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Abstract 

Background The benefit–risk balance and optimal timing of surgery for severe infective endocarditis (IE) 
with ischemic or hemorrhagic strokes is unknown. The study aim was to compare the neurological outcome 
between patients receiving surgery or not.

Methods In a prospective register‑based multicenter ICU study, patients were included if they met the follow‑
ing criteria: (i) left‑sided IE with an indication for heart surgery; (ii) with cerebral complications documented by cer‑
ebral imaging before cardiac surgery; (iii) with Sequential Organ Failure Assessment score ≥ 3. Exclusion criteria were 
isolated right‑sided IE, in‑hospital acquired IE and patients with cerebral complications only after cardiac surgery. In 
the primary analysis, the prognostic value of surgery in term of disability at 6 month was assessed by using a propen‑
sity score‑adjusted logistic regression.

Results 192 patients were included including ischemic stroke (74.5%) and hemorrhagic lesion (15.6%): 67 (35%) had 
medical treatment and 125 (65%) cardiac surgery. In the propensity score‑adjusted logistic regression, a favorable 
6‑month neurological outcome was associated with surgery (odds ratio 13.8 (95% CI 6.2–33.7). The 1‑year mortal‑
ity was strongly reduced with surgery in the fixed‑effect propensity‑adjusted Cox model (hazard ratio 0.18; 95% CI 
0.11–0.27; p < 0.001). These effects remained whether the patients received delayed surgery (n = 62/125) or not and 
whether they were deeply comatose (Glasgow Coma Scale ≤ 10) or not.

Conclusions In critically ill IE patients with an indication for surgery and previous cerebral events, a better propen‑
sity‑adjusted neurological outcome was associated with surgery compared with medical treatment.
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Background
The annual incidence of infective endocarditis (IE) is 
around 3.1 cases/100,000 inhabitants in France [1] and 
7.4 cases/100,000 in the USA [2]. Many complications 
may occur during the clinical course of IE [3, 4], some 
of them requiring the patient to be admitted to inten-
sive care unit (ICU). These include cardiac failure due to 
valvular lesions or prosthetic valve dysfunction, septic 
shock, and severe neurologic events. Surgery has consen-
sual indications [5] and is needed in half cases of com-
plicated IE [6, 7] which is associated with a reduction 
of mortality when performed early (emergency < 24 h or 
urgent < 7 days) in the IE course [8]. Presence of neuro-
logic events is one of the most challenging conditions in 
the care of IE patients. Symptomatic neurologic events 
are frequent (52–69%) in critically IE patients [9–12], and 
are associated with a 45% mortality rate [13]. Neurologic 
events mainly include stroke (69–73%) and intracranial 
hemorrhage (27–49%) [10, 12]. The risk of hemorrhagic 
transformation of an ischemic stroke or worsening of an 
intracranial hemorrhage might be increased by the anti-
coagulation during cardiopulmonary bypass. Intraopera-
tive hypotension may also worsen a pre-existing cerebral 
ischemia. The benefit–risk balance of surgery for IE with 
neurological failure remains debated.

The former attitude was to postpone surgery for 
15 days after a neurological event [5]. However, a recent 
study suggests that an earlier surgery would be beneficial 
regarding the risk of subsequent complications, particu-
larly the embolic events [8]. The guidelines of the Euro-
pean Society of Cardiology (ESC) indicate that cardiac 
surgery may be performed safely after ischemic stroke, 
provided that the patient has no extensive neurologic 
damage and no cerebral bleeding [5]. In case of intrac-
ranial hemorrhage, they recommend surgery to be post-
poned for at least 1 month, but “if urgent cardiac surgery 
is needed, close cooperation with the neurosurgical team 
is mandatory” [5]. However, studies on which these rec-
ommendations are based do not include many critically 
ill patients. In a prospective multicenter study includ-
ing ICU patients, good functional outcomes (n = 24/30) 
were observed in patients with a pre-existing neuro-
logic complication who underwent cardiac surgery even 
if the sample size was limited [10]. It was also demon-
strated that patients with denied surgery despite indica-
tions have poor outcomes [11, 14]. If randomized studies 
are precluded for ethical concerns [15, 16], prospective 
observational studies with appropriate methods to limit 
confusion bias have not been conducted before and could 
add to the level of evidence.

