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Abstract: Invasive fungal infections associated with intracardiac
devices, such as prosthetic heart valves, pacemakers, and other
devices, are uncommon but severe and associated with high mor-
tality. A narrative review of the scientific literature was conducted
to identify the theoretical foundations of invasive fungal infections
associated with intravascular devices, including their etiology,
pathogenesis, diagnosis, and treatment. Candida spp. and Asper-
gillus spp. are the main etiological agents, with biofilm formation,
adhesins, and host-related factors contributing to infection. Myco-
logical diagnosis is based on blood cultures (the gold standard) as
well as cultures of valves, vegetations, adherent tissue, and puru-
lent material from pacemaker pockets, alongside serological and
molecular tests. Treatment requires a combination of surgery
(valve replacement and device removal) and prolonged antifungal
therapy (amphotericin B, flucytosine, echinocandins, and voricon-
azole). Suppressive therapy with azoles is often required after the
acute phase.

Key words: Invasive fungal infections; Intracardiac devices;
Blood cultures; Antifungal agents; Suppressive therapy
Resumen: Las infecciones flngicas invasivas asociadas a disposi-
tivos intracardiacos, como valvulas cardiacas protésicas, marcapa-
sos y otros, son poco frecuentes, pero graves y de elevada morta-
lidad. Se realizé un analisis, mediante una revisidn narrativa de la
literatura cientifica, para obtener los referentes tedéricos sobre las
infecciones flngicas invasivas asociadas a dispositivos intravascu-
lares, su etiologia, patogenia, diagnédstico y tratamiento. Candida
spp. Yy Aspergillus spp. son los principales agentes etioldgicos,
favorecidos por la formacidon de biopeliculas, adhesinas y factores
del huésped. El diagndstico micolégico se basa en hemocultivos
(estandar de oro), cultivos de valvulas, vegetaciones, tejidos ad-
heridos y material purulento de las bolsas de marcapasos, ademas
de pruebas seroldogicas y moleculares. El tratamiento requiere
combinacién de cirugia (recambio valvular, retirada del dispositi-
vo) y antifungicos prolongados (anfotericina B, flucitosina, equino-
candinas, voriconazol). La terapia supresora con azoles suele ser
necesaria tras la fase aguda.

Palabras clave: Infecciones fungicas invasivas; Dispositivos in-
tracardiacos; Hemocultivos; Antifungicos; Terapia supresora
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Introduction

Fungal infections in general, and invasive forms
in particular, are recognized as a leading and
significant cause of morbidity and mortality
worldwide. The incidence of these conditions
has increased over the past decades, and their
impact on human health is now considered
comparable to that caused by other microor-
ganisms, such as bacteria, viruses, and para-
sites.!

Currently, two factors contribute to the sus-
tained increase in the incidence of invasive fun-
gal infections (IFIs). First, the two pandemics,
AIDS and COVID-19, in which five opportunistic
fungal infections—pneumocystosis, cryptococ-
cosis, histoplasmosis, talaromycosis, and mu-
cormycosis—have become leading causes of
death in these populations!? Second, major
advances in medicine aimed at prolonging the
lives of patients with chronic noncommunicable
diseases, particularly cardiovascular diseases,
have led to the increasing use of biomedical
devices implanted through surgical or percuta-
neous procedures. These devices have im-
proved patients' quality of life and survival rates
while also contributing to a considerable in-
crease in IFIs.

The complexity and severity of these infections
have driven the development and consolidation
of new microbiological techniques, which are
now considered the diagnostic standard. From a
clinical perspective, various diagnostic and
treatment guidelines have also been established
through consensus among the medical special-
ties involved. This process has been supported
by the modified Duke criteria, which integrate
Microbiology, Cardiac Imaging, Cardiology, and
Cardiovascular Surgery.?*

Nevertheless, overall rates of device-associated
IFIs are low, although they vary according to
the type of implanted device, surgical tech-
nique, and the presence of comorbidities. The-
se infections also involve highly complex inter-
actions among the fungus, the surface of the
implant itself, and the host. Consequently, my-
cological diagnosis is challenging and can often
only be established after device removal. The
aim of this article is to analyze, through a nar-
rative review of the scientific literature, the
theoretical foundations of invasive fungal infec-
tions associated with intravascular devices, in-
cluding their etiology, pathogenesis, diagnosis,
and treatment.

