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A therapeutic dilemma arises when infective endocarditis (IE) is complicated by a
neurologic event. Postponement of surgery up to 4weeks is recommended by the
guidelines, however, this negatively impacts outcomes in many patients with an ur-
gent indication for surgery due to uncontrolled infection, disease progression, or

haemodynamic deterioration. The current literature is ambiguous regarding the
safety of cardiopulmonary bypass in patients with recent neurologic injury.
Nevertheless, most publications demonstrate a lower risk for secondary haemor-
rhagic conversion of uncomplicated ischaemic lesions than the risk for recurrent em-
bolism under antibiotic treatment. Here, we discuss the current literature regarding
neurologic stroke complicating IE with an indication for surgery.

Introducing the clinical scenario

Acute stroke is after congestive heart failure (CHF) the sec-
ond most common complication of left-sided infective en-
docarditis (IE). Between 20% and 35% of those patients
develop symptoms of ischaemic stroke, the incidence of
which rises further up to 50% if the silent events are in-
cluded." The risk of IE-related embolic brain injury is sub-
stantially high (4.8/1000 patient-days) during the first
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week of antibiotic therapy and rapidly declines thereafter.?
The current article comprises evidence and expert opinion
on the diagnosis and management of patients with embolic
stroke as the primary manifestation of left-sided IE. The
main focus is given on the risk assessment for recurrent
stroke as well as the timing and principles of surgical resto-
ration of valve function.

Indications and timing of intervention

One in two patients affected by IE, must undergo surgical
intervention, often salutary, but not devoid of risk.? Urgent
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Table 1 Indications for emergent or urgent cardiac surgical
intervention

Haemodynamic instability due to valve insufficiency

Persistent fever despite appropriate antibiotic treatment

Spread of infection and development of peri-valvular ab-
scesses of fistulas

Highly resistant microorganisms (Staphylococcal strains,
Coxielle burnetti, Brucella, fungi, etc.)

Large size vegetations with high risk of embolism (>10mm
and highly mobile)

Vegetation size increase despite appropriate antibiotic
treatment

Prosthetic valve endocarditis (particularly in the early post-
operative phase)

valve surgery may be necessary depending on the haemo-
dynamic state of the patient, the control of the septic con-
dition, and the assessment of the risk of septic embolism
(Table 1).

The risk of embolism

Septic embolism from valvular vegetations is a very fre-
quent complication of IE.# This may often involve abdomi-
nal organs, such as the spleen, kidneys, liver, or the lower
limb.> Embolic ischaemia in the corresponding organ may
often transform to secondary abdominal organ abscess, an
entity that is often found especially for the spleen.

The risk of infective endocarditis-related stroke
Stroke is the main reason for death after CHF in IE. The ma-
jor causes of stroke are embolism by migration of vegeta-
tion fragments into the cerebral circulation, and mycotic
aneurysm rupture.®” Although the rate of clinically mani-
fest stroke is at least high, the existence of silent cerebral
embolism is increasingly reported due to the improving ac-
cess to advanced neuroimaging. Most of the cerebrovascu-
lar complications are symptomatic and dissemination of
emboli into cerebral vessels can result in concomitant men-
ingitis, intracerebral abscess formation, or haemorrhagic
transformation (Figure 1). Moreover, mycotic aneurysms
may develop with a high risk for intracranial bleeding®
(Figure 2). At least 40-50% of the patients have evidence of
acute septic emboli, but ~5% of all cases with IE are com-
plicated by intracerebral haemorrhage, 60-90% of which
affect the middle cerebral artery.®

Risk of recurrent embolism

Even though the risk of cerebral embolism in general is
high, the risk of recurrence seems to be lower than initially
suspected. In the vast majority, the first embolic episode
occurs before the initiation of antibiotic treatment and it
usually indicates the index clinical event leading to hospi-
talization.” The risk of recurrent embolism has been
reported to be between 6% and 21% and decreases rapidly
after the beginning of antibiotic treatment.?

Timing of intervention

The ideal timing for surgery in |IE with preoperative neuro-
logical events remains controversial. The European Society
of Cardiology 2015 guidelines advise urgent surgery for en-
docarditis complicated by ‘silent’ cerebral embolism or
transient ischaemic events (Class IB)." Nevertheless, the
timing of surgery remains contentious. Current recommen-
dations are somewhat ambiguous, but generally favour de-
ferral of surgical intervention for 2-4weeks after a
significant ischaemic cerebral infarct and at least 4 weeks
after intracranial haemorrhage, unless a delay in surgery
puts the patient at immediate risk of death.

