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İnfektif Endokardit

• Ortalama görülme yaşı: 58
• Erkeklerde biraz daha sık: 1.7-3 kat

• Hastaların %70’inde protez kapak yoktur
• Dejeneratif kapak hastalıklarının sıklığı artıyor
– Mitral kapak > aort kapağı > mitral+aort >triküspit

Curr Neurol Neurosci Rep 2013;13:380



Nörolojik Komplikasyon

• %25-35 hastada nörolojik komplikasyon gelişir
• Sıklıkla ilk gelişen komplikasyondur
• En ölümcül komplikasyondur

• Kriptojenik inme olgularında,
• Ateş ve kalpte üfürüm olan hastalarda dışlanması

gereken acil bir öntanıdır !!!

Curr Infect Dis Rep (2017) 19: 41 



Olası Komplikasyonlar

• İskemik inme/GİA %70
• İntrakraniyal kanama %10
– Hemorajik dönüşüm-infarkt içi kanama
– İntrakraniyal kanamalar %10

• Mikotik anevrizmalar

• Menenjit, meningoensefalit, beyin absesi
• Toksik veya metabolik ensefalopati/ NKSE



İskemik Serebrovasküler Olay

• İE hastalarındaki en sık nörolojik komplikasyon
• Subklinik olup MRG ile tanı konabilir (%35-60)
• Staf Aureus IE lerinde daha sık

• En sık olarak OSA ve dalları etkilenir
• Oküler iskemi bulguları olabilir



Serebral Embolizm Risk Faktörleri

• Mitral ön kapak vejetasyonu
• >10 mm lik vejetasyonlar, hareketli vejetasyon
– Vejetasyon boyutunda her 1 mm’lik artış ile

MRG’deki iskemik lezyon sayısı %10 artar

• Dirençli suşların üremesi; S.Aureus, fungal
• Serebral emboli öyküsü olması

Stroke. 2013;44(11):3056–62



Serebral Embolizm-Klinik

• Subklinik olabilir
• Bilinç bozukluğu, baş ağrısı, başdönmesi
• Afazi, ihmal, dizartri, diplopi
• Fasiyal paralizi
• Motor veya duysal kayıplar
• Ataksi
• Görme veya görme alanı kayıpları



Radyolojik Tanı

• MRG/MRA duyarlı bir inceleme >>> BBT
• İE hastalarının %82’sinde pozitif sonuç var
• Bunların %72’si nörolojik olarak asemptomatik

• Milimetrik serebral infarktlar
• Mikrohemorajiler sık

• Sol kalpte vejetasyon saptananlarda yapılmalı !!!

Eur J Clin Microbiol Infect Dis (2016) 35:159–168 



Difüzyon MRG

Am J Neuroradiol 34:1579 –84 Aug 2013



Difüzyon MRG



İntrakraniyal Kanamalar

• En sık neden septik embolizme bağlı infarkt içi
kanamadır à Hemorajik transformasyon

• Serebral kanama/Subaraknoid/Subdural kanama
– Piyojenik arterite bağlı rüptür ve kanama
– Mikotik anevrizmalar



İntrakraniyal Kanama

Yanagawa et al

October 25, 2016 Circulation. 2016;134:1280–1292. DOI: 10.1161/CIRCULATIONAHA.116.0241561284

versus 2.0%, P=0.1), but this was not found in the pro-
pensity-matched analysis. In a recent retrospective Japa-
nese multicenter study of 568 IE patients (n=118 with 
ischemic stroke and n=54 with hemorrhagic stroke), in 
the ischemic stroke group, delaying surgery between 
2 and 4 weeks and >4 weeks resulted in a trend to a 
higher incidence of hospital death (OR, 5.90; P=0.107 
and OR, 4.92; P=0.14) in comparison with early surgery 
within 7 days.10 The International Collaboration on Endo-
carditis-Prospective Cohort Study (2013) included 4794 

patients with IE, of which 857 (17.9%) had an ischemic 
stroke and only 198 (23%) underwent cardiac surgery.15 
The propensity-matched analysis found that early sur-
gery correlated with a nonsignificant trend of increased 
in-hospital (OR, 2.3; 95% confidence interval, 0.94–5.7) 
and 1-year mortality (27.1% versus 19.2%, P=0.3). 
Thus, more recent studies, including those with propen-
sity-matched analyses, have not found a significant in-
creased risk of mortality or neurological exacerbation 
for early surgery in patients with ischemic stroke sec-

