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Background. Candidemia (Candida bloodstream infection [C-BSI]) in left ventricular assist device (LVAD) recipients is poorly
understood. This study aimed to investigate the incidence, risk factors and outcomes of C-BSI in LVAD recipients.

Methods. We screened 656 adults who underwent LVAD implantation at our institution from 1 January 2015 to 4 April 2024.
Patients with C-BSI (n = 18) were compared with 2 control groups: (1) matched LVAD recipients with no bloodstream infection
(N-BSI; matched 1:5; n = 90) to determine risk factors for C-BSI and (2) unmatched LVAD recipients with bacteremia (bacterial BSI
[B-BSI]; n = 79) to compare mortality and infectious complication rates. A random forest model identified key predictive factors for
C-BSI. Kaplan-Meier survival curves were used for time-to-event analyses.

Results. Median time to C-BSI was 20 days after implantation (interquartile range, 6-42 days). Compared to N-BSI, C-BSI were
more likely to require perioperative temporary mechanical circulatory support (9 patients [50%] vs 8 [8.9%], respectively), renal
replacement therapy (12 [67%] vs 6 [6.7%)]), total parenteral nutrition (6 [33%] vs 2 [2.2%]), and prolonged postoperative mechanical
ventilation (for 12 days vs 1 day) (all P <.001). A random forest model identified ventilation duration, renal replacement therapy,
and total parenteral nutrition as top predictors of C-BSL In terms of outcomes, C-BSI was more likely to lead to device endocarditis
than B-BSI (in 5 [28%] vs 7 [9.1%], respectively; P=.008) and was associated with shorter median survival after infection (25

[interquartile range, 12 to not estimable due to censoring] vs 490 [54 to not estimable due to censoring] days; P =.04).

Conclusions.

C-BSI occurs early in LVAD recipients and is associated with a high mortality rate. Identified risk factors identified may

guide antifungal prophylaxis or early empiric antifungal treatment in this susceptible patient population.
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Left ventricular assist devices (LVADs) are a form of durable me-
chanical circulatory support (MCS) used as both destination
therapy and as a bridge to transplant in patients with advanced
heart failure. Although the contemporary continuous-flow
HeartMate 3 LVAD is associated with significantly lower rates
of many adverse events seen with earlier devices, infection rates
remain high, with up to 58% of HeartMate 3 recipients experi-
encing infection-related complications, such as local infections,
driveline infections, and sepsis within 2 years of implantation [1].

Bloodstream infections (BSIs) are a particularly challenging
complication in LVAD recipients and may or may not be device
specific [2]. Device-specific BSIs involve the device components
such as the driveline, cannula, or external surface of the

Received 20 December 2024; editorial decision 20 April 2025; accepted 23 April 2025;
published online 25 April 2025

Correspondence: Emily M. Eichenberger, MD, MHS, Transplant Infectious Diseases, Emory
University School of Medicine, 101 Woodruff Circle, WMB, Ste 5125, Atlanta, GA 30322 (Emily.
M.Eichenberger@emory.edu).
Open Forum Infectious Diseases®
© The Author(s) 2025. Published by Oxford University Press on behalf of Infectious Diseases
Society of America. This is an Open Access article distributed under the terms of the
Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which
permits unrestricted reuse, distribution, and reproduction in any medium, provided the original
work is properly cited.
https://doi.org/10.1093/0fid/ofaf251

implanted device whereas non-device-specific BSIs do not
arise from the internally implanted or external transcutaneous
portions of the MCS device [2]. Over time, these infections can
evolve into device-specific BSI if >1 component of the LVAD
becomes seeded by the BSI [3]. BSIs usually occur within the
first 3 months of LVAD implantation, are often non-MCS re-
lated, and are associated with a significantly increased 2-year
mortality rate [4].

While fungal infections have been shown to result in higher
mortality rates and lower clearance of infection compared with
bacterial infections [5], there has been limited research specif-
ically focused on Candida BSI (C-BSI) in LVAD recipients. In
the current study, we aimed to determine the incidence of
C-BSI in LVAD recipients, identify risk factors for C-BSI by
comparing LVAD recipients with C-BSI with those with no
BSI (N-BSI), and examine infection-related complications, in-
cluding endocarditis and death, by comparing LVAD recipients
with C-BSI versus bacterial BSI (B-BSI).

