.5% 8.3%

% Diab et al. EJCTS 2016
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Relationship between preop. radiological lesions and postoperative stroke

Post-

OP Emb Emb+HT Emb+M ICB

(n=56)  (n=17) B (n= 3)
(n=15)
Emb 4 0 2 1

D Emb+HT 2 1 1 0

Diab et al. EJCTS 2016 : P=0.354
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Types of ICH

Intracerebral hemorrhage
Subdural hemorrhage
Subarachnoid hemorrhage
Hemorrhagic transformation of embolic infarcts
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IE surgery in patients with pre-op ICH

‘ Pls mth
267 Pts. with no excluded
preoperative imaging
363 Pts.
34 Pts. with
Pre-ICH
’ I

6 Pts. with
Post-ICH

4 Pts. with ' 2 Pts. with

relevant Post- irrelevant

ICH Post-ICH

without Pre-
ICH

23 patients

with Post-ICH

8 Pts. with
relevant Post-
ICH

15 Pts. with
irrelevant
Post-ICH

Figure 1: Flow chart of the distribution of the whole patient population in the study. ICH: intracranial haemorrhage; IE: infective endocarditis; Pts: patie

Diab et al. EJCTS 2021

Table 2: Neurological and radiological characteristics of
patients with pre-ICH and their surgical timing

Patients with pre-ICH (n=34)

Stroke 23 (68)
Asymptomatic ICH 11(32)
Type of ICH
Cerebral haemorrhage 5(15)
Subdural haemorrhage 2 (6)
Subarachnoid haemorrhage 2(6)
Haemorrhagic infarct 21 (62)
Mixed 4(12)
Presence of meningitis 1(3)
Presence of cerebral abscess 2(6)
Presence of encephalopathy 6(18)
Time from ICH to surgery
<7 days 21(62)
8-14 days 5(15)
15-28 days 3(9)
>29 days 3(9)
Unknown 2(6)

Data are given as n (%).
ICH: intracranial haemorrhage.
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IE surgery in patients with pre-op ICH

Kaplan-Meier estimates of survival for patients
with Pre-ICH compared to those without Pre-ICH

Multivariable Analysis:

[ No pre ICH Pre ICH |
ICH not related to 30d mortality o]
(OR 1.02, 95%CI: 0.43-2.40, p=0.96) 3 _ FERS
ICH not related to T o
neurological deterioration ¢
(OR 1.10, 95%Cl: 0.44-2.73, p=0.84) "

Time from surgery (months)

70 8 18

No Pre-iCH 283 [ 1
8 5 a 2 0

PresiCH 28

-
o
o

Diab et al. EJCTS 2021
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CLINICAL RESEARCH

Intracranial haemorrhage in infective
endocarditis

B
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CLINICAL RESEARCH

Intracranial haemorrhage in infective m |
endocarditis o
Patients diagnosed with possible or
. . definite IE during the st iod*
60 patients with R st
ICH and inidcation Exolesion oieee
for Surgery (88%) —| Right-sided emdocarditis.n=203]
— {Inmmplete data. n =69 J
38 were operated ,
o
(63 A’) Study population of left-sided IE |
n=93
Intracranial haemorrhage Isolated ischaemic stroke No neurological vascular
n = 68 / 963 (7%) n =157 / 963 (16%) complication
Salaun et al. Arch. n=736/663 (77|
Cardiovasc. Dis. 2018
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Intracranial haemorrhage in infective

endocarditis

No neurological deterioration in
surgical patients

»Earliest Patient” operated after
15 days.