Method: A narrative review of the scientific
literature was conducted based on a targeted
search for articles, guidelines, books, and offi-
cial documents from scientific societies pub-
lished in databases such as PubMed and Sci-
ELO. According to expert judgment, 23 articles
addressing the etiology, pathogenesis, diagno-
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sis, and treatment of IFIs associated with intra-
vascular devices were selected. In addition,
data from two provincial hospitals were incorpo-
rated.

Development

Fungal Infections Associated with Pros-
thetic Heart Valves

Cardiac valves may be biological or mechanical.
Their replacement with prosthetic material has
represented a major advance in the treatment
of various valvular diseases since the 1960s3.
According to historical data from the Hospital
Provincial Universitario Cardiocentro Ernesto
Guevara in Santa Clara, Villa Clara, approxi-
mately 1,370 valve surgeries were performed
between 2002 and 2025 (Source: Department
of Medical Records and Statistics of the Hospital
Provincial Universitario Cardiocentro <«Ernesto
Guevara», 2026). Fungal infection of these
valves is uncommon but represents one of the
most serious complications that patients may
experience during the postoperative period and
may lead to prosthetic valve endocarditis.
Worldwide, the incidence of fungal endocarditis
ranges from 1% to 3% of all cases of bacterial
endocarditis. It affects 0.1% of all prosthetic
valves and is associated with a mortality rate
exceeding 70%?°>. The most frequently isolated
species are Candida spp. (predominantly Can-
dida albicans), Aspergillus spp. (particularly
Aspergillus fumigatus), and Histoplasma spp.,
although the latter two are less common.3>®
The pathogenesis of this infection involves con-
tributing factors: preexisting tissue damage to
the cardiac endothelium, the virulence of the
causative fungus, and the patient's immune
status. Arnaiz-Garcia et al.” describe a patient
with infection involving the mitral and aortic
valves, associated with age-related immunode-
ficiency and a history of a four-month febrile
syndrome.

Regarding the route of transmission, fungi may
contaminate the valve during surgery or post-
operatively through hematogenous dissemina-
tion from a damaged gastrointestinal epithelium
or from the skin and soft tissues.® According to
Bonifaz-Trujillo,® Candida spp. forms extracellu-
lar biofilms, as do the bacteria Staphylococcus
aureus and Pseudomonas spp., as well as adhe-
sins that promote attachment to surfaces
through polymeric substances secreted by the
microorganisms themselves. This results in a
high capacity for defense and persistence, as
WeI6I as increased resistance to antifungal thera-
py.

As previously mentioned, Candida albicans, ac-
counting for 50% of cases, is the main species
responsible for prosthetic valve endocarditis.
This is attributed to its morphological transition,
which represents a third virulence factor and




consists of a morphological shift from yeast-like
blastospores to pseudohyphae and true hyphae.
It is followed by the Candida parapsilosis com-
plex (15-41%), Candida tropicalis (10-13%),
Candida glabrata (4-9%), Meyeronzyma
guilliermondii (4%), and Pichia kudriavzevii
(1%).>° Other species, such as Candida auris,
are uncommon.'®

In the particular case of Aspergillus spp., its
spores may contaminate the air, and infection
can therefore occur during the surgical proce-
dure. Its virulence is multifactorial. It has been
described as having resistance to oxidative
stress and adhesins or surface proteins involved
in interactions with receptor cells, as well as a
variety of enzymes, including proteases, pepti-
dases, catalases, elastases (serine proteases
and metalloproteases), phospholipases, and
superoxide dismutase.® This fungus is the lead-
ing cause of fungal endocarditis with negative
blood cultures.>!!

