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KEYWORDS Summary

Infective Background. — Although intracranial cerebral haemorrhage (ICH) complicating infective endo-

endocarditis; carditis (IE) is a critical clinical issue, its characteristics, impact, and prognosis remain poorly

Intracranial known.

haemorrhage; Aims. — To assess the incidence, mechanisms, risk factors and prognosis of ICH complicating
left-sided IE.

Abbreviations: ICH, intracranial cerebral haemorrhage; IE, infective endocarditis; TOE, transoesophageal echocardiography; TTE,
transthoracic echocardiography.
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Methods. — In this single-centre study, 963 patients with possible or definite left-sided IE were
included from January 2000 to December 2015.

Results. — Sixty-eight (7%) patients had an ICH (mean age 57 & 13 years; 75% male). ICH was
classified into three groups according to mechanism: ruptured mycotic aneurysm (n=22; 32%);
haemorrhage after ischaemic stroke (n=27; 40%); and undetermined aetiology (n=19; 28%).
Five variables were independently associated with ICH: platelet count < 150 x 10°/L (odds ratio
[OR] 2.3, 95% confidence interval [CI] 1.01—-5.4; P=0.049); severe valve regurgitation (OR 3.2,
95% Cl 1.3—7.6; P=0.008); ischaemic stroke (OR 4.2, 95% Cl 1.9—9.4; P<0.001); other symp-
tomatic systemic embolism (OR 14.1, 95% Cl 5.1—38.9; P<0.001); and presence of mycotic
aneurysm (OR 100.2, 95% Cl 29.2—343.7; P<0.001). Overall, 237 (24.6%) patients died within
2.3 (0.7—10.4) months of follow-up. ICH was not associated with increased mortality (P not
significant). However, the 1-year mortality rate differed according to ICH mechanism: 14%, 15%
and 45% in patients with ruptured mycotic aneurysm, haemorrhage after ischaemic stroke and
undetermined aetiology, respectively (P=0.03). In patients with an ICH, mortality was higher
in non-operated versus operated patients when cardiac surgery was indicated (P=0.005). No
operated patient had neurological deterioration.

Conclusions. — ICH is a common complication of left-sided IE. The impact on prognosis is depen-
dent on mechanism (haemorrhage of undetermined aetiology). We observed a higher mortality
rate in patients who had conservative treatment when cardiac surgery was indicated compared
with in those who underwent cardiac surgery.

© 2018 Elsevier Masson SAS. All rights reserved.

Résumé

Contexte. — Les hémorragies intracraniennes (HIC) compliquant les endocarditis infectieuses
(El) sont une situation clinique cruciale, cependant leurs caractéristiques, impacts, et pronostic
restent mal connus.

Objectifs. — Analyser U'incidence, les mécanismes, les facteurs de risque, et le pronostic des
HIC compliquant les EI.

Méthodes. — Cette étude monocentrique a inclus 963 patients avec une El du cceur gauche
possible ou certaine entre janvier 2000 et décembre 2015.

Résultats. — Soixante-huit (7 %) présentaient une HIC (age moyen de 57413 ans et 75 %
d’hommes). L’HIC était classée selon trois mécanismes : rupture d’anévrysme mycotique (n=22,
32 %) patients, hémorragie secondaire a un accident ischémique cérébral (n=27, 40 %), étiolo-
gie non déterminée (n=19, 28 %). Cinq parameétres étaient associés a ’HIC : thrombopénie (OR
2,3,1C 95 % 1,01-5,4 ; p=0,049), fuite sévere valvulaire (OR 3,2, IC95 % 1,3—7,6 ; p=0,008),
accident ischémique cérébral (OR 4,2, IC 95 % 1,9-9,4 ; p<0,001), autre embolie systémique
symptomatique (OR 14,1, IC 95 % 5,1—-38,9 ; p<0,001), et la présence d’un anévrysme myco-
tique (OR 100,2, IC 95 % 29,2—343,7 ; p<0,001). La présence d’une HIC n’était pas associée a
une surmortalité (p=NS). Cependant, le taux de décés a un an était différent selon le mécan-
isme : 14 %, 15 % et 45 % respectivement en cas de rupture d’anévrysme mycotique, hémorragie
secondaire a un accident ischémique cérébral, et d’étiologie indéterminée (p=0,03). Chez les
patients présentant une HIC, la mortalité était plus élevée avec un traitement conservateur
malgré U'indication de chirurgie cardiaque par rapport a ceux qui en bénéficiaient (p=0,005).
Aucune détérioration neurologique n’est survenue chez les patients ayant bénéficiés d’une
chirurgie cardiaque.