There have been no large, prospective studies to date
that definitively guide decision making on the timing of sur-
gery in IE following acute stroke. The International
Collaboration on Endocarditis published 198 patients with
IE-related stroke found that early surgery within the first
week after stroke onset was not associated with a higher
risk of 1-year mortality.'® The results were confirmed by
our group which demonstrated that patients with both un-
complicated or complicated (meningitis, haemorrhage, or
brain abscess) ischaemic lesions showed no deterioration
to haemorrhagic stroke after early surgery.” This may impli-
cate that the risk of haemodynamic deterioration is higher
during the first 1-2weeks after initiation of antibiotic
treatment than the risk of CPB.

Current recommendations indicate that surgery without
any delay is indicated in patients after silent embolism or
transient ischaemic attack (TIA) (IB, B). After a clinically
manifest stroke, early surgery should be considered in the
presence of uncontrolled sepsis, non-manageable CHF, pro-
gressing para-valvular destruction. However, secondary ce-
rebral haemorrhage should be excluded. The so-called
‘microbleeds’ on magnetic resonance imaging (MRI), how-
ever, should not be classified to be active bleeding signs
(lla, B). After a cranial haemorrhage, surgery should be
delayed for more than 1 month, however, the level of evi-
dence is low (lla, C). In patients with neurological symp-
toms, intracerebral mycotic aneurysms should be
suspected. For very large, growing or ruptured aneurysms,
immediate surgical therapy is recommended (I, C).
Altogether, studies favouring early surgery for patients
with IE-related stroke are predominating in the current lit-
erature and has led to a change in existing guidelines. A
multidisciplinary ‘heart team’ approach involving cardiolo-
gists, cardiac surgeons, microbiologists, and neurologists,
is recommended.

Multi-modality imaging for infective
endocarditis

During the last decade, there has been a transition from
simple to multi-modality imaging for the basic diagnosis
and risk assessment of IE. Although vegetations represent
the primary echocardiographic hallmark of the disease,
other pathologies, such as abscess, fistula, pseudoaneur-
ysm, prosthetic valve dehiscence, and valve perforation,
are indicative of IE even in the absence of vegetations."
Transoesophageal echocardiography (TOE) is considered
to be the diagnostic tool of choice in these cases due
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Summary Table

Infective Endocarditis + Stroke

-

Embolic Stroke w/o bleeding®
High risk of recurrent embolism”

Evaluate for uncontrolled sepsis
,congestive heart failure, abscess

@ Yo
Urgent surgery Surgery
<72h at>=2weeks

Embolic Stroke w/o bleeding®
Low risk of recurrent embolism

Surgery at >= 2 weeks

.

Embolic Stroke with bleeding®
High risk of recurrent embolism”

Evaluate for uncontrolled sepsis or
congestive heart failure, abscess

& %%

& 4

Early surgery
according to
clinical findings

Surgery at >=4
weeks

# Macrobleeding in CT angiography or microbleeding in MRI
*Large or mobile vegetations >10mm, mitral valve involvement, Staphylococci endocarditis

Figure 1 Magnetic resonance imaging: intracranial abscess at the left
parietal side. The female patient received a mitral valve repair and
underwent successful neuro-surgical intervention at the fourth post-op-
erative day. She regained full neurologic recovery without sequelae.

to high sensitivity and specificity.'?> Transoesophageal
echocardiography based tissue colour Doppler imaging was
shown to identify specific motion patterns inherent to
floating vegetations.'® This is useful for distinction from
other native valvular findings that may be taken for infec-
tive vegetations'' (Figure 3). Real-time three-dimensional

TOE has provided a ‘surgical view’ and shows the complete
spectrum of pathologies even more precisely.' Cardiac
computed tomography represents a complimentary diag-
nostic tool shown to be almost as sensitive as TOE for de-
tection of vegetations, but not for leaflet destruction.
Cardiac computed tomography (CT), on the other hand, is
extremely helpful for the identification of a paravalvular
abscess or pseudoaneurysm.'®

Size, shape, location, echogenicity, and motion pattern
are important echocardiographic features characterizing
vegetations. Shaggy, amorphous, and lobulated shapes are
considered most typical.'" In particular, in staphylococcus
endocarditis and in cases of mitral valve involvement, large
vegetations with a length of >10 mm or those with increas-
ing mass have a higher incidence of embolism compared to
smaller ones and those being stable in size.'? However, mo-
bility, rather than vegetation size impacts risk of emboliza-
tion in streptococcal endocarditis or aortic valve
infection.” '