In general, as the infection progresses, pros-
thetic vegetations may develop. These consist
of large amounts of microorganisms and fibrin-
platelet aggregates. They are larger than those
formed by bacteria and are associated with high
mortality.®> When Aspergillus spp. is the etiolog-
ical agent, vegetations are the first warning
sign.12'13

Fungal Infections Associated with Cardiac
Implantable Electronic Devices

Fungal infections associated with these devices
are currently a concern that requires healthcare
professionals to be familiar with their potential
complications. The absolute number of these
infections has increased considerably as the
number of implanted devices has risen. At
Hospital Provincial Universitario, Cardiocentro
«Ernesto Guevara», pacemaker implantation
rates have varied over time, with an average of
470 procedures per year from 2000 to 2015,
followed by 350 per year from 2016 to 2019
(Source: Department of Medical Records and
Statistics of the Hospital Provincial Universitario
Cardiocentro «Ernesto Guevara», 2020). Ac-
cording to the literature, infection involving the
generator alone is the most common type.'?
Nevertheless, this review will address aspects of
fungal infections involving the generator and its
leads.

Infection of a cardiac implantable electronic
device is a process with serious consequences.
In Spain, its incidence is estimated at 1-6%,
corresponding to 1.9 infections per 1,000 de-
vice-years, and is higher among patients who
have required system reimplantation3. Regard-
ing the microorganisms responsible for these
IFIs, Candida albicans accounts for 1-2% and
Aspergillus spp. for up to 1%.14 As with pros-
thetic heart valves, infection results from the
interaction between the fungus and the material
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from which the device is made, together with
patient-related factors such as immune status
and the presence of other comorbidities.>*3
Contamination of the device or the pocket in
which it is implanted, as well as its leads, may
occur during implantation, following manipula-
tion of the system, or as a result of skin ero-
sion. In this regard, the microorganisms that
reach the device material are generally those
present on the surrounding skin. This may ex-
plain Candida infections, as several Candida
species are components of the body's normal
microbiota; they are present from the first days
of life and have a strong predilection for muco-
sal surfaces rather than healthy skin.® Pocket
infections may also occur through contiguous
spread from the generator to the leads, where-
as hematogenous infection is the least common
route.3
It is important to emphasize that these yeasts
have the ability to form biofilms and express
adhesins, a characteristic shared with Gram-
positive cocci that plays a critical role in the
pathogenesis of these infections. Aspergillus
spp. can also cause infection, although less fre-
quently. Clinical manifestations depend on the
type of infection, the implantation site, the fun-
gal species involved, and the complications that
may arise'3. These manifestations range from a
localized infection to an IFI.'*

Mycological Diagnosis

Native and prosthetic heart valves, leads from
cardiac implantable electronic devices, purulent
material from the pocket of the implanted de-
vice, periprosthetic or perianular abscesses,
and, in all cases, blood cultures are appropriate
specimens for the mycological diagnosis of the-
se infections. All specimens should be collected
under strict aseptic conditions, following proper
skin disinfection and with minimal manipulation.
In general, exudates obtained from fistulas or
collected with swabs are not considered valid
specimens.?

Valves, vegetations, and adherent tissue should
be placed in sterile containers containing sterile
distilled water and sealed hermetically in con-
tainers of an appropriate size, without adding
formalin, viral transport medium, or other pre-
servatives. For the latter specimen, two or
more pieces measuring at least 5-10 mm are
preferred because of the possibility of contami-
nation by environmental Aspergillus spp.> Puru-
lent material should preferably be obtained by
aspiration with a syringe and needle, with a
volume of 1-5 mL, and transported in the same
device. Hariri et al.15 reviewed 40 medical rec-
ords of patients with fungal mediastinitis follow-
ing cardiac surgery. They reported that tissue
or mediastinal fluid specimens were obtained
from these patients, primarily for mycological
studies.