We hypothesized that critically ill IE patients with 
an indication for cardiac surgery but presenting with 
cerebral complications may be the object of ethical 

limitations although they should still benefit from sur-
gery. The main objective of this study was to compare 
the neurological outcome of these patients whether they 
received surgery or not.

Methods
Design
The ICE-COCA study (InfeCtious Endocarditis with Cer-
ebral cOmplications: a Cohort  of French reAnimations) 
is a multicenter study that included critically ill patients 
with acute IE admitted to surgical, cardiologic or medical 
ICU in seven French tertiary referral University Hospi-
tals (Bordeaux, Lille, Toulouse, Nantes, Poitiers, Rennes 
and Clermont-Ferrand). Every patients with IE who was 
admitted to these centers was consecutively screened and 
included in a prospective registry in each center between 
January 2010 and July 2017.

Inclusion/exclusion criteria
The inclusion criteria for this study were the addition of:

 (i) Definite and active (admission within the first 
30  days after the initiation of antibiotics) left IE 
according to the modified Duke criteria [17] with 
an indication for surgery.

 (ii) Cerebral complications (symptomatic or not) doc-
umented by cerebral imaging before cardiac sur-
gery.

 (iii) Severity criteria defined as Sequential Organ Fail-
ure Assessment score (SOFA) ≥ 3 (to prevent 
including patients admitted to ICU more because 
of a deterioration risk than for an already existing 
severity), one of these justifying admission to ICU.

Exclusion criteria were isolated right endocarditis, in-
hospital acquired endocarditis and patients who devel-
oped cerebral complications only after cardiac surgery.

Data collection at inclusion
For every patient, the following data were collected: age, 
gender, history of endocarditis or valve surgery, and 
comorbidities (intravenous drug use, immunosuppres-
sion, diabetes mellitus and chronic kidney disease defined 
as glomerular filtration rate < 60 mL/min/1.73  m2). Care-
associated IE was defined as early prosthetic valve IE 
(< 12  months post-surgery)  or non-nosocomial health-
care-associated IE [5]. Acute patient’s condition was 
assessed by SOFA score and GCS score. The specie iso-
lated from blood culture and/or heart valve from sur-
gery culture was dichotomized as Staphylococcus aureus 
or other species according to previous prognostic stud-
ies [6]. Echocardiographic findings included the valve 
involved, the presence of vegetation and its maximum 
size and the presence of a severe regurgitation. Regarding 



Page 3 of 13Gros et al. Annals of Intensive Care           (2024) 14:21  

therapy, the type of antibiotic was collected and the 
first day of antibiotic therapy was considered as IE day 
0. Patients all met one of the three main indications for 
surgery (heart failure, uncontrolled infection, prevention 
of embolism) according to the 2015 guidelines [5]. The 
timing of surgery was quoted as either in line or delayed 
compared to the current recommendations according to 
the indications (emergency, urgent or elective) [5].

Cerebral complications
Every patient was explored with brain imaging before 
surgery to assess cerebral complications. Cerebral com-
puted tomography (CT)-scans or magnetic resonance 
imageries (MRIs) could be performed at the discretion 
of the investigating center according to availability and to 
the patient’s clinical condition. When multiple CT-scans 
were available, the one performed close to the date of 
surgery or the one that showed the largest lesion load was 
retained for analysis. When both CT and MRI were avail-
able, MRI was retained for analysis as long as the proto-
col included at least diffusion weighted imaging (DWI), 
T2*, fluid attenuated inversion recovery (FLAIR), and 
3D-T1-weighted sequences acquisition. Injection of con-
trast agent (iodine or gadolinium-based) was not manda-
tory and was listed. All the scans were reviewed centrally 
at the coordinating center (Bordeaux University hospital) 
by a trained reader with 5  years of radiological experi-
ence, blinded from baseline and follow-up clinical data. 
This reported ischemic lesions, intraparenchymal hemor-
rhage, subarachnoid hemorrhage (SAH), brain abscess, 
and infectious intracranial aneurysm (IIA). Leukoaraiosis 
was quoted considering that this is a significant marker 
of small vessel disease whose severity (brain frailty) has 
been associated with functional outcome after stroke 
[18]. Microbleeds were also counted when MRI was 
available. Brain imaging has been described in a previous 
publication [19].