Figure 2. Aortic valve infective endocarditis and stroke with hermorrhagic conversion.  
Aortic valve vegetation by TEE (A), left frontoinsular infarct by brain MRI (B; MRI-Flair and AMR), CT scan (B; CT-scan), and 18F 
positron emission tomography (B; PET-CT). Hemorrhagic conversion on follow-up CT scan (C; white arrow). Intraoperative val-
vular lesions (D). AMR indicates magnetic resonance angiography; CT, computed tomography; FLAIR, fluid-attenuated inversion 
recovery; PET, positron emission tomography; and TEE, transesophageal echocardiography.
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Mikotik anevrizmalar

• İE hastalarının %10-15 kadarında olur
• Aktif ve akut fazda gelişmesi beklenir; ama kronik

dönemde de gelişebileceği unutulmamalı !!

• Arter distalinde gelişir; en sık OSA
– Direkt bakteri invazyonu, immünkompleks birikimi veya
– Vazo vazorumun septik embolisiyle ilişkili olb



Olgu

WORLD NEUROSURGERY 106: 1051.e9-1051.e16, OCTOBER 2017 
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İntrakraniyal Kanama



Mikrokanamalar

Am J Neuroradiol 34:1579 –84 Aug 2013

GRE T2* ve SWI sekanslarında görülebilir



BBT-MRG

J Neuroimaging 2015;25:507-509



BBT-MRG Kontrol



İntrakraniyal Mikrokanamalar

• MRG ile >=2 mikrokanama olan hastalarda 90 
gün içinde serebral kanama riski: OR:42.1

• MRG ile >=3 mikrokanama olan hastalarda 90 
gün içinde serebral kanama riski: OR:70.1

Curr Neurol Neurosci Rep 2013;13:380-31



Hepsi birlikte olabilir !

platelet therapy), and endovascular therapy in acute brain infarc-
tion, and specific therapy for mycotic aneurysms. A
multidiscpilinarymanagement by an expert team is of paramount
importance to improve outcomes in such patients [4••, 5].

The aim of this review is to provide recent insights and
perspectives in management of neurologic complications of
endocarditis.

Epidemiology and Outcomes of Neurologic Events
in IE

The prevalence of neurologic complications reported in differ-
ent studies depends on the severity of illness, and on the inclu-
sion of non-symptomatic events detected only by systematic
brain imaging. Recent studies conducted in patients admitted
to the ICU with severe IE reported a prevalence of 55% of
neurologic complications at admission [2, 6]. Recent studies
conducted with use of systematic brain MRI at hospital admis-
sion reported an incidence of neurologic complications in up to
80% of patients [7]. The main risk factors for neurologic events
in severe IE patients include infection with Staphylococcus
aureus, large vegetations measured on echocardiography
(> 10 mm), mitral valve involvement, and non-neurologic em-
bolic events [1, 2, 8].

Cerebrovascular events (i.e., brain infarction, transient ische-
mic attack, intracranial hemorrhage, cerebral microbleeds
(CMB), and subarachnoid hemorrhage) represent more than
65% of neurologic complications [2, 8]. Brain infarction is the
most frequently observed complication, occurring in 60 to 80%
of cases. Although embolic complications can be the presenting
symptom of IE, these often occur during the first week of anti-
biotic therapy. In contrast, infectious complications, i.e., ab-
scesses and meningitis seem to be less common, occurring in
1 to 20% of cases [9, 10] (Fig. 1d). A recent cohort study
compared patients with primary bacterial meningitis to patients
with bacterial meningitis secondary to IE. Brain ischemic (38 vs
22%) and hemorrhagic (13 vs 2%) events were significantly
higher in patients with coexisting IE and meningitis. They
had less favorable outcomes, with increased disability (62 vs
39%) and mortality (29 vs 18%) rates [9].