METHODS

Study design
This is a retrospective case-control study of all adult patients who
underwent LVAD implantation at a tertiary care academic
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hospital system between 1 January 2015 and 4 April 2024. LVAD
recipients were identified from the LVAD database maintained
by the LVAD center at Emory University and the Clinical Data
Warehouse, a comprehensive repository integrating patient
data, including laboratory results, medications, procedures and
microbiologic reports. We screened all LVAD recipients for
C-BSI and B-BSI using the microbiologic data from the Clinical
Data Warehouse. These data were all verified through manual re-
cord review. LVAD recipients with C-BSI were compared with 2
control groups: (1) matched LVAD recipients without BSI
(N-BSI), and (2) all LVAD recipients in whom bacteremia devel-
oped (B-BSI) (Supplementary Figure 1).

The primary aim of the C-BSI versus N-BSI comparison was to
identify specific risk factors associated with candidemia in LVAD
recipients. N-BSI was specifically defined as LVAD recipients
who had no documented BSI, including patients in whom no
blood cultures were obtained and those with negative blood cul-
tures for the entire post~-LVAD implantation period throughout
our study. C-BSI cases were exactly matched without replacement
1:5 to N-BSI controls for sex and genetically matched using ro-
bust Mahalanobis distance for age at LVAD implantation. We
used genetic matching with Mahalanobis distance for age to op-
timize covariate balance between groups and reduce bias in the
study. Unlike traditional propensity matching methods, genetic
matching iteratively selects the best matches by minimizing
differences across multiple variables simultaneously, ensuring
improved comparability between groups and minimizing con-
founding [6]. Matching for the C-BSI and N-BSI groups was per-
formed using the MatchlIt (version 4.5.5) R software package. The
quality of matching was evaluated using the absolute standard-
ized mean difference and empirical quantile-quantile plots.

The primary aim of the C-BSI versus B-BSI comparison was to
evaluate infection-related consequences, including death and in-
fective endocarditis. This comparison also allowed us to identify
key differences in the source of infection and presenting symp-
toms in LVAD recipients with candidemia versus bacteremia.

For patients with B-BSI, coagulase-negative Staphylococci
(except Staphyloccus lugdunensis), or Bacillus species found
in only 1 of 2 blood culture sets were considered to be contam-
inants and were therefore excluded from the B-BSI group un-
less the infection was deemed a true BSI, as documented by
the infectious disease specialist involved in the patient’s care
at the time of culture. If multiple episodes of B-BSI were docu-
mented in a patient, only the first episode was used for compar-
ison with C-BSI. This study was approved by the Emory
University Institutional Review Board (IRB; approval no.
STUDY00006528); under this IRB protocol a complete waiver
of HIPAA authorization and informed consent was granted.

Definitions: Clinical Characteristics and Outcomes
Patient demographics (age, sex, and race) and microbiologic data
were extracted from the Clinical Data Warehouse and confirmed

with manual record review. Indication for LVAD, type of
LVAD, medical comorbid conditions, perioperative medications,
operative factors (ie, repeated surgical chest exploration and use
of perioperative temporary MCS), infection characteristics
(ie, symptoms, source of infection, and valvular or device endo-
carditis), and treatment details were extracted via manual record
review. Outcomes of interest included device removal/exchange,
heart transplantation, endocarditis, and time to death.

Return to the operating room was defined as repeat surgical
chest exploration within 30 days of implantation. Use of periop-
erative temporary MCS included use of extracorporeal mem-
brane oxygenation, right ventricular assist device, or
biventricular assist device within 30 days before or after LVAD
implantation. Line-associated infections were defined as BSIs
specifically associated with central venous lines, in accordance
with the National Healthcare Safety Network definitions [7].
Device-specific BSI was defined as positive peripheral blood cul-
tures associated with positive cultures of external LVAD compo-
nents and/or persistently positive cultures for >3 days. Device
endocarditis was defined as positive peripheral blood cultures
with radiographic evidence of endocarditis and/or the presence
of septic emboli, in accordance with the International Society
for Heart and Lung Transplantation 2024 infection definitions
for durable and acute MCS devices [2].