Follow‑up assessment
Respectively, at 6-month and one-year follow-up, neu-
rological outcome (evaluated by quoting the modified 
Rankin score (mRs)) and mortality were recorded face-
to-face or through a telephone interview with the patient 
or one of the family members, as validated [20].

Statistical analysis
The primary outcome was neurological outcome at 
6  months defined as good (mRS < 3 meaning the ability 
to walk without assistance) or poor otherwise (mRS ≥ 3) 
[21]. The primary analysis consisted in a propensity 
score-adjusted logistic regression assessing whether 
receiving surgery or not is an independent variable asso-
ciated with the primary outcome (i.e., mRS at 6 months). 

A propensity score was used to adjust for possible patient 
selection bias attributable to nonrandomized assign-
ment of surgery. As a matter of fact, ethical limitations 
at the origin of surgery contraindication are complex and 
include comorbidities, severity of cerebral complication, 
severity of shock if any, and the indication for surgery. 
Therefore, the most clinically and statistically relevant 
associations were selected for the final propensity model 
and included age, gender, valve prosthesis, aortic vs 
mitral vs both IE, SOFA score, septic shock, the nature of 
the cerebral complication (stroke vs hemorrhagic assum-
ing that  ischemic stroke complicated by hemorrhagic 
transformations of ECASS class 4 could be gathered with 
hemorrhagic stroke), and indication for surgery.

The 1-year mortality rate was analyzed as a secondary 
outcome. A selection bias—survivor treatment survival 
bias—is attributable to nonrandomized assignment of 
surgery and frequently occurs in this kind of studies. As 
the standard propensity analysis cannot fully address this 
bias, a time-dependent Cox regression analysis is use-
ful. We thus performed a secondary analysis in which 
the propensity score estimates were used as a covariate 
in a Cox model to adjust the analysis of the association 
between 1-year mortality rates and surgery. We com-
pleted a 1:1 matching based on the nearest-neighbor 
matching algorithm with a caliper width of 0.2 of the 
propensity score with all nine variables in a secondary 
analysis. No difference was shown with a broader cali-
per of 0.4. A log rank test was computed to assess the 
association between surgery and mRankin score in this 
condition. The same approach was used for 1-year mor-
tality. Finally, a multivariate survival logistic regression 
using an inverse probability of treatment weight (IPTW) 
estimator was run. These models have been extensively 
described elsewhere. Briefly, four steps were performed: 
first, a univariate analysis of baseline variables associ-
ated with surgery was performed to identify variables 
associated with p < 0.20. Second, these variables were 
introduced in a non-parsimonious multivariable logistic 
regression model to compute the inverse probability of 
treatment weights (IPTW) for individual patients. The 
steps one and two were performed to assess the prob-
ability of having a surgery. Third, weights were truncated 
at the 1st and the 99th percentiles to avoid an over-dis-
persion. Fourth, a multivariable logistic regression, using 
the IPTW and including variables which were pertinent 
or associated with the outcome, was performed to assess 
the risk of surgery on the primary outcome. Continuous 
variables were expressed as mean ± standard deviation 
(SD) or median (IQR) as needed. Categorical variables 
were expressed as proportion (%). Shapiro–Wilk test was 
used to test for normality. For continuous variables, inde-
pendent-sample parametric (unpaired Student’s t-test) 
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or non-parametric tests (Mann–Whitney) were used as 
appropriate. For categorical variables, Fisher’s exact or χ2 
tests were used as appropriate. All statistical tests were 
2-sided and a p < 0.05 was considered statistically signifi-
cant. Statistical analyses were performed using IBM SPSS 
Statistics v17.0 software.

Ethics
The study was approved by the ethics committee of 
Société de Réanimation de Langue Française (CE-SRLF 
15–54). Furthermore, the study complies with the pro-
tection of personal health data and of private life within 
the framework provided for by the European Union Gen-
eral Data Protection Regulation. Data were anonymized 
and the database was approved by the national data pro-
tection authorities (declaration number 2082557 v0).

Results
Patients and IE characteristics
Two hundred and fifty-five patients from 7 centers in 
France were screened. We excluded 31 patients who had 
no indication for surgery, 32 patients with missing data 
(missing critical clinical data: n = 16, missing CT scan or 
MRI: n = 16) and 192 patients were included. The main 
clinical characteristics are presented in Table 1 according 
to cardiac surgery. Patients treated medically only with-
out cardiac surgery show significantly higher proportions 
of valve prosthesis IE, lower left ventricular ejection frac-
tion, more severe clinical forms as underlined by Euro-
SCORE or SOFA score, lower GCS, higher proportion of 
extra-cerebral localizations and septic shock.

