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Background.  Ascertaining involvement of left ventricular assist device (LVAD) in a patient presenting with bloodstream infec-
tion (BSI) can be challenging, frequently leading to use of chronic antimicrobial suppressive (CAS) therapy. We aimed to assess the 
efficacy of CAS therapy to prevent relapse of BSI from LVAD and non-LVAD sources. 

Methods.  We retrospectively screened adults receiving LVAD support from 2010 through 2018, to identify cases of BSI. 
Bloodstream infection events were classified into LVAD-related, LVAD-associated, and non-LVAD BSIs.

Results.  A total of 121 episodes of BSI were identified in 80 patients. Of these, 35 cases in the LVAD-related, 14 in the LVAD-associated, 
and 46 in the non-LVAD BSI groups completed the recommended initial course of therapy and were evaluated for CAS therapy. Chronic 
antimicrobial suppressive therapy was prescribed in most of the LVAD-related BSI cases (32 of 35, 91.4%) and 12 (37.5%) experienced 
relapse. Chronic antimicrobial suppressive therapy was not prescribed in a majority of non-LVAD BSI cases (33, 58.9%), and most (31, 
93.9%) did not experience relapse. Chronic antimicrobial suppressive therapy was prescribed in 9 of 14 (64.2%) cases of LVAD-associated 
BSI and none experienced relapse. Of the 5 cases in this group that were managed without CAS, 2 had relapse.

Conclusions.  Patients presenting with LVAD-related BSI are at high risk of relapse. Consequently, CAS therapy may be a reason-
able approach in the management of these cases. In contrast, routine use of CAS therapy may be unnecessary for non-LVAD BSIs.

Keywords.   bloodstream infections; chronic antimicrobial suppressive therapy; left ventricular assist device.

Bloodstream infections (BSIs) are a frequent and serious com-
plication in patients receiving left ventricular assist device 
(LVAD) therapy and are associated with high rates of morbidity 
and mortality [1–5]. Factors predisposing LVAD recipients to 
BSI include disruption of the skin barrier with the driveline, 
presence of intravascular catheters, and comorbid medical con-
ditions [4]. Furthermore, in vitro experiments have also sug-
gested that the biomaterials in these devices, when exposed to 
the bloodstream, may impair the cellular immune response and 
increase the susceptibility to infection [6].

International Society of Heart and Lung Transplantation 
(ISHLT) [7] guidelines suggest that the source of BSI in LVAD 
recipients can be determined by a process of elimination [8]. 
Once catheter-related BSI (CRBSI) has been excluded, then 

LVAD-related BSI—involving blood-contacting surfaces of the 
device—or an alternative site of infection should be investi-
gated. However, in clinical practice, identification of the pre-
cise source of BSI in LVAD recipients can be quite challenging. 
Unlike cardiovascular implantable electronic device infections 
[9], removal of an LVAD for source control and microbiologic 
confirmation is not feasible without concurrent cardiac trans-
plantation [7, 10, 11]. Moreover, imaging of the internal sur-
faces of the LVAD is technically difficult due to interference of 
metal components [5]. Therefore, even in cases where an alter-
native source of BSI is established, secondary hematogenous 
seeding of the device remains a concern [12].

The aforementioned uncertainties represent a major chal-
lenge in establishing the LVAD as primarily, secondarily, or 
noninfected during a BSI episode, frequently leading to the 
use of chronic antimicrobial suppressive (CAS) therapy to 
prevent relapse of BSI while the device remains in place [5]. 
However, these management decisions are not standardized 
or evidence-based and are left to the discretion of the treating 
physician.

The current investigation aimed to describe and analyze 
management of BSI episodes in LVAD recipients and assess 
the safety and efficacy of CAS therapy to prevent relapse of BSI 
from LVAD and non-LVAD sources.
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METHODS

Study Design

We retrospectively screened all adults in our institutional LVAD 
registry who had continuous-flow LVAD support from January 
1, 2010 through December 31, 2018, to identify cases of BSI 
irrespective of the underlying source. Cases of contaminated 
blood culture specimens and those on CAS therapy for reasons 
other than BSI were excluded.