Challenges in risk assessment

Risk stratification for post-stroke cerebral
bleeding

Ischaemic strokes are the most frequent embolic cerebral
events in IE and haemorrhagic transformation is a dreaded
complication in all stroke patients. There is a wide range of
bleeding complications after stroke, such as subtle pete-
chial up to large symptomatic bleedings beyond the border
of the infarction.'®'” Haemorrhagic transformation of
acute ischaemic stroke is a complex mechanism, triggered
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Figure 2 Contrast agent magnetic resonance angiography: 3mm x
2.5 mm large mycotic aneurysm of a M2-branch of the middle cerebral ar-
tery at the right side. The male patient suffered from severe aortic valve
endocarditis with paravalvular abscess formation (Staphylococcus au-
reus). Neurosurgical intervention was performed 3days before aortic
root replacement therapy. He died due to septic multi-organ failure but
without intracerebral haemorrhage.

by cellular and metabolic derangements, disruption of the
blood-brain barrier, and the cerebral autoregulation.'®
Because of the need of systemic heparinization during ex-
tracorporeal circulation there are concerns regarding the
risk of haemorrhagic transformation and enlargement of
petechial bleedings. In the general stroke population,
spontaneous bleeding complications are below 1.5%. In
patients with intravascular thrombolysis with recombinant
tissue plasminogen activator (r-tPA) bleeding complica-
tions grow up to 40%, but symptomatic haemorrhagic trans-
formation is rare (<9%).'" Risk factors for intracranial
haemorrhage in r-tPA-treated patients are older age, se-
vere stroke, hypertension, renal impairment, diabetes
mellitus, ischaemic heart disease, atrial fibrillation, base-
line antiplatelet use, and visible acute infarction.? It is
unclear if these factors can be transferred to patients un-
dergoing surgery for IE. Reports of neurological worsening
during early surgery are from older case studies in which
modern imaging techniques were not available. Small
lesions detected by modern MRI sequences have a lower
haemorrhagic transformation risk compared to larger
strokes. Earlier surgery must therefore be considered in
stable small haemorrhagic lesions, especially if high em-
bolic risk from existing vegetations is expected. In those se-
lected cases, surgery can be considered even at 14days
after intracranial haemorrhage.

Risk stratification for recurrent embolism

Although the individual risk cannot be determined, there
are well established risk factors for recurrent embolism in
untreated patients. A vegetation larger than 10 mm in size
and with floating mobility is the most independent risk fac-
tor for further cerebral emboli.?" Location at the anterior

mitral valve leaflet, less the aortic valve, and an infection
with staphylococci or fungi, age, diabetes, atrial fibrilla-
tion, and previous embolic events are additional risk fac-
tors. Risk of embolism is highest within the first week of
initiation of antibiotic therapy and clearly decreases after
the second week.??? Because of potentially ongoing silent
embolism imaging reassessment is always necessary. In
case of acute large territorial ischaemic strokes intrave-
nous thrombolysis and thrombectomy must be considered
on an individual basis. Compared to thrombolysis, haemor-
rhagic complications seem to be less frequent in patients
who undergo interventional thrombectomy.?

Risk stratification for uncontrolled infection
Uncontrolled infection is another main indicator for urgent
surgery in IE, defined as enlarging vegetations, abscess-
forming cavity, or fistula due to infective myocardial tissue
destruction or persisting positive blood cultures refractory
to appropriate antibiotic treatment for 7-10 days and con-
trol of septic foci (Class |, B)." It is even aggravated by resis-
tant or malignant pathogens; fungi or multi-drug resistant
organisms (Class I, C) or staphylococci or non-HACEK Gram-
negative bacteria affecting prosthetic valve endocarditis
(PVE; Class lla, C). Moreover, the current guidelines indi-
cate that surgery should be considered (Class lla, B), if
blood cultures remain positive despite antibiotic-adapted
regime for three consecutive days and after exclusion of
other causes. Uncontrolled infection is an independent risk
factor for early mortality in patients with IE.2* It is most
frequently related to peri-valvular abscess extended infec-
tion to adjacent tissues. Thus, the presence of local or sys-
temic signs of uncontrolled infection is an indicator for
urgent surgery, unless major comorbidities exist, the pres-
ence of which should be taken into account for risk
stratification.

Risk stratification for heart failure

Congestive heart failure is one of the major determinants
for adverse outcome and poor prognosis in the setting of
acute |IE and therefore, most important for the decision on
timing of surgery.? In acute |E, CHF is usually the result of
evolving valve regurgitation due to infective destruction of
the native or prosthetic valve. Most common causes are se-
vere aortic or mitral valve regurgitation which can only be
poorly tolerated. Rarely causes are tricuspid or pulmonary
valve regurgitation, as well as protruding or bulky infective
vegetations causing acute valve obstruction rapidly leading
to progressive CHF with refractory pulmonary oedema up
to cardiogenic shock. Even more rarely but not less danger-
ous are any intra-cardiac shunting or fistula due to infec-
tive myocardial tissue destruction or abscess-forming
cavity. For decision-making of further therapeutic meas-
ures, a continuous clinical assessment including laboratory
investigations, cerebral CT scan or MRI, and repeated car-
diac examinations by transthoracic echocardiography
(TTE) and/or TOE is of crucial importance."
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Figure 3 The upper panel shows paravalvular abscess, fistula to the right atrium complicating severe aortic valve endocarditis with vegetations are
larger than 1 cm. Lower panel shows the aortic valve to be bicuspid with two- and three-dimensional display of a vegetation characterized by distinctive
tissue Doppler motion pattern. A, abscess; F, fistula; LA, left atrium; LCA, left coronary artery; PML, pacemaker lead; RA, right atrium; V, vegetation.