Standard postoperative prophylaxis for patients undergoing
LVAD implantation at our center during the study period in-
cluded vancomycin plus cefuroxime or levofloxacin at the dis-
cretion of the implanting surgeon. No antifungal prophylaxis

was used.

Statistical Analysis

Statistical analysis was performed using R software (version
4.4.3). The ggplot2 (version 3.5.1) package [8] was used to visu-
alize data. Continuous variables are reported as median with
interquartile range (IQR), and categorical variables are report-
ed as frequency and percentage. Clinical characteristics were
compared using Wilcoxon rank sum and Fisher exact tests, as
appropriate. The cumulative incidence of candidemia was esti-
mated using the competing risks method, with candidemia as
the event of interest and death from any cause as the competing
event. Cumulative incidence curves were generated using ti-
dycmprsk [9] and ggsurvfit [10] packages, and the Gray test
was used to compare the cumulative incidence between pa-
tients receiving implants in 2015-2019 versus 2020-2024.
Time from LVAD implantation to infection and time from im-
plantation to death or last follow-up were analyzed with
Kaplan-Meier survival curves and compared using the log-rank
test. Statistical significance was set at P <.05.

A random forest model was fit on the C-BSI and N-BSI data
to identify the most important features predictive of C-BSI. A
random forest model was selected over multivariable logistic
regression given the small sample size and the random forest
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model’s ability to capture complex, nonlinear relationships and
interactions between variables. This model can perform well
with small datasets because it reduces variance through averag-
ing across multiple trees.

The data were first divided into a training and test set using a
stratified random sample (80% training and 20% test). A valida-
tion set was derived from the training set to tune the hyperpara-
meters. The validation set was created using a stratified split,
maintaining 80% of training data for training and the remaining
20% for validation. A random forest model for classification was
specified using the rand_forest() function from the parsnip (ver-
sion 1.2.1) package [11]. Hyperparameters were set to tune the
number of variables randomly sampled as candidates for each
split and the minimum number of data points required to split
a node. The total number of trees was set to 1000. The ranger
[12] engine was used for model fitting. A grid of 25 combinations
of the hyperparameters was evaluated on the validation set, and
the model performance was evaluated using the area under the
receiver operating characteristic curve (AUC). The best per-
forming hyperparameters were selected based on the highest
AUC score. The final model was fit using these hyperparameter
values and evaluated on the hold-out test set. The top important
features were identified using permutation importance.

RESULTS

Comparison 1: C-BSI Versus N-BSI

Between 1 January 2015 and 4 April 2024, 656 patients underwent
LVAD implantation at our center. C-BSI developed in 18 (2.7%)
of LVAD recipients. The 1-year cumulative incidence of C-BSI
was 1.0% (95% confidence interval, .29%-2.8%) for patients
receiving implants in 2015-2019, compared with 3.3%
(1.8%-5.5%) for those receiving implants in 2020-2024
(Gray test P=.08) (Figure 1).

Clinical and LVAD characteristics of the C-BSI versus N-BSI
groups are provided in Table 1. Open chest after LVAD im-
plantation (22% vs 5.6%, respectively; P =.04), return to the
operating room for chest exploration (39% vs 13%; P =.04),
and use of temporary MCS (50% vs 8.9%; P < .001) were signif-
icantly more common in the C-BSI than in the N-BSI group.
There were no significant differences in the indication for
LVAD or the type of LVAD implanted between the C-BSI
and N-BSI groups. Patients who developed C-BSI were more
likely than those with N-BSI to have received corticosteroids
(50% vs 26% for N-BSI; P=.04) total parenteral nutrition
(TPN; 33% vs 2.2%; P < .001), or continuous renal replacement
therapy (RRT) (67% vs 6.7%; P <.001). Patients with C-BSI
were more likely to have required a longer duration of mechan-
ical ventilation after LVAD placement than those with N-BSI
(median, 12 days vs 1 day, respectively; P < .001). History of to-
bacco use was less common in the C-BSI than in the N-BSI
group (28% vs 56%, respectively; P =.03).
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Figure 1.