Patient demographics, comorbid conditions, and LVAD fea-
tures were recorded. Multiple episodes of BSI reported during 
the study period in the same patient after clinical improvement 
and microbiologic resolution were considered distinct events. 
We recorded clinical presentation, source evaluation, microbio-
logic data, and management of all episodes of BSI and analyzed 
impact of CAS therapy on patient outcomes.

Patient Consent Statement

The study was exempt from patient consent and the Mayo 
Clinic Institutional Review Board approved the study.

Definitions and Outcomes

A case of BSI was considered as “confirmed” after applying the 
Bekeris et  al’s [13] definition of blood culture contamination 
to all blood culture specimens with reported microbial growth 
with excluding cases of contaminants. Persistent BSI was de-
fined as bacteremia or fungemia for ≥72 hours after initiation of 
adequate pathogen-directed antimicrobial therapy [8]. Because 
current ISHLT definitions for BSI in LVAD recipients [7] do not 
distinguish between LVAD-related and LVAD-associated BSIs, 
study definitions listed in Table 1 to classify confirmed episodes 
of BSI in LVAD recipients were used. Accordingly, cases were 
classified as LVAD-related, LVAD-associated, and non-LVAD 
BSIs. All cases were reviewed by 2 infectious diseases providers 
(Z.E.G. and P.V.) to confirm the accurate classification of all epi-
sodes of BSI. Disagreements were resolved by discussion with 
the principal investigator (M.R.S.).

Definitions of CRBSI [8] and other infectious diseases syn-
dromes were made in alignment with the Infectious Diseases 
Society of America [14–16], the American Heart Association 
[9, 17], and the Centers for Disease Control and Prevention 
(CDC)/National Healthcare Safety Network criteria [18]. An 
appropriate course of initial therapy for index BSI was defined 
as pathogen-directed antimicrobial therapy guided by suscepti-
bility testing for the minimum recommended duration, in ac-
cordance with published guidelines or expert consensus for a 
specific infectious diseases syndrome.

Subsequent episodes of BSI in a given patient, after reso-
lution of an index episode, were categorized into relapsing or 
recurrent BSI based on clinical, imaging, microbiologic, his-
topathology, or operative data. Relapsing BSI was defined as 
BSI with the same microorganism (based on identification and 
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susceptibility pattern) originating from the same site of infec-
tion as the index episode, whereas recurrent BSI was defined as 
an episode of BSI from a different site of infection with either 
the same or a different microorganism than the one identified 
as the cause of index episode.

Multidrug-resistant (MDR) and extensively drug-resistant 
(XDR) microorganisms were defined per CDC criteria [19]. 
Source control measures included all interventions aimed to 
control the site of infection such as drainage of infected fluid 
collections, tissue debridement, LVAD exchange, and catheter 
removal.

Chronic antimicrobial suppressive therapy was defined as 
daily pathogen-directed antimicrobial therapy (oral or intra-
venous), guided by susceptibility testing, indicated life-long 
or until cardiac transplantation, after completion of the initial 
course of therapy given for acute BSI episode.

Our primary outcome of interest was occurrence and 
timing of relapse of BSI. Secondary outcomes were adverse 
events related to CAS therapy, isolation of resistant organ-
isms during subsequent BSI episodes, and Clostridiodes 
difficile infection.

Statistical Analysis

Categorical variables of LVAD patients with BSI were reported 
as frequencies and percentages, and continuous variables were 
reported as medians and interquartile ranges (IQRs). The χ 2 
test was used to compare categorical variables, and Kruskal-
Wallis tests were used to analyze continuous variables among 

LVAD-related, LVAD-associated, and non-LVAD BSI cases. 
Statistical tests were 2-tailed with P < .05 considered statisti-
cally significant.

RESULTS

Patient Characteristics

Over the 8-year study period among 241 LVAD patients, 80 
(33.2%) had confirmed episodes of BSI. Baseline characteris-
tics of these patients are presented in Table 2. Median age at 
the time of LVAD implantation was 61 years (IQR, 50–67.1), 
and the majority of patients were male (65, 81.2%). The 
median body mass index in this population was 49.3 (IQR, 
42.4–56.6).

