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Abstract
Embolism is a common complication in infective endocarditis which may lead to serious complications, such as stroke, 
intestinal ischemia, and peripheral embolization. A comprehensive literature search was performed and the registry at our 
centre, including 390 cases of infective endocarditis, diagnosed between 2010 and 2020, was investigated. Large registries 
show that 20–40% of patients with infective endocarditis (IE) are affected by embolism. In many instances, embolism is 
present already at the time of diagnosis. The rate of embolism during the hospital stay in our data was 11%. However, only 
2% developed clinical embolism during or following surgery. According to recent guidelines, previous embolism, and the 
presence of vegetations > 10 mm present an indication for surgical treatment. Routine imaging revealed non-symptomatic 
cerebral embolism in 8.5% of surgical patients. However, it is not clear whether detection of non-symptomatic embolism 
and consecutive surgical treatment improves the prognosis of infective endocarditis.
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Introduction

Infective endocarditis (IE) of the heart valves may lead to 
structural damage of the affected heart valve with loss of 
valve tissue and ensuing dysfunction, mainly valve incom-
petence and consequentially heart failure. According to the 
guidelines, an indication for valve surgery in the left sided 
valve infected endocarditis may result from heart failure, 
uncontrolled infection and for prevention of embolism [1]. 
Prevention of embolism refers to the fact that bacterial activ-
ity commonly leads to a buildup of vegetations, consisting of 
fibrin, platelets, and bacteria, held together by agglutinating 
antibodies [2]. These vegetations are fragile structures that 
may be dislodged by the blood stream resulting in peripheral 

and cerebral emboli [3]. There is still a lack of knowledge 
on how frequently embolism occurs. However, recent pub-
lications suggest that embolism is a common occurrence in 
IE, which unfortunately can result in serious complications 
[3]. In the European Infective Endocarditis Registry (EURO-
ENDO) study, embolic events were the most frequent com-
plications in IE [3]. With a history of recurrent systemic 
embolization, surgical treatment should be considered [4]. 
In this overview, the authors will summarize the literature 
and discuss the frequency of embolization during the course 
of the disease, the resulting morbidity, and possibilities for 
prevention. We will also present recent results from our own 
investigation.

Methods

Study design

This review uses findings from a Master of Science Project 
conducted at our centre involving patients treated for infec-
tive endocarditis in the period 2010 to 2020. We further 
aim to summarize other available literature regarding the 
incidence, distribution, and prevention of emboli in infective 
endocarditis and combine the two in this review.
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Data collection

The protocol from the study conducted at our centre involved 
collecting data from a hospital register of patients with 
infective endocarditis. They were further identified using 
a Hospital Trust-specific patient identification number. The 
necessary information collected from the patient’s electronic 
journal was then structured in a de-identified research data-
base. All parts of the study were approved by the Regional 
Committees for Medical and Health Research Ethics. The 
research board at the Clinic of Cardiology approved the use 
of clinical hospital data regarding this study.

Literature search

Searching for literature in PubMed, January 10th, 2022, 
using the search terms ‘cardiopulmonary bypass’ AND 
‘infectious endocarditis’ AND (‘stroke OR emboliza-
tion’) we identified 118 manuscripts. The summaries were 
reviewed and evaluated by two observers, and 30 manu-
scripts were judged as relevant by at least one observer. They 
were evaluated comprehensively in a second step leaving 16 
manuscripts as relevant, whereof nine were hospital registry 
data, five were case series or case presentations, and three 
were reviews.

Patient selection

Patients diagnosed with infective endocarditis at St. Olavs 
University hospital in the period between 2010 and 2020 
were included. Infective endocarditis was defined when 
patients fulfilled the criteria for ‘definite’ or ‘possible’ endo-
carditis according to the Duke criteria.

Patients were identified by the search for International 
Classification of Diseases  10th revision (ICD-10) diagnosis 
code “I33”. All patients with any ICD-10 “I33.*” diagno-
sis were included in the database for validation and data 
collection.