Principles of intervention

Infective endocarditis surgery displays several similarities
with cancer surgery: after a first step of complete excision
of infected tissues, the surgical procedure focuses on the
repair/replacement of the infected valve(s), and the
neighbouring structures.® The choice of the surgical tech-
nique is anticipated by the preoperative diagnostic imaging
and confirmed by the perioperative findings. Minimal ma-
nipulation before cardiac arrest, radical debridement with
orthotopic reconstruction are the key components of the
surgical approach. Planning can be achieved with compre-
hensive imaging. As CTA should be performed in every case
to get the entire picture of the thoracic vascular system,
alternative cannulation sites, such as the right subclavian
artery might be very useful to avoid manipulation of a dis-
eased ascending aorta or to gain safe arterial access in
patients after previous heart surgery before redo sternot-
omy. Radical debridement of the infected tissue and drain-
age of intra and paracardial abscesses remains key. The
range is from mere excision of a native single valve to com-
plete resection of the aorto-mitral continuity needing the
most extensive form of orthotopic reconstruction, being
the so-called Commando operation where the aorto-mitral
continuity has to be rebuilt and an aortic root replacement
needs to be performed.

In native aortic valve IE without extensive annular in-
volvement, isolated aortic valve replacement is the

technique of choice. In-hospital mortality and long-term
survival are independent of the type of prosthesis used.?”
The Society of Thoracic Surgeons clinical practice guide-
lines reported an evolving trend of aortic valve replace-
ment in the setting of IE towards biological prostheses.?®
The aortic valve localization is more often complicated by
annular abscess than other native valve IE.2° Extensive de-
bridement could lead to patch repair of the involved por-
tion of the aortic annulus. This technique offers a solid
structure for the implantation of the prosthesis while cre-
ating a localized infected cavity with the subsequent risk
of patch leakage and paravalvular regurgitation. Finally, in
patients with annular defects not amenable to patch re-
pair, aorto-ventricular discontinuity, or parietal destruc-
tion, a homograft or a pericardium-based total root
replacement offers several advantages.

In native mitral valve IE, mitral valve repair should be
encouraged owing to its apparent better results as com-
pared to replacement, in term of survival, reoperation,
and valve-related complications.3° The possibility of mitral
valve repair depends on the anatomic lesions, active or
healed presentation of IE and surgical experience. Repair
rates are extremely variable in published series.?'
However, the overall incidence of mitral valve repair has
increased significantly.?® Conversely, in case of valvular de-
struction leading to extensive tissue debridement/resec-
tion, mitral valve replacement seems the only reasonable
option. As for native aortic valve IE, the results after mitral
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valve replacement are similar regardless of the type of
prosthesis.

Extracorporeal circulation and hypothermia
in recent cerebral ischaemia

Generally speaking, brain injury during extracorporeal cir-
culation can be attributed to inadequate cerebral flow
which is related to either hypoperfusion or micro- and
macro-embolism. In patients with pre-existing neurological
injury the possible effects of cardiopulmonary bypass
maybe detrimental. This is has been linked to the risk of
haemorrhagic bleeding at the penumbral zone of the area
of recent embolism which is related to the increased per-
meability and vulnerability of brain cells in case of repeat
hypoperfusion or microembolism.'® Especially in patients
with recent cerebral embolism due to IE, there is an in-
creased risk of recurrent stroke due to hypoperfusion dur-
ing extracorporeal circulation on the grounds of absence of
an adequate collateral network. This risk is associated with
the ‘letzte Wiese’ hypothesis which assumes that at the
event of hypoperfusion the most distal field of a supply ter-
ritory is prone to temporary or permanent injury.>?

Although the ‘letzte Wiese’ hypothesis is rarely associ-
ated with relevant clinical manifestations, there are three
factors which may aggravate neurologic symptoms in a pa-
tient with recent stroke after surgery for IE:

(1) The decrease or absence of collateralization due to
the previous embolic event.

(2) The non-pulsatile flow of extracorporeal circulation
together with haemodynamic alterations in the
perioperative period.

(3) Temperature management and the extent of hyper-
capnia which may affect cerebral blood flow.