Bloodstream Infection Episodes

A total of 121 distinct episodes of BSI were identified in 80 pa-
tients. Of these, 46 (38%) were classified as LVAD-related, 19 
(15.7%) as LVAD-associated, and 56 (46.2%) as non-LVAD BSIs 
(Table 3). Of the total 121 BSI episodes, 80 (66.1%) were initial 
and 41 (33.8%) represented subsequent episodes.

The most common primary site of infection in LVAD-related 
cases was the driveline (31 of 46, 67.3%), whereas in non-LVAD 
cases the most frequent source of infection included intra-
vascular catheters (23 of 56, 41.3%). Compared with LVAD-
associated and LVAD-related BSIs, cases of non-LVAD BSI 
occurred earlier after LVAD implantation (P < .001). It is no-
table that the median time to blood-culture clearance after the 
start of effective antimicrobial therapy was significantly longer 
for cases of LVAD-related BSI compared with LVAD-associated 
and non-LVAD BSIs (P < .001).

The most prevalent group of microorganisms identified in 
blood cultures in all 3 study groups were Gram-positive cocci 
other than Staphylococcus aureus, primarily coagulase-negative 
staphylococci (CoNS) and enterococcal spp. Infections due to 
MDR and XDR organisms occurred more frequently in the 
LVAD-related BSI group (P < .001). Details of clinical presenta-
tion, sources of BSI, microbiologic data, management, and out-
come of all 121 episodes of BSI are included in Supplementary 
Table 1.

Primary Outcome
Left Ventricular Assist Device-Related Bloodstream Infection
Primary outcome (relapse of BSI) and associated microbiology 
is summarized in Figure 1. Of 46 episodes of LVAD-related BSI, 
35 (76%) completed the recommended initial course of therapy 
and were assessed for CAS candidacy at follow-up. Of the re-
maining 11 cases, 8 died, 1 was transplanted, and 2 relapsed be-
fore being evaluated for CAS therapy.

With 3 exceptions, CAS therapy was prescribed in all cases 
of LVAD-related BSI after completion of initial course of anti-
microbial therapy (32, 91.4%). Oral administration was the 

Table 2.  Baseline Characteristics of 80 LVAD Recipients With 
Bloodstream Infections

LVAD Classification Total (n = 80)

Demographic, Patient Characteristics, and Device Features

Age at implantation, years median (IQR) 61 (50–67.1)

Ethnicity  

  White 72 (90%)

  African American 3 (4%)

  Other 5 (6%)

Male 65 (81.2%)

BMI, kg/m2 median (IQR) 49.3 (42.4–56.6)

Diabetes mellitus 21 (26.5%)

Heart failure, ischemic 41 (51.2%)

Chronic kidney disease 30 (37.5%)

  Hemodialysis 6/30 (20%)

Autoimmune disorder 4 (5%)

LVAD Characteristics

Duration of device support, days median (IQR) 857 (447–1569.2)

Destination therapy 48 (60%)

HeartMate II device HeartWare 68 (85%) 12 (15%)

Presence of CIED at implantation prosthetic valve 
or vascular graft

51 (63.7%) 29 (36.2%)

Abbreviations: BMI, body mass index; CIED, cardiovascular implantable electronic device; 
IQR, interquartile range; LVAD, left ventricular assist device.

http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofaa532#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofaa532#supplementary-data
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selected route in the majority of suppressed cases (24, 68.5%). 
The remaining cases were treated with parenteral therapy due 
to a lack of active oral options. Relapsing BSI was seen in 12 
(37.5%) cases on CAS therapy, with a median infection-free 
survival of 57.5 days (IQR 26.2–237.7), and in 2 cases managed 
without CAS. Both of these cases were due to MDR-Gram-
negative bacilli (Klebsiella pneumoniae and Pseudomonas 
aeruginosa) and developed relapse at 57 and 146 days, respec-
tively (cases 11 and 34 of Supplementary Table 1). Further CAS 
therapy was not feasible in these 2 cases due to lack of available 
antimicrobial options.

The most common pathogen in patients who received CAS 
therapy and later relapsed was Staphylococcus aureus (5 of 12, 
41.6%), in contrast to patients who remained suppressed where 
Gram-positive cocci other than S aureus were the most preva-
lent (9 of 20, 45%). Twenty (62.5%) patients remained on CAS 
therapy until the time of transplantation, death or last follow-up, 
with a median of 311 infection-free days (IQR, 103.5–785.5). 
Partial source control measures were performed in 8 and 2 cases 
in the CAS and non-CAS therapy groups, respectively (cases 2, 
4, 6, 12, 15, 16, 17, 24, 34, and 39).