After a review of the medical records, 81 hospital stays 
were not classified as definite or possible endocarditis 
according to the Duke criteria, seven of the admissions were 
in individuals < 18 years, four were treated at other hospitals 
and four were pacemaker infections and not infective endo-
carditis. Finally, after the exclusion of these 98 admissions, 
a total of 416 admissions and 390 individual patients were 
included in the analyses.

A total of 148 (38%) patients were treated with cardiac 
surgery with the use of cardiopulmonary bypass circulation 
and 242 (62%) patients were conservatively treated. The 
management of all patients was according to the present 
European Society of Cardiology Guidelines.

Study procedures

From the study at our centre, we studied the associations of 
cerebral hemorrhages, cerebral infarctions, and non-cerebral 
embolies with time to surgery. In addition, the authors have 
reviewed the available literature about emboli in infective 
endocarditis to summarize what is currently known regard-
ing emboli in infective endocarditis, with focus on incidence, 
prevalence, and measures of prevention.

Statistical methods

Data from the study at our centre were presented accord-
ing to their distribution and analysed accordingly. Linear 
regression analyses were used to test associations in the case 
of scalar-dependent variables. Time to surgery was not nor-
mally distributed and therefore this variable was log-trans-
formed when studying associations of cerebral hemorrhages, 
cerebral infarctions and non-cerebral embolies with time to 
surgery. This did not alter the result and non-transformed 
results are presented here in this review. Survival data were 
presented as Kaplan–Meier plots. Mantel-Cox log-rank sta-
tistics were used to compare event-free survival between 
groups tests (unadjusted analyses) and Cox proportional 
hazard analyses were performed to compare event-free sur-
vival between the groups adjusted for age. All analyses were 
performed by the IBM SPSS Statistics software (SPSS Inc, 
Chicago, IL, USA; version 27).

Study limitations

As all decisions regarding management and treatment of the 
patients, they are solely based on clinical decisions creating 
important limitations to the infective endocarditis study con-
ducted at our centre. Firstly, this may limit the generalizability, 
as management of patients may vary between cardiac centers, 
even though the decisions are based upon current guidelines. 
Secondly diagnostic imaging was performed only in 1/3 of 
patients, based on the clinical decision. Thus, the incidence 
of ischemic and hemorrhagic events may be underreported.

Definitions

From the study conducted at our centre, complications were 
defined as death or any cerebral hemorrhage or any cerebral 
or non-cerebral emboli and compared between the surgical 
and the non-surgical group. In this analysis, we used the 
date of cardiac surgery as the entering point in the surgical 
group and the day of admission in the non-surgical group. 
Any complication diagnosed before day 30 was counted.
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Incidence of embolization

The incidence of symptomatic embolic events, particularly 
with cerebral manifestations, is high and the current litera-
ture suggests that 20–40% of patients with IE are affected.

The largest publication, covering embolism in endocardi-
tis is the EURO-ENDO study [3], a multicenter study includ-
ing 156 centres from 40 countries and 3116 patients, with 
definite or possible IE. The registry data show that embolic 
events were the most common complication of endocardi-
tis, occurring in over 40% of cases [3]. A noticeable 25% 
of patients had already symptomatic emboli upon admit-
tance, and the rate of new emboli during the hospital stay 
was reported to be 20%, despite adequate treatment.

Another large survey, the Euro Heart Survey, is a multi-
center study with 92 centres from 25 countries. 5001 patients 
with valvular heart disease (VHD), of whom 159 patients 
had active IE, were enrolled. In this population, 27% of 
patients had at least 1 embolic episode on admission [5].

These findings were supported by the International Col-
laboration on Endocarditis-Prospective Cohort Study (ICE-
PCS), a multicenter study with 58 centres from 25 coun-
tries and 2781 included patients. In this study, stroke was 
reported in 17% and embolization (other than stroke) in 23% 
of patients, with staphylococcus aureus being the most com-
mon agent [6]. Thuny et al. 2007 [7] showed a presence of 
one or more embolic event in 45% of patients admitted with 
definitive IE. Di Salvo et al. 2001 [8] showed that one or 
more embolic event was present in 37% of patients admitted 
with definite infective endocarditis.