More than two-thirds of patients admitted to the ICU with
neurologic manifestations of IE either die or have residual neu-
rologic sequelae [2]. Altered mentation at IE onset represents a
major predictor of mortality in IE, irrespective of its underlying
mechanism [11•]. Symptomatic brain infarction and hemor-
rhage are determinants of poor outcome and mortality, unlike
silent neurologic events [8, 12]. Non-neurological predictors of
poor prognosis include septic shock and multiorgan failure,
vegetation size ≥ 15 mm, and prosthetic mechanical valve IE
[11•, 13]. Early cardiac surgery is independently associated
with improved outcome, irrespective of severity at ICU admis-
sion. A recent randomized controlled study conducted in

patients with acute left-sided IE and severe valve regurgitation
found that early surgery, performed within 48 h, was associated
with a significant reduction in the composite endpoint of em-
bolic events or death at 6 weeks [14].

The onset of neurologic complications in IE patients re-
mains a serious issue, whose management and diagnosis are
challenging.

Pathophysiology of Neurologic Complications of IE

Septic embolism from vegetations is commonly accepted as the
mainmechanism responsible for the observed brain lesions in IE.

a b

c d

e f

Fig. 1 Ischemic, hemorrhagic, and infectious cerebral complications in a
40-year-old patient with mitral valve endocarditis due to Streptococcus
salivarus. a and b Diffusion-weighted MRI showing multiple
hyperintensities corresponding to recent cerebellar infarctions. c
Susceptibility-weighted imaging showing hypointensities corresponding
to deep and superficial microhemorrhages (or cerebral microbleeds),
associated with subarachnoid hemorrhages due to a ruptured mycotic
aneurysm (non-visible on MR angiography), and hemorrhagic
transformation of an ischemic lesion. d Gadolinium-enhancing T1
lesions corresponding to cerebral abscesses. e Mycotic micro-aneurysm
located in a distal segment of the left middle cerebral artery. f Mycotic
micro-aneurysm located in a distal segment of the right middle cerebral
artery

41 Page 2 of 8 Curr Infect Dis Rep (2017) 19: 41
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BT-Anjiyografi Duyarlılığı

• >13 mm’lik büyük anevrizmalar için %100’dür
• 5-12 mm’lik orta çaplı anevrizmalar için %90.6
• Küçük anevrizmalar gözden kaçabilir

• DSA altın standart incelemedir
• İntrakraniyal hemorajisi olan hastalarda BTA 

normalse tercih edilmelidir

Neuroradiology. 2004;46(6):427–34 



İskemik İnme-Medikal Tedavi

• Trombolitik tedavi kontrendike (Kanıt III-C)
• Antikoagülan tedavi verilmemeli-en az 2 hf
• Protez kapak hastalarında; kanama yoksa
• Heparin infüzyonu; aPTT:50-70 sn veya LMWH

• Antiagregan başlanmaz, önceden aldığı ilaçların 
devamı değerlendirilmelidir

Lupus (2018) 27, 2269–2273, Circulation. 2015;132:1435-1486



Akut Dönem-Trombolitik Tedavi

• 18 akut iskemik inme + İE

• %75 kötü prognoz (mortalite)

Walker KA, ve ark. Clinical characteristics and thrombolytic outcomes of infective
endocarditis-associated stroke. Neurohospitalist. 2012 Jul; 2(3):87-91.