Except for delaying surgery, several strategies have been
proposed to avoid cerebral injury. Maintaining an adequate
arterial pressure during extracorporeal circulation is indis-
pensable to avoid cerebral O, demand/delivery mismatch.
Most importantly, the relationship of blood pressure and
cerebral perfusion is depending on brain autoregulation
which may be suppressed during extracorporeal circula-
tion. There are ways to preserve cerebral autoregulation
mechanisms by avoiding low perfusion temperatures and
hypocapnia. In our department, we keep all patients in
normothermia or mild hypothermia (35°C) and continu-
ously monitor and adjust CO, levels at the pump to avoid
an intracerebral steal phenomenon.>* Moreover, avoiding
oxygen carrier deficiency by maintaining a haematocrit
level above 24% and monitoring blood glucose levels to
early detect hyperglycaemia are important steps to reduce
the risk of cerebral oedema.>*

Antithrombotic management as bridging to
intervention

Vegetations of IE are blood clots consisting of fibrin and pla-
telets populated by bacteria. The blood clot itself protects
the pathogens from immune defence leading to higher

bacterial densities than in skin abscesses.3> Therefore, it is
obvious that IE initiates an interplay between haemostatic
coagulation and the immune system, especially the innate
immunity. It remains a matter of debate whether thrombo-
sis or endocarditis are effect or consequence of vegeta-
tions. This fact makes clinical decision-making for a
successful antithrombotic management so difficult and at
the same time individual.

Antiplatelet drugs, anticoagulants, and fibrinolytic drugs
have been investigated for the management of IE.
However, due to the acute setting of such patients lack
large-scale prospective, randomized-controlled clinical tri-
als are missing. Therefore, recommendations remain at a
low level of evidence.

A meta-analysis of patients with infected mechanical
valve prosthesis showed that discontinued anticoagulation
leads to a significantly higher risk of thromboembolism.3®
In a prospective cohort-study patients with native valve en-
docarditis showed smaller vegetations when they were un-
der warfarin therapy.*” In a large US nationwide registry of
stroke patients undergoing thrombolysis 222 patients suf-
fering from IE where included. Those had a significantly
higher rate of cerebral haemorrhage (20%). Thus, the use
of fibrinolytic drugs in |E cannot be recommended. 38

European and American guidelines recommend to con-
tinue anticoagulation therapy with great caution in IE
patients if needed for other indications. But there is no rec-
ommendation to start an anticoagulation regimen.
Bridging of Vitamin K antagonists with low molecular
weight (LMW) heparin may be done in patients at risk. No
evidence exists for the use of antiplatelet drugs.
Therefore, both European and American guidelines do not
recommend their use in patients with IE."3°

Management of specific indications

Prosthetic and transcatheter valve endocarditis

Prosthetic valve endocarditis represents 20% of all cases of
IE, and its incidence is increasing over time*?; stroke is a
frequent presentation occurring in ~30% of the patients
with a valve prosthesis previously implanted.*' Notably,
PVE is by itself associated to substantial mortality rates,
around 20-33%, which are exacerbated by preoperative
stroke as presentation, being a well-known risk factor for
mortality.*? This condition may also affect transcatheter
valves with incidence rates from 0% to 14.3%. The most
common organisms involved in post-transcatheter aortic
valve implantation (TAVI) IE were Enterococci,
Staphylococci, and Streptococci.®® Although surgery is a
valuable option in PVE cases with stroke, at the moment
there are no clear indications on how to manage these
patients, and case by case discussion of multidisciplinary
endocarditis teams is very important for the final decision.
Usually, surgery is reserved for the cases (<50% of the to-
tal) presenting with the more severe complications of PVE,
which are very similar to the ones of native endocarditis:
severe prosthetic valve dysfunction, abscess/fistula, per-
sistent fever, or HF, whereas early and emergency surgery
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are reserved only to cases showing refractory congestive
HF leading to pulmonary oedema or shock.

Areas of uncertainties and future
perspectives

Taken together, the timing of surgery, remains a grey zone
in patients who have already sustained any kind of neuro-
logical injury before surgery, in particular, in patients with
haemorrhagic lesions or in patients with ischaemic lesions
being at high risk for haemorrhagic transformation. The
current article suggests an algorithm favouring an early
surgical strategy based on the risk of recurrent embolism,
the presence of cerebral bleeding as well as signs of uncon-
trolled infection and CHF. Sophisticated imaging will help
to further characterize ‘risky’ vegetations and abscess for-
mation, differentiate, and predict. Finally, the debate per-
sists, how to handle antibiotic prophylaxis during dental
and other surgical procedures where the pendulum seems
to swing back to a more liberal application of antibiotic
prophylaxis in these scenarios.