Results from the published literature are in line with our 
own findings in the cohort of patients treated for infective 
endocarditis at St. Olavs University Hospital. Symptomatic 
embolic events were common in our population, present 
in 166 of 390 patients (43%). In the conservatively treated 
group, the prevalence of any symptomatic emboli was 98 
(41%), compared to 68 (46%) in the surgical treatment 
group. The prevalence of emboli was further divided into 
cerebral or non-cerebral (Table 1). Both the conservatively 
and surgically treated group were managed according to cur-
rent guidelines at our center (Fig. 1).

Cerebral embolization

In the study from our hospital, cerebral infarctions were 
common both in patients treated conservatively and surgi-
cally, with prevalence of 21% and 30% respectively, which 
is in line with findings in the EURO-ENDO study, where 
cerebral embolism was found in 25% during the course of 
the disease.

In the Euro Heart Survey cerebral embolic events were 
found in 15% of patients on admission, which is similar to 
the 13% found in the EURO-ENDO study. In our data, the 
presence of cerebral embolic events was somewhat higher, 
with 18% in the conservatively treated group and 23% in the 
surgical group (Table 2).

The EURO-ENDO results confirm that a significant 
number of embolic events occurred after admission, with 
an incidence of 20% during hospitalization. In our dataset, 
this was 11% for the conservative treatment and 14% for the 
surgical treated group. In our material, patients who under-
went cardiac surgery for IE were twice as likely to have a 
cerebral infarction during the hospital stay compared to the 
conservatively treated patients. However, most of the cer-
ebral infarctions in the surgical group (13 of 16) occurred 
before surgery, with median time from embolic event to sur-
gery being 8 days. Only 3 patients (2%) developed embolism 
during or following surgery. Apparently, the occurrence of 
cerebral events during treatment influenced the decision to 
perform surgery.

Cerebral embolization has been shown to be related to in-
hospital mortality [3, 9]. The EURO-ENDO study states that 
cerebral embolism was the cause of death in 12% of patients 
dying from IE in the study.

Table 1  Cerebral complications in IE patients according to if surgery 
was performed or not (numbers from MSc thesis Cardiac surgery 
with cardiopulmonary bypass and the associations with stroke, bleed-
ing and embolic events in infective endocarditis by Evelyn Lauvstad 
Brenne)

Definition of terms used in Table 1. ‘Emboli’ includes both cerebral 
and non-cerebral as well as left-sided and right-sided events. ‘Stroke’ 
includes both infarctions and any cerebral hemorrhage. ‘Cerebral 
hemorrhage’ includes intra-cerebral (parenchymal) and other hem-
orrhages as well as hemorrhagic transitions of cerebral infarctions. 
Non-cerebral embolies include embolies to the column, skin, liver, 
spleen, lung, and others (e.g., gastrointestinal, pancreas)
Abbreviation: N numbers

Conserva-
tive treat-
ment

Surgical treatment p-value

N 242 148
Any emboli or stroke, 

n (%)
98 (41%) 68 (46%) 0.31

Cerebral infarctions, n 
(%)

50 (21%) 44 (30%) 0.045

Cerebral hemorrhages, 
n (%)

8 (3.3%) 3 (2%) 0.54

Hemorrhagic transition 
of cerebral infarctions, 
n (%)

7 (2.9%) 2 (1.4%) 0.35

Any non-cerebral emboli, 
n (%)

62 (26%) 40 (27%) 0.76
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In addition to symptomatic cerebral embolism, non-
symptomatic embolism may be found on cerebral imaging. 
Misfield et al. [9] reported an incidence of non-symptomatic 
cerebral infarction in 8.5% discovered by routine comput-
erized tomography (CT) scan in addition to 24% (n = 375) 
of patients with symptomatic cerebral emboli. This was 

further supported by a later study that found a higher detec-
tion of emboli when routine neuroimaging was performed 
[10]. The significance of such findings was underlined by 
Misfeld et al., who reported a significantly impaired long-
term survival, with no difference between symptomatic and 
asymptomatic cerebral embolization. The 5-year survival 

Fig. 1  Transthoracal echocardiographic imaging of a mitral valve endocarditis

Table 2  Timing and group 
allocation of cerebral events in 
IE patients (numbers from MSc 
thesis Cardiac surgery with 
cardiopulmonary bypass and 
the associations with stroke, 
bleeding and embolic events in 
infective endocarditis Evelyn 
Lauvstad Brenne)