Akut Dönem-TT/EVT

• Toplam 40 hastalık meta-analiz
– 18 hasta IVTT
– 1 hasta IVTT ve EVT
– 21 hasta EVT 

• İyi nörolojik seyir %58 vs %76
• Mortalite %21 vs %19
• İK kanama %63 vs %18
• İskemik inmede (LVO) EVT daha uygun bir tedavi

Journal of Stroke and Cerebrovascular Diseases, Vol. 28, No. 8 (August), 2019: 
pp 2207-2212



Olgu-42 yaş E

Journal of Stroke and Cerebrovascular Diseases, Vol. 28, No. 
8 (August), 2019: pp e123-e125



Journal of Stroke and Cerebrovascular Diseases, Vol. 28, No. 
8 (August), 2019: pp e123-e125



İE-Kardiyak Cerrahi Tedavi

European Journal of Cardio-Thoracic Surgery 54 (2018) 860–866

N:5576; Medikal tedavi:4220 ve Cerrahi tedavi: 1356

%63,1

10 yıllık mortalite: %41,6



Kardiyak Cerrahi Tedavi

• Erken çalışmalarda nörolojik komplikasyon olan
hastalarda postop mortalite yüksekti

• Mortalite operasyon ertelendikçe azalıyor
• %44 (<1 hf), %17 (1-3 hf), %7 (>4 hf)
• Nörolojik kötüleşme op ertelendikçe azalıyor
• <14 gün %20-50, >14 gün %10, >1 ayda ise <%1



Cerrahi Tedavi

• Geçici iskemik atak veya sessiz serebral emboli
olgularında, cerrahi tedavi endikasyonu varsa 
gecikmeden KV cerrahi önerilmektedir 
(Kanıt IB)

• Major iskemik inme ve intrakraniyal
hematomlar da cerrahi tedavinin 4 hafta 
ertelenmesi önerilir (Kanıt IIa-B)

Circulation. 2015;132:1435-1486



Yanagawa et al

October 25, 2016 Circulation. 2016;134:1280–1292. DOI: 10.1161/CIRCULATIONAHA.116.0241561288

Heart Team for management of complex coronary re-
vascularization57,58 and for valvular heart disease.59,60 
Similarly, an International Working Group has recom-
mended that patients with complex IE should be treated 
by a dedicated team of multidisciplinary experts.61 The 
Working Group on Infective Endocarditis at the Hospital 
Clínic de Barcelona has also published recommenda-
tions based on their 30-year experience with a dedi-
cated endocarditis team.62 The team should include 
cardiac surgeons, cardiologists, infectious disease 
specialists, neurologists, interventional neuroradiolo-
gists, and other specialists as necessary. Additional 
specialists may include nephrology, orthopedic surgery 
for spine involvement, cardiovascular pathologists, 
home care support for outpatient parenteral antibiotic 
treatment, and specialists to manage intravenous drug 
abuse. Given that patients with IE and cerebral embo-
lism are among the highest-risk surgical candidates, we 
advocate for referral to tertiary centers with an experi-
enced endocarditis team. Currently, the Hospital Clínic 
de Barcelona experience is an exception and not the 
rule, because the development of an endocarditis team 
requires a significant investment of time, which is of-
ten not financially reimbursed. Finally, it is important 
that such meetings should not cause delays in decision 
making and treatment.

AREAS OF UNCERTAINTY
Evidence regarding the optimal time interval between 
stroke and cardiac surgery remains incomplete because 
of the lack of controlled studies and the diverse patient 
population with variable combinations of cardiac and ce-
rebral pathologies. Earlier reports of the treatment of IE 
patients with neurological complications did not have the 
benefit of modern imaging technology, which is so much 
more sensitive and specific than what was available even 
10 years ago. In addition, IE patients are encountered 
relatively infrequently in most institutions, and large se-

ries of IE patients have only been available in multicenter 
studies. Such collective series have reflected wide varia-
tions in experience, patient selection, and outcomes 
among the participating institutions.