Conclusions. — L’HIC représente une complication commune aux El. L’impact pronostique est
dépendant du mécanisme de 'HIC (étiologie indéterminée). Nous observons une surmortalité
en cas de traitement conservateur lorsqu’il existe une indication chirurgicale cardiaque.

© 2018 Elsevier Masson SAS. Tous droits réservés.

Background complications [1,2]. Neurological complications related to
IE are multiple (ischaemic, haemorrhagic, infective), occur
Infective endocarditis (IE) is a complex and deadly disease, in 17—82% of patients with left-sided IE [3,4] and are glob-

which associates cardiac infective location and multiorgan  ally associated with an excess of mortality [5]. However,
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definite |E during the study period*

Patients diagnosed with possible or
n=1235

Exclusion criteria

— [ Right-sided endocarditis. n = 203 ]

- [ Incomplete data. n = 69 ]

‘ Study population of left-sided IE |
n=

Intracranial haemorrhage Isolated ischaemic stroke No neurological vascular
n=68/963 (7%) n=157/963 (16%) complication
n=738/963 (717%)
Figure 1.  Study flow chart. IE: infective endocarditis. * The diag-

nosis of infective endocarditis was established according to the
modified Duke criteria by the endocarditis team for each patient,
and during the period from January 2000 to December 2015.

different types of neurological complications and their pre-
sentation may affect the clinical course of IE differently
[6,7]. The impact of ischaemic stroke is well known [5,7],
and clear recommendations exist concerning the manage-
ment of ischaemic lesions [1]. Conversely, the impact of
intracranial cerebral haemorrhage (ICH) and the resulting
management is less described [1]. Moreover, several mech-
anisms may lead to ICH during IE [6,7], and no large study
has described the characteristics of these different lesions
and their impact.

Our objectives were to assess the incidence and mecha-
nisms of ICH in patients with left-sided IE, the risk factors
for its development, the associated risk of death and the
management of patients after ICH.

Methods
Inclusion criteria

This study included patients consecutively diagnosed with
possible or definite IE, according to the modified Duke cri-
teria [8], in a single-centre, and who were registered in
a dedicated database between January 2000 and Decem-
ber 2015 (n=1235). The exclusion criteria were right-sided
IE (n=203) and incomplete data (n=69) (Fig. 1). Writ-
ten informed consent was obtained from all participating
patients, as required by the institutional review board
under an approved protocol. Blood cultures, serologi-
cal assessment, transthoracic echocardiography (TTE) and
transoesophageal echocardiography (TOE) were performed
systematically within 48 hours of admission. A cerebral
computed tomography scan was performed on admission,
and was repeated if indicated clinically. Complementary
cerebral imaging (cerebral magnetic resonance imaging
and catheter-based cerebral angiography) was performed
depending on the neurological presentation, and after
advice from neurological specialists and the endocarditis
team, including the cardiologists, the cardiac surgeons and
the infectious disease specialist.

Clinical and echocardiographic data

The following criteria were collected prospectively: age;
sex; previous valve surgery (mechanical valve or bio-
prosthetic valve/homograft/valve repair); intravenous drug
abuse; diabetes; hypertension; history of atrial fibrillation;
coronary artery disease; history of ischaemic stroke; Charl-
son Index score; oral anticoagulant or platelet inhibition
therapies; creatinine serum concentration; haemoglobin
concentration; platelet count; C-reactive protein serum
concentration; and symptomatic systemic embolism other
than cerebral.

TTE and TOE were performed as reported previously
[9]. Echocardiographic data included presence of vegetation
and periannular lesion (defined as the presence of abscess
and/or pseudoaneurysm and/or fistula) [1]. The vegetation
length was measured in various planes, and the maximal
length was used. Valvular regurgitations were quantified fol-
lowing current recommendations [10,11].

