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Background. Several aspects of the occurrence and management of mycotic aneurysm (MA) in patients with infective
endocarditis (IE) have not been studied.

Objectives. To determine the incidence and factors associated with MA presence and rupture and to assess the evolution of
those initially unruptured MA.

Methods. Prospective multicenter cohort including all patients with definite IE between January 2008 and December 2020.

Results.  Of 4548 IE cases, 85 (1.9%) developed MA. Forty-six (54.1%) had intracranial MA and 39 (45.9%) extracranial MA.
Rupture of MA occurred in 39 patients (45.9%). Patients with ruptured MA had higher 1-year mortality (hazard ratio, 2.33; 95%
confidence interval, 1.49-3.67). Of the 55 patients with initially unruptured MA, 9 (16.4%) presented rupture after a median of 3
days (interquartile range, 1-7) after diagnosis, being more frequent in intracranial MA (32% vs 3.3%, P =.004). Of patients with
initially unruptured MA, there was a trend toward better outcomes among those who received early specific intervention,
including lower follow-up rupture (7.1% vs 25.0%, P =.170), higher rate of aneurysm resolution in control imaging (66.7% vs
31.3%, P =.087), lower MA-related mortality (7.1% vs 16.7%, P = .232), and lower MA-related sequalae (0% vs 27.8%, P = .045).

Conclusions. MA occurred in 2% of the patients with IE. Half of the Mas occurred in an intracranial location. Their rupture is
frequent and associated with poor prognosis. A significant proportion of initially unruptured aneurysms result from rupture during
the first several days, being more common in intracranial aneurysms. Early specific treatment could potentially lead to better outcomes.
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Mycotic aneurysms (MAs) represent a serious and potentially ~ 2]. They arise from septic arterial embolization to the vasa vaso-

life-threatening complication of infective endocarditis (IE) [1, rum, leading to arterial wall infection, destruction, and subse-

quent aneurysmal dilation [3]. Because of the friable infected

arterial wall, MAs present a high risk of rupture, which conveys
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elevated mortality and prevalence of sequalae among survivors,
especially in patients with intracranial MA [4]. Despite their in-

fluence on the prognosis of the patient, several aspects of the oc-
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currence and management of MA in patients with IE have not
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been well studied and there are several knowledge gaps regard-
ing the epidemiology, risk factors, clinical presentation, and
outcomes associated with MA in this population [3].

First, although the occurrence of MAs in the context of IE

has been recognized for decades, its incidence remains uncer-
tain because most of the available literature on MAs is small
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case series or case reports, with a very limited number of large-
scale studies specifically focused on this topic [5].

Second, 1 of the key challenges in managing patients with MA
in the context of IE lies in the timely diagnosis. Initial
presentation of unruptured MA is often subtle [1, 6].
Accordingly, identification of risk factors of MA formation
could be important for performing diagnostic tests in patients
at risk before rupture occurs [1]. However, the factors associated
with MA development in the setting of IE have not been studied.

Third, optimal treatment strategies for patients with MAs are
another area of uncertainty. Ruptured aneurysms must be treat-
ed urgently [3, 7]. However, because of the lack of studies on the
treatment of unruptured MAs and the lack of identification of
the factors associated with rupture in those initially unruptured
MAs, there is no agreement on the best treatment strategy (spe-
cific intervention or antibiotics alone) for an unruptured MA [1,
3,4,7-11].

To address these knowledge gaps, we conducted a compre-
hensive study using data from the Spanish Collaboration on
Endocarditis registry (GAMES is its Spanish abbreviation),
which has been proven useful for endocarditis research [12-
15]. By analyzing a large, national cohort of patients with IE,
we aimed to determine the incidence and factors associated
with MA presence, in addition to the factors associated with
rupture. Furthermore, we aimed to assess the evolution of those
MAs initially unruptured and the impact of early, specific treat-
ment, either surgical or endovascular, in this scenario.

By addressing these key knowledge gaps, our study aims to
contribute to the existing literature on MAs in patients with
IE and provide insights that can guide clinical decision-making
and improve patient care. Ultimately, a better understanding of
the epidemiology, risk factors, clinical implications, and optimal
management strategies for MAs in the context of IE has the po-
tential to improve outcomes and reduce the burden of this se-
vere complication.

PATIENTS AND METHODS

Between January 2008 and December 2020, consecutive pa-
tients with definite IE according to the Duke modified criteria
were prospectively included in GAMES. This registry is main-
tained by 42 Spanish hospitals. Cohort registration was ap-
proved by regional and local ethics committees, and all
patients signed informed consent.

At each center, a multidisciplinary team completes an ano-
nymized and standardized form with the IE episode and a
follow-up form after 1 year. Demographic, clinical, microbio-
logical, echocardiographic, and prognostic sections are includ-
ed in the forms. These standardized forms include information
regarding the presence or absence of mycotic aneurysm, as well
as its location and the presence of rupture.

Among the patients with MA, we retrospectively collect an
additional ad hoc form including variables related to MA

clinical presentation, specific treatment received, and

MA -related mortality and sequelae.

Patients
Patients were categorized according to the presence or absence
of MA. Among patients with MAs, they were subcategorized
according to MA location (intracranial MA or extracranial
MA), and the presence of rupture (ruptured MA and unrup-
tured MA). Additionally, patients with initially unruptured
MAs were divided according to the presence or absence of rup-
ture during follow-up.

Decision on performing diagnosis tests and specific treat-
ment was made by a local multidisciplinary team (ie, endocar-
ditis team) on a case-by-case basis.

Definitions

IE was defined using the 2015 European Cardiac Society modified
Duke criteria [1]. Microbiological diagnosis was determined by
blood or valve culture. Hospital-acquired, non-healthcare-
related, and community-acquired IE definitions from previous
studies were followed [16]. Chronic renal failure was defined as
a previous serum creatinine level >1.4 mg/dL. Worsening or new-
onset renal impairment was defined as a worsening of at least 25%
of creatinine clearance, as measured by Cockcroft-Gault equation.
All necessary variables were collected to calculate the Charlson
Comorbidity Index [17]. Persistent bacteremia was defined as pos-
itive blood cultures more than 7 days after effective antibiotic ther-
apy. Relapses were defined as a new episode of IE caused by the
same microorganism during the first year of follow-up [13].
Surgical indications followed the latest European guidelines [1].
A direct identification was made of patients who had surgical in-
dication but were not operated.

In-hospital mortality and 1-year mortality were defined as
death from any cause during hospital admission and at 365
days, respectively. MA-related mortality was defined as in-
hospital mortality related or at least influenced by the presence
of MA or its complications (eg, ruptured, thrombosis, com-
pression of local structures), as considered by local researchers
in the specific ad hoc form. MA-related sequalae was defined as
the presence of long-term complication directly associated with
the presence of MA or its complications, as considered by local
researchers in the specific ad hoc form.

Statistical Analysis

Qualitative variables are expressed as absolute numbers and
percentages. Quantitative variables are expressed as median
and interquartile range (IQR).

For univariate analyses, categorical variables were compared
using y” or Fisher test when necessary, and quantitative vari-
ables were compared using Mann-Whitney’s U test.

For the multivariate comparison of risk factors for MA, those
variables with P <.10 in univariate analysis and that were
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considered clinically significant, were included in a multivari-
ate logistic regression model, with a maximum of 1 variable
for every 10 events (MAs) [18]. Adjusted odds ratios (OR)
and its 95% confident intervals (95% CI) are provided.

Additionally, to estimate the effect of MAs on mortality, a
multivariate regression Cox analysis was planned, with 1-year
mortality as the dependent variable. Independent variables in-
cluded the presence of MA, MA rupture, and those variables
with P <.10 in univariate analysis that were considered clini-
cally significant, with a maximum of 1 variable for every 10
MAs [19]. Survival curves were obtained, and adjusted hazards
ratios (HR) and 95% ClIs are provided.