Blood cultures are considered the gold standard
for microbiological diagnosis. As previously
mentioned, blood samples should be obtained
from all patients presenting signs or symptoms
of IFI, using peripheral venipuncture, both for
culture and for serological and molecular test-
ing. In the specific case of fungal endocarditis,
blood cultures together with cultures of pros-
thetic heart valves are the most important tests
for establishing the etiological diagnosis, and
their results influence the assessment of fungal
viability during surgery and treatment efficacy.3
With proper technique, the isolation rate from
the first blood culture may be 60-80%, increas-
ing to 80-90% with two blood cultures and
reaching up to 99% with a third. Obtaining an
adequate blood volume is crucial (10-30 mL per
arm in adult patients), particularly in Candida
spp. IFI, in which the yeast burden in the
bloodstream is low but continuous, unlike As-
pergillus spp., for which bloodstream dissemi-
nation is intermittent.>%!’ Nevertheless, when
fungal endocarditis is clinically suspected and
blood cultures remain negative after 72 hours,
consultation with a microbiologist is necessary.
Meena et al.'® conducted a systematic review
including 220 articles involving 250 patients
with fungal endocarditis. Candida spp. (50%)
and Aspergillus spp. (30%) were the most fre-
quently identified etiological agents among pa-
tients with positive blood cultures. In the My-
cology Section of the Microbiology Laboratory at
Hospital Provincial Gineco-Obstétrico Universi-
tario «Mariana Grajales» in Santa Clara, Villa
Clara, six blood culture specimens were re-
ceived between 2020 and 2024. The genus
Candida predominated, with a 50% positivity
rate (Source: Department of Medical Records
and Statistics, Hospital Provincial Gineco-
Obstétrico Universitario «Mariana Grajales»,
2025).

Given that these specimens are irreplaceable,
difficult to obtain, and their collection may pose
life-threatening risks to the patient, it is rec-
ommended to contact the microbiology labora-
tory before collecting them to prevent potential
errors by the attending physician, clinical ser-
vice, or hospital. Culture results should be in-
terpreted in conjunction with clinical and imag-
ing findings, blood culture results, and, when
performed, serological and molecular studies.
Worldwide, serological tests are used to im-
prove the diagnostic accuracy of IFIs, particu-
larly in the presence of negative blood cultures.
Tests are available for the detection of galac-
tomannan, a component of the cell wall of As-
pergillus spp., and B-D-glucan, a component of
the cell wall of Candida spp. and Aspergillus
spp. Both tests are performed on serum and
other body fluids. In published studies, galac-
tomannan showed a sensitivity of 83% in fungal
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endocarditis caused by Aspergillus spp., where-
as B-D-glucan showed a sensitivity of 100% for
Candida spp. infection, highlighting their value
as key diagnostic tools.> 161819
Last but not least, molecular diagnostic tests
based on polymerase chain reaction (PCR) are
also available. These tests detect fungal DNA in
microbiological specimens through sequencing
and amplification of conserved regions of fungal
ribosomal DNA (185-28S rDNA). They offer
high sensitivity and specificity and can detect
resistance genes, thereby facilitating the selec-
tion of the appropriate antifungal agent. How-
ever, these tests are not included in the modi-
fied Duke criteria.>*®
Treatment
In recent years, new treatments have emerged
for IFIs associated with prosthetic heart valves
and pacemakers, offering potential benefits in
cases of drug resistance, intolerance, or treat-
ment failure.>'%2° It is crucial to bear in mind
that antifungal therapy alone is rarely suffi-
cient; surgical intervention is often necessary
and has become increasingly common over the
past 20 years, together with prolonged medical
therapy to improve survival rates.

For Candida spp. endocarditis, early valve re-
placement or vegetectomy is recommended,
combined with systemic antifungal therapy.
Amphotericin B with or without flucytosine is
recommended as initial antifungal therapy. Both
agents have fungicidal activity and can eradi-
cate biofilms, but renal function monitoring is
required. Alternatively, high-dose echi-
nocandins (caspofungin, micafungin, and anidu-
lafungin) may be used, all for six weeks.>°
However, recent studies have highlighted the
growing role of echinocandins. These agents
inhibit the enzyme 1,3-B-D-glucan synthase
and are fungicidal against most Candida spe-
cies, except the Candida parapsilosis complex.
They may be administered as monotherapy or
in combination with fluconazole, flucytosine, or
amphotericin B, depending on drug availabil-
ity.19

Kurland et al.2® describe an interesting study
comparing groups of patients who received dif-
ferent treatment regimens. Overall, 24 episodes
(47%) were treated with antifungal therapy
alone, whereas 21 (41%) underwent concomi-
tant valve surgery and 6 (12%) underwent de-
vice extraction. Regarding the treatment of
Candida spp. endocarditis, echinocandins were
the most frequently used initial therapy, ac-
counting for 43% of cases, without the need for
combination with another antifungal agent.
Meanwhile, 59% of patients ultimately received
long-term therapy, including sequential thera-
py, referred to as suppressive therapy.
Amphotericin B, on the other hand, was admin-
istered in 21 episodes (41%); in 6 cases, it was




combined with another antifungal agent, and 15
cases (71%) concluded with suppressive thera-
py. Sixteen percent of patients received an
azole as initial therapy, and none received
combination therapy. Thirty-eight percent ulti-
mately received suppressive therapy; however,
these patients experienced the highest rate of
clinical complications, including hemorrhage
and central nervous system involvement, with a
statistically significant association.2?