So why are the outcomes in patients with IE and neu-
rological complications better than they used to be? We 
believe there are many reasons for this: greater expe-
rience, earlier surgery in general means less damage 
to the heart and less sick patients, the operations are 
technically better and more expeditious and shorter than 
what they used to be, and anesthesia management and 
perfusion technology are improved. In addition, greater 
attention to neurological complications results in the use 
of more sensitive imaging modalities with visualization of 
smaller lesions than previously were undetected. These 
smaller lesions correlate with lower risk of hemorrhagic 
conversion and worsening of deficits. Better processes 
of care, particularly in tertiary care institutions, also 
likely contribute to improvement of clinical outcomes 
after stroke. To prove this, we need carefully designed 
prospective studies with pre- and postoperative brain im-
aging. Some of these questions may be answered by 
well-designed randomized studies.

Clinical judgment is still critical in weighing the sever-
ity of the cardiac symptomatology and pathology versus 
the risk to the brain of surgery at a given time. The clini-
cal judgment will take all the factors into consideration 
and judge the risk associated with the neurological le-
sions by size, number, location, amount of hemorrhage 
and symptoms, and match that with the urgency of the 
needed operation and the risk of more emboli from the 
heart to the brain. The final decision should be taken 
by the multidisciplinary endocarditis team. We offer an 
algorithm to guide decision making for patients with IE 
and ischemic stroke (Figure 4). However, there are un-
certainties, which the management team has to fill in 
with local expertise.

The recommendations for anticoagulant therapy in 
patients with IE are based on a low level of evidence. The 

Table 3.  Current Endocarditis Management Guidelines

Guideline Year

Timing of Surgery

Silent Embolism/TIA Ischemic Stroke Hemorrhagic Stroke

AHA 2015 No delay
(class IIb; LOE B)

No delay if neurological damage is not severe (class IIb; LOE B) At 
least 4 wk for major ischemic stroke (class IIa; LOE B)

At least 4 wk
(class IIa; LOE B)

ESC 2015 No delay
(class I; LOE B)

No delay for heart failure, uncontrolled infection, abscess, 
persistent high embolic risk in absence of coma (class IIa; LOE B)

>1 mo
(class IIa; LOE B)

STS 2011 - Delay of <4 wk for cardiac dysfunction, recurrent stroke or 
systemic embolism or uncontrolled infection despite adequate 
antibiotic therapy (class IIb; LOE C) At least 4 wk from the stroke, 
if possible, for major ischemic stroke (class IIa, LOE C)

At least 4 wk from the 
stroke, if possible (class IIa, 

LOE C)

Table data from Baddour et al31, Habib et al35 , and Byrne et al.36 

AHA indicates American Heart Association; ESC, European Society of Cardiology; LOE, level of evidence; STS, Society of Thoracic Surgeons; and TIA, 
transient ischemic attack.
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Circulation. 2015;132:1435-1486



• Duke kriterlerine göre tanı almış ve preop
nörolojik bulgusu olan hastalar incelenmiş n:39

• <=7 gün ve sonrasında opere edilenler 
karşılaştırılmış

• Mortalite ve nörolojik izlemde fark yok



Clinical Infectious Diseases 2013;56(2):209–17



Systematic Review/Meta-analysis
Early vs Late Surgery for Patients With Endocarditis and

Neurological Injury: A Systematic Review and Meta-analysis
Derrick Y. Tam, MD,a,b,c,* Bobby Yanagawa, MD, PhD,a,* Subodh Verma, MD, PhD,a
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See editorial by Chan, pages 1110-1111 of this issue.

ABSTRACT
Background: Surgical timing in infective endocarditis (IE) with preop-
erative neurological events remains controversial. The relevant society
guidelines are each on the basis of a small number of observational
studies. This meta-analysis was designed to search the available
literature broadly and assess the weight of available evidence as
comprehensively as possible.
Methods: We searched MEDLINE and EMBASE to April 2018 for
studies that compared mortality or neurological exacerbation in early
vs late surgery for IE complicated by neurological events. Random
effects meta-analysis was performed.
Results: Twenty-seven observational studies (25 unadjusted, n ¼ 879;
2 adjusted, n ¼ 451) met inclusion criteria. Using early and late
thresholds defined in each study (7 or 14 days), early surgery in
ischemic or hemorrhagic stroke was associated with elevated periop-
erative mortality vs late surgery (pooled relative risk [RR], 1.74; 95%
confidence interval, 1.34-2.25; P < 0.0001; I2 ¼ 0%) and greater
neurological exacerbation (RR, 2.09; 95% confidence interval, 1.32-
3.32; P ¼ 0.002; I2 ¼ 33%). In subgroup analysis, for ischemic stroke,