Definitions

Neurological vascular complications were classified into
two categories: isolated ischaemic stroke; and ICH. An
experienced neurological specialist confirmed the diag-
nosis of all neurological vascular complications. Isolated
ischaemic stroke (i.e. with no sign of cerebral haemorrhage)
included ischaemic stroke with a persistent deficit, transient
ischaemic attack and silent cerebral embolism considered as
recent on cerebral imaging. Ischaemic stroke with a persis-
tent deficit was defined as the persistence for > 24 hours of a
focal neurologic deficit caused by altered circulation of the
cerebral hemispheres, brain stem or cerebellum. Transient
ischaemic attack was defined as focal neurological symp-
toms of sudden occurrence and rapid resolution (< 24 hours),
related to altered circulation of the brain. Silent cere-
bral embolism was detected by cerebral imaging performed
after admission. The mechanism of ICH was established by
expert consensus between the neurologist and neuroradiol-
ogist after clinical and imaging examinations, and ICH was
classified as: ICH secondary to ruptured mycotic aneurysm;
haemorrhage after an acute ischaemic stroke; and ICH of
undetermined aetiology.

Haemorrhage after an acute ischaemic stroke was
defined by both chronological and imaging criteria. Undeter-
mined aetiology included necrotic vessel aetiology and/or
undiagnosed other lesion in the imaging assessment. Mana-
gement of the neurological vascular complication was
performed according to the guidelines [12,13]. As microb-
leeds have not been associated with ICH and postoperative
neurological complications in the literature [1], the pres-
ence of microbleeds was not considered in our study (also
because cerebral magnetic resonance imaging was not per-
formed in all patients).

Indication for cardiac surgery

The indication for cardiac surgery was based on the guide-
lines for the management of IE [1,14,15], in patients
with high-risk features. The three main indications were
heart failure, uncontrolled infection and prevention of
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embolic events. The final decision to perform cardiac
surgery was made by the endocarditis team, in agreement
with the neuroradiologists, neurologists and neurosurgeons.
When cardiac surgery was performed, the timing was
dichotomized according to the period of antibiotic ther-
apy (i.e. during or after the active phase of the antibiotic
therapy) or displayed according to the delay with ICH.

Mortality and follow-up

The primary endpoint was death from any cause during
the follow-up. The secondary endpoints were: death imme-
diately related to ICH, defined by death as a result of
neurological failure a few hours after the ICH; and neuro-
logical deterioration after cardiac surgery in patients with
an ICH, defined by clinical neurological deterioration and/or
worsening of the ICH and/or new ICH. Follow-up informa-
tion was obtained during and after the hospitalization, with
scheduled visits at 1 month, 3 months, 6 months and 1 year.
If a patient missed a scheduled visit, supplemental follow-
up information was obtained by contacting the patient or
the patient’s physicians.

Statistical analysis

Continuous data are expressed as means + standard devia-
tions or medians [interquartile ranges], and were compared
with analysis of variance and Tukey’s range test. Categor-
ical data are expressed as numbers and percentages, and
were compared by use of the x? test or Fisher’s exact
test. Time-to-event curves were obtained by the Kaplan-
Meier method, and were compared with the log-rank test.
The Cox proportional hazards model was used to calculate
adjusted hazard ratios and their 95% confidence intervals
(Cls). The final model included clinically relevant varia-
bles and/or variables with a P-value <0.10 in the univariate
analysis. The multivariable Cox model to predict midterm
mortality included: age; sex; diabetes; hypertension; coro-
nary disease; history of cardiac surgery; creatinine serum
concentration; ischaemic stroke; ICH; length of vegetation;
periannular lesion; severe regurgitation; and cardiac surgery
for IE during the first year. An exploratory multivariable
analysis by logistic regression was performed to evaluate
the predictors of ICH. The final model included clinically
relevant variables and/or variables with a P-value<0.10 in
the univariate analysis. The results are reported as adjusted
odds ratios (ORs) with associated 95% Cls. A value of P<0.05
was considered statistically significant. Statistical analysis
was performed using JMP software, version 13 (SAS Institute,
Cary, NC, USA).

Results

Neurological vascular complications and
patient characteristics

Among the 963 patients with left-sided IE included in the
study, 68 (7%) had an ICH, 157 (16%) had an isolated
ischaemic stroke and 738 (77%) had no neurological vascu-
lar complications. Baseline patient features are reported in
Table 1 for patients with an ICH, patients with an isolated

ischaemic stroke and patients with no neurological vascu-
lar complications. Patients with an ICH had a mean age of
57 +13 years, and 75% were male; they were younger than
patients with no neurological vascular complications, and
had a higher rate of intravenous drug abuse than patients
with isolated ischaemic stroke and those with no neurolog-
ical vascular complications. Diabetes occurred significantly
more frequently in patients with isolated ischaemic stroke.