Another study describes a patient with Candida
albicans endocarditis involving bioprosthetic
mitral and aortic valves. She received combined
treatment consisting of surgical replacement of
both prosthetic valves and antifungal therapy
with amphotericin B and flucytosine for six
weeks?. Sahra et al.22 reported a patient who
had undergone implantation of bovine mitral
and tricuspid prosthetic valves six months earli-
er and who, similarly to the previously reported
case, developed Candida albicans endocarditis.
She was treated with intravenous micafungin
for six weeks; however, fungemia persisted,
and amphotericin B combined with flucytosine
was subsequently administered.

Step-down therapy to azoles such as flucona-
zole or voriconazole is used after two to four
weeks of induction therapy in patients with az-
ole-susceptible isolates, once the patient is clin-
ically stable and blood cultures are negative®*°,
Cabrera-Hernandez et al.1° reported a patient
with fungal endocarditis caused by Candida au-
ris. She received caspofungin for 42 days and
was subsequently maintained on lifelong flu-
conazole therapy.

Endocarditis and infection of pacemaker leads
or other intracardiac devices caused by Asper-
gillus spp. present a distinct set of challenges.
Aggressive surgical resection of infected tissue
and valve replacement are required because of
the pathogen's propensity to form large vegeta-
tions and cause systemic emboli. These inter-
ventions should be combined with systemic an-
tifungal therapy, preferably voriconazole (a
parenteral azole) or amphotericin B (lipid for-
mulations). Following surgery, lifelong antifun-
gal therapy with voriconazole is recommended
because of the high risk of recurrence.®

It is important to emphasize the need to moni-
tor the trough serum concentrations of this an-
tifungal agent to minimize the risk of toxicity,
such as hepatotoxicity and visual disturbances.
Amphotericin B may be used as an alternative
in cases of azole resistance or voriconazole in-
tolerance. However, combination therapy with
voriconazole and an echinocandin (caspofungin)
may provide better outcomes. Other treatment
options include isavuconazole and posacona-
zole 123

Contributions of the Review
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The article constitutes an updated and contex-
tualized narrative review that synthesizes the
available knowledge on invasive fungal infec-
tions associated with intravascular devices. Its
main contributions include the integration of the
modified Duke criteria with the approaches and
expert judgment of specialists in Microbiology,
Cardiac Imaging, Cardiology, and Cardiovascu-
lar Surgery, providing a practical framework for
clinical management. The importance of com-
bining blood cultures with cultures of peripros-
thetic tissues, serological tests, and molecular
methods is emphasized, particularly in cases of
negative blood cultures.
In addition, the article summarizes current
treatment strategies, including the use of echi-
nocandins as an initial option for Candida spp.
infections, the role of voriconazole in aspergillo-
sis, and the need for prolonged suppressive
therapy with azoles. It also incorporates data
from two provincial hospitals in Santa Clara,
Villa Clara, thereby providing a regional context
for this clinical problem.
Conclusiones
In invasive fungal infections associated with
intravascular devices, Candida spp. and Asper-
gillus spp. are the main etiological agents.
Diagnosis requires a multimodal approach that
integrates blood cultures as the gold standard
with cultures of valves, vegetations, and
periprosthetic tissues, together with serological
and molecular tests. Treatment requires a
combined strategy of early surgical intervention
and prolonged systemic antifungal therapy,
within a multidisciplinary approach integrating
Microbiology, Cardiac Imaging, Cardiology, and
Cardiovascular Surgery with the modified Duke
criteria to optimize clinical management and
improve survival in these high-risk patients.
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