R!ESUM!E
Introduction : Le moment de l’intervention chirurgicale lors d’une
endocardite infectieuse (EI) accompagn!ee d’!ev!enements neuro-
logiques reste controvers!e. Les lignes directrices pertinentes de la
Soci!et!e reposent chacune sur un petit nombre d’!etudes observa-
tionnelles. La pr!esente m!eta-analyse a !et!e conçue pour rechercher la
litt!erature disponible à grande !echelle et !evaluer l’importance des
donn!ees probantes disponibles de la façon la plus exhaustive possible.
M!ethodes : Nous avons effectu!e des recherches dans MEDLINE et
EMBASE jusqu’en avril 2018 pour trouver des !etudes qui visaient à
comparer la mortalit!e et l’exacerbation neurologique lors de l’inter-
vention chirurgicale pr!ecoce vs l’intervention chirurgicale tardive en
raison d’une EI compliqu!ee par des !ev!enements neurologiques. Nous
avons r!ealis!e une m!eta-analyse à effets al!eatoires.
R!esultats : Vingt-sept !etudes observationnelles (25 !etudes sans
ajustement, n¼ 879; 2 !etudes avec ajustement, n ¼ 451) r!epondaient
aux critères d’inclusion. En utilisant les seuils d’interventions chi-
rurgicales pr!ecoces et d’interventions chirurgicales tardives d!efinis
dans chacune des !etudes (7 ou 14 jours), l’intervention chirurgicale

The outcomes of patients with infective endocarditis (IE) have
improved in recent years but the optimal timing of surgery in
IE complicated by neurological injury remains uncertain.1,2

Neurological events in IE are common; 20%-40% of pa-
tients present with a clinical stroke or other neurological

event, and up to 65% of patients with left-sided IE might
have clinical or radiographic evidence of cerebral embolic
events.3-7 Although the most common neurological insult is
an ischemic stroke from septic emboli, other sequelae might
include intracerebral hemorrhage (ICH), subarachnoid hem-
orrhage, brain abscesses, mycotic aneurysms, and meningitis.8

Importantly, these events portend a poor outcome; the mor-
tality rate was 45% in those with neurological complications
compared with 24% in those without complications under-
going surgery for left-sided IE.9 The timing of surgery in this
population remains controversial.

Early surgery might result in neurological deterioration as a
result of systemic anticoagulation during cardiopulmonary
bypass, transforming an ischemic stroke into a hemorrhagic

Canadian Journal of Cardiology 34 (2018) 1185e1199
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• İskemik lezyonu olanlarda 7-14 gün
• Hemorajik inmesi olanlarda >21 gün

ertelenmesi güvenlidir

Canadian Journal of Cardiology 34 (2018) 1185e1199 



İntrakraniyal MK- Cerrahi Tedavi

• Serebral mikrokanamalı hastalar (n:40)
• MK olmayan hastalarla karşılaştırılmış (n:34)
• MK (+) olanlarda; AA kullanımı, Stafilokok 

üremesi, protez kapak ve yaş ortalaması yüksek

• İki grup arasında postoperatif dönemde 2 yıl 
izlemde anlamlı fark bulunmamış

Semin Thorac Cardiovasc Surg. 2019 Spring;31(1):51-58

https://www.ncbi.nlm.nih.gov/pubmed


Mikotik Anevrizmalar-Tedavi

• Mikotik anevrizmalı IE-meta-analiz
• N:129
• Ortalama yaş:40
• %70 erkek
• %47 OSA distali
• MA çapının hemoraji riski ile ilişkisi yok
• Rüptüre olmayan MA da ab ile tedavi şansı %67