D €2 TR SYMPDGIIMIGEVID

i

Death from any cause (%)

(HR 5.90, 95% CI 1.54—28.1; P = 0.01)

403 40.3
Conservative Treatment
Cardiac surgery
4.5 4.5

l
Log rank : p= 0.005

38

> 3 4 5 6 7 8 9 10 11 12
Time (months)

Number at risk
Conservative Treatment

10 9 8 8

Cardiac surgery
35 33 31 31




BARGELONA 2022 2.5 16" GYMPOGIUMIGGYID

Journal of the American Heart Association ~~
“olume 11, lssue 10, 17 May 2022 ::’-;tlulﬁ
https:/'doi.org/ 101181/ JAHA 121024401 Association,

SYSTEMATIC REVIEW AND META-ANALYSIS

Surgical Timing in Patients With Infective
Endocarditis and With Intracranial Hemorrhage:
A Systematic Review and Meta-Analysis

Rita Musleh, MD (&) ; Peter Schlattmann, MD, MSc (&) Tulio Caldonazo, MD; Hnisto Kirov, MD; Otto
W. Witte, MD &) ; Torsten Doenst, MD =) ; Albrecht Gunther, MD ¢ '; Mahmoud Diab, MD £ '
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Results

| We i d e n t i fi e d 1 6 stu d ies i n c I u d i n g -E Records idengif;ghjt}ﬁ;ugh database Adili]t:c\n:ilreaon_is identified
355 patients (=704D e

Records after duplicates removed

= Nine studies examined the impact of (n=6059)
surgical timing (early vs. late)

J

Screening

Records excluded based
on title/abstract and non-
English publications (n = 5921)

Records screened
(n=46059)

= Only one study examined the fate of l

Full-text articles excluded. with

IE-patients with ICH who were ¢ e R o
treated conservatively despite of |2 ] + s ronewie

* Irrelevant to study question

H H H H Studies that did not ; i —
s u r I ca I I n d I cat I o n S exmnme:poztoperzgve E?;;ﬁ;m:s il
— q y
_ . £ - — outcome in context of (n= 13)
- higher mortality in the conservative group eatly vs late surgery .
- were excluded (n =7) l
<
5 Studies included in
= quantitative synthesis
(meta-analysis)
n= 9)

(
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Table 2. Literature Review Presenting the Postoperative Outcomes in the Context of the Surgical Timing in the 9 Studies
Included in the Final Quantitative Analysis

Patients with IE and
Literature (year) with Pre-ICH, n Interval ICH-surgery Qutcomes/conclusions
Diab (20202 34 <7 dn=21) Risk of postoperative neurclogical exacerbation in patients
8-14 d (n=5) with IE and with ICH might be overestimated.
— Postoperative neurological deterioration was higher in
15-28 d (n=3) patients with IE and with Pre-ICH operated on within 7 d;
~28d (=2 however, the difference was not significant (P=0.24).
Pre-ICH was not an independent predictor for
Unknown {n=2) postoperative neurclogical deterioration or hospital
mortality in patients with IE (P=0.84).
Salaun (2018)7 38 <28 din=17) Mo neurclogical deterioration regardless of the surgical
tirming.
- Overall median of 34 d (n=38) Higher mortality in conservatively treated patients with
[ ) E t f I I I t Pre-ICH {P=0.005).
Xce or one, all singie center
Kume (2018)™ 25 =14 d n=17) There was no difference in the postoperative bleeding rate

and mortality between patients who had surgery within or

L] 5 i
s t u d I e s ~14d {n=8) after 14.d from the onset of ICH {log-rank P=0.904).

Intracranial mycotic aneurysm is associated with ICH after

valve surgery (P=0.002).

Okita (2016)™ 54 <7 dn=13) Although statistically insignificant, early surgery {within 7 d)

821 (1-17) had higher incidence of hospital deaths in patients with
4 - ICH {P=0.22)
° L W p t t m b >21d n=24)
o a I e n n u e rs Raman (2016)™ 6 =10d Mo neurclogical deterioration regardless of the surgical

<7 d {n=5) fiming.