Bilateral P value < .5 was considered significant. All statisti-
cal analyses were performed with SPSS version 25 software
(SPSS INC., Chicago, Illinois, USA).

RESULTS

Of a total of 4548 definite IE cases, 85 patients (1.9%) had 92
MAs. Seven patients had multiple MAs. Of these, 46 patients
had intracranial MAs (54.1%) and 39 had extracranial MAs
(46.9%), with no patients having both extracranial and intracra-
nial MAs. The patients’ flowchart is presented in Supplementary
Figure 1. Specific locations of the MAs, when available, is pre-
sented in Table 1. Of the intracranial MAs, the most common
location was medium cerebral artery (66.6%, 22 of 33 cases avail-
able). Among extracranial MAs, the most common locations
were intraabdominal arteries (39.5%, 15 of 39 cases available)
and inferior limbs (28.9%, 11 of 38 cases available). Of note, 7 pa-
tients had right-sided IE and MA, with 6 of these cases being pul-
monary MAs and the other intraabdominal.

Table 1. Mycotic Aneurysm Specific Location

Location Number Percentage

Intracranial (n = 33)

Medium cerebral artery 22 66.6

Posterior cerebral artery 6 18.2

Vertebrobasilar arteries 3 9.1

Anterior cerebral artery 2 6.1

Extracranial (n=38)

Abdominal 15 39.5
Mesentery artery 4 10.5
Abdominal aorta 4 10.5
Splenic artery 2 5.3
Renal arteries 2 5.3
Hepatic artery 1 2.6
Other intraabdominal location 2 5.3

Inferior limb 11 28.9

Pulmonary 6 15.8

Superior limb 5 13.2

Carotid artery 1 2.6

In 14 patients, information about aneurysm specific location could not be retrieved (16.5%
of the total), including 13 of the 46 patients with intracranial aneurysm (28.3%) and 1 of the
39 patients with extracranial aneurysm (2.6 %)

Factors Associated With the Occurrence of Mycotic Aneurysms
Characteristics of patients with and without MAs are presented
in Table 2. Patients with MAs were younger (median 61 years
(IQR 43.73) versus 69 years [IQR 57-77], P <.001) but with
more comorbidity (median Charlson Index 3 [IQR 2-6] versus
2 [IQR 1-4], P=.003). They had more frequently
community-acquired IEs (75.3% vs 63.2%, P = .022) and native
valve IEs (75.3% vs 62.9%, P = .019). Additionally, patients with
MAs had more frequent Candida endocarditis (4.7% vs 1.6%,
P =.049). The multivariate logistic regression model of factors
associated with MA is shown in Table 3. Factors independently
associated with MAs were younger age (OR, 0.86 per 5 years old-
er; 95% CI, .80-.94), Candida spp. (OR, 4.90; 95% CI, 1.67-
14.40) and no known etiology (OR, 3.01; 95% CI, 1.25-7.25).

Factors associated specifically with intracranial or extracra-
nial MAs are summarized in Supplementary Tables 1 and 2, re-
spectively. Of note, factors associated with intracranial MAs
were age (59 years [IQR, 43-70] versus 69 [IQR, 57-77],
P <.001), community-acquired IE (76.1% vs 63.2%, P = .049),
native valve IE (80.4% vs 62.9%, P=.014), mitral valve IE
(67.4% vs 44.0%, P =.001), and Charlson Index (median 3 vs
2, P=.006), whereas factors associated with extracranial MAs
were male sex (82.1% vs 67.9%, P=.060), right-sided IE
(18.0% vs 7.4%, P=.023), Candida 1E (7.7% vs 1.6%,
P =.024), and the absence of known etiology (10.3% vs 2.9%,
P =.026). Multivariate logistic regressions models are present-
ed in Tables 4 and 5, respectively. Factors independently asso-
ciated with intracranial MA were younger age (OR, 0.88 per 5
years older; 95% CI, .82-.96) and mitral valve IE (OR, 2.49; 95%
CI, 1.31-4.73). Meanwhile, factors independently associated
with extracranial MA were right-sided IE (OR, 2.15; 95% CI,
1.05-4.39), Candida spp. (OR, 5.00; 95% CI, 1.47-17.02) and
no known etiology (OR, 4.21; 95% CI, 1.46-12.13).

Of note, Staphylococcus aureus was not associated with MA
or with intracranial MA nor extracranial MA specifically.

Factors Associated With the Rupture of Mycotic Aneurysms

Rupture of MA occurred in 39 patients (45.9%). Rupture oc-
curred after a median of 3 days of antibiotic initiation (IQR,
0-15 days).

Table 6 summarizes the characteristics of patients with rup-
tured and unruptured MAs. Patients with ruptured MAs less
frequently had chronic cardiac failure (10.3% vs 47.8%,
P <.001) and more frequently had mitral valve IE (74.4% vs
32.6%, P < 0001). Importantly, rupture occurred in 63.0% of
patients with intracranial MA (n = 29/46) versus 25.6% of pa-
tients with extracranial MAs (n =10/39), P <.001. There was
no other identifiable factor associated with rupture of MA.

Impact of Mycotic Aneurysm in Patient Management and Outcomes.
Table 2 summarizes management and outcomes of patients
with and without MAs. Patients with MAs presented more
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Table 2. Characteristics of Patients With IE With and Without MA

Variable MA (n=85) No MA (n=4463) P
Age (y) 61 (43-73) 69 (57-77) <.001
Gender (male) 75.3% (64) 67.9% (3033) 151

Acquisition
Hospital-acquired 20.0% (17) 28.3% (1263) .092
Non-nosocomial 4.7% (4) 8.56% (380) 21
healthcare-related
Community-acquired 75.3% (64) 63.2% (2820) .022

Site of infection
Native valve 75.3% (64) 62.9% (2807) .019
Prosthetic valve 22.4% (19) 30.7% (1370) .098
Cardiac device 2.4% (2) 8.6% (383) .046
Aortic valve 51.8% (44) 52.9% (2362) .832
Mitral valve 51.8% (44) 44.0% (1964) 154
Right-side valve 8.2% (7) 7.4% (329) 817

Comorbidities
Diabetes mellitus 21.2% (18) 29.1% (1297) 112
Chronic respiratory disease 15.2% (13) 18.3% (820) 467
Chronic cardiac failure 30.5% (26) 32.2% (1447) 740
Cerebrovascular disease ~ 17.6% (15) 12.4% (554) 149
Chronic renal failure 17.6% (15) 25.6% (1141) .097
Chronic liver disease 7.6% (6) 9.9% (443) .380
Injecting drug user 2.3% (2) 2.6% (117) .878
HIV infection 3.5% (3) 1.8% (84) 272
Charlson Comorbidity 3 (2-6) 2 (1-4) .003
Index (points)

Etiology
Staphylococcus aureus 28.2% (24) 24.2% (1080) .390
Coagulase-negative 7.2% (6) 18.8% (839) .004
staphylococci
Enterococcus spp. 10.6% (9) 15.0% (671) .255
Streptococcus spp. 36.5% (31) 27.3% (1217) .060
Candida spp. 4.7% (4) 1.6% (70) .049
Other etiology 4.7% (4) 7.1% (318) 522
No etiology 7.2% (6) 2.9% (8129) .039

Clinical presentation and echocardiographic findings
Vegetation 80.0% (68) 78.8% (3518) 793
Valve perforation or rupture 22.3% (19) 15.1% (676) .067
Pseudoaneurysm 3.5% (3) 6.6% (296) 253
Perivalvular abscess 12.9% (11) 18.7% (839) 170
Intracardiac fistula 2.3% (2) 2.7% (123) .822
Vascular phenomena 20.0% (17) 9.9% (442) .002
New cardiac murmur 42.4% (36) 34.6% (1542) 134
Acute cardiac failure 30.6% (26) 42.0% (1873) .035
Septic shock 12.9% (11) 13.3% (594) 921
Persistent bacteremia 12.9% (11) 11.7% (520) 714
Acute renal injury 34.1% (29) 36.7% (1640) 618

Management and outcomes
Cardiac surgical indication  76.5% (65) 70.8% (3.158) .248
Cardiac surgery performed 45.7% (37) 49.1% (2227) .450
Cardiac surgery indicated  32.9% (28) 21.9% (977) .015
not performed
Antibiotic duration (d) 42 (29-48) 39 (27-46) 146
Hospital admission (d) 43 (29-68) 36 (22-52) .006
In-hospital mortality 31.8% (27) 26.8% (1197) .309
Relapse 5.1% (3/58) 1.5% (51/3266) .031

(

Sequelae 36.2% (21/58) 15.1% (496/3266)  <.001

Abbreviations: |E, infective endocarditis; MA, mycotic aneurysm.