Echocardiographic findings were similar, except for a
higher rate of vegetation in the ICH and isolated ischaemic
stroke groups, with longer vegetation in the isolated
ischaemic stroke group than in patients with no neurolog-
ical vascular complications. A higher rate of severe valve
regurgitation was observed in the ICH group. Staphylococci
were more frequent in patients with an ICH or isolated
ischaemic stroke than in patients with no neurological vas-
cular complications. Patients with an ICH had a higher
rate of other symptomatic systemic embolisms and mycotic
aneurysm. No relationship was observed between the occur-
rence of any neurological vascular complication and the use
of antithrombotic therapy.

Mechanisms of ICH, and patient characteristics

Among patients with an ICH, 19 (28%) had undetermined
aetiology, 22 (32%) had ruptured mycotic aneurysm and
27 (40%) had haemorrhage after ischaemic stroke. Patients
with ruptured mycotic aneurysm were younger (51.5+2.7
years; P=0.03) and more frequently male (n=21, 95% male;
P=0.001) than those with haemorrhage after ischaemic
stroke (57.8 2.4 years; 52% male, n=14) and ICH of unde-
termined aetiology (61.9+2.8 years; 84% male, n=16).
Rates of intravenous drug abuse were similar in patients with
haemorrhage after ischaemic stroke (15%), ICH of undeter-
mined aetiology (16%) and ruptured mycotic aneurysm (18%)
(P not significant). Other history variables were also not sig-
nificantly different between the three types of ICH; these
included diabetes, hypertension, history of atrial fibrilla-
tion, coronary disease, history of ischaemic stroke, Charlson
Index score, oral anticoagulant therapy, platelet inhibition
therapy and presence and type of previous cardiac surgery
(P not significant for all).

Regarding cerebral imaging, lesions of ischaemic stroke
were found concomitantly in five patients with an ICH of
undetermined aetiology and in four patients with ruptured
mycotic aneurysm. Five patients with haemorrhage after
ischaemic stroke had unruptured mycotic aneurysm.

The location and severity of cardiac lesions were not
significantly different according to the mechanism of ICH,
including valve location, periannular lesion, severe regurgi-
tation and presence or length of vegetation (P not significant
for all). Patients with ruptured mycotic aneurysm had
more streptococci (n=13, 59%; P=0.03) than others (seven
patients [37%] with an ICH of undetermined aetiology; six
patients [22%] with haemorrhage after ischaemic stroke).
The rates of staphylococci, enterococci and other biologi-
cal variables were not significantly different according to
the mechanism of ICH (P not significant for all). Table 2
shows clinical signs, timing and methods of diagnosis for
each mechanism of ICH.

© 2019 Elsevier Masson SAS.All rights reserved. - Document downloaded on 15/04/2019 by Universite d'Aix-Marseille - (28145). It is forbidden and illegal to distribute this document.
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Table 1 Comparison of patients with intracranial cerebral haemorrhage, ischaemic stroke or with no neurological
vascular complication.