Yoshioka (2014)* 30 814 d (n=6) Mo neurological deterioration or hemorrhage expansion,
15-28d 9] regardless of surgery timing (even when operated on

within 2 wk). Only 2 palients with new postoperative

[ ] AI I stu d i es ret ros pect i Ve =28 d (n=10) ectopic asymptomatic hemorrhage. Four patients died

because of organ and heart failure.

Garcia-Cabrera 12 <14 d in=4) Higher mortality and neurological deterioration associated
2013 1a-21 d -3 with early surgery within 2 wk.

Outcome according to surgical timing: 4 patients within
21din=5) the first 2 wk (75% mortality, 50% new ICH), 3 patients
operated on within the third week (66% mortality, 33%
new ICH), and 5 cases operated on after 3 wk (40%
mortality, 20% new [CH).

Yeates (2010 3 Median of 5.8 wk (3-60 d) with 1 Mo neurclogical deterioration regardless of the surgical
of 3 patients operated <1 wk timing.
Eishi (1995)7 34 <1 d(n=1) Neurclogical deterioration is not clearly related to the
¥ - surgical timing.
2728dn=12) No neurological deterioration in patients operated on
>28d(n=21) 2-28 d after ICH, but 19% exacerbation in patients

operated on =4 wk. Six patients died, with 1 neurclogical
death in the 1 patient operated on within 24 h.
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30-Day Mortality

Early Surgery Late Surgery

Study Events Total Events Total

time=0

Okita et al, 20162° 2 13 1 41

Yoshioka etal, 20143 1 5 3 25

Yeates etal, 2010% 0 1 1 2

Eishi et al, 199524 12 5 32

Raman et al., 201630 1 5 o 1

Diab et al .2020%* 6 21 2 M

Random effects model 1 47 12 112

Heterogeneity: PF=0%, =0, p =095

time=1

Yoshioka etal , 201438 1 1 3 19 —a—
Garcia-Cabrera etal, 2013® 34 4 8 =
Yeates etal, 201037 01 1 2 )

Eishi et al, 199524 12 5 32 -
Diab et al 20202 726 1 6 —
Random effects model 12 44 14 &7 ==
Heterogeneity: 12 =0%, =0, p =080 i

time =2

Okita et al, 2016%° 330 0 24 =
Yeates etal, 2010% 01 12 =
Garcia-Cabrera et al,, 20138 5 7 2 5 —HE—
Eishi et al, 199524 2 7 4 27 e
Random effects modql 10 45 T 58 pe=Emm—-
Heterogeneity: 1* = 0%, «* =0, p =099

time =3

Yoshioka et al,, 201438 220 2 10 —
Yeates etal, 2010% 0 1 1 2 -

Eishi et al, 1995%* 2 13 4 2

Diab et al 202023 8 20 o 3

Random effects model 12 63 7 36

o]
=]

Heteroaeneitv: 12 = 0% t* = 0. p =09 i
|-uélu-

OR 96%-Cl

7.27 [0.60; 87.85)
1.83 [0.15, 22.37]
0.33 [0.01; 16.80]
540 [0.29; 101.28)
1.00 [0.02; 40.28]
1.80 [0.30; 10.90]
258 [0.84; 7.96]

053 [0.05 586]
300 [0.21; 4262)
0.33 [0.01; 16.80)
540 [0.29;101.28]
1.84 [0.18; 18.66]
144 [0.44; 4.69]

6.24 [0.31; 126.87]
0.33 [0.01; 16.80]
375 [0.33; 4247
230 [0.33; 16.22)
3.04 [0.85; 10.93]

044 [0.05, 374)
0.33 [0.01; 16.80]
077 [0.12, 4.96)
277 [0.13; 50.48]
0.81 [0.24; 2.72]

199 40 273 |

- - . . I L T
Test for subgroup differences: 3 = 2.83, df=3(p =042) 001 0.1 1 10 100

Favors Early Surgery  Fawvors Late Surgery

.&'\\ “
’,

L 16™ §YMPOGILMISEVID

1.69 [0.85; 3.02]
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Neurological Deterioration