Cumulative incidence of candidemia by year of left ventricular assist device implantation.
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Table 1. Clinical and Infection Characteristics of Left Ventricular Assist Device Recipients With Candidemia, Bacteremia, or No Bloodstream Infection

Patients, No. (%)?

Patients With B-BSI,

Characteristic No BSI, (n=90) C-BSI (n=18) P Value® No. (%)® (n=79) P Value®
Age at VAD implantation, median (IQR), 43 (32-63) 46 (29-62) .8 51 (41-60) 5
BMI, median (IQR)¢ 28 (23-33) 23 (21-29) .08 29 (25-33) .01
Sex

Female 20 (22) 4(22) >.9 17 (22) >.9

Male 70 (78) 14 (78) 62 (78)
Race

Black 58 (64) 12 (75) .57 49 (62) .40

White 32 (36) 4 (25) 30 (38)

Missing 0 2 0
Indication for VAD 3 3

Ischemic cardiomyopathy 21 (23) 2(11) .35 17 (22) .51

Mixed ischemic/nonischemic cardiomyopathy 3(3.3) 0(0) >.9 2 (2.5) >.9

Myocarditis 0(0) 1(5.6) A7 0(0) 19

Nonischemic cardiomyopathy not otherwise listed 56 (62) 14 (78) .28 54 (68) .57

Postpartum cardiomyopathy 9(10) 1(5.6) >.9 6 (7.6) >.9

Unknown 1(1.1) 0 0
Type of VAD

HeartMate Il 2(2.2) 0 >.9 7 (8.9) .34

HeartMate 3 68 (76) 17 (94) 1 49 (62) .01

HeartWare 20 (22) 1(5.6) 19 23 (29) .04
Open chest 5 (5.6) 4(22) .04 10 (13) .3
Return to OR 13 (14) 7 (39) .04 14 (18) .06
Use of temporary MCS 8(8.9) 9 (50) <.001 14 (18) .01
Time on ventilator after VAD placement, median (IQR), d 1.0 (1.0-2.0) 12.0 (4.5-17.5) <.001 2 (1-4) <.001
Use of TPN 2(2.2) 6 (33) <.001 4 (5.1) .003
Corticosteroids within 30 d of VAD 23 (26) 9 (50) .04 15 (19) .01
RRT within 30 d after VAD 6 (6.7) 12 (67) <.001 16 (21) <.001
Diabetes mellitus 37 (41) 8 (44) .8 36 (46) >.9
HIV 0(0) 1(1.1) >.9 1(1.3) >.9
History of tobacco use 50 (56) 5 (28) .03 39 (49) 1
Use of immunosuppressive medication 25 (28) 8 (44) 2 15 (19) .03
Prosthetic valve 5 (5.6) 2(11) 3 8(10) >9
Fever 12 (67) 58 (73) .6
Tachycardia 17 (94) 55 (70) .04
Leukocytosis 17 (94) 66 (85) 5
Hypotension 15 (83) 28 (36) <.001
Driveline exit site infection with same bloodstream isolate 0(0) 27 (35) .003
Driveline exit site erythema or purulence during BSI 0(0) 21(27) .01
Source of infection

Driveline associated 0 20 (25) .01

Gl 0 5 (6.3)

Line associated 6 (33) 10 (13)

Mediastinitis 2(11) 2 (2.5)

Other 1(5.6) 13 (16)

Surgical site infection 0 2 (2.5)

Unknown source 9 (50) 27 (34)

Abbreviations: B-BSI, bacterial BSI; BMI, body mass index; BSI, bloodstream infection; C-BSI, Candida BSI; Gl, gastrointestinal; HIV, human immunodeficiency virus; MCS, mechanical
circulatory support; OR, operating room; RRT, renal replacement therapy; TPN, total parenteral nutrition; VAD, ventricular assist device.

#Data represent no. (%) of patients unless otherwise specified.
°Pvalues comparing patients with candidemia (C-BSI) and controls without BSI.
°Pvalues comparing patients with candidemia (C-BSl) and controls with bacteremia (B-BSI).