Variables ICH Isolated ischaemic No neurological P2
(n=68) stroke complication
(n=157) (n=738)
Demographics and medical status
Age, (years) 57 +13° 61+18 64+ 15 <0.001
Male 51 (75) 110 (70) 529 (72) 0.8
Diabetes 13 (19) 36 (23)° 106 (14) 0.02
Arterial hypertension 21 (31) 42 (27) 224 (30) 0.7
Coronary disease 7 (10) 17 (11) 69 (9) 0.8
History of ischaemic stroke 1(1.5) 10 (6) 37 (5) 0.3
Intravenous drug abuse 11 (16)¢ 9 (6) 55 (7) 0.02
History of atrial fibrillation 18 (27) 36 (23) 154 (21) 0.5
Previous valve surgery 18 (27) 46 (30) 227 (31) 0.7
Mechanical valve 5(7.5) 11 (7) 72 (10) 0.5
Bioprosthetic valve/homograft/valve 13 (19) 35 (23) 160 (22) 0.7
repair
Anticoagulant therapy 18 (27) 34 (22) 175 (24) 0.7
Platelet inhibition therapy 12 (18) 28 (18) 140 (19) 0.9
Charlson Index score 3 [1-4] 3 [2-5] 3 [1-5] 0.9
Echocardiographic findings
Affected valve 0.5
Aortic 35 (51) 63 (40) 324 (44)
Mitral 22 (32) 61 (39) 256 (35)
Aortic and mitral 11 (16) 30 (19) 116 (16)
Vegetation 59 (87)° 134 (85.5)° 534 (73) <0.001
Vegetation length (mm) 14 [8—20] 15 [10—19]° 12 [8—17] <0.01
Periannular lesion 22 (32) 51 (32.5) 199 (27) 0.3
Severe regurgitation 53 (78)¢ 61 (39) 253 (34) <0.001
Left ventricular ejection fraction (%) 62 [60—65]° 60 [55—65] 60 [55—65] 0.045
Biological findings
Haemoglobin (g/dL) 10.2 [0.94—12] 10.8 [0.98—12] 10.8 [0.96—12] 0.4
Platelet count (10°/L) 220 [141—-308] 246 [153—317] 252 [171-332] 0.2
C-reactive protein serum 73 [(37—179] 109 [(53—182]¢ 71 [31—-136] <0.001
concentration (mg/L)
Creatinine serum concentration 86 [71—130] 86 [73—138] 95 [76—140] 0.2
(rmol/L)
Microbiological findings
Positive blood culture 64 (94)° 134 (85.5) 596 (81) 0.01
Staphylococci 25 (37)° 57 (36)° 165 (22) <0.001
Streptococci 26 (38) 42 (27) 225 (30) 0.2
Enterococci 8 (12) 23 (14.5) 103 (14) 0.8
Complications and surgery
Other symptomatic systemic embolism 25 (37)¢ 5(3) 23 (3) <0.001
Cerebral mycotic aneurysm 27 (40)¢ 5 (3)° 2 (0.3) <0.001
Indication for cardiac surgery 60 (88) 129 (82) 593 (80) 0.1
Cardiac surgery® 38 (63) 95 (74) 433 (73) 0.4
Cardiac surgery during versus after the <0.001
active phase
**During the active phase’’ 21 (55)¢ 87 (91) 376 (87)
**After the active phase’’f 17 (44)¢ 8 (9) 57 (13)

Data are expressed as mean + standard deviation, number (%) or median [interquartile range]. ICH:

2 P-value for the comparison between the three groups of patients.
P <0.05 for “ICH”’ versus ‘‘no neurological complication’’.
P <0.05 for ‘‘ischaemic stroke’’ versus ‘‘no neurological complication’’.

b
€
d

P <0.05 for “ICH’’ versus ‘‘ischaemic stroke’’ and versus ‘‘no neurological complication’’.

)

€ Percentages calculated among patients with indications of cardiac surgery.
Percentages calculated among patients who underwent cardiac surgery.

f

intracranial cerebral haemorrhage.
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Table 2 Clinical signs, timing and methods of diagnosis according to the type of intracranial cerebral haemorrhage.
Variables Undetermined Ruptured mycotic ICH secondary to P

aetiology aneurysm ischaemic stroke
(n=19) (n=22) (n=27)
Timing of ICH diagnosis
Inaugural diagnosis 6 (32)° 10 (45)° 20 (74) 0.01
Diagnosis in the course of IE 13 (68)* 11 (50)° 7 (26) 0.01
Time between IE and ICH 12 [6—25] 7 [4-21] 3 [2—-14] 0.2
diagnosis (days)
Method of ICH diagnosis
Computed tomography 19 (100) 21 (95) 27 (100) 0.3
Cerebral magnetic resonance 7 (37) 12 (55) 14 (52) 0.5
imaging
Catheter-based cerebral 6 (32)° 18 (82)° 12 (44) 0.003
angiography
Clinical signs
Asymptomatic 2 (11) 5(23) 3 (11) 0.4
Paresis or plegia 5 (26)° 7 (32) 16 (59) 0.04
Aphasia 2 (11) 4 (18) 7 (26) 0.4
Clonic convulsion 2 (11) 1(5) 1 (4) 0.6
Disorientation 4 (21) 29 1(4) 0.2
Visual field deficits 0 (0) 0 (0) 2 (7) 0.2
Headache 4 (21) 7 (32)° 1 (4) 0.03
Ataxia 0 (0) 0 (0) 1 (4) 0.5
Vigilance reduction 8 (42) 4 (18) 6 (22) 0.2
Glasgow Coma Scale 14 [10—15] 14 [13—15] 15 [12—15] 0.4

Data are expressed as number (%) or median (interquartile range). ICH: intracranial cerebral haemorrhage; IE: infective endocarditis.

a8 P<0.05 for ‘‘undetermined aetiology’’ versus ‘‘ICH secondary to ischaemic stroke’’.
b P <0.05 for ‘ruptured mycotic aneurysm’’ versus ‘‘ICH secondary to ischaemic stroke’”.
€ P<0.05 for ‘‘undetermined aetiology’’ versus ‘‘ruptured mycotic aneurysm’’.