WORLD NEUROSURGERY 106: 1051.e9-1051.e16, OCTOBER 2017 



Tedavi-Mikotik Anevrizmalar
changes in sizes of IMAs after antibiotic
treatment are shown in Table 3. We
defined the effect of antibiotic treatment
as “ineffective” for IMAs that increased
in size and “effective” for IMAs that were
unchanged, decreased in size, or
disappeared, which was described in
each report. In patients with multiple
IMAs, the largest change in size of an
IMA was selected for classification.
Fourteen patients (8 ruptured and 6
unruptured) treated with antibiotics
alone died. Of those, 6 patients (4
ruptured and 2 unruptured) were
excluded from analysis because of a lack
of angiographic follow-up. Repeated
angiographic evaluation by CTA, DSA, or
magnetic resonance angiography was
performed in each case. In this analysis,
the average period to evaluate a change in
size was 13.4 days (range, 1e42 days).
Antibiotics were “effective” in 66.7% (22/
33) of the unruptured IMAs, which was
significantly higher than that of the
ruptured IMAs (40.7%, 11/27) (P ¼ 0.045).
Among effective cases, bleeding was not
observed in any patients in whom the
aneurysm had decreased in size or
disappeared, whereas some of the patients
with unchanged IMAs underwent subse-
quent surgical intervention. On the other
hand, all surviving patients with IMAs
ineffectively treated with antibiotics
received surgical intervention after anti-
biotic treatment.
Also, physicians should take into

consideration that de novo aneurysms may
arise during treatment, as in Case 2. Un-
fortunately, that patient died. Because of
the patient’s poor general condition and
clinical history, surgical intervention was
not feasible. As a result, we had to
continue antibiotic treatment alone
despite the presence of an IMA that had
increased in size and de novo aneurysms,
resulting in a fatal outcome. It is impor-
tant to note that the ruptured IMA was not
from an aneurysm that had increased in
size but from a de novo aneurysm. Given
that we found no case reports of de novo
IMAs, we were not able to review their
natural history. However, because the
risks associated with a de novo IMA may
be similar to those of an aneurysm
increasing in size, surgical intervention
should be considered. Moreover, as in
Case 2, cases in which antibiotics are
ineffective might carry a risk for the

Figure 3. Survival after each treatment strategy. In patients with ruptured intracranial mycotic
aneurysms IMAs (left), 8 patients treated with antibiotics alone and 3 patients treated with
surgical intervention died. Surgical intervention significantly improved mortality rates (asterisk
indicates P < 0.05). In patients with unruptured IMAs (right), 6 patients treated with antibiotics alone
died, and all patients who underwent surgical intervention survived. ns, not significant.

Table 2. Characterization of Intracranial Mycotic Aneurysms in Each Surgical
Intervention

Direct Surgery (n [ 24) Clipping (n [ 18) Trapping (n [ 6) P Value

Age, y (range) 35.7 (17e60) 40.0 (22e79) 0.692

Initial IMA size (mm) 10.25 ("1.95) 2.25 ("0.63) 0.015

Ruptured (%) 14 (77.7%) 5 (83.3%) 0.783

Location 0.722

Anterior circulation 16 5

Posterior circulation 2 1

Postoperative median mRS (IQR) 0 (0e1.25) 1 (0e1.75) 0.288

EVT (n [ 34) AN Embolization (n [ 12) PAO (n [ 22) P Value

Age, y (range) 43.5 (16e72) 40.9 (2e72) 0.746

Initial IMA size (mm) 7.13 ("1.84) 8.00 ("1.80) 0.759

Ruptured (%) 8 (66.6%) 19 (86.3%) 0.185

Location 0.886

Anterior circulation 9 16

Posterior circulation 3 6

Postoperative median mRS (IQR) 1 (0e2.25) 1 (0e3.25) 0.773

IMA, intracranial mycotic aneurysm; mRS, modified Rankin Scale; IQR, interquartile range; EVT, endovascular treatment; AN,
aneurysm; PAO, parent artery occlusion.
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Mikotik anevrizmalar