9BMI calculated as weight in kilograms divided by height in meters squared.

A random forest model was used to identify the most impor- decrease in model accuracy when the values of each variable
tant features predictive of C-BSI. Variable importance was as- are randomly shuffled. The model identified duration of me-
sessed using permutation importance, which measures the  chanical ventilation, use of RRT after VAD placement, and
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Figure 2.  Variable importance factors for predicting Candida bloodstream infection (with a random forest model. The area under the receiver operating characteristic curve
was 0.81. Abbreviations: BMI, body mass index; OR, operating room; RRT, renal replacement therapy; TMCS, temporary mechanical circulatory support; TPN, total parenteral

nutrition; VAD, ventricular assist device.

use of TPN after VAD placement as the top 3 predictive features
of C-BSI (Figure 2). The variable importance reflects how much
a specific predictor contributes to the model’s accuracy. An im-
portance value of 0.048 (eg, the variable importance value for
days on the ventilator) means that when the values of that variable
are randomly shuffled—removing any meaningful relationship
with the outcome—the model’s accuracy decreases by 4.8%.
This indicates that the variable explains approximately 4.8% of
the model’s predictive power. While the top variable only explains
4.8% of the model’s predictive power, the model achieved an AUC
of 0.81. This suggests that the other variables, even if individually
less influential, collectively provide enough predictive information
to provide strong classification performance.

When outcomes were compared, 18 patients (20%) in the
N-BSI group ultimately received a heart transplant during the
study period, compared with none in the C-BSI group
(P=.02). The median time from LVAD placement to death
was significantly shorter for C-BSI than for N-BSI (111 vs
2199 days, respectively; P <.001) (Figure 3).

Comparison 2: C-BSI Versus B-BSI

During the study period, B-BSI developed in 79 LVAD recipi-
ents (12%). Peri-implantation temporary MCS was used more
frequently in patients with C-BSI than in those with B-BSI (50%
vs 18%, respectively; P=.01) (Table 1). The type of VAD dif-
fered significantly between C-BSI and B-BSI groups.
Ninety-four percent in the C-BSI group had a HeartMate 3 ver-
sus 62% in the B-BSI group (P =.34); 0% versus 8.9% had a
HeartMate II (P=.01); and 5.6% versus 29% had a
HeartWare device (P=.04). Corticosteroid use within 30
days of LVAD implantation and use of immunosuppressive
medications were more common among LVAD recipients
with C-BSI than among those with B-BSI (50% vs 19%
[P =.02] for corticosteroids and 44% vs 19% [P = .03] for im-
munosuppression). In the postoperative period, use of TPN
and RRT were significantly more common in the C-BSI than
in the B-BSI group (33% vs 5.1% [P =.003] for TPN and 67%
vs 21% [P <.001] for RRT). Patients with C-BSI spent signifi-
cantly longer on the ventilator after implantation (12 vs 2
days for B-BSI; P <.001). No patients had candidemia or bac-
teremia within the 7 days before LVAD implantation.
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Figure 3. Time to death after left ventricular assist device implantation, comparing patients with Candida bloodstream infection (candidemia) and controls with no

bloodstream infection.

Among the 18 patients with C-BSI, Candida albicans was the
most common species, isolated in 8 patients (44.4%), followed by
Candida parapsilosis in 4 (22.2%), Candida glabrata and
Candida tropicalis, in 2 patients each (11.1%), and Candida kru-
sei and Candida auris in 1 patient each (5.6%). Five of
the patients with C-BSI also had concurrent bacteremia
(Supplementary Table 1). In the 79 patients with B-BSI, 22
unique bacterial organisms were identified. Staphylococcus
aureus was the most commonly isolated bacteria in the B-BSI
group, accounting for 30.4% of all cases (Supplementary
Figure 2). At the time of infection, patients with C-BSI were
more likely than those with B-BSI to be tachycardic and
hypotensive (94% vs 70% [P =.04] for tachycardia and 83% vs
36% [P<.001] for hypotension). The source of infection
significantly differed between the 2 groups (P = .01), with central
line-associated infection (33% for C-BSI vs 13% for B-BSI) and
infection from an unknown source (50% vs 34%) being more
common in C-BSI. The median time from LVAD placement
was 20 days (IQR 6-41) for C-BSI versus 293 days (51-814)
for B-BSI. Eighty-nine percent of patients with C-BSI developed
the BSI during the hospitalization for LVAD implantation.