Table 3 Univariate and multivariable analysis, according to the presence of intracranial cerebral haemorrhage.

Univariate Multivariable

QOdds ratio (95% Cl) P QOdds ratio (95% Cl) P
Age, per one increase 1.02 (1.01—1.02) <0.001 — 0.35
Intravenous drug abuse 2.6 (1.3-5.3) 0.006 — 0.71
Presence of vegetation 2.2 (1.1-4.6) 0.03 — 0.82
Presence of severe regurgitation 2.2 (1.1—4.6) 0.03 3.2 (1.3-7.6) 0.008
Platelet count < 150 x 10°/L 2.5 (1.5—4.6) 0.001 2.3 (1.01-5.4) 0.049
Staphylococci 1.7 (1.05-3) 0.03 — 0.31
Streptococci 1.5 (0.8—2.4) 0.1 — 0.43
Ischaemic stroke 5.3 (3.2-8.8) <0.001 4.2 (1.9-9.4) <0.001
Mycotic aneurysm 97.5 (38.2—249.4) <0.001 100.2 (29.2—-343.7) <0.001
Other symptomatic systemic embolism 18 (9.7—33.5) <0.001 14.1 (5.1—38.9) <0.001

Cl: confidence interval.

Determinants and management of ICH

By multivariable analysis (Table 3), five variables were
associated with the occurrence of ICH in patients with left-
sided IE: platelet count < 150 x 10°/L; severe regurgitation;
cerebral ischaemic embolism; other symptomatic systemic
embolism; and presence of mycotic aneurysm.

© 2019 Elsevier Masson SAS.All rights reserved. - Document downloaded on 15/04/2019 by Universite d'Aix-Marseille - (28145). It is forbidden and illegal to distribute this document.

In patients with an ICH, 13 patients (19%) underwent
endovascular therapy, consisting of occlusion of ruptured
mycotic aneurysm in eight patients and of the affected ves-
sels in five patients with an ICH secondary to ischaemic
stroke or undetermined aetiology (Fig. 2). Neurosurgery was
performed in another ten patients (15%), and consisted of
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Figure 2.

removal of the underlying cause by clipping the affected
vessel/aneurysm in five patients; the other five patients
underwent surgery to remove the blood clot and/or treat the
mass effect (by standard craniotomy in three patients, and
by minimally invasive surgical evacuation in two patients).

Impact of ICH on mortality

The median follow-up of the whole cohort was 15.9
[5.6—29.8] months; 237 (24.6%) patients died within a
median of 2.3 [0.7—10.4] months after IE diagnosis. Cumu-
lative mortality rates at 1 month, 6 months and 1 year were:
12%, 23% and 23% in the group with an ICH; 10%, 23% and 26%
in the group with isolated ischaemic stroke; and 7%, 16% and
18% in the group with no neurological vascular complication,
respectively. Mortality from any cause during follow-up was
not significantly different between the three groups (Fig. 3).
The independent predictors of mortality during follow-up
were: age (HR 1.02, 95% Cl 1.01—1.04; P=0.07); periannu-
lar lesion (HR 2.5, 95% Cl 1.6—3.7; P<0.001); and cardiac
surgery for IE during the first year after IE (protector effect,
HR 0.3, 95% Cl 0.17—0.43; P<0.001).