• Büyük, genişleyen veya rüptüre olmuş 
anevrizmalarda ET veya cerrahi tedavi önerilir 
(Kanıt I-C)

• Endovasküler tedavi ön plana çıkmakta
– Antikoagülan tedavi planı varsa (kapak replasmanı vs)
– Kraniyotomi riskli olacağı için

ESC Kılavuzu-2015 European Heart Journal (2015) 36, 3075–3123



Tedavi-Mikotik Anevrizmalar

development of de novo IMAs; therefore,
angiographic follow-up should be per-
formed over short intervals.1,5 Note that all
aneurysms in this patient disappeared
approximately 3 months after antibiotic
treatment, implying the possibility of
disappearance of both ruptured and
increasing IMAs, but patients may be at
high risk for mortality over the long term.
Collectively, these results suggest that

surgical intervention is standard, but anti-
biotic treatment might be acceptable,
particularly for patients with unruptured
IMAs and those whose poor general con-
dition limits surgical intervention. Because

change in size of an IMA is a predictor of
bleeding during antibiotic treatment, close
angiographic follow-up is required.

Proposed Strategy for Initial IMA
Treatment
In summary, a proposed strategy for initial
IMA treatment is shown in Figure 4. We
recommend that initial surgical
intervention should be considered for
patients with ruptured and unruptured
IMAs. Any surgical modalities may be
applied. In patients with unruptured
IMAs who are in poor general condition,
surgical intervention, preferably EVT, or

antibiotics alone are recommended as
initial treatment. Once antibiotics alone
are selected, angiographic follow-up
should be performed within 7 to 14
days.1,5,7 If the antibiotic treatment is
ineffective or a de novo IMA is identified,
additional surgical intervention should be
considered.
There are several limitations to this

study, including limited data for individual
cases, different treatment strategies,
publication bias of case reports, and the
retrospective nature of the study. None-
theless, we believe this information
provides important insight into the initial
selection of IMA treatment, which may be
helpful to establish the optimal initial
treatment strategy for patients with IMA.
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Response

Ineffective Effective

Increased No Change Decreased Disappeared

Ruptured IMA 16 (59.3%) 2 (7.4%) 6 (22.2%) 3 (11.1%)

Re-ruptured (died) 2 (1) 0 0 0

Additional surgery 15 1 0 0

Unruptured IMA 11 (33.3%) 5 (15.2%) 5 (15.2%) 12 (36.3%)

Ruptured (died) 3 (2) 1 (1) 0 0

Additional surgery 9 1 0 0

IMA, intracranial mycotic aneurysm.

Figure 4. Schema of the initial treatment strategy for intracranial mycotic aneurysms. Direct surgery:
direct surgery including clipping, trapping, or bypass with antibiotics; EVT: endovascular treatment
with antibiotics; Antibiotics: antibiotics alone.
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İE Hastalarında Tedavi Planlama

1. Hastalar multidisipliner izlenmeli
2. Kardiyak cerrahi endikasyonu olan hastaların

tümünde beyin görüntülemesi yapılmalıdır
3. İntrakraniyal kanama olanlarda vasküler

görüntüleme de istenmelidir
4. İnme hastalarında olayın şiddeti

değerlendirilmeli, prognoz belirlenmelidir
www.sorcan.ca/iscore
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İE Hastalarında Tedavi Planlama

5.  GİA/Minör inme/Sessiz inme hastalarında
cerrahi tedavi geciktirilmemelidir, diğerlerinde
en az haftalık değerlendirmeler yapılmalıdır

6.  Mikotik anevrizmalar preop ET açısından
değerlendirilmelidir

7.  Abse olgularında erken kardiyak cerrahi
uygun bir seçenektir
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