Left Ventricular Assist Device-Associated Bloodstream Infection 
Of 19 cases, 5 died during the index episode of BSI while re-
ceiving initial course of antimicrobial therapy and before CAS 
could be considered (Figure 1). Of the remaining 14 cases, the 
majority received CAS therapy (9, 64.2%), and none experi-
enced relapse during the suppression period, with a median of 
752 infection-free days (IQR, 46–1435). A large proportion of 
these suppressed cases were due to Gram-positive cocci other 
than S aureus (7, 77.7%).

Despite an undefined source of infection in these cases, 
reasons for prescribing CAS therapy included (1) strong clinical 

suspicion for LVAD involvement in 8 patients and (2) suspicion 
for possible device seeding due to recurrent BSI in 1 case (same 
organism that was previously isolated from respiratory and 
blood specimens [cases 63 and 79]).

Of the 5 cases managed without CAS, 2 experienced infec-
tion relapse. These cases were due to S aureus and Enterococcus 
faecalis without an obvious source of infection. Infection-free 
days in these patients were 21 and 565, respectively, after the 
initial episode (cases 49 and 55).

Nonleft Ventricular Assist Device Bloodstream Infection 
A total of 46 of 56 (82.1%) episodes of non-LVAD BSI completed 
the recommended initial course of pathogen-directed therapy 
and were evaluated for CAS (Figure 1). The remaining 10 epi-
sodes occurred in patients who died during index hospitaliza-
tion while receiving initial course of therapy. Of 46 episodes of 
non-LVAD BSI, CAS therapy was prescribed for 13 (23.2%) with 
no relapses and a median of 759 infection-free days (IQR, 587–
1150). In the remaining 33 cases (58.9%) in which CAS therapy 
was not prescribed and antimicrobials were discontinued after 
an appropriate initial course and source control, most (31 of 33, 
93.9%) did not experience relapse (median of 359 infection-free 
days, IQR, 136–856). Of the 2 patients in the non-CAS group 
who experienced relapse of BSI, an intra-abdominal source of in-
fection (adenocarcinoma of the colon) was identified at the time 
of relapse in 1 case (case 81). The other patient presented with 
CRBSI and exit-site infection. The patient developed relapse of 
BSI despite catheter removal at the time of index hospitalization 
and insertion of a new catheter into the ipsilateral vein (case 106).

Gram-negative bacilli were the most frequent pathogens iso-
lated from blood cultures in cases that were suppressed, whereas 
for the cases managed without CAS therapy, Gram-positive 
cocci other than S aureus were the most common, mainly CoNS. 

Table 3.  Analysis of 121 Distinct Episodes of Bloodstream Infection Identified in 80 LVAD Recipients

Variable
LVAD-Related  

(n = 46) LVAD-Associated (n = 19) Non-LVAD (n = 56) P Value

Primary Source

Pump, cannula, pocket and/or driveline 46 -- -- --

CRBSI  -- 23 (41%) --

CIED infection, right-sided IE and non-LVAD mediastinitis  -- 9 (16%) --

Pneumonia  -- 3 (5.3%) --

GI tract including biliary  -- 12 (21.4%) --

Renal and urinary tract  -- 6 (10.7%) --

Other -- -- 3 (5.3%) --

Time to clearance of positive blood culturesa, days median, (IQR) 3 (1–5) 1 (1–3) 1 (1–2) .006

BSI due to MDR or XDRb organisms 18 (39.1%) 1 (5.2%) 4 (7.4%) <.001

Time from implant to BSI event, days median (IQR) 416.5 (67.7–697.5) 218 (35–411) 171 (27–639.7) <.001

Bold text indicates values that are statistically significant (P <.05).