Data are presented as numbers (%). P-values for the difference between groups are shown. Hemorrhagic 
transition of ischemic strokes is included both in cerebral infarctions and cerebral hemorrhage
Abbreviations: CPB cardiopulmonary bypass circulation, n numbers

Conservative treatment Surgical treatment p-value

Timing of cerebral infarction events
  Present at admission 41 (18%) 34 (23%) 0.22
  During hospital stay 12 (5.3%) 16 (11%) 0.04
  After discharge 5 (2.2%) 2 (1.4%) 0.71

Timing of cerebral hemorrhagic events
  Present at admission 10 (4.4%) 2 (1.4%) 0.14
  During hospital stay 2 (0.9%) 1 (0.7%) 1.00
  After discharge 2 (0.9%) 0 0.52

Timing of any embolic events
  Present at admission 79 (34.5%) 52 (35.4%) 0.76
  During hospital stay 25 (11%) 20 (14%) 0.44
  After discharge 8 (3.5%) 3 (2.0%) 0.54
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was 46% in patients with cerebral embolism, compared with 
57% in patients without cerebral embolism [9]. The authors 
thus recommend routine cerebral imaging in all IE patients.

Non‑cerebral embolization

Emboli to non-cerebral locations are less common than cer-
ebral events. However, it is fairly common that patients with 
cerebral emboli also experience emboli to other organs, in 
particular to the spleen [9, 11]. One study found that 49% of 
patients with cerebral emboli also experienced non-cerebral 
emboli [9]. The Euro Heart Survey showed cerebral emboli 
in 24 patients, pulmonary, abdominal and miscellaneous 
embolies in six, two and nine patients, respectively [5].

In the EURO-ENDO study, symptomatic non-cerebral 
embolism on admission was most commonly found in the 
lungs and abdominal organs and rarely to the extremities. 
In our own study, non-cerebral emboli were found in one 
quarter of patients during the course of the disease. IE of 
right-sided valves is associated with pulmonary embolism, 
which may be a clinically relevant feature associated with 
increased mortality [1, 3].

Embolism to abdominal organs may be clinically silent. 
However, acute intestinal artery occlusion due to emboli in 
the setting of infective endocarditis presents a rare surgical 
emergency [12]. Endocarditis should be considered as a pos-
sible origin for emboli in such a case (Fig. 2).

following risk factors: age, previous pulmonary embolism, 
heart failure, statins, previous Vitamin K antagonist (VKA) 
therapy, aortic, tricuspid IE or device related infective endo-
carditis, pulmonary endocarditis, intracardiac defibrillator/
pacemaker endocarditis, vegetation presence and size, posi-
tive blood cultures, and Staphylococcus aureus infection [3]. 
In this study, there were positive blood cultures in 79.0% of 
patients, with staphylococci being the most isolated bacte-
ria (44.1%). Enterococci and oral streptococci were found 
in 15.8% and 12.4% of cultures respectively. At our cen-
tre, we saw the same microorganisms, with staphylococci 
in 37.4% and streptococci in 34% of cases. Both the Euro 
Heart Survey and other publications have stated that size 
and mobility of vegetations are an important predictor of 
risk for recurrent embolism [5], with a substantially greater 
risk for embolic events when the diameter of the vegeta-
tion is > 10 mm [13]. Monitoring of vegetations by cardiac 
ultrasound may be particularly helpful to predict recurrent 
embolism [14]. Very large vegetations are considered to be 
particularly hazardous [15, 16]. Vegetation size should be 
considered when reflecting on surgical treatment, due to the 
risk of embolization [1, 5, 16].