In accordance with the 2024 International Society for Heart
and Lung Transplantation MCS device infection definitions, we
determined that 83% of C-BSIs were device specific versus 35%

of B-BSIs (P=.001). In addition, device endocarditis was
thought to be present in 28% of C-BSIs versus 9.1% of B-BSIs
(P=.008). Native valve endocarditis was diagnosed in 17% of
C-BSIs versus 3.9% of B-BSIs (P =.08). While 18% of patients
with B-BSI eventually received a heart transplant over the study
period, none of patients with C-BSI received one (P =.07).

The planned duration and actual duration of antifungal ther-
apy of each patient with C-BSI are provided in Supplementary
Table 1. Nine (50%) of the patients with C-BSI died before com-
pleting their course of antifungal therapy, and 22% did not have
documented candidemia clearance at the time of death. One pa-
tient with C-BSI had blood cultures turn positive after death.
Four patients were already receiving micafungin before collec-
tion of blood cultures. Among those not already receiving anti-
fungals before culture collection, the median time to initiation of
antifungal therapy was 1 day (range, 0-3 days). The time to death
from the first positive culture was significantly shorter among for
C-BSI than for B-BSI (median time to death [IQR], 25 [12 days
to not estimable due to censoring] vs 490 days [54 to not estima-
ble due to censoring]; log-rank P =.04) (Figure 4). Among pa-
tients with C-BSI, there was no significant difference in time
to death between those with and those without concurrent bac-
teremia (log-rank P =.35).
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infection (bacteremia).

DISCUSSION

BSI is a common and severe complication occurring in LVAD re-
cipients. In the current study, using retrospective data from a
high-volume LVAD implantation center, we present one of the
largest cohorts of LVAD recipients with C-BSI to date. Though
uncommon, our study demonstrates that C-BSI is highly fatal
among LVAD recipients. We found that the use of RRT after
LVAD implantation, prolonged mechanical ventilation, and use
of TPN after implantation were the top predictive risk factors
for developing C-BSI [5, 9, 10]. The association of C-BSI with a
substantially higher mortality risk relative to N-BSI and B-BSI
in LVAD recipients underscores the need for proactive preventive
strategies and rapid initiation of treatment for suspected C-BSI in
patients at high risk.

The incidence of candidemia was 2.7% at our institution be-
tween 2015 and 2024, slightly higher than previously reported
rates from other single-center studies (0.5%-1.7%) [5, 13, 14].
In comparison, the incidence of candidemia in critically ill pa-
tients without VADs has been reported to be 4.8-9.9/1000 in-
tensive care unit admissions [15, 16]. The differences in the
incidence of candidemia observed in our VAD population
compared with that reported in the literature are not fully un-
derstood. We hypothesize it could be due to implantation of

higher-acuity, more critically ill patients in recent years [17],
though further research is needed to explore this possibility.

We found that use of temporary MCS, RRT, use of TPN, and
longer duration of postimplantation mechanical ventilation are
associated with candidemia in LVAD recipients. These findings
are consistent with those of previous studies of candidemia,
both in LVAD recipients specifically and in critically ill patients
without an LVAD [4, 5, 18-21]. These interventions are likely
linked to an increased fungal burden in critically ill patients and
heightened risk of seeding intravascular catheters, biofilm for-
mation, and candidemia [18].