Table 3. Multivariable Regression Model Including Factors Associated
With Presence of Mycotic Aneurysm

Odds 95% Confidence

Variable Ratio Interval P

Age (per 5y) 0.86 .80-.94 <.001
Charlson Index (per point) 1.03 .93-1.13 616
Community-acquired 1.52 .88-2.64 .135

endocarditis

Native valve endocarditis 1.46 .86-2.48 .1568
Streptococcus spp. 1.40 .85-2.29 .186
Candida spp. 4.90 1.67-14.40 .004
No etiology 3.01 1.25-7.25 .014
Valve perforation or rupture 1.25 .73-2.15 410

Table 4. Multivariate Logistic Regression Showing Factors Associated
With Intracranial Mycotic Aneurysm

Odds 95% Confidence
Variable Ratio Interval P
Age (per 5y) 0.88 .82-.96 .001
Simple Charlson Index (per 0.92 .78-1.07 275
point)
Streptococcus spp. 1.30 .70-2.41 410
Native valve endocarditis 1.61 .75-3.46 221
Mitral valve endocarditis 2.49 1.31-4.73 .005

Table 5. Multivariate Logistic Regression Showing Factors Associated
With Extracranial Mycotic Aneurysm

Odds 95% Confidence
Variable Ratio Interval P
Gender (male) 2.23 .98-5.08 .056
Right-side 2.15 1.05-4.39 .035
endocarditis
Candida spp. 5.00 1.47-17.02 .010
No etiology 4.21 1.46-12.13 .008

days of hospital admission (43 [IQR 29-68] versus 36 [22-52],
P =.006). Although in-hospital mortality was similar (31.8% vs
26.8%, P =.309), patients with MA who survive IE episode had
more frequent relapses (5.1% vs 1.5%, P=.031) and suffered
more frequent sequelae (36.2% vs 15.1%, P <.001). In the
multivariate regression Cox model, 1-year mortality was simi-
lar to those patients without MA (HR, 1.05; 95% CI, .73-1.53;
P =.788) (Supplementary Figure 2).

Regarding specific MA location, those with intracranial MAs
had higher in-hospital mortality and sequelae than those with-
out MAs: 37.0% versus 26.8%, P=.067; and 51.7% versus
15.1%, P <.001) (Supplementary Table 1). Meanwhile, those
with extracranial MAs had more frequent relapses than those
without (6.8% vs 1.5%, P =.023) (Supplementary Table 2).

Importantly, patients with ruptured MAs had higher in-
hospital and 1-year mortality than those with unruptured
MAs: 43.6% versus 21.7%, P=.031; and 48.7% versus 21.7%,
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Table 6. Characteristics and Evolution of Patients With IE and Ruptured or Unruptured MA

Variable Ruptured MA (n=39) Unruptured MA (n = 46) P
Age (y) 61 (50-72) 61 (39-74) .815
Gender (male) 69.2% (27) 80.4% (37) 233
Acquisition
Hospital-acquired IE 12.8% (5) 26.1% (12) 128
Non-nosocomial healthcare-related |E 7.7% (3) 2.2% (1) .231
Community-acquired |E 79.5% (31) 71.7% (33) 409
Site of IE
Native valve 84.6% (33) 67.4% (31) .067
Prosthetic valve 17.9% (7) 26.2% (12) .369
Aortic valve 41.0% (16) 60.9% (28) .068
Mitral valve 74.4% (29) 32.6% (15) <.001
Right-side valve 2.6% (1) 13.0% (6) 118
Comorbidities
Diabetes mellitus 20.5% (8) 21.7% (10) .890
Chronic respiratory disease 7.6% (3) 21.7% (10) .073
Chronic cardiac insufficiency 10.3% (49) 47.8% (22) <.001
Cerebrovascular disease 10.3% (4) 23.9% (11) .100
Chronic renal failure 12.8% (5) 21.7% (10) 282
Chronic liver disease 2.6% (1) 10.9% (5) .282
Injecting drug user 2.6% (1) 4.3% (2) 373
Charlson Comorbidity Index (points) 3(1-5) 3(2-7) 241
Etiology
Staphylococcus aureus 35.9% (14) 21.7% (10) 148
Coagulase-negative staphylococci 7.7% (3) 6.5% (3) .834
Enterococcus spp. 7.7% (3) 13.0% (6) 424
Streptococcus spp. 35.9% (14) 37.0% (17) 919
Candida spp. 2.6% (1) 6.5% (3) .391
No etiology 2.6% (1) 10.9% (5) 136
Clinical presentation and echocardiographic findings
Intracardiac complication 30.8% (12) 39.1% (18) 422
New cardiac murmur 53.8% (21) 32.6% (15) .048
Acute cardiac failure 28.2% (11) 32.6% (15) .661
Septic shock 15.4% (6) 10.9% (5) 537
Persistent bacteremia 7.7% (3) 17.4% (8) .184
Acute renal injury 38.5% (15) 30.4% (14) 437
Mycotic aneurysm presentation
Intracranial 74.4% (29) 37.0% (17) <.001
Extracranial 25.6% (10) 73.0% (29)
Maximum aneurysm size (mm) 8 (3-25) (n=38) 14 (5-34) (n=31) .203
Days from antibiotic initiation to MA diagnosis 2(1-17) 10 (3-19) 118
Local symptoms 62.0% (24/38) 46.0% (15/31) 218
Management and outcomes
Cardiac surgery performed 36.1% (13) 53.3% (24) 122
Cardiac surgery indicated not performed 41.0% (16) 26.1% (12) 144
In-hospital mortality 43.6% (17) 21.7% (10) .031
In hospital MA-related mortality 26.3% (n=10/377) 4.6% (n=2/43°% .010
1-year mortality 48.7% (19) 21.7% (10) .009
Relapse (among survivors) 0 6.5% (3/36) 281
Sequelae (among survivors) 54.5% (12/22) 25.0% (9/36) .023
MA-related sequalae (survivors) 45.5% (10/22) 5.8% (n = 2/34°) .005

Abbreviations: |E, infective endocarditis; MA, mycotic aneurysm.
aCause of death could not be determined in 2 patients with ruptured MA and in 3 patients with unruptured MA.
bCause of sequalae could not be determined in 2 patients with unruptured MA.