Funding

This paper was published as part of a supplement finan-
cially supported by the European Society of Cardiology
(ESC), Council on Stroke.

Conflict of interest: none declared.

References

1. Habib G, Lancellotti P, Antunes MJ, Bongiorni MG, Casalta J-P, Del
Zotti F, Dulgheru R, El Khoury G, Erba PA, lung B, Miro JM, Mulder BJ,
Plonska-Gosciniak E, Price S, Roos-Hesselink J, Snygg-Martin U,
Thuny F, Tornos Mas P, Vilacosta |, Zamorano JL. 2015 ESC guidelines
for the management of infective endocarditis. Eur Heart J 2015;36:
3075-3128.

2. Dickerman SA, Abrutyn E, Barsic B, Bouza E, Cecchi E, Moreno A,
Doco-Lecompte T, Eisen DP, Fortes CQ, Fowler VG, Lerakis S, Miro
JM, Pappas P, Peterson GE, Rubinstein E, Sexton DJ, Suter F, Tornos
P, Verhagen DW, Cabell CH. The relationship between the initiation
of antimicrobial therapy and the incidence of stroke in infective en-
docarditis: an analysis from the ICE prospective cohort study. Am
Heart J 2007;154:1086-1094.

3. Murdoch DR, Corey GR, Hoen B, Mir6 JM, Fowler Jr VG, Bayer AS,
Karchmer AW, Olaison L, Pappas PA, Moreillon P, Chambers ST, Chu
VH, Falcé V, Holland DJ, Jones P, Klein JL, Raymond NJ, Read KM,
Tripodi MF, Utili R, Wang A, Woods CW, Cabell CH, from the
International Collaboration on Endocarditis-Prospective Cohort Study
(ICE-PCS) Investigators. Arch Intern Med 2009;169:463-473.

4. Boscolo Berto M, Biasco L, Demertzis S, Pedrazzini GB. Multiple em-
bolization in infective endocarditis. Eur Heart J 2018;39:1739-1739.

5. Misawa S-I, Sakano Y, Muraoka A, Yasuda Y, Misawa Y. Septic embolic
occlusion of the superior mesenteric artery induced by mitral endo-
carditis. Ann Thorac Cardiovasc Surg 2011;17:415-417.

6. Thuny F, Avierinos J-F, Tribouilloy C, Giorgi R, Casalta J-P, Milandre
L, Brahim A, Nadji G, Riberi A, Collart F, Renard S, Raoult D, Habib
G. Impact of cerebrovascular complications on mortality and neuro-
logic outcome during infective endocarditis: a prospective multicen-
ter study. Eur Heart J 2007;28:1155-1161.

7. Ruttmann E, Willeit J, Ulmer H, Chevtchik O, HoFer D, Poewe W,
Laufer G, Miller LC. Neurologic outcome of septic cardioembolic
stroke after infective endocarditis. Stroke 2006;37:2094-2099.

8. Kume Y, Fujita T, Fukushima S, Shimahara Y, Matsumoto Y, Yamashita
K, Kawamoto N, Kobayashi J. Intracranial mycotic aneurysm is asso-
ciated with cerebral bleeding post-valve surgery for infective endo-
carditis. Interact Cardiovasc Thorac Surg 2018;27:635-641.

20.

21.

22.

23.

24.

25.

26.

. Vilacosta 1, Graupner C, SanRoman JA, Sarria C, Ronderos R,

Fernandez C, Mancini L, Sanz O, Sanmartin JV, Stoermann W. Risk of
embolization after institution of antibiotic therapy for infective en-
docarditis. J Am Coll Cardiol 2002;39:1489-1495.

. Barsic B, Dickerman S, Krajinovic V, Pappas P, Altclas J, Carosi G,

Casabé José H, Chu VH, Delahaye F, Edathodu J, Fortes CQ, Olaison
L, Pangercic A, Patel M, Rudez I, Tamin SS, Vincelj J, Bayer AS, Wang
A; for the International Collaboration on Endocarditis-Prospective
Cohort Study (ICE-PCS) Investigators. Influence of the timing of car-
diac surgery on the outcome of patients with infective endocarditis
and stroke. Clin Infect Dis 2013;56:209-217.

. Saric M, Armour AC, Arnaout MS, Chaudhry FA, Grimm RA, Kronzon I,

Landeck BF, Maganti K, Michelena HI, Tolstrup K. Guidelines for use
of echocardiography in the evaluation of cardiac sources of embo-
lism. J Am Soc Echocardiogr 2016;29:1-42.

. Habib G, Badano L, Tribouilloy C, Vilacosta I, Zamorano JL, Galderisi

M, Voigt J-U, Sicari R, Cosyns B, Fox K, Aakhus S; European
Association of Echocardiography. Recommendations for the practice
of echocardiography in infective endocarditis. Eur J Echocardiogr
2010;11:202-219.