Neurological events
Every patient included in the study received cerebral 
CT scan (53%) or MRI (47%) before surgery. As shown 
in Table 2, ischemic stroke was the most prevalent neu-
rological complication (74.5%) followed by hemorrhagic 
lesion (15.6%). Both volumes of ischemic stroke and 
hemorrhagic transformation were lower in patient who 
will have surgery.

Surgery
Among the 192 patients included, 67 (35%) patients did 
not receive surgery and 125 (65%) underwent cardiac 
surgery. The majority of indications was urgent (sur-
gery < 7 days) (59%). The actual timing between antibiotic 
initiation and ICU admission was 8  days IQR [3–26] in 
median, and 15  days [8–35] between antibiotic initia-
tion and surgery (Additional file 1 and Additional file 2). 
Indications and timings according to the surgeon’s actual 
decision and ESC guideline (theoretical) are shown in 
Table 3. The heart failure indication for surgery was more 
frequently observed in patients with surgery, whereas 

indication for embolism prevention was more frequent 
in patients who finally did not receive cardiac surgery. 
Among the 125 patients who received surgery, 62 (50%) 
had delayed surgery according to recommended timing. 
In Table 2 and Fig. 1, the comparison between actual and 
timing of surgery showed that patients who will have sur-
gery present with more emergency and less urgent indi-
cations than patients who will not. The surgery was more 
frequently delayed (from emergency to urgent or elective) 
in patients with severe acute regurgitation (n = 37/46 
(80%)), whereas patients with cardiogenic shock were less 
prone to be delayed (n = 5/12 (42%)).

Propensity score
The distribution of the variables included in the propen-
sity score in the unmatched and matched cohorts is pre-
sented in Additional file 3. Additional file 4 shows a large 
mismatch of the propensity of being operated according 
to whether the patients were actually operated or not.

Analysis of the primary outcome
The crude proportion of favorable 6-month neurological 
outcome (mRS score ≤ 3) was 74.4% (n = 93/125) vs 13.4% 
(9/67) (p < 0.001) in the group of patients receiving sur-
gery or not, respectively (Fig. 2). In the propensity score-
adjusted logistic regression (n = 192 patients), the odds 
ratio (OR) for favorable 6-month neurological outcome 
was 13.8 (95% CI 6.2–33.7) in favor of surgery.

Secondary outcomes
6‑month modified Rankin score in the matched cohort
After 1:1 propensity score matching, a total of 88 patients 
were still evaluable for the matched-pairs analysis. Base-
line characteristics between the two groups achieved 
good balance (Tables 1, 3). The OR for favorable 6-month 
neurological outcome associated with surgery was 3.6 
(95% CI 2.0–6.7).

6‑month modified Rankin score by IPTW analysis
The  benefit of cardiac surgery in the overall population 
(n = 192 patients) was confirmed by the IPTW analysis 
with an OR for favorable 6-month neurological outcome 
associated with surgery of 20 (95% CI 11–50), p < 0.01).

1‑year mortality in the overall population (n = 192 patients)
The 1-year mortality was associated with surgery in the 
fixed-effect adjusted Cox model (hazard ratio 0.18; 95% 
CI 0.11–0.27; p < 0.001) (Fig.  3). To assess the overall 
effect of time-dependent bias, Cox regression analysis 
was repeated with surgery as a time-dependent covariate 
and showed robustness.
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Subgroup analysis by timing of surgery
A subgroup analysis according to whether timing of sur-
gery was delayed or not was performed. Among the 125 
patients who received surgery, 63 were delayed (details 
in Additional file 5) and 62 received surgery in a timely 
manner. The proportion of patients with a 6-month mod-
ified Rankin scale score ≤ 3 was 84.1% in patients with 
delayed surgery and 77.7% in patients with timely surgery 
(p = 0.14). The 1-year mortality rate was 15.9% and 33.9% 
(p = 0.09), respectively, in these 2 groups. In a propen-
sity score-adjusted logistic regression, delayed or timely 
surgery were both significantly associated with a favora-
ble 6-month neurological outcome (mRankin score ≤ 3) 
when compared with no surgery (delayed surgery OR 
8.2; 95% CI 2.6–15.3 and timely surgery OR 4.2; 95% CI 
2.6–7.1). In the matched cohort, the 1-year mortality 
was, respectively, associated to delayed and timely sur-
gery with a HR of 4.7; 95% CI 2.0–11.4 and 2.9; 95% CI 
1.4–6.1.