P =.009. They additionally had more frequent sequelae (45.5% (Table 6). In a multivariate Cox regression model, patients
vs 5.8%, P=.005). MA-related mortality and MA-related se-  with ruptured MAs had higher 1-year mortality than those
qualae were also higher in those with ruptured MAs without MAs (HR, 2.33; 95% CI, 1.49-3.67; P < .001), whereas
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Figure 1.  Survival curve for 1-y mortality, obtained by means of multivariate Cox regression model, including absence of mycotic aneurysm, unruptured mycotic aneurysm,
and ruptured mycotic aneurysm. Covariates were age (HR, 1.03 per year; 95% Cl, 1.02—1.03), Charlson index (HR, 1.12 per point; 95% Cl, 1.11-1.15), community-acquired
endocarditis (HR, 0.81; 95% Cl, .72—.90), natural valve endocarditis (HR, 1.12; 95% Cl, .99-1.25), Streptococcus spp. (HR, 0.63; 95% Cl, .55-.73), Candida spp. (HR, 1.41; 95%
Cl, 1.01-1.97), and valve perforation (HR, 1.17; 95% Cl, 1.01-1.37). 95% Cl, 95% confidence interval; HR, hazard ratio; MA, mycotic aneurysm.

those with unruptured MAs did not (HR, 0.68; 95% CI, .36—
1.27; P = .22) (Figure 1).

Outcomes of Initially Unruptured Mycotic Aneurysms
Of the
(Supplementary Figure 1), 9 (16.4%) presented at least 1 rupture
during follow-up. Among these patients, rupture occurred after
a median of 3 days (IQR, 1-7) of MA diagnosis. Only in 1 case
did the rupture occur later than 7 days after the diagnosis (63

55 patients with initially unruptured MA

days).

Supplementary Table 3 summarizes characteristics and out-
comes of patients with initially unruptured MA according to
the presence of rupture during follow-up. Rupture during
follow-up was more frequent in intracranial MAs (32% [n=
8/25] versus 3.3% [n = 1/30, P =.004]), in patients with staph-
ylococcal IE (31.6% [n=6/19] versus 8.3% [n=3/36,
P=.036]), and in those with mitral valve IE (34.8% [n = 8/23]
versus 3.1% [n=1/32, P=.002]). Rupture during follow-up
was associated with worse outcomes, including in-hospital mor-
tality (44.4% [n=4/9] versus 21.7% [n=10/46, P =.096],
MA-related mortality (33.3% [n=3/9] versus 4.6% [n=2/43,
P =.007]), and sequelae among survivors (100% [n = 4/5] versus
25.0% ]n=9/36, P=.001]).

Treatment of Initially Unruptured Mycotic Aneurysm
Information regarding specific treatment was available in 38 of
the 55 patients (69.1%) with initially unruptured MA.

Fourteen (36.8%) patients received specific treatment of the
MA before rupture, including 10 patients with endovascular
procedure and 4 patients with open surgery. There were no sig-
nificant differences in age, sex, comorbidities, IE location ac-
quisition, microbiology, or clinical presentation between
treated and untreated patients (Supplementary Table 4).

At least 1 rupture during follow-up occurred in 6 untreated
patients (25.0%) versus 1 treated patient (7.1%), although the
difference did not reach statistical significance (P=.170).
Additionally, in-hospital mortality and MA-related mortality
were numerically higher in untreated patients, though the dif-
ferences were not statistically significant; 25.0% (n = 6/24) ver-
sus 14.3% (n=2/14), P=.684; and 16.7% (n=4/24) versus
7.1% (n=1/14), P=.232,
Table 4). Among survivors, MA-related sequelae were more

respectively  (Supplementary
frequent in untreated patients (27.8% [n=>5/18] versus 0%
[n=0/12, P=.045]). None of the untreated patients under-
went specific treatment after rupture, whereas the treated pa-
tient with rupture during follow-up underwent an additional
endovascular procedure.

DISCUSSION

To our knowledge, this is the largest study on MAs in patients
with IE. Our main findings are that MAs occur in approximate-
ly 2% of patients with endocarditis, with higher prevalence in
younger patients and in those with Candida endocarditis. Its
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rupture occurs in more than half of the cases and its associated
with poor prognosis. A significant proportion of initially un-
ruptured aneurysms suffer from rupture during follow-up,
with these being more common during the first week after di-
agnosis and in intracranial mycotic aneurysms. Specific treat-
ment of initially unruptured aneurysms could potentially lead
to lower complication rate and better outcomes.

In our nationwide cohort, incidence of MA in patients with
IE was near 2%, which is very similar to the incidence of symp-
tomatic MA found by another author [5]. Similar to that study,
MAs occurred more frequently in intracranial territory.
However, given that unruptured MAs can often be asymptom-
atic [20, 21] and unruptured MAs can resolve with antibiotics
alone [8, 22, 23], the true incidence of MAs in patients with
IE is likely underestimated in our study. Of note, in recent stud-
ies of routine intracranial image testing in surgical patients, the
MA rate was 3%-9% [21, 24, 25], and more than half of the cas-
es had been unsuspected clinically [26].

Our study is the first large cohort to describe factors associ-
ated with MA in patients with IE. Notably, risk factors were dif-
ferent for intracranial MA and extracranial MA. Younger age
and mitral valve IE were specifically associated with intracrani-
al MA. Our findings are in line with the reported median age
(39 years) of patients with intracranial MA in a recent review
[4], which can be related to the higher cerebral flow rate in
young patients in comparison with the elderly [27, 28]. In ad-
dition, Gonzalez et al [5] found a higher proportion of mitral
involvement in patients with MA. The reasons for the possible
predisposing to intracranial MAs in patients with mitral valve
endocarditis are unknown. Accordingly, in our results, a
screening diagnostic test could be pursued in those asymptom-
atic patients at high risk of intracranial MA (ie, young patients
with mitral valve endocarditis), especially if cardiac surgery is
planned [9, 24, 26].

In contrast, male sex, Candida endocarditis, and right-sided
endocarditis were associated with extracranial MA. A total of
2.1% (n = 7/336) of patients with right-sided endocarditis had
pulmonary MA, with none developing extrathoracic aneu-
rysms (data not shown); this corresponds to the logical spread
of embolisms to right-side circulation. On the other hand, the
higher burden of atherosclerotic peripheral arteriopathy in
male patients could explain the higher proportion of extracra-
nial MA in this subgroup [29, 30]. Finally, Candida spp. is
known to easily spread and generate secondary embolisms in
candidemia episodes [31, 32]. Recognizing these factors can
help to maintain a high suspicion index in asymptomatic pa-
tients and perform timely diagnostic image testing before rup-
ture occurs.

To our knowledge, this is the first study to describe evolution
of initially unruptured peripheral MAs in patients with IE and
to compare patient outcomes between those who received
MA-specific treatment before rupture or not. Although it is

acknowledged that mycotic aortoiliac aneurysm requires rapid
intervention [3, 33], there is controversy about the best ap-
proach to unruptured peripheral MAs in the context of IE
[1-4, 6, 9, 34]. It has not been studied whether specific treat-
ment of these patients, either by endovascular procedure or
open surgery [10, 35], could improve their outcomes. Some ex-
perts favor a watchful conduct, including serial imaging con-
trols, and performing a specific procedure only when there is
an MA growth [1, 3, 6, 11]. However, this management is based
only on expert opinion, given that no well-conduct study has
been performed to answer this question [36]. In our cohort,
we demonstrated that the occurrence of rupture in those MA
initially unruptured is relative frequent (approximately 20%)
and that it was more common in patients with intracranial
MA than in those with extracranial MA (30% vs 3% approxi-
mately). Of note, intracranial MAs presented more frequently
both at diagnosis and at follow-up rupture in comparison
with extracranial MA. Other authors have described case re-
ports and small case-series with initially unruptured intracrani-
al MA with subsequent rupture during follow-up [37-39]. Rice
et al found that 44% of intracranial MAs present unfavorable
outcomes when managed only with antibiotics [40]. It is not
clear why intracranial MA had a higher risk of rupture, but it
could be related to the higher flow-rate in comparison with oth-
er peripheral arteries of the same diameter, which conveys
higher endoluminal pressure [28].