Early Surgery Late Surgery

Study Events Total Events Total Odds Ratio OR 96%-C|
time = 7 days
Okita et al, 2016%° - 3 13 5 41 —1F 216 [0.44, 10863
Yoshioka et al, 2014 0 5 0 25
Yeates et al,, 201037 0 1 0 2
Eishi etal,, 19952% 12 4 32 e 7.00 [0.36, 13552
Raman et al,, 2016 0 5 01
Diab etal 20203 6 2 0 1 & 965 [0.49, 189.11]
Random effects model 10 47 4 112 418 [1.24; 14.05]
Heterogenaity: I =0%, " =0, p=0.79
time = 14 days
Kume et al, 2018%¢ 0 17 1 8 & 0.14  [0.01; 392
Yoshioka et al,, 2014°® 0o M 0 19
Garcia-Cabrera et al, 2013% 2 4 2 8 —1=—— 300 [0.24; 3767]
Yeales et al, 201037 01 0 2
Eishi etal, 10952% 1 2 4 32 - 700 [0.36 13552
Diab stal 2020% 6 26 0 6 L 412 [020; 8352]
Random effects model 9 &1 7 75 e 298 [0.61;, 1462]
Heterogeneity I°=0%, v =0, p=098
time = 21 days
Okita etal, 2016%° 6 30 2 24 —H— 275 [0.50, 15.08]
Yeates etal., 2010%7 0 1 0 2
Garcia-Cabrera et al, 2013% 37 i 5 —tE— 300 [021, 4282
Eishi etal, 19952% 17 4 27 —_— 006 [0.09; 10.23)
Random effects model 10 45 7 58 -+ == 207 [0.66; B.51]
Heterogeneity: I“ = 0%, v =0, p=0.75
time = 28 days
Salaun et al, 20187 017 0 2
Yoshioka et al,, 201 438 0 20 0 10
Yeates etal, 2010%7 0 1 0 2
Eishi etal, 199524 1 13 4 e 0.35  [0.04; 358
Diab etal 2020%* 6 29 0 3 —tF—— 194 [009; 4246]
Random effects model 7 80 4 &7 — 0.78 [0.15; 4.05]
Heterogeneity: F=0% 1 =0, p=1.00 i
Random effects model 36 233 27 302 —_— 200 [1.10; 3.65]
[ B R, - Jj - P _1 N L Y - . I I I I

“Favors Early Surgery  Favors Late Surgery
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Summary
Cardiac surgery for IE within 30 days of ICH was not associated with

significantly higher mortality, but with significantly increased rates of
neurological deterioration.
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What do we make of it ?

Evidence is conflicting
Only retrospective studies
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What do we make of it ?

Evidence is conflicting
Only retrospective studies
Immortal-time bias
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Immortal Time Bias — underestimated in retrospective studies

Immortal Time

'
-
/ Assessement

Surgery of Events

| Follow-up )

(PreoperaiePariod)  Folowvp

Surgery Assessement

ICH diagnosis of Events
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Potential impact of Immortal-Time Bias
on interpretation of results

Patients with Infective Endocarditis and

Indication for Surgery
%.. i
100 _'Salaun at al, 2017 .
m —
80 Ty
_ “"9{9{
S o “@a
E P S— —J‘E-I Ramos-Martinez et al, 2019
5 Sal tal 2047 Chu et al, 2018
@ a0 alaun et a .
@
= s
o
=3
E 4o s _
a EITIDS'”.ErhnEZ et ﬁ. 2':”9
0
Blachard et al, 2020
20
Chu et al, 2018
10
0

a 30 180 360
—s—Consenvative —— Surgery Time {days} Diab et al-, Stroke 2022
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Potential impact of Immortal-Time Bias
on interpretation of results