Imaging

There is a discrepancy in the frequency of imaging per-
formed for emboli in infective endocarditis, as well as the 
choice of imaging methods. As previously mentioned, Mis-
feld et al. [9] made an interesting finding that a consider-
able number of patients with IE had asymptomatic cerebral 
infarctions detected on routine computed tomography (CT) 
scans. In the EURO-ENDO study, several imaging tech-
niques were listed in the diagnostic process of IE including 

Fig. 2  Transthoracal echocar-
diography of a tricuspid valve 
endocarditis

Risk factors for embolism

Several predisposing factors have been discussed in the 
literature. The EURO-ENDO study found evidence for the 
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echocardiography, multislice CT (MSCT), magnetic reso-
nance imaging (MRI), nuclear imaging (positron emission 
tomography (PET)-CT and leukocyte scintigraphy). How-
ever, there is a lack of information regarding the preferred 
methods for detecting emboli. In our dataset, 33–34% of 
all patients were examined with either CT, MRI or ultra-
sound for detection of cerebral infarctions/hemorrhages and 
non-cerebral embolies. CT was the preferred method when 
embolization was suspected, but only used when emboli was 
clinically suspected (Table 3).

PET was rarely used in our hospital, and it was used even 
less frequently in the surgical group. This was due to lack of 
availability of PET at our centre until recently.

The EURO-ENDO survey found that the choice of imaging 
modality differed significantly between regions of the world, 
with PET being more common in Western Europe. In North-
ern Europe, fluorodeoxyglucose positron emission tomogra-
phy (FDG PET)-CT scan was performed in 25.6% of all cases. 
Overall, FDG PET-CT scan was used in 16.6% of the patients 
in the EURO-ENDO survey and 38.8% (n = 201) had extra-car-
diac uptake, with the most common locations being lung (27%), 
spine (22%), spleen (20%), bowel (19%) and liver with 5%.

Tornos et al. 2005 [5] mostly used CT, US and arteriog-
raphy in the search for embolic events; however, radiologic 
examinations in the search for embolic events where not 
used particularly often, with CT examinations being used 
in only a quarter of the patients included.

Prevention of embolic events

Early implementation of appropriate treatment is considered 
to be the most important means to prevent embolic events or 
prevent recurrent embolism [1]. This refers both to antibiotic 
treatment and to surgical treatment. Very large vegetations may 
in specific circumstances justify surgery in its own right [14, 
16]. Although some studies recommend routine imaging to 
discover emboli in the setting of infective endocarditis [3, 9, 
10], the consequences of positive findings are discussed con-
troversially in the literature [1]. In most cases, the decision 

to operate will depend on finding a balance between possible 
advantages of early surgery, the expected course of the recov-
ery with conservative treatment, and the risk of surgery. In the 
majority of cases, the indication for surgery will be based on 
several factors [5]. The risk for embolic events has been shown 
to be highest in the early phase of IE [17]. ENDO-EURO states 
that one of the key reasons for withholding surgery, although 
indicated, was death before surgery could be performed (23% 
of cases), further underlining the importance of an early evalu-
ation of surgical intervention by the Heart Team.

In our study, 67 patients had at least one preoperative 
embolic event and 52 (69%) of all 75 embolic events and 34 
(65%) of 52 cerebral embolic events were already present 
upon admission. The median time from admission to surgery 
in the studied population at our centre was 5.4 days. We 
found no significant association of the incidence of cerebral 
hemorrhage/infarction or non-cerebral emboly with whether 
or when cardiac surgery was performed.

Conclusion

Embolic events are common complications in both surgi-
cally and conservatively treated IE patients. According to 
recent guidelines, surgery is indicated both in the event of 
uncontrolled infection and for the prevention of recurrent 
embolism. In our material, surgical patients were affected 
by cerebral hemorrhages/infarctions or non-cerebral emboli 
at similar frequencies compared to conservatively treated 
patients. Our findings suggest that the surgical management 
of infective endocarditis at St. Olavs University hospital, 
from 2010 to 2020, which was performed in 38% out of 390 
patients after a median of 5 days, is within published results. 
The EURO-ENDO states that there still is a poor prognosis in 
patients with infective endocarditis, with the possible need of 
a more aggressive treatment. Other publications made similar 
suggestions [3, 18]. However, whether detection of clinically 
silent embolism by routine imaging in asymptomatic patients, 
and consecutive more frequent surgical treatment, results in 
improved outcomes is a matter of debate. However, other 