Importantly, in our cohort, both rupture at diagnosis and
during follow-up was associated with a much worse prognosis,
including higher mortality and chronic sequalae. Accordingly,
when we compare outcomes between those who received early
MA treatment (ie, before rupture) and those who did not, there
was a trend toward better outcomes in the first group, including
lower rupture during follow-up (7.1% vs 25.0%, P=.170),
higher rate of aneurysm resolution in control imaging (66.7%
vs 31.3%, P=.087), lower MA-related mortality (7.1% vs
16.7%, P=.232), and lower MA-related chronic sequalae (0%
vs 27.8%, P =.045), although the differences were not statisti-
cally significant, probably because the low sample size.
Nevertheless, it is plausible that early treatment of unruptured
MAs could convey better outcomes because of a reduction in
the subsequent rupture during follow-up. This could be espe-
cially true in patients with intracranial MA, which has higher
risk of delay rupture, as previously mentioned. Of note, rupture
during follow-up occurred more frequently at initial stages, al-
most in all cases in the first week after diagnosis and first 2
weeks after antibiotic initiation. Other authors have found
higher rates of favorable MA outcomes when the patient had
already received a longer antibiotic duration at MA diagnosis
[40]. Accordingly, we can hypothesize that specific treatment
of unruptured intracranial MA should be pursued urgently
and not delayed to decrease the odds of rupture and improve
prognosis, as has been proposed by other authors [3, 11, 40].
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Figure 2. Proposal algorithm for management of mycotic aneurysms in patients with infective endocarditis.

In contrast, the risk of rupture of extracranial MA appears to be
lower, and, in these patients, watchful management with close
follow-up imaging could be acceptable. Exceptions, in which
specific interventions might be carried out, could be extracrani-
al MA localized in large arteries, such as the aorta or common
iliac arteries, as recommended elsewhere for patients with an
infected aneurysm without IE [3]. In summary, we propose
that early specific treatment, preferably by means of endovascu-
lar procedure [10, 35, 41], should be carried out in patients with
unruptured intracranial MAs urgently. If possible, because of
the patient clinical and hemodynamic status, this procedure
should be performed before cardiac surgery (if indicated).
Meanwhile, for those with unruptured extracranial MA, watch-
ful management with close control imaging could be reason-
able. Ruptured MAs, either intracranial or extracranial,
should be managed aggressively by means of endovascular pro-
cedure or open surgery, depending on location, size, mass ef-
fect, and surgical risk [3, 11, 37, 42]. We summarize our
proposed algorithm in Figure 2. Nevertheless, we must

emphasize that this proposed algorithm is based not only on
our data, but also on previous literature and guidelines (ie,
the need for surgery in aortoiliac aneurysms). It is not a high-
level evidence recommendation, for which it would be neces-
sary to perform larger, prospective, and controlled studies.
Yet, those studies might never be obtainable, and we believe
that our proposed algorithm is a valuable resource for clinicians
treating patients with IE.

Overall, the findings of our study have important clinical im-
plications in the description and management of MAs in pa-
tients with IE. However, our work has some limitations that
must be mentioned. The most important limitation is that, de-
spite being a nationwide prospective study, it is part of a larger
project that has not been specifically designed to analyze MAs.
Therefore, there may be several important aspects of this com-
plications that are not properly collected in the database.
However, we have tried to mitigate this limitation by retrospec-
tively gathering a specific form including these aspects, which
was successful in most of the patients with MAs. Remarkably,
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we had no data about the percentage of asymptomatic patients
who had undergone contrast imaging to disprove the presence
of MAs or the presence of other specific risk factors, such as
permeable foramen ovale. Yet, we believe our data add valuable
information to available literature. Second, this project takes
place in a specific geographical setting, so the generalization
of these results to other socioeconomic settings could be limit-
ed. Third, part of the statistical analysis, such as multivariate or
subgroups analysis, was limited by the relatively small sample
size. Yet, our study is the largest cohort of MAs in patients
with IE to date, and we believe that our results pose important
insights in the occurrence, risk factors, outcomes, and manage-
ment of patients with this complication. Finally, our study was
not a randomized controlled study, and as such, our conclu-
sions regarding therapeutic approaches should be taken with
caution. Ideally, larger and randomized studies should be per-
formed to determine which is the best therapeutic option for
unruptured MAs. Nevertheless, our study provides evidence
for possible benefits of early treatment and could guide design
for future research.

In conclusion, MAs are an infrequent but serious complica-
tion of IE. They occur in 2% of the cases, with half of the cases
being intracranial aneurysms. Younger patients and those with
Candida endocarditis present higher risk, and those patients
with mitral valve endocarditis had higher risk of intracranial
aneurysms. The rupture of these aneurysms is frequent and as-
sociated with a very poor prognosis. A significant proportion of
initially unruptured aneurysms suffer from rupture during the
first days after diagnosis, being markedly more common in in-
tracranial aneurysms. Early specific treatment, either by means
of endovascular procedure or open surgery, could potentially
lead to lower complication rates and better outcomes. Future
randomized studies are needed.

Supplementary Data

Supplementary materials are available at Open Forum Infectious Diseases
online. Consisting of data provided by the authors to benefit the reader, the
posted materials are not copyedited and are the sole responsibility of the
authors, so questions or comments should be addressed to the correspond-
ing author.

Notes

Data availability. The data underlying this article will be shared on rea-
sonable request to the corresponding author.

Ethical approval statement. Ethical approval was not required.

Patients consent statement. Patients’ written consent was obtained.

Preregistered clinical trial number. None (this study was not a clinical
trial).

Financial support. No funding was received for this article.

Potential conflicts of interest. All authors: No reported conflicts.

References
1. Habib G, Lancellotti P, Antunes MJ, et al. 2015 ESC guidelines for the man-
agement 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),

20.

21.

22.

23.

24.

25.

26.

27.

the European Association of Nuclear Medicine (EANM). Eur Heart ]
2015; 36:3075-128.

. Baddour LM, Wilson WR, Bayer AS, et al. Infective endocarditis in adults: diag-

nosis, antimicrobial therapy, and management of complications: a scientific state-
ment for healthcare professionals from the American Heart Association.
Circulation 2015; 132:1435-86.

. Wilson WR, Bower TC, Creager MA, et al. Vascular graft infections, mycotic an-

eurysms, and endovascular infections: a scientific statement from the American
Heart Association. Circulation 2016; 134:e412-60.

. Ducruet AF, Hickman ZL, Zacharia BE, et al. Intracranial infectious aneurysms: a

comprehensive review. Neurosurg Rev 2010; 33:37-46.

. Gonzalez I, Sarria C, Lopez J, et al. Symptomatic peripheral mycotic aneurysms

due to infective endocarditis: a contemporary profile. Medicine (Baltimore)
2014; 93:42-52.

. Renowden S, Nelson R. Management of incidental unruptured intracranial aneu-

rysms. Pract Neurol 2020; 20:347-55.

. Singla A, Fargen K, Blackburn S, et al. National treatment practices in the man-

agement of infectious intracranial aneurysms and infective endocarditis. J
Neurointerventional Surg 2016; 8:741-6.

. Wu FZ, Lai PH. Evolution and regression of intracranial infectious aneurysm di-

agnosed by brain computed tomographic angiography. Arch Neurol 2010; 67:
1147.

. Kin H, Yoshioka K, Kawazoe K, et al. Management of infectious endocarditis with

mycotic aneurysm evaluated by brain magnetic resonance imaging. Eur ]
Cardio-Thorac Surg 2013; 44:924-30.

. Serrano F, Guédon A, Saint-Maurice JP, et al. Endovascular treatment of infec-

tious intracranial aneurysms complicating infective endocarditis: a series of 31 pa-
tients with 55 aneurysms. Neuroradiology 2022; 64:353-60.