Subgroup analysis by baseline Glasgow Coma 
Scale < vs ≥ 10
A subgroup analysis according to baseline coma 
GCS < vs ≥ 10 was performed in the non-matched 
(n = 192) and in the matched cohort (n = 88). The lower 
risk of surgery-associated 1-year mortality observed 
in the entire cohort was confirmed in patients with 
GCS < 10 (OR 5.7; 95% CI 3.7–8.8).

Subgroup analysis by type of stroke
The crude proportion of favorable 6-month neurologi-
cal outcome (mRS score ≤ 3) was 71.3 vs 10.9% (p < 0.001) 
in ischemic strokes and 93.8 vs 7.1% (p < 0.001) in hem-
orrhagic strokes, with medical vs surgical treatment, 
respectively.

Discussion
In this study including patients with simultaneous IE, cer-
ebral events, and an indication for surgery, receiving sur-
gery was associated with a better neurological outcome, 
defined by a 6-month Rankin score ≤ 3. The strength of 
this association was high (13.8 (95% CI 6.2–33.7)), con-
sistent in a matched analysis and robust despite the use of 
several methods to account for selection bias. This asso-
ciation was also observed with the 1-year mortality. No 
difference in this association was found between patients 
with initial Glasgow < vs ≥ 10.

Our study has some strengths. It addresses an origi-
nal issue in focusing the IE patients admitted to ICU 
with indications for surgery and presenting neurological 
events detected before surgery. This study, by including 
patients for whom surgery decisions were taken at the 
physicians’ discretion, is also representative of the real 
life management. By using a propensity score-adjusted 
analysis, confusion bias—which are very potent in this 
field—are limited (despite not eliminated). Moreover, 
survivor treatment selection bias, whereby surgery may 

Table 3 Operation in patients with surgical indications for infective endocarditis

* This variable was included in the propensity score

Unmatched cohort (n = 192) Propensity matched cohort (n = 92)

Cardiac surgery, 
N = 125

No surgery, N = 67 p Cardiac 
surgery, N = 46

No surgery, N = 46 p

Cardiac surgery

Indication for cardiac surgery, n (%)*  < 0.001 0.79

 1 Heart failure 70 (56%) 17 (25.4%) 18 (39.9%) 16 (36.4%)

  ‑ Severe acute regurgitation 46 12 10 11

  ‑ Cardiogenic shock 12 4 4 4

  ‑ Pulmonary edema 12 1 4 1

 2 Uncontrolled infection 22 (17.6%) 8 (11.9%) 6 (13.6%) 7 (15.9%)

 3 Prevention of embolism 33 (26.4%) 42 (62.7%) 20 (45.5%) 21 (47.7%)

Surgical timing, n (%)

 ‑ Emergency 63 (50.4%) 17 (25.4%)  < 0.001 17 (38.6%) 16 (36.4%) 1.0

 ‑ Urgent 60 (48.0%) 48 (71.6%) 26 (59.1%) 27 61.4%)

 ‑ Elective 2 (1.6%) 2 (2.9%) 1 (2.3%) 1 (2.3%)

Actual surgical timing, n (%)

 ‑ Emergency 20 (16.0%) – – 5 (11.4%) – –

 ‑ Urgent 74 (59.2%) – – 23 (52.3%) – –

 ‑ Elective 31 (24.8%) – – 16 (36.4%) – –

Delayed surgery, n (%) 62 (49.6%) – – 22 (50.0%) –



Page 9 of 13Gros et al. Annals of Intensive Care           (2024) 14:21  

17
%

58
%

8%

2%
25

%

77
%

70
%

9%

57
%

33
%

33
%

24
%

8%
33

%
14

%
30

%

0%10
%

20
%

30
%

40
%

50
%

60
%

70
%

80
%

90
%

10
0%

Se
ve

re
 a

cu
te

re
gu

rg
ita

�o
n*

, N
 =

46

Ca
rd

io
ge

ni
c s

ho
ck

,
N 

= 
12

Pu
lm

on
ar

y
oe

de
m

a*
*,

 N
 =

 1
2

Un
co

nt
ro

lle
d

in
fe

c�
on

**
*,

 N
 =

 2
2

Pr
ev

en
�o

n 
of

em
bo

lis
m

, N
 =

 3
3

In
 �

m
e 

Em
er

ge
nc

y 
(<

 1
 d

ay
)