Open chest after implantation and return to the operating
room for additional chest operations were also associated
with increased risk for C-BSI, as has been similarly noted in
heart transplant recipients [22]. Open chest and repeated chest
washouts after LVAD implantation may increase the risk of
seeding the device with opportunistic pathogens such as
Candida. The use of corticosteroids within 1 month of LVAD
placement was also associated with candidemia in our cohort.
Corticosteroids are known to contribute to dysregulation of
the innate immune response to infection [19, 23, 24], and their
use in patients with candidemia has been associated with in-
creased mortality risk [19, 25]. While we identified several fac-
tors associated with C-BSI in our study, RRT, use of TPN, and
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longer duration of mechanical ventilation after implantation
emerged as the top 3 predictors of C-BSI and may indicate
those LVAD recipients at the highest risk for candidemia
who may benefit from targeted antifungal prophylaxis after im-
plantation or, alternatively, rapid initiation of empiric antifun-
gals at the first signs of sepsis.

C albicans and C glabrata were responsible for most episodes
of candidemia, similar to prior data reported by Aslam et al [5].
Our investigation detected a single case of C auris, which nota-
bly persisted for >4 months despite maximal medical therapy
with 3 antimycotic agents. Alarmingly, other episodes of
C auris BSI in LVAD recipients have been reported in the liter-
ature [26], underscoring the growing threat of this pathogen.
The increasing incidence of C auris across the healthcare sys-
tem [27] further confirms that it is an emerging and significant
threat for LVAD recipients. C auris BSI in LVAD recipients
represents a major challenge, given the ability of C auris to ad-
here to the hospital environment despite standard decontami-
nation processes [28], its strong propensity for biofilm
formation, and its well-documented resistance to fluconazole
[29] and growing resistance to echinocandins [27].

In our study, 50% of C-BSI cases stemmed from an unknown
primary source of infection. C-BSIs were more frequently
device-specific infections and more likely to evolve into pre-
sumed device endocarditis than B-BSIs. We note that, in
many cases, definitive diagnosis of device endocarditis [2]
could not be made, particularly in a retrospective manner.
Though '®F-fluorodeoxyglucose positron emission tomogra-
phy/computed tomography (FDG PET/CT) has proved to be
a valuable tool for identifying LVAD-specific infections [30],
many patients with C-BSI in our cohort experienced rapid clin-
ical deterioration and death, rendering inpatient FDG PET/CT
impractical in this setting.

In our C-BSI group, the median time to death from infection
was 25 days and crude mortality rate was 66.7% (12 of 18 pa-
tients). Other than a study conducted in Brazil with crude mor-
tality rates as high as 76% in critically ill patients with
candidemia [31], the crude mortality rate among LVAD recip-
ients with candidemia in our study was higher than rates re-
ported in critically ill patients without a VAD reported
elsewhere [32, 33], and time to death was significantly shorter
than in the B-BSI group. In addition, the incidence of device en-
docarditis was higher for C-BSI than for B-BSI. Current guide-
lines recommend managing Candida endocarditis in LVAD
recipients with either liposomal amphotericin B and flucytosine
or high-dose echinocandin followed by lifelong suppression in
the event that the device cannot be removed [34, 35].

In our cohort, the first-line treatment for most episodes of
C-BSI was micafungin followed by fluconazole for the remain-
der of treatment and lifetime suppression. Liposomal ampho-
tericin B and flucytosine were often added in cases of
persistent fungemia. Despite general adherence to existing

treatment guidelines, 50% of patients with C-BSI died before
completing therapy, and 22% did not have documented clear-
ance of Candida from the bloodstream at the time of their
death. This emphasizes that medical therapies, while necessary,
are often insufficient in clearing C-BSL.

In addition to choosing the appropriate antifungal regimen,
source control (ie, removal of infected foreign material) is an-
other major pillar of treating C-BSI. For example, removal of
central venous catheters is associated with reduced mortality
rates in patients with invasive candidiasis [36]. While
Candida species have the propensity to form biofilms and
seed foreign devices, patients with C-BSI are often hemody-
namically unstable, making LVAD explantation or exchange
prohibitive. In our study, none of the patients with C-BSI
and 6.5% of those with B-BSI underwent LVAD exchange.