. Bartel T, Miiller S, Nesser HJ, Mohlenkamp S, Bruch C, Erbel R.

Usefulness of motion patterns identified by tissue Doppler echocar-
diography for diagnosing various cardiac masses, particularly valvu-
lar vegetations. Am J Cardiol 1999;84:1428-1433.

. Bruun NE, Habib G, Thuny F, Sogaard P. Cardiac imaging in infectious

endocarditis. Eur Heart J 2014;35:624-632.

. Feuchtner GM, Stolzmann P, Dichtl W, Schertler T, Bonatti J, Scheffel

H, Mueller S, Plass A, Mueller L, Bartel T, Wolf F, Alkadhi H.
Multislice computed tomography in in infective endocarditis. J Am
Coll Cardiol 2009;53:436-444.

. Salaun E, Touil A, Hubert S, Casalta J-P, Gouriet F, Robinet-

Borgomano E, Doche E, Laksiri N, Rey C, Lavoute C, Renard S, Brunel
H, Casalta A-C, Pradier J, Avierinos J-F, Lepidi H, Camoin-Jau L,
Riberi A, Raoult D, Habib G. Intracranial haemorrhage in infective
endocarditis. Arch Cardiovasc Dis 2018;111:712-721.

. Tam DY, Yanagawa B, Verma S, Ruel M, Fremes SE, Mazine A, Adams

S, Friedrich JO. Early vs late surgery for patients with endocarditis
and neurological injury: a systematic review and meta-analysis. Can
J Cardiol 2018;34:1185-1199.

. Khatri R, McKinney AM, Swenson B, Janardhan V. Blood-brain barrier,

reperfusion injury, and hemorrhagic transformation in acute ische-
mic stroke. Neurology 2012;79:552-S57.

. Yaghi S, Willey JZ, Cucchiara B, Goldstein JN, Gonzales NR, Khatri P,

Kim LJ, Mayer SA, Sheth KN, Schwamm LH. Treatment and outcome
of hemorrhagic transformation after intravenous alteplase in acute
ischemic stroke. Stroke 2017;48:e343-e361.

Whiteley WN, Slot KB, Fernandes P, Sandercock P, Wardlaw J. Risk
factors for intracranial hemorrhage in acute ischemic stroke patients
treated with recombinant tissue plasminogen activator: a systematic
review and meta-analysis of 55 studies. Stroke 2012;43:2904-2909.
Rizzi M, Ravasio V, Carobbio A, Mattucci I, Crapis M, Stellini R,
Pasticci MB, Chinello P, Falcone M, Grossi P, Barbaro F, Pan A, Viale P,
Durante-Mangoni E; Investigators of the Italian Study on
Endocarditis. Predicting the occurrence of embolic events: an analy-
sis of 1456 episodes of infective endocarditis from the Italian Study
on Endocarditis. BMC Infect Dis 2014;14:230.

Yanagawa B, Pettersson GB, Habib G, Ruel M, Saposnik G, Latter DA,
Verma S. Surgical management of infective endocarditis complicated
by embolic stroke: practical recommendations for clinicians.
Circulation 2016;134:1280-1292.

Bettencourt S, Ferro JM. Acute ischemic stroke treatment in infec-
tive endocarditis: systematic review. J Stroke Cerebrovasc Dis 2020;
29:104598.

Revilla A, Lopez J, Vilacosta I, Villacorta E, Rollan MJ, Echevarria JR,
Carrascal Y, Di Stefano S, Fulquet E, Rodriguez E, Fiz L, San Roman
JA. Clinical and prognostic profile of patients with infective endo-
carditis who need urgent surgery. Eur Heart J 2006;28:65-71.

Tornos P, lung B, Permanyer-Miralda G, Baron G, Delahaye F, Gohlke-
Barwolf Ch, Butchart EG, Ravaud P, Vahanian A. Infective endocardi-
tis in Europe: lessons from the Euro heart survey. Heart 2005;91:
571-575.

Obadia JF, Cosset B, Pozzi M. ESC CardioMed: Surgical Techniques,
3rd ed. Oxford, UK: Oxford University Press; 2018.



M25a

N. Bonaros et al.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Nguyen DT, Delahaye F, Obadia J-F, Duval X, Selton-Suty C, Carteaux
J-P, Hoen B, Alla F. Aortic valve replacement for active infective en-
docarditis: 5-year survival comparison of bioprostheses, homografts
and mechanical prostheses. Eur J Cardiothorac Surg 2010;37:
1025-1032.