ICH was not associated with increased mortality (P
not significant). However, when considering the mecha-
nism of ICH, the 1-year mortality rate was 14%, 15% and
45% in case of ruptured mycotic aneurysm, haemorrhage
after ischaemic stroke and ICH of undetermined aetiology,
respectively. Patients with ruptured mycotic aneurysm had
a similar risk of death to those with haemorrhage after
ischaemic stroke (HR 0.7, 95% Cl 0.14—2.89; P=0.6). How-
ever, patients with an ICH of undetermined aetiology had
a higher risk of death than patients with ruptured mycotic
aneurysm (HR 4.4, 95% ClI 1.23—20.39; P=0.02) and those
with haemorrhage after ischaemic stroke (HR 3.1, 95% CI
1.01—10.69; P=0.04) (Fig. 4). Finally, death immediately
related to ICH occurred in three patients with an ICH of
undetermined aetiology, versus one patient in the group with
haemorrhage after ischaemic stroke and one patient in the
group with ruptured mycotic aneurysm (P not significant)
(Fig. 2).

Management and outcomes in patients with intracranial cerebral haemorrhage (ICH) and infective endocarditis.
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Figure 3. Time-to-event curves for death from any cause in
patients with left-sided infective endocarditis complicated by
intracranial cerebral haemorrhage or isolated ischaemic stroke, or
in patients with no neurological vascular complication.

ICH and cardiac surgery

Among the 60 patients with an ICH and an indication for
cardiac surgery (Fig. 2), 38 underwent cardiac surgery (a
median 34 [20—78] days after the ICH). In patients with an
indication for cardiac surgery and without death immedi-
ately related to ICH, conservative treatment was associated
with a higher mortality rate during follow-up compared
with cardiac surgery (HR 5.90, 95% Cl 1.54—-28.1; P=0.01)
(Fig. 5). No neurological deterioration occurred in patients
who underwent cardiac surgery; especially in the 17 patients
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Figure 4. Time-to-event curves for death from any cause in

patients with intracranial cerebral haemorrhage (ICH), according
to the mechanism of bleeding.
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Figure 5. Time-to-event curves for death from any cause in

patients with intracranial cerebral haemorrhage, according to con-
servative treatment or cardiac surgery when indicated.

who underwent cardiac surgery during the first month after
the ICH (a median 20 [15—25] days after the ICH).

Discussion

In this large cohort of patients with left-sided IE, total ICH
showed no significant impact on mortality during follow-
up. However, different mechanisms of ICH may affect
the clinical course differently. Patients with an ICH of
undetermined aetiology had a significant excess of mor-
tality compared with those with obvious ruptured mycotic
aneurysm or haemorrhage after ischaemic stroke. Five
variables were associated with the occurrence of ICH:
platelet count<150 x 10°/L; severe valve regurgitation;
cerebral ischaemic embolism; other symptomatic systemic
embolism; and presence of mycotic aneurysm. We observed
that cardiac surgery, when indicated, was associated with
a better prognosis than conservative treatment in patients
with an ICH, and no neurological deterioration occurred in
patients who underwent cardiac surgery.

Population characteristics and predictors of
ICH

The incidence of cerebral complications in left-sided IE
is high [4,7,16]. Embolic aetiology is the most frequent
cause [5], but ICH complicates 5—7% of cases of IE [17].
As in previous studies [5,6,18,19], more staphylococci and
a higher incidence and size of vegetation are common
trends in neurological vascular complications. In our pop-
ulation, patients with an ICH were younger and had a higher
rate of intravenous drug abuse. For the first time, a spe-
cific relationship between ruptured mycotic aneurysm and
streptococcal infection was demonstrated. Recently, Mon-
teleone et al. described such an association in a small cohort
of patients with mycotic aneurysm (five of seven patients
had viridans-group streptococcal infection) [20]. Concern-
ing the potential role of antithrombotic therapy, Garcia
et al. showed a higher risk of ICH in patients with antico-
agulant therapy [7]. In our cohort, anticoagulant therapy
and platelet inhibition therapy were not associated with
an excess of ICH. Outwith the particular context of IE,
thrombocytopenia is already associated with haemorrhagic
transformation of cerebral infarction and other cerebral
haemorrhage [21,22]. For the first time, we have found that
thrombocytopenia is a predictor of ICH in patients with left-
sided IE.