. Peters PJ, Harrison T, Lennox JL. A dangerous dilemma: management of infec-

tious intracranial aneurysms complicating endocarditis. Lancet Infect Dis 2006;
6:742-8.

. Caldero6n Parra J, De Castro-Campos D, Mufioz Garcia P, et al. Non-HACEK

gram negative bacilli endocarditis: analysis of a national prospective cohort.
Eur ] Intern Med 2021; 92:71-8.

. Calder6n-Parra J, Kestler M, Ramos-Martinez A, et al. Clinical factors associated

with reinfection versus relapse in infective endocarditis: prospective cohort study.
] Clin Med 2021; 10:748.

. Ramos-Martinez A, Calder6n-Parra J, Mir6 JM, et al. Effect of the type of surgical

indication on mortality in patients with infective endocarditis who are rejected for
surgical intervention. Int J Cardiol 2019; 282:24-30.

. Ramos-Martinez A, Blanco-Alonso S, Calderdn-Parra J, et al. Endocarditis in pa-

tients with ascending aortic prosthetic graft: a series from a National Referral
Hospital. ] Am Coll Cardiol 2020; 75:2380-2.

. Benito N, Mird JM, de Lazzari E, et al. Health care-associated native valve endo-

carditis: importance of non-nosocomial acquisition. Ann Intern Med 2009; 150:
586-94.

. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying

prognostic comorbidity in longitudinal studies: development and validation. ]
Chronic Dis 1987; 40:373-83.

. Nick TG, Campbell KM. Logistic regression. Methods Mol Biol 2007; 404:

273-301.

. Lee], Yoshizawa C, Wilkens L, Lee HP. Covariance adjustment of survival curves

based on Cox’s proportional hazards regression model. Comput Appl Biosci
1992; 8:23-7.

Dean RH, Waterhouse G, Meacham PW, Weaver FA, O’Neil JA. Mycotic embo-
lism and embolomycotic aneurysms. Neglected lessons of the past. Ann Surg
1986; 204:300-7.

Hui FK, Bain M, Obuchowski NA, et al. Mycotic aneurysm detection rates with
cerebral angiography in patients with endocarditis. ]
Neurointerventional Surg 2015; 7:449-52.

Johansen K, Devin J. Spontaneous healing of mycotic aortic aneurysms. ]
Cardiovasc Surg (Torino) 1980; 21:625-7.

Shi H, Parikh NS, Esenwa C, et al. Neurological outcomes of patients with mycotic
aneurysms in infective endocarditis. Neurohospitalist 2021; 11:5-11.
Monteleone PP, Shrestha NK, Jacob J, et al. Clinical utility of cerebral angiography
in the preoperative assessment of endocarditis. Vasc Med 2014; 19:500-6.

Hess A, Klein I, Tung B, et al. Brain MRI findings in neurologically asymptomatic
patients with infective endocarditis. AJNR Am J Neuroradiol 2013; 34:1579-84.
Meshaal MS, Kassem HH, Samir A, Zakaria A, Baghdady Y, Rizk HH. Impact of
routine cerebral CT angiography on treatment decisions in infective endocarditis.
PLoS One 2015; 10:e0118616.

Alwatban MR, Aaron SE, Kaufman CS, et al. Effects of age and sex on middle ce-
rebral artery blood velocity and flow pulsatility index across the adult lifespan. J
Appl Physiol (1985) 2021; 130:1675-83.

infective

XXX o OFID « 9

20¢ udy €2 UO Jasn e|jIneS ap PepPISIOAIUN AQ £82829./1Z L OBIO/E/L |/oI0IE/PIIO/W0d dNoDlWepeo.//:Sd)y WOy papeojumoq


http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofae121#supplementary-data

28. Zarrinkoob L, Ambarki K, Wahlin A, Birgander R, Eklund A, Malm J. Blood flow
distribution in cerebral arteries. ] Cereb Blood Flow Metab 2015; 35:648-54.

29. Song P, Fang Z, Wang H, et al. Global and regional prevalence, burden, and risk
factors for carotid atherosclerosis: a systematic review, meta-analysis, and model-
ling study. Lancet Glob Health 2020; 8:e721-9.

30. Trivedi B, Desai R, Mishra K, Hechanova LA, Abolbashari M. Role of sex in ath-
erosclerosis: does sex matter? Curr Cardiol Rep 2022; 24:1791-8.

31. Antinori S, Milazzo L, Sollima S, Galli M, Corbellino M. Candidemia and invasive
candidiasis in adults: a narrative review. Eur ] Intern Med 2016; 34:21-8.

32. Baddley JW, Benjamin DK, Patel M, et al. Candida infective endocarditis. Eur J
Clin Microbiol Infect Dis 2008; 27:519-29.

33. Hsu RB, Chang CI, Wu IH, Lin FY. Selective medical treatment of infected aneu-
rysms of the aorta in high risk patients. ] Vasc Surg 2009; 49:66-70.

34. Ohtake M, Tateishi K, Ikegaya N, Iwata J, Yamanaka S, Murata H. Initial treat-
ment strategy for intracranial mycotic aneurysms: 2 case reports and literature re-
view. World Neurosurg 2017; 106:1051.e9-e16.

35. Sorelius K, Mani K, Bjorck M, et al. Endovascular treatment of mycotic aortic an-
eurysms: a European multicenter study. Circulation 2014; 130:2136-42.

36. Hamisch CA, Mpotsaris A, Timmer M, et al. Interdisciplinary treatment of intra-
cranial infectious aneurysms. Cerebrovasc Dis Basel Switz 2016; 42(5-6):493-505.

37. Wang K, Sun J, Zhang X, Zhang Q, Chen Z. Management of consecutive devel-
opment of ruptured intracranial mycotic aneurysms: case report. Turk
Neurosurg 2015; 25:310-2.

38. Lin CT, Tranmer B, Durham S, Johnson D, Hamlin M, Bolman RM. Ruptured
mycotic aneurysm and cerebral vasospasm in the setting of endocarditis and heart
failure requiring cardiothoracic surgery: case report and literature review. World
Neurosurg 2017; 100:711.e13-e18.

39. Park W, Ahn JS, Park JC, Kwun BD, Lee DH. Treatment strategy based on expe-
rience of treating intracranial infectious aneurysms. World Neurosurg 2017; 97:
351-9.

40. Rice CJ, Cho SM, Marquardt RJ, et al. Clinical course of infectious intracranial
aneurysm undergoing antibiotic treatment. ] Neurol Sci 2019; 403:50-5.

41. Ragulojan R, Grupke S, Fraser JF. Systematic review of endovascular, surgical, and
conservative options for infectious intracranial aneurysms and cardiac consider-
ations. J Stroke Cerebrovasc Dis 2019; 28:838-44.

42. Dhomne S, Rao C, Shrivastava M, Sidhartha W, Limaye U. Endovascular manage-
ment of ruptured cerebral mycotic aneurysms. Br ] Neurosurg 2008; 22:46-52.