In
 �

m
e 

Ur
ge

nt
 (1

-7
 d

ay
s)

In
 �

m
e 

El
ec

�v
e 

(>
 7

 d
ay

s)

De
la

ye
d 

Ur
ge

nt
 (1

-7
 d

ay
s)

De
la

ye
d 

El
ec

�v
e 

(>
 7

 d
ay

s)

* S
ev

er
e 

ac
ut

e 
re

gu
rg

ita
tio

n 
ha

s 
a 

th
eo

re
tic

al
 in

di
ca

tio
n 

fo
r E

m
er

ge
nc

y 
su

rg
er

y 
if 

ca
us

in
g 

re
fra

ct
or

y 
pu

lm
on

ar
y 

ed
em

a 
or

 c
ar

di
og

en
ic

 s
ho

ck
; 

U
rg

en
t s

ur
ge

ry
 if

 h
ea

rt 
fa

ilu
re

 o
r e

ch
oc

ar
di

og
ra

ph
ic

 s
ig

ns
 o

f p
oo

r h
em

od
yn

am
ic

 to
le

ra
nc

e;
 E

le
ct

iv
e 

if 
no

 h
ea

rt 
fa

ilu
re

. *
* P

ul
m

on
ar

y 
ed

em
a 

ha
s 

a 
th

eo
re

tic
al

 in
di

ca
tio

n 
fo

r E
m

er
ge

nc
y 

su
rg

er
y 

if 
re

fra
ct

or
y;

 o
th

er
w

is
e 

ur
ge

nt
. *

**
 U

nc
on

tro
lle

d 
in

fe
ct

io
n 

ha
s 

a 
th

eo
re

tic
al

 in
di

ca
tio

n 
fo

r 
ur

ge
nt

 s
ur

ge
ry

 in
 c

as
e 

of
 lo

ca
lly

 u
nc

on
tro

lle
d 

in
fe

ct
io

n,
 p

er
si

st
in

g 
po

si
tiv

e 
bl

oo
d 

cu
ltu

re
s,

 fo
r u

rg
en

t/e
le

ct
iv

e 
if 

In
fe

ct
io

n 
ca

us
ed

 b
y 

fu
ng

i, 
m

ul
tir

es
is

ta
nt

 o
rg

an
is

m
s,

 s
ta

ph
yl

oc
oc

ci
 o

r n
on

-H
AC

EK
 G

ra
m

-n
eg

at
iv

e 
ba

ct
er

ia
Fi

g.
 1

 T
he

or
et

ic
al

 a
nd

 a
ct

ua
l i

nd
ic

at
io

ns
 fo

r c
ar

di
ac

 s
ur

ge
ry

 in
 in

fe
ct

io
us

 e
nd

oc
ar

di
tis

. T
he

or
et

ic
al

 in
di

ca
tio

ns
 a

re
 li

st
ed

 in
 x

 a
xi

s 
an

d 
de

la
ys

 a
cc

or
di

ng
 th

e 
re

co
m

m
en

de
d 

tim
in

g 
ar

e 
co

lo
r‑

co
de

d



Page 10 of 13Gros et al. Annals of Intensive Care           (2024) 14:21 

be falsely interpreted as being associated with improved 
survival can be addressed by combining a fixed-effect 
and a time-dependent analysis [22]. Regarding patients 
who do not require admission to ICU, several studies 

assessed the association between surgery and neurologi-
cal outcome using a propensity-adjusted analysis, with 
apparent discrepancies. In fact, if surgery was suggested 
to be beneficial in two studies [23, 24] surgery was not 

1%

25%

3%

23%

6%

14%

3%

13%

3%

4%

4%

3%

79%

18%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Medical (N = 67)

Surgery (N = 125)

Pa�ents (%)