Patients with Infective Endocarditis and

Indication for Surgery
%.. i
100 _'Salaun at al, 2017 .
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5 Sal tal 2047 Chu et al, 2018
@ a0 alaun et a .
@
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E 4o s _
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Not considered -
effect unknown

Immortal Time
el y/ Assessement

ICH diagnosis Surgery of Events

2

fot e

( Followup |

l

Assessement
of Events

#
ICH diagnosis Surgery

Random uﬂ&:y rnndgl

45

30-Day Mortality

Early Surgery Late Surgery

2\ ¥

OR 96%-Cl

7.27 [0.60; 87.85)
1.83 [0.15, 22.37]
0.33 [0.01; 16.80]
540 [0.29; 101.28)
1.00 [0.02; 40.28]
1.80 [0.30; 10.90]
258 [0.84; 7.96]

053 [0.05 586]
300 [0.21; 4262)
0.33 [0.01; 16.80)
540 [0.29;101.28]
1.84 [0.18; 18.66]
144 [0.44; 4.69]

6.24 [0.31; 126.87]
0.33 [0.01; 16.80]
375 [0.33; 4247
230 [0.33; 16.22)
3.04 [0.85; 10.93]

044 [0.05, 374)
0.33 [0.01; 16.80]
077 [0.12, 4.96)
277 [0.13; 50.48]
0.81 [0.24; 2.72]

1.69 [0.85; 3.02]

Study Events Total Events Total
time=0
Okita et al, 20162° 2 13 1 41
Yoshioka etal, 20143 1 5 3 25
Yeates etal, 2010% 0 1 1 2
Eishi et al, 199524 1 2 5 a2
Raman et al., 201630 1 5 o 1
Diab et al .2020%* 6 21 2 M
Random effects model 1 47 12 112
Heterogeneity: PF=0%, =0, p =095
time=1
Yoshioka etal , 201438 1 1 3 19 —a—
Garcia-Cabrera etal, 2013® 34 4 8 =
Yeates etal, 201037 01 1 2 )
Eishi et al, 199524 12 5 32 -
Diab et al 20202 726 1 6 —
Random effects model 12 44 14 &7 ==
Heterogeneity: 12 =0%, =0, p =080 ;
time =2
Okita et al, 2016%° 330 0 24 =
Yeates et al, 2010% o1 12 -+
Garcia-Cabrera et al,, 20138 5 7 2 5 —HE—
Eishi et al, 199524 2 7 4 27 e
Random effects modql 10 45 T 58 pe=Emm—-
Heterogeneity: I° = 0%, «" = 0, p = 0.99
time =3
Yoshioka et al,, 201438 220 2 10 —
Yeates etal, 2010% 0 1 1 2 -
Eishi et al, 1995%* 2 13 4 2
Diab et al 202023 8 20 o 3
Random effects model 12 63 7 36
Hetercaeneity: 1° = 0%. t* = 0. p =0.99

199 40 273 J F@- |
Test for subgroup differences: 3 = 283, df=3(p =042) 001 01 1 10 100

Favors Early Surgery  Fawvors Late Surgery
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Not considered -
effect unknown