Abbreviations: BSI, bloodstream infection; CIED, cardiovascular implantable electronic device; CRBSI, catheter-related bloodstream infection; GI, gastrointestinal; IE, infective endocarditis; 
IQR, interquartile range; LVAD, left ventricular assist device; MDR, multidrug resistant; XDR, extensively drug resistant.
aAfter the start of antimicrobial therapy.
bFive LVAD-related and 1 LVAD-associated BSI were due to XDR organisms.

http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofaa532#supplementary-data
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There was no statistically significant difference in the median 
duration of positive blood cultures between CAS and non-CAS 
therapy groups (1 [IQR, 1–2] vs 1 [IQR, 1–2], P = .738). Of note, 
surveillance blood cultures were performed for 7 cases man-
aged without CAS therapy collected at 1, 2, and 4 weeks after 
discontinuing antimicrobial therapy, and all were negative.

Secondary Outcomes at 6 Months

Chronic antimicrobial suppressive therapy was overall well tol-
erated, with only 3 patients experiencing serious adverse events 
that required a change in choice of CAS. Four cases in the CAS 
therapy group and 2 in the non-CAS therapy developed C 
difficile infection. Infection due to MDR or XDR organisms in 

Excluded*
Excluded*
5 episodes:
–5 deaths

Excluded*
10 episodes:
–10 deaths

LVAD-related
n = 46

LVAD-related
n = 35

CAS
32

GNB
9

Relapse 12

No relapse 20

Relapse 2

No relapse 1

Relapse 0

No relapse 9

Relapse 2

No relapse 3

Relapse 0

No relapse 13

Relapse 2

No relapse 31

GNB
3
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Figure 1.  Outcomes of 120 distinct episodes of bloodstream infection (BSI) among 80 left ventricular assist device (LVAD)-supported patients. *, Cases excluded from 
analysis if death, transplanted, or loss of follow-up before completion of initial course of antimicrobial therapy and evaluation for chronic antimicrobial suppression (CAS) 
therapy candidacy. **, Of the 11 cases due to Gram-positive cocci (GPC) other than Staphylococcus aureus, 4 were due to coagulase-negative staphylococci, 3 were due 
to Enterococcus spp, and 4 were due to Streptococcus spp. ***, Of the 16 cases due to GPC other than S aureus, 9 were due to coagulase-negative staphylococci, 5 due 
to Enterococcus spp, and 2 due to Streptococcus spp. Details of individual cases are provided in Supplementary Table 1. F, fungal; GNB, Gram-negative bacilli; GPB, Gram-
positive bacilli; GPC, Gram-positive cocci other than S aureus; IQR, interquartile range; ≥2, more than 2 organisms. 
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subsequent episodes of BSI occurred in 7 cases managed with 
CAS therapy and in 3 cases managed without CAS therapy.

DISCUSSION

Our study findings suggest that with adequate source control 
and appropriate pathogen-directed antimicrobial therapy, re-
lapse of BSI from non-LVAD sources is rare and routine use 
of CAS therapy is probably not necessary. Although no corre-
lation between persistent BSI and a decision to use suppressive 
therapy was observed in our study cohort, CAS therapy may be 
considered in patients with non-LVAD BSI who have persistent 
bacteremia, especially with organisms that are associated with 
higher risk of hematogenous seeding of cardiac devices (such 
as S aureus or P aeruginosa) [12]. In contrast, routine use of 
CAS therapy may be a reasonable approach to prevent relapse 
of BSI secondary to LVAD-related bacteremia, considering that 
LVAD-specific infections cannot be cured without hardware 
removal and, treatment failures, particularly due to S aureus, 
are expected. Although CAS therapy effectively suppressed BSI 
episodes in 20 (62.5%) patients with a median infection-free of 
311 days, 12 (37.5%) of them developed relapse relatively soon 
after index BSI (57.5 days; IQR, 26.2–237.7). Given the lack of a 
non-CAS therapy comparator group for LVAD-related BSI, we 
are unable to evaluate whether other strategies, such as a pro-
longed (4 to 6 weeks) course of parenteral antimicrobial therapy 
± surgical debridement or exchange would be effective.

Optimal management of patients who present with LVAD-
associated infections (BSI with no clear non-LVAD primary 
source) is yet to be defined. Considering earlier publications 
[12] that suggest higher risk of device seeding with S aureus or 
P aeruginosa, CAS therapy seems reasonable in such cases in 
which infection of the blood-contacting surface of the device is 
suspected, but not confirmed, and no other alternative source is 
identified. A multicenter study with a larger sample size could 
be useful in demonstrating an optimal management strategy.