Appendix

Members of the GAMES: Hospital Costa del Sol, (Marbella): Fernando
Fernandez Sinchez, José M# Garcia de Lomas, Gabriel Rosas, Javier de la
Torre Lima; Hospital Universitario de Cruces, (Bilbao): Elena
Bereciartua, Maria José Blanco Vidal, Roberto Blanco, Maria Victoria
Boado, Marta Campaiia Lazaro, Alejandro Crespo, Laura Guio Carri6n,
Mikel Del Alamo Martinez de Lagos, Gorane Euba Ugarte, Ane Josune
Goikoetxea, Marta Ibarrola Hierro, José Ramoén Iruretagoyena, Josu
Irurzun Zuazabal, Leire Lopez-Soria, Miguel Montejo, Javier Nieto, David
Rodrigo, Regino Rodriguez, Yolanda Vitoria, Roberto Voces; Hospital
Universitario Virgen de la Victoria, (Mélaga): M* Victoria Garcia Lopez,
Radka Ivanova Georgieva, Guillermo Ojeda, Isabel Rodriguez Bail6n,
Josefa Ruiz Morales; Hospital Universitario Donostia-Poliklinica
Gipuzkoa-IIS Biodonostia, (San Sebastidn): Ignacio Alvarez Rodriguez,
Harkaitz Azkune Galparsoro, Elisa Berritu Boronat, M? Jestus Bustinduy
Odriozola, Cristina del Bosque Martin, Tomas Echeverria, Alberto
Eizaguirre Yarza, Ana Fuentes, Miguel Angel Goenaga, Muskilda
Goyeneche del Rio, Angela Granda Bauza, José Antonio Iribarren, Xabier
Kortajarena Urkola, José Ignacio Pérez-Moreiras Lopez, Ainhoa Rengel
Jiménez, Karlos Reviejo, Alberto Saez Berbejillo, Elou Sanchez Haza, Rosa
Sebastidn Alda, Itziar Solla Ruiz, Irati Unamuno Ugartemendia, Diego
Vicente Anza, Ifaki Villanueva Benito, Mar Zabalo Arrieta; Hospital
General Universitario de Alicante, (Alicante): Rafael Carrasco, Vicente
Climent, Patricio Llamas, Esperanza Merino, Joaquin Plazas, Sergio Reus;
Complejo Hospitalario Universitario A Corufa, (A Corufia): Alicia
Alonso, Alberto Bouzas, Brais Castelo, José Cuenca, Laura Gutiérrez,
Lucia Ramos, Maria Rodriguez Mayo, Joaquin Manuel Serrano, Dolores
Sousa Regueiro; Complejo Hospitalario Universitario de Huelva,
(Huelva): Francisco Javier Martinez; Hospital Universitario de Canarias,
(Canarias): M* del Mar Alonso, Beatriz Castro, Teresa Delgado Melian,
Javier Ferndndez Sarabia, DAacil Garcia Rosado, Julia Gonzilez Gonzélez,

Juan Lacalzada, Lissete Lorenzo de la Pefa, Alina Pérez Ramirez, Pablo
Prada Arrondo, Fermin Rodriguez Moreno; Hospital Regional
Universitario de Madlaga, (Malaga): Antonio Plata Ciezar, José¢ M?
Reguera Iglesias; Hospital Universitario Central Asturias, (Oviedo):
Victor Asensi Alvarez, Carlos Costas, Jesus de la Hera, Jonnathan
Ferndndez Sudrez, Lisardo Iglesias Fraile, Victor Ledn Arguero, José Lopez
Menéndez, Pilar Mencia Bajo, Carlos Morales, Alfonso Moreno Torrico,
Carmen Palomo, Begofia Paya Martinez, Angeles Rodriguez Esteban,
Raquel Rodriguez Garcia, Mauricio Telenti Asensio; Hospital
Clinic-IDIBAPS, Universidad de Barcelona, (Barcelona): Manuel
Almela, Juan Ambrosioni, Manuel Azqueta, Mercé Brunet, Marta Bodro,
Ramoén  Cartand, Guillermo Cuervo, Carlos Falces, Mariana ]
Fernandez-Pittol, Guillermina Fita, David Fuster, Cristina Garcia de la
Maria, Delia Garcia-Pares, Marta Herndndez-Meneses, Jaume Llopis
Pérez, Francesc Marco, José M. Mird, Asuncién Moreno, David Nicolas,
Salvador Ninot, Eduardo Quintana, Carlos Paré, Daniel Pereda, Juan
M. Pericas, José L. Pomar, José Ramirez, Mercé Roque, Irene Rovira,
Elena Sandoval, Marta Sitges, Dolors Soy, Adridn Téllez, José
M. Tolosana, Bérbara Vidal, Jordi Vila; Hospital General Universitario
Gregorio Maraiion, (Madrid): Ivan Adan, David Alonso, Juan Carlos
Alonso, Ana Alvarez-Uria, Javier Bermejo, Emilio Bouza, Gregorio
Cuerpo Caballero, Antonia Delgado Montero, Agustin Estévez, Ramoén
Fortuny Ribas, Esther Gargallo, M* Eugenia Garcia Leoni, Ana Gonzélez
Mansilla, Francisco Javier Gonzalez Moraga, Victor Gonzélez Ramallo,
Martha Kestler Herndndez, Amaia Mari Hualde, Marina Machado,
Mercedes Marin, Manuel Martinez-Sellés, Rosa Melero, Patricia Mufoz,
Diego Monzén, Maria Olmedo, Alvaro Pedraz, Blanca Pinilla, Angel
Pinto, Cristina Rincon, Hugo Rodriguez-Abella, Marta
Rodriguez-Créixems, Eduardo Sanchez-Pérez, Antonio Segado, Neera
Toledo, Maricela Valerio, Pilar Vazquez, Eduardo Verde Moreno, Sofia de
la Villa; Hospital Universitario La Paz, (Madrid): Isabel Antorrena, Belén
Loeches, Mar Moreno, Ulises Ramirez, Ver6nica Rial Baston, Maria
Romero, Sandra Rosillo; Hospital Universitario Marqués de Valdecilla,
(Santander): Jesus Agiiero Balbin, Cristina Amado Fernandez, Carlos
Armifianzas Castillo, Francisco Arnaiz de las Revillas, Manuel Cobo
Belaustegui, Marfa Carmen Farifias, Concepcion Farifias-Alvarez, Marta
Ferndndez Sampedro, Ivian Garcia, Claudia Gonzalez Rico, Laura
Gutiérrez-Fernandez, Manuel Gutiérrez-Cuadra, José Gutiérrez Diez,
Marcos Pajarén, José Antonio Parra, Ramoén Teira, Jesus Zarauza;
Hospital Universitario Puerta de Hierro, (Madrid): Jorge Calderén
Parra, Marta Cobo, Fernando Dominguez, Pablo Garcia Pavia, Ana
Fernandez Cruz, Antonio Ramos-Martinez, Isabel Sianchez Romero;
Hospital Universitario Ramoén y Cajal, (Madrid): Tomasa Centella, José
Manuel Hermida, José Luis Moya, Pilar Martin-Davila, Enrique Navas,
Enrique Oliva, Alejandro del Rio, Jorge Rodriguez-Roda Stuart, Soledad
Ruiz; Hospital Universitario Virgen de las Nieves, (Granada): Carmen
Hidalgo Tenorio, Sergio Sequera; Hospital Universitario Virgen
Macarena, (Sevilla): Manuel Almendro Delia, Omar Araji, Jos¢ Miguel
Barquero, Romén Calvo Jambrina, Marina de Cueto, Juan Gélvez Acebal,
Irene Méndez, Isabel Morales, Luis Eduardo Lépez-Cortés; Hospital
Universitario Virgen del Rocio, (Sevilla): Aristides de Alarcon,
Encarnacion Gutiérrez-Carretero, José Antonio Lepe, José Lopez-Haldon,
Rafael Luque-Mérquez, Guillermo Marin, Antonio Ortiz-Carrellan, Eladio
Sanchez-Dominguez; Hospital San Pedro, (Logrofio): Luis Javier Alonso,
Pedro Azcérate, José Manuel Azcona Gutiérrez, José Ramoén Blanco,
Estibaliz Corral Armas, Lara Garcia-Alvarez, José Antonio Oteo; Hospital
de la Santa Creu i Sant Pau, (Barcelona): Antonio Barros Membrilla,
Antonino Ginel Iglesias, Sara Grillo, Rubén Leta Petracca, Joaquin
Lopez-Contreras, Marfa Alba Rivera Martinez; Complejo Hospitalario
Universitario de Santiago de Compostela, (A Corufia): M. Alvarez,
A. L. Fernandez, Amparo Martinez, A. Prieto, Benito Regueiro, E. Tijeira,
Marino Vega; Hospital Universitario Araba, (Vitoria): Amaia Aguirre
Quinonero, Angela Alonso Mifiambres, Juan Carlos Gainzarain Arana,
Sara Gonzélez de Alaiza Ortega, Miguel Angel Moran Rodriguez, Anai
Moreno Rodriguez, Zurife Ortiz de Zarate, José Joaquin Portu Zapirain,
Ester Sdez de Adana Arroniz, Daisy Carolina Sorto Sanchez; Hospital SAS
Linea de la Concepcién, (C4diz): Sinchez-Porto Antonio, Ubeda Iglesias