Various mechanisms, but one spectrum:
embolism, ‘‘micro’’ and ‘‘macro’’

It is not surprising that patients with an ICH had more
mycotic aneurysms. However, as described by Thuny et al.
[6], several patients with isolated ischaemic stroke also
had concomitant unruptured mycotic aneurysm. Moreover,
among the 27 patients with mycotic aneurysm and ICH, this
vascular lesion was ruptured, and was the origin of the ICH
in only 22 patients. This can be explained by the similar-
ities between the mechanisms of cerebral embolism and
bleeding during IE. The mechanism of ischaemic stroke is
a migration of a ‘‘macro’’ fragment or the whole vegeta-
tion in the cerebral arteries [17]. The mycotic aneurysm
arises from ‘‘microemboli’’ to the vasa vasorum, but also
secondary to bacterial escape from a septic ‘*macroemboli’’
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that has occluded a vessel [23]. As for ICH of undeter-
mined aetiology, it can also result from septic arteritis, with
erosion of the vessel wall caused by ‘‘microemboli’’, but
without a well-delineated aneurysm [17,18]. This confirms
the hypothesis of a continuum of arterial injury, ranging
from ‘‘microemboli’’ with pyogenic necrosis and mycotic
aneurysm to ‘‘macroemboli’’ in ischaemic stroke. This is
concordant with the excess of systemic embolism in patients
with an ICH [5], and promotes the use of accurate imaging
(computed tomography and magnetic resonance angiogra-
phy — and catheter-based angiography, if necessary) for the
diagnosis of neurological events.

Impact of ICH and its mechanisms on clinical
course

The presence of an acute neurological complication [5,24],
especially an ICH [7], has been associated with an increased
risk of in-hospital mortality in previous studies. Although the
1-month mortality rate was higher in patients with an ICH
than in patients with no neurological vascular complications
(12% versus 7%), the difference in mortality during fur-
ther follow-up was not statistically significant. This result
is concordant with the study by Wilbring et al. in a cohort of
495 patients operated on for left-sided IE, who also reported
that a preoperative neurological event was a predictor of
in-hospital mortality, but was not a predictor of mortal-
ity during further follow-up [24]. In a large cohort of 2523
surgical cases of IE, Eishi et al. found no higher mortality
rate in patients with cerebral complications compared with
those without, and in patients with cerebral haemorrhage
compared with those with a cerebral infarction [25].

The impact should also be seen in relation to the mech-
anism of ICH. Undetermined aetiology was associated with
a significant higher rate of death compared with ICH sec-
ondary to obvious ruptured mycotic aneurysm or ischaemic
stroke. In addition, diagnostic and therapeutic interventions
remain difficult to perform in this subgroup of patients with
necrotic vessel [18].

ICH and cardiac surgery

ICH is the most debated cerebral complication in terms
of management of IE and the risk of neurological deteri-
oration during cardiac surgery [17]. The recent European
Society of Cardiology guidelines recommend that, after ICH,
surgery should generally be postponed for > 1 month [1].
An interesting observation in our study was that conserva-
tive treatment when surgery was indicated was dramatically
associated with an excess of mortality, while no neurological
deterioration was observed when surgery was performed,
especially when performed early after the ICH in selected
patients. Yoshioka et al. previously reported a low risk
of postoperative neurological deterioration resulting from
exacerbation of ICH, even in patients with IE who under-
went surgery within 2 weeks of ICH onset [26]. The optimal
management remains the case-by-case approach by the
endocarditis team and neurological specialists, adapted to
the mechanism and severity of the ICH, and the possibility
of postponing the cardiac surgery. However, the prognostic

benefit of cardiac surgery should not be set aside in relation
to the management of neurological complications.

Study limitations

This was a single-centre study based on data collected
prospectively, but with a retrospective analysis. Cerebral
magnetic resonance imaging and catheter-based cerebral
angiography were not performed systematically, and clas-
sification of each type of ICH may be dependent on the
accuracy of imaging. Cerebral computed tomography had
a lower diagnostic value than magnetic resonance imaging
for the diagnosis of mycotic aneurysm, and catheter-based
cerebral angiography remains the gold standard [23]. More-
over, mycotic aneurysms are sometimes obliterated by the
haemorrhages that they produce, so their arteriographic and
even pathological demonstration is not always possible [18].

Other neurological complications, such as abscess and
meningitis, were not considered. The impact of cardiac
surgery in patients with an ICH should be interpreted
with caution in this observational study. Cases selected for
surgery may have hidden biases. This study was performed
in a reference centre for the treatment of IE, and may not
reflect the management and prognosis of ICH in other cen-
tres.

Conclusions

ICH is a common complication of left-sided IE. The impact
on prognosis is dependent on the mechanism (haemorrhage
of undetermined aetiology). We observed a higher mortality
rate in the group of patients who had conservative treatment
when cardiac surgery was indicated, compared with in those
who underwent cardiac surgery.
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