Although CAS therapy was overall well tolerated, selec-
tion of MDR/XDR organisms in subsequent episodes of BSI 
and C difficile infection may occur on CAS therapy. Due to 
the potential harms associated with CAS therapy, other pre-
ventive strategies, such as close monitoring of clinical status 
and surveillance blood cultures, may be considered in LAVD-
associated and non-LVAD BSI in individual cases using clinical 
judgment. In our patient cohort, surveillance blood cultures 
were recommended in a small proportion of cases with non-
LVAD BSIs managed without CAS therapy and none were pos-
itive. However, optimal timing of obtaining surveillance blood 
cultures after completion of initial course of therapy is unclear.

A previous investigation by Maskarinec et  al [12] showed 
that the risk of underlying cardiac device infection in patients 
with bacteremia due to S aureus, P aeruginosa, and Serratia 
marcescens was higher than that observed for other organisms. 
In our investigation, S aureus was the most frequent pathogen 

involved in LVAD-related infections. However, it was not a 
major pathogen in LVAD-associated and non-LVAD BSI cases. 
In all cases of BSI due to this organism, CAS therapy was re-
commended by the Infectious Diseases team. Likewise, with the 
exception of 2 cases (1 LVAD-related and 1 LVAD-associated), 
providers elected to suppress all cases of BSI due to P aeruginosa; 
relapse occurred exclusively in those with LVAD-related BSI. 
There was only 1 case of S marcesens in the non-LVAD group, 
which was not suppressed and relapse was not observed. More 
importantly, in cases in which other organisms were involved, 
the rationale behind the decision to suppress was not docu-
mented in detail and appeared mostly related to the clinician’s 
judgment and overall assessment of the case, rather than the 
organism involved or days of positive blood cultures.

The role of CAS therapy has only been examined in a pre-
vious investigation by Jennings et al [20]. This study described 
the clinical outcomes of 16 patients with LVAD-specific infec-
tions treated with CAS therapy. In this investigation, CAS was 
defined as continuation of therapy for longer than 6 weeks after 
index infection. Five of 16 cases (32%) failed suppression at 
175  days (range, 10–598). The most common organisms iso-
lated from local cultures in these cases were Gram-negative ba-
cilli and S aureus. Similar to our findings, the rates of adverse 
events and C difficile infection were low [20].

The limitations of our study are primarily related the retro-
spective design and small sample size. Classification and con-
firmation of cases was heavily dependent on documentation 
provided by treating physicians. For instance, before positron 
emission tomography was available at our institution for the di-
agnosis of LVAD infections (2016), imaging studies obtained to 
define whether a device was infected were frequently limited to 
ultrasound and computed tomography exams. Modified defin-
itions were used, rather than those proposed by the ISHLT, be-
cause their classification scheme does not distinguish between 
LVAD-related and LVAD-associated BSI. In our opinion, the 
distinction is important in individual patient management, es-
pecially the need for CAS therapy. Finally, without microbial 
sequencing, we were unable to ascertain whether subsequent 
episodes of BSI were relapses or recurrences. Our study def-
initions considered BSI relapse as an episode due to the same 
organism and same source identified during index episode. 
Nonetheless, organisms known to cause metastatic infection 
(ie, S aureus) may have accounted for some of the cases classi-
fied as “recurrent BSI.” Classification certainty cannot be con-
firmed in these cases without molecular testing. Finally, our 
study did not include contemporary devices approved by the 
US Food and Drug Administration in 2018, which may harbor 
a lower risk for LVAD infections, in general, including BSI. 
Despite these limitations, our study provides novel insights into 
the role of CAS therapy in the management of BSI in LVAD 
recipients and provides framework for future multicenter col-
laborative studies.
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CONCLUSIONS

Routine use of CAS therapy may be unnecessary for cases of 
non-LVAD BSIs. However, it may be considered in non-LVAD 
BSI cases with prolonged bacteremia and those due to S aureus. 
In contrast, CAS therapy seems to be a reasonable approach 
to prevent relapse of BSI in LVAD-related cases. Chronic anti-
microbial suppressive therapy is generally well tolerated, 
although selection of MDR/XDR organisms on subsequent epi-
sodes of BSI and treatment failures may be observed.
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