10 « OFID « Calderén-Parra et al

20¢ udy €2 UO Jasn e|jIneS ap PepPISIOAIUN AQ £82829./1Z L OBIO/E/L |/oI0IE/PIIO/W0d dNoDlWepeo.//:Sd)y WOy papeojumoq



Alejandro; Hospital Clinico Universitario Virgen de la Arrixaca (Murcia):
José M? Arribas Leal, Elisa Garcia Vazquez, Alicia Herndndez Torres, Ana
Blazquez, Gonzalo de la Morena Valenzuela; Hospital de Txagorritxu,
(Vitoria): Angel Alonso, Javier Aramburu, Felicitas Elena Calvo, Anai
Moreno Rodriguez, Paola Tarabini-Castellani; Hospital Virgen de la
Salud, (Toledo): Eva Heredero Galvez, Carolina Maicas Bellido, José
Largo Pau, M* Antonia Sepulveda, Pilar Toledano Sierra, Sadaf Zafar
Igbal-Mirza; Hospital Rafael Méndez, (Lorca-Murcia);, Eva Cascales
Alcolea, Ivan Keituqwa Yafez, Julidn Navarro Martinez, Ana Peldez
Ballesta; Hospital Universitario San Cecilio (Granada): Eduardo Moreno
Escobar, Alejandro Pefia Monje, Valme Sanchez Cabrera, David Vinuesa
Garcia; Hospital Son Llatzer (Palma de Mallorca): Maria Arrizabalaga
Asenjo, Carmen Cifuentes Luna, Juana Nufiez Morcillo, M* Cruz Pérez
Seco, Aroa Villoslada Gelabert; Hospital Universitario Miguel Servet
(Zaragoza): Carmen Aured Guallar, Nuria Fernandez Abad, Pilar Garcia
Mangas, Marta Matamala Adell, M* Pilar Palacian Ruiz, Juan Carlos
Porres; Hospital General Universitario Santa Lucia (Cartagena): Begofa
Alcaraz Vidal, Maria Jestis Del Amor Espin, Francisco Buendia, Roberto
Jiménez Sanchez, Rosario Miérmol, Francisco Martinez, Antonio
Meseguer, Beatriz Pérez, Leticia Risco, Zoser Saura, Vanina Silva, M?
Belén Villmarin; Hospital Universitario Son Espases (Palma de
Mallorca): M* Angels Ribas Blanco, Enrique Ruiz de Gopegui Bordes,
Laura Vidal Bonet, Miquel Vives Borras; Complejo Hospitalario
Universitario de Albacete (Albacete): M* Carmen Bellon Munera, Elena
Escribano Garaizabal, Antonia Tercero Martinez, Juan Carlos Segura
Luque; Hospital Universitario Terrassa: Cristina Badia, Lucia Boix Palop,
Mariona Xercavins, Sonia Ibars. Hospital Universitario Dr. Negrin
(Gran Canaria): Xerach Bosch, Eloy Gémez Nebreda, Ibalia Horcajada
Herrera, Irene Menduifia Gallego, Imanol Pulido; Complejo Hospitalario
Universitario Insular Materno Infantil (Las Palmas de Gran Canaria):

Héctor Marrero Santiago, Isabel de Miguel Martinez, Elena Pisos
Alamo, Daniel San Romén Sinchez; Hospital Universitario 12 de
Octubre (Madrid): Jorge Boan Pérez, Eva M* Aguilar Blanco, Mercedes
Catalan Gonzalez, Maria Angélica Corres Peiretti, Andrea Eixerés Esteve,
Laura Dominguez Pérez, Santiago de Cossio Tejido, Francisco Galvan
Roman, José Antonio Garcia Robles, Francisco Lopez Medrano, M# Jests
Lépez Gude, M®* Angeles Orellana Miguel, Patrick Pilkington, Yolanda
Revilla Ostalaza, Juan Ruiz Morales, Sebastidn Ruiz Solis, Ana Sabin
Collado, Marcos Sanchez Fernandez, Javier Solera Rallo, Jorge Solis
Martin. Hospital Universitari de Bellvitge (L’Hospitalet de Llobregat):
Francesc Escrihuela-Vidal, Jordi Carratald, Inmaculada Grau, Carmen
Ardanuy, Démaris Berbel, José Carlos Sinchez Salado, Oriol Alegre,
Alejandro Ruiz Majoral, Fabrizio Sbraga, Arnau Blasco, Laura Gracia
Sanchez, Ivan Sanchez-Rodriguez. Hospital Universitario Fundacion
Jiménez Diaz (Madrid): Gonzalo Aldamiz, Beatriz Alvarez, Marina Bernal
Palacios, Alfonso Cabello Ubeda, Ricardo Ferndndez Roblas, Rafael
Hernandez, Victoria Andrea Hortigiiela Martin, Andrea Kallmeyer,
Cristina Landaeta Kancev, Marta Martin, Miguel Morante Ruiz, Miguel
Angel Navas Lobato, Ana Maria Pello, Laura Prieto, Marta
Tomas Mallebrera, Laura Varela. Hospital Basurto (Bilbao): Mireia de la
Pena Triguero, Ruth Esther Figueroa Ceron, Lara Ruiz Gomez. Hospital
del Mar (Barcelona): Mireia Ble, Juan Pablo Horcajada Gallego, Antonio
José Ginel, Inmaculada Lopez, Alexandra Mas, Antoni Mestres, Lluis
Molina, Ramoén Serrat, Nuria Ribas, Francisca Sanchez, Ana Silverio,
Marina Sudrez, Luisa Sorli, Lluis Recasens, Manuel Taurén. Complejo
Asistencial de Burgos (Burgos): Maria Fernandez Regueras, Maria
Angeles Mantecén Vallejo, José Angel Pérez Rivera, Nuria Sinchez Mata.
Hospital Universitario de Badajoz (Badajoz): Antonia Calvo Cano,
Miguel Fajardo Olivares, Maria Victoria Millan Nunez, Agustin Mufoz
Sanz.

XXX o OFID « 11

20¢ udy €2 UO Jasn e|jIneS ap PepPISIOAIUN AQ £82829./1Z L OBIO/E/L |/oI0IE/PIIO/W0d dNoDlWepeo.//:Sd)y WOy papeojumoq



	Epidemiology and Risk Factors of Mycotic Aneurysm in Patients With Infective Endocarditis and the Impact of its Rupture in Outcomes. Analysis of a National Prospective Cohort
	PATIENTS AND METHODS
	Patients
	Definitions
	Statistical Analysis

	RESULTS
	Factors Associated With the Occurrence of Mycotic Aneurysms
	Factors Associated With the Rupture of Mycotic Aneurysms
	Impact of Mycotic Aneurysm in Patient Management and Outcomes.
	Outcomes of Initially Unruptured Mycotic Aneurysms
	Treatment of Initially Unruptured Mycotic Aneurysm


	DISCUSSION
	Supplementary Data
	Notes
	References