Table 3  Cerebral and non-
cerebral diagnostic imaging 
for evaluation of infective 
endocarditis complications 
(numbers from MSc thesis 
Cardiac surgery with 
cardiopulmonary bypass and 
the associations with stroke, 
bleeding and embolic events in 
infective endocarditis by Evelyn 
Lauvstad Brenne)

Abbreviations: CT computed tomography, MRI magnetic resonance imaging, N numbers

Conservative 
treatment

Surgical treatment p-value

N 242 148
Any CT, MRI, or ultrasound, n (%) 79 (33%) 50 (34%) 0.03
Cerebral CT, n (%) 11 (5%) 7 (5%) 0.49
Cerebral MRI, n (%) 26 (11%) 24 (16%)  < 0.01
Non-cerebral CT, n (%) 32 (13%) 23 (16%) 0.07
Non-cerebral MRI, n (%) 21 (9%) 7 (5%) 0.58
Ultrasound for non-cerebral embolies, n (%) 3 (1%) 1 (1%) 1.00
Positron emission tomography, n (%) 26 (11%) 6 (4%) 0.01



S46 Indian Journal of Thoracic and Cardiovascular Surgery (May 2024) 40 (Suppl 1):S40–S46

reasons for an early surgical approach may be found in sub-
groups of patients with aggressive bacteria or when valve 
repair, instead of replacement, is anticipated [19].

Author contribution Henrik Agerup Kildahl and Alexander Wahba 
designed the concept and framework of this review. Henrik Agerup 
Kildahl wrote most of the review with contributions from Alexander 
Wahba, Evelyn Lauvstad Brenne and Håvard Dalen. Evelyn Lauvs-
tad Brenne contributed with data acquisition under supervision from 
Håvard Dalen and Alexander Wahba. Håvard Dalen, Henrik Agerup 
Kildahl and Alexander Wahba have critically revised the text, and Alex-
ander Wahba have supervised the process.

Funding Open access funding provided by NTNU Norwegian Univer-
sity of Science and Technology (incl St. Olavs Hospital - Trondheim 
University Hospital) None of the authors have received any funding.

Data availability The data supporting the findings are found within 
this review.

Declarations 

Ethics approval For the results from our centre the Regional Commit-
tees for Medical and Health Research Ethics approved all parts of the 
study without the need for informed written consent of the participants.

Consent to participate All patients alive at the time of data collection 
at our centre were informed by a personal written study announcement 
(so-called passive consent). Patients were able to withdraw consent by 
replying to this announcement.

Conflicts of interest The authors state no conflict of interest.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

 1. Habib G, Lancellotti P, Antunes MJ, Bongiorni MG, Casalta JP, 
Del Zotti F, et al. 2015 ESC Guidelines for the management of 
infective endocarditis: The Task Force for the Management of 
Infective Endocarditis of the European Society of Cardiology 
(ESC). Endorsed by: European Association for Cardio-Thoracic 
Surgery (EACTS), the European Association of Nuclear Medicine 
(EANM). Eur Heart J. 2015;36:3075–128.

 2. McCormick JK, Tripp TJ, Dunny GM, Schlievert PM. Formation 
of vegetations during infective endocarditis excludes binding of 
bacterial-specific host antibodies to Enterococcus faecalis. J Infect 
Dis. 2002;185:994–7.

 3. Habib G, Erba PA, Iung B, Donal E, Cosyns B, Laroche C, 
et al. Clinical presentation, aetiology and outcome of infective 

endocarditis. Results of the ESC-EORP EURO-ENDO (European 
infective endocarditis) registry: a prospective cohort study. Eur 
Heart J. 2019;40:3222–32.

 4. Pettersson GB, Hussain ST. Current AATS guidelines on surgi-
cal treatment of infective endocarditis. Ann Cardiothorac Surg. 
2019;8:630–44.

 5. Tornos P, Iung B, Permanyer-Miralda G, Baron G, Delahaye F, 
Gohlke-Bärwolf C, et al. Infective endocarditis in Europe: lessons 
from the Euro heart survey. Heart. 2005;91:571–5.