Immortal Time

=

y

= Assessement
ICH diagnosis Surgery of Events

® @ 2. 2|
- 5 2
(Présperative Period ) Fallow-up

#
Surgery Assessement
of Events

ICH diagnosis

Neurological Deterioration

Early Surgery Late Surgery

Study Events Total Events Total Odds Ratio OR

time = 7 days

Okita etal, 20167 3 13 5 41 —E— 216

Yoshioka et al, 2014%® 0 5 0 25

Yeales et al,, 20107 0 1 0o 2

Eishi etal, 19952% 12 4 32 = 7.00

Raman et al, 2016 0o 5 0 1

Diab etal 2020% 6 21 0 1 i 9.65

Random effects model 10 47 9 112 4.18

Heterogeneity: 1° = 0%, « =0, p=0.79

time = 14 days

Kume et al, 2018%¢ 0 17 1 8 i 0.14

Yoshioka etal 20147 o n 0 19

Garcia-Cabrera et al, 2013% 2 4 2 8 — = 3.00

Yeates etal, 201037 o 1 0 2

Eishi et al, 199524 1 2 4 32 - 7.00

Diab etal 2020 6 28 0 6 & 412

Random effects model 9 61 T 76 R 298

Heterogeneity I°=0%, v =0, p=098

time = 21 days

Ckila etal, 2016%° 6 30 2 24 —+8— 275

Yeates et al, 20107 . 0 1 0 2

Garcia-Cabrera et al,, 2013 37 1 5 —_—t 3.00

Eishi etal, 19952% 1 7 4 7 —_— 0.96

Random eﬂects model 10 45 7 58 e 207

Heterogeneity: I~ = 0%, v =0, p =0.75

time = 28 days

Salaun etal,, 20187 0 17 0 2

Yoshioka et al,, 2014 0 20 0 10

Yeates etal, 2010 01 0 2

Eishi et al, 199524 1 13 4 — 0.35

Diab et al 20205 6 29 0 3 — 194

Random effects model 7 80 4 &7 —— 0.78

Heterogeneity F=0% =0 p=1.00

Random effects modol 36 233 27 302 [ 2.00
I . Y |

Heterogeneity: 1 = 0%, v =0,p,=0.99

Testforsmgmwti’femmes’xa—zmdf 3{p=044) 001 01 1 10

Favors Early Surgery  Favors Lahe Su‘gery

96%-Cl

[0.44; 10.63]

[0.36; 13552

[0.49; 189.11]
[1.24; 14.05]

[0.01; 392
[0.24; 3767]
[0.36; 13552)

[0.20; 8352)
[0.61; 14.82]

[0.50; 15.08]

021, 4262
[0.09; 10.23]
[0.66; 6.51]

[0.04; 358
0,09, 4248]
[0.15; 4.08]

[1.10; 3.65]
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IE surgery in patients with pre-op ICH

Kaplan-Meier estimates of survival for patients
with Pre-ICH compared to those without Pre-ICH

Multivariable Analysis:

[ No pre ICH Pre ICH |
ICH not related to 30d mortality o]
(OR 1.02, 95%CI: 0.43-2.40, p=0.96) 3 _ FERS
ICH not related to T o
neurological deterioration ¢
(OR 1.10, 95%Cl: 0.44-2.73, p=0.84) "

Time from surgery (months)

70 8 18

No Pre-iCH 283 [ 1
8 5 a 2 0

PresiCH 28

-
o
o

Diab et al. EJCTS 2021
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IE surgery in patients with pre-op ICH
Impact of post-operative anticoagulation management

A P=0.004 B P=0.001
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Figure 2: Changes in PTTs among patients with and without relevant post-ICH. Postoperative PTT in 2 cohorts representing patients with (n=4) and without (n=30)

relevant post-ICH (maximal postoperative PTT given in s). (A) Postoperative PTT showed median (interquartile range) of 65.5 (53.4-111.5) in the relevant post-ICH

. group compared with 37.6 (31.9-43.5) in the group without relevant post-ICH. The difference is significant (P=0.004). (B) Change in PTT between preoperative and

Diab et al. postoperative values with a median (interquartile range) of 41 (31.0-69.8) in the relevant post-ICH group compared with 1.5 (1.0-5.7) in the group without relevant
EJCTS 2021 post-ICH (P=0.001). ICH: intracranial haemorrhage; postop: postoperative; PTT: partial thromboplastin time.
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Conclusions

* Intracranial hemorrhage may not be as dangerous as commonly
expected.

 ICH may or may not be associated with mortality and/or
neurological deterioration.

 An immortal time bias may camouflage the truth. We need
prospective (randomized) evidence.

 Based on the available data, post-op heparin management may
play an important role.
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Thank you for your attention
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