While a systematic review found that pump exchanges of-
fered no mortality benefit or decreased incidence of recurrent
infections in those with LVAD infections [37], it is important
to note that the presence of an indwelling MCS device exists
as a persistent nidus of infection. The risk of device exchange
in these cases, therefore, must be weighed carefully against risks
of medical therapy alone. In the setting of organ nonrecovery, a
heart transplant is the only definitive cure for LVAD with
C-BSI [3]. Unfortunately, none of the patients with C-BSI re-
ceived a heart transplant during the study period. While
LVAD infection, including recent BSI, is not a contraindication
for heart transplantation, patients with active BSI or septic
shock are likely too high risk for a heart transplant [3].

With limited success in treating C-BSI in LVAD recipients,
prevention remains critical. General recommendations on the
use of anti-Candida prophylaxis and empiric treatment are var-
iable across clinical practice guidelines [38]. The Infectious
Diseases Society of America 2016 guidelines recommend anti-
fungal prophylaxis only in patient groups determined to be at
high risk with a rate >5% for invasive candidiasis [34], though
these guidelines do not specifically comment on the use of an-
tifungal prophylaxis in all LVAD recipients [34], and the prac-
tice appears to be institution dependent. Aslam et al [5] found
that antifungal preoperative prophylaxis with fluconazole was
unrelated to the subsequent development of fungal VAD infec-
tions but commented that it is reasonable to study the use of
extended antifungal prophylaxis in VAD recipients until re-
moval of invasive devices or to investigate alternative prophy-
laxis medications, such as echinocandins.

Regarding empiric treatment, both the Infectious Diseases
Society of America and the European Confederation for
Medical Mycology guidelines recommend initiating empiric
antifungal treatment in patients deemed at risk for invasive
candidiasis, including those with septic shock, prolonged inten-
sive care unit stays, and indwelling central venous catheters [34,
35]. One study found that empiric systemic antifungal therapy
in critically ill patients led to similar 28-day mortality rates as
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those in patients not treated with systemic antifungal therapy,
despite the former group being more critically ill [39].

The potential benefit of anti-Candida prophylaxis and/or ear-
ly empiric treatment must be carefully weighed against the risks,
particularly the development of resistance to antifungal thera-
pies [40]. Although the incidence of C-BSI seen in our study
was <5%, we emphasize the importance of risk stratification
within the LVAD population. C-BSI occurs early, is highly fatal,
and poses significant challenges for surgical source control,
which for full eradication would require LVAD removal/ex-
change or heart transplantation. The factors associated with
C-BSI identified in this study, such as the use of RRT, TPN,
and prolonged mechanical ventilation, align with established
risk factors for C-BSI in critically ill patients without an LVAD.

Our findings highlight an opportunity to more effectively
identify at-risk LVAD recipients, potentially enabling more tar-
geted prophylaxis or early empiric treatment when certain risk
factors are present. For example, antifungal prophylaxis may be
explored for LVAD recipients who require RRT or TPN or re-
main ventilator dependent for beyond the first week after im-
plantation. However, based on our study, it is not possible to
establish a specific cutoff for the duration of mechanical venti-
lation that would warrant antifungal prophylaxis. Alternatively,
LVAD recipients exhibiting these risk factors may benefit from
early initiation of empiric antifungal treatment at the first sign
of sepsis. We encourage other centers to report their experience
with C-BSI in the LVAD population to better elucidate effective
prevention strategies and improve outcomes for those affected
by this infection.

Our study has limitations. First, this is a single-center retro-
spective study. Small sample size may have restricted our ca-
pacity to detect all statistically significant differences between
groups. B-BSIs were classified appropriately to the best of our
ability; however, some cases may have been missed in the mi-
crobial data acquisition process due to transition to a new elec-
tronic medical record system after 2022 and changes in
microbial reporting. Finally, comparing our C-BSI rates in
LVAD recipients with those in critically ill patients without
LVAD:s at our institution would have been an interesting addi-
tion to the study, but these data were not available. We encour-
age other centers to examine this comparison as well as to
report on their experience managing C-BSI in LVAD
recipients.

In conclusion, we have demonstrated that C-BSIs occur early
in a patient’s postoperative course, are frequently device specif-
ic, and are often associated with rapid clinical decompensation
and death. These findings, in combination with the notable
contributing risk factors identified in our study, support con-
sideration of antifungal prophylaxis or rapid initiation of em-
piric antifungal therapy in specific at-risk groups.
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