Byrne JG, Rezai K, Sanchez JA, Bernstein RA, Okum E, Leacche M,
Balaguer JM, Prabhakaran S, Bridges CR, Higgins RSD. Surgical man-
agement of endocarditis: the Society of Thoracic Surgeons clinical
practice guidelines. Ann Thorac Surg 2011;91:2012-2019.
Baumgartner FJ, Omari BO, Robertson JM, Nelson RJ, Pandya A,
Pandya A, Milliken JC. Annular abscesses in surgical endocarditis: an-
atomic, clinical and operative features. Ann Thorac Surg 2000;70:
442-447.

Feringa HHH, Shaw LJ, Poldermans D, Hoeks S, van der Wall EE, Dion
RAE, Bax JJ. Mitral valve repair and replacement in endocarditis: a
systematic review of literature. Ann Thorac Surg 2007;83:564-570.
de Kerchove L, Price J, Tamer S, Glineur D, Momeni M, Noirhomme P,
ElKhoury G. Extending the scope of mitral valve repair in active en-
docarditis. J Thorac Cardiovasc Surg 2012;143:591-595.

Hossmann KA, Heiss WD. History of the letzte Wiese/last meadow
concept of brain ischemia. Stroke 2016;47:e46-e50.

Ono M, Joshi B, Brady K, Easley RB, Zheng Y, Brown C, Baumgartner
W, Hogue CW. Risks for impaired cerebral autoregulation during car-
diopulmonary bypass and postoperative stroke. British J Anesth
2012;109:391-398.

Salameh A, Dhein S, Dahnert |, Klein N. Neuroprotective strategies
during cardiac surgery with cardiopulmonary bypass. Int J Mol
Sciences 2016;17:1945.

Xiong Y-Q, Van Wamel W, Nast CC, Yeaman MR, Cheung AL, Bayer AS.
Activation and transcriptional interaction between agr RNAIl and
RNAIII in Staphylococcus aureus in vitro and in an experimental en-
docarditis model. J Infect Dis 2002;186:668-677.

Yau JWY, Lee P, Wilson A, Jenkins AJ. Prosthetic valve endocarditis:
what is the evidence for anticoagulant therapy? Intern Med J 2011;
41:795-797.

37.

38.

39.

40.

M.

42.

43.

Snygg-Martin U, Rasmussen RV, Hassager C, Bruun NE, Andersson R,
Olaison L. Warfarin therapy and incidence of cerebrovascular com-
plications in left-sided native valve endocarditis. Eur J Clin
Microbiol Infect Dis 2011;30:151-157.

Asaithambi G, Adil MM, Qureshi Al. Thrombolysis for ischemic stroke
associated with infective endocarditis: results from the nationwide
inpatient sample. Stroke 2013;44:2917-2919.

Baddour LM, Wilson WR, Bayer AS, Fowler VG, Tleyjeh IM, Rybak MJ,
Barsic B, Lockhart PB, Gewitz MH, Levison ME, Bolger AF,
Steckelberg JM, Baltimore RS, Fink AM, O’Gara P, Taubert KA; on be-
half of the American Heart Association Committee on Rheumatic
Fever, Endocarditis, and Kawasaki Disease of the Council on
Cardiovascular Disease in the Young, Council on Clinical Cardiology,
Council on Cardiovascular Surgery and Anesthesia, and Stroke
Council. Infective endocarditis in adults: diagnosis, antimicrobial
therapy, and management of complications: a scientific statement
for healthcare professionals from the American heart association.
Circulation 2015;132:1435-1486.

Wang A, Athan E, Pappas PA, Fowler VG, Olaison L, Paré C, Almirante
B, Munoz P, Rizzi M, Naber C, Logar M, Tattevin P, larussi DL, Selton-
Suty C, Jones SB, Casabé J, Morris A, Ralph Corey G, Cabell CH; for
the International Collaboration on Endocarditis-Prospective Cohort
Study Investigators. Contemporary clinical profile and outcome of
prosthetic valve endocarditis. JAMA 2007;297:1354-1361.

Cao GF, Liu W, Cao L, Wang Y. Stroke in patients with prosthetic
valve endocarditis: single-center cohort study in China. Herz 2019.
10.1007/s00059-019-4809-4.

Park LP, Chu VH, Peterson G, Skoutelis A, Lejko-Zupa T, Bouza E,
Tattevin P, Habib G, Tan R, Gonzalez J, Altclas J, Edathodu J, Fortes
CQ, Siciliano RF, Pachirat O, Kanj S, Wang A; the International
Collaboration on Endocarditis (ICE) Investigators. Validated risk score
for predicting 6-month mortality in infective endocarditis. J Am
Heart Assoc 2016;5:e003016.

Khan A, Aslam A, Satti KN, Ashiq S. Infective endocarditis post-
transcatheter aortic valve implantation, microbiological profile and
clinical outcome: a systemic review. PloS One 2020;15:e0225077.