Score on Modified Rankin Scale

0 1 2 3 4 5 6

Scores on the modified Rankin scale range from 0 to 6, with 0 indicating no symptoms; 1, no clinically significant disability; 
2, slight disability (able to handle own affairs without assistance but unable to carry out all previous activities); 3, moderate disability 
requiring some help, but able to walk unassisted; 4, moderately severe disability (unable to attend body needs and unable to walk); 
5, severe disability (requiring constant nursing care and attention); and 6, death

Fig. 2 Distribution of modified Rankin scale scores at 6 months (n = 192 patients)

Fig. 3 Kaplan–Meier curves of the probability of survival from inclusion to month 12
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assessed as a time-dependent variable. On the contrary, 
medical treatment seemed to be beneficial in two other 
studies, one with time-dependent analysis [25]. Never-
theless, this association was not confirmed in another 
study with both propensity-adjusted and time-dependent 
analysis [22]. This analysis was not performed in previ-
ous ICU studies [9–11, 14, 26] and our study is the first 
study focusing on IE patients admitted to ICU, with both 
indications for surgery and neurological events detected 
before surgery using a propensity score-adjusted analysis 
and combining a fixed-effect and a time-dependent anal-
ysis. We hypothesized a self-fulfilling prophecy by which 
cerebral complications may be considered as too severe 
to undergo surgery which in turn may lead to a bad out-
come and finally confirm the prophecy. On the contrary, 
this study adds to the evidence that surgery may still be 
beneficial in many of these patients.

Our study has some limitations. First, a selection bias 
is possible. In France, all IE patients with surgical indi-
cations converge to university tertiary hospitals because 
they are the only ones with cardiac surgery units. Despite 
this centralization, some patients with at least one indi-
cation for surgery might not have been referred to sur-
gery centers after multidisciplinary discussion because 
of associated factors such as severe comorbidities, multi-
organ failure or severe cerebral complications. A second 
limitation is that no systematic screening of hemor-
rhagic complications after surgery was performed, but 
we assume that they have influenced mRs at 6  months. 
Moreover, we did not have a specific neurological status 
at admission other than the GCS and specific causes of 
mortality or specific reason for surgery abstention were 
not reported or collected. The subgroup analysis of 
patients with hemorrhagic stroke has not the adequate 
power to lead to formal conclusions. The main limitation 
comes from the persistence of confusion bias despite the 
construction of a propensity score. Also, a lack of power 
may exists in our study, and future studies may focus on 
each indication of surgery to analyze their specific ben-
efit–risk balance. Finally, the propensity score, built to 
adjust for the maximum of patient characteristics that 
may have played a role in the ethical decision (of surgery 
or not), cannot reflect the complexity of real ethical deci-
sions and may have missed important information.

Most of the published studies including ICU patients 
with IE mixed patients with and without neurological 
events and thus prevent to assess the surgery-associated 
prognosis in the specific subset of IE patients with neu-
rological events [9, 11, 14]. Other authors report data on 
patients presenting with neurological ischemic events 
(n = 556), indistinctly of their severity (requiring or not 
admission to ICU): 237 (43%) had surgery [26]. The 
two other studies in which specific data are reported 

for the same subgroup as ours show a close rate of sur-
gery. Compared to 65% in our study, Sonneville et  al. 
reported a rate of surgery of 55% (59/108) but without 
reporting the outcomes of the 52/59 patients with neu-
rological events which occurred before surgery. In Ram-
baud et al. 108/136 (78%) were operated [10, 12]. In our 
study, ischemic stroke was the most prevalent neurolog-
ical complication (75%) followed by hemorrhagic lesions 
(hemorrhagic transformations of ischemic stroke and 
hemorrhagic stroke) (31%). These proportions are very 
close to what others reported (Sonneville et  al. 71%; 
Barsic et  al. 65%) [10, 26]. The proportion of patients 
with GCS < 10 (26%) was also consistent with previous 
data (28%) [11]. In this study, coma GGS < 10 was not a 
factor of worse prognosis in patients receiving surgery, 
despite being associated with 1-year mortality[11], indi-
cating that the deepness of coma may not be a potential 
contraindication to surgery.

Conclusions
In IE patients admitted to ICU with simultaneously an 
indication for cardiac surgery and at least one neurolog-
ical event, surgery was associated with a better 6-month 
neurological outcome. This association remains both in 
patients with Glasgow coma score < or ≥ 10.
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