 6. Murdoch DR, Corey GR, Hoen B, Miró JM, Fowler VG Jr, Bayer AS, 
et al. Clinical presentation, etiology, and outcome of infective endocar-
ditis in the 21st century: the International Collaboration on Endocar-
ditis-Prospective Cohort Study. Arch Intern Med. 2009;169:463–73.

 7. Thuny F, Avierinos JF, Tribouilloy C, Giorgi R, Casalta JP, Milan-
dre L, et al. Impact of cerebrovascular complications on mortality 
and neurologic outcome during infective endocarditis: a prospec-
tive multicentre study. Eur Heart J. 2007;28:1155–61.

 8. Di Salvo G, Habib G, Pergola V, Avierinos JF, Philip E, Casalta 
JP, et al. Echocardiography predicts embolic events in infective 
endocarditis. J Am Coll Cardiol. 2001;37:1069–76.

 9. Misfeld M, Girrbach F, Etz CD, Binner C, Aspern KV, Dohmen 
PM, et al. Surgery for infective endocarditis complicated by cer-
ebral embolism: a consecutive series of 375 patients. J Thorac 
Cardiovasc Surg. 2014;147:1837–44.

 10. Das AS, Jordan SA, McKeown M, Li K, Dmytriw AA, Regenhardt 
RW, et al. Screening neuroimaging in neurologically asymptomatic 
patients with infective endocarditis. J Neuroimaging. 2022;32:1001–8.

 11. Alnasser SA, Mindru C, Preventza O, Rosengart T, Cornwell 
L. Successful conservative management of a large splenic 
abscess secondary to infective endocarditis. Ann Thorac Surg. 
2019;107:e235–7.

 12 Waqas M, Waheed S, Haider Z, Shariff AH. Acute mesenteric 
ischaemia with infective endocarditis: is there a role for antico-
agulation? BMJ Case Rep. 2013;2013:bcr2013009741.

 13. Mügge A, Daniel WG, Frank G, Lichtlen PR. Echocardiography 
in infective endocarditis: reassessment of prognostic implica-
tions of vegetation size determined by the transthoracic and the 
transesophageal approach. J Am Coll Cardiol. 1989;14:631–8.

 14. Rohmann S, Erbel R, Darius H, Görge G, Makowski T, Zotz R, 
et al. Prediction of rapid versus prolonged healing of infective 
endocarditis by monitoring vegetation size. J Am Soc Echocardi-
ogr. 1991;4:465–74.

 15. García-Cabrera E, Fernández-Hidalgo N, Almirante B, Ivanova-
Georgieva R, Noureddine M, Plata A, et al. Neurological compli-
cations of infective endocarditis: risk factors, outcome, and impact 
of cardiac surgery: a multicenter observational study. Circulation. 
2013;127:2272–84.

 16. Kang DH, Kim YJ, Kim SH, Sun BJ, Kim DH, Yun SC, et al. 
Early surgery versus conventional treatment for infective endo-
carditis. N Engl J Med. 2012;366:2466–73.

 17. Oh TH, Wang TK, Pemberton JA, Raudkivi PJ. Early or late 
surgery for endocarditis with neurological complications. Asian 
Cardiovasc Thorac Ann. 2016;24:435–40.

 18. Guiomar N, Vaz-da-Silva M, Mbala D, Sousa-Pinto B, Monteiro 
JP, Ponce P, et al. Cardiac surgery in infective endocarditis and 
predictors of in-hospital mortality. Rev Port Cardiol (Engl Ed). 
2020;39:137–49.

 19. de Kerchove L, Vanoverschelde JL, Poncelet A, Glineur D, Rubay 
J, Zech F, et al. Reconstructive surgery in active mitral valve endo-
carditis: feasibility, safety and durability. Eur J Cardiothorac Surg. 
2007;31:592–9.

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

http://creativecommons.org/licenses/by/4.0/

	Systemic embolization in infective endocarditis
	Abstract
	Introduction
	Methods
	Study design
	Data collection
	Literature search
	Patient selection
	Study procedures
	Statistical methods
	Study limitations
	Definitions

	Incidence of embolization
	Cerebral embolization
	Non-cerebral embolization
	Risk factors for embolism
	Imaging
	Prevention of embolic events
	Conclusion
	References


