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Background: Left ventricular assist device (LVAD)-associated infections are major complications that can 
lead to critical outcomes. The aims of this study were to assess the incidence of and to determine the risk 
factors for LVAD-associated infections.
Methods: We included all consecutive patients undergoing LVAD implantation between January 1, 2010, 
and January 1, 2019, in a single institution. Infection-related data were retrospectively collected by review 
of patient’s medical files. LVAD-associated infections were classified into three categories: percutaneous 
driveline infections, pocket infections and pump and/or cannula infections.
Results: We enrolled 72 patients. Twenty-one (29.2%) patients presented a total of 32 LVAD-associated 
infections. Eight (38.1%) patients had more than one infection. Five (62.5%) pocket infections and one 
(50.0%) pump and/or cannula infection were preceded by a driveline infection. The median delay between 
the operation and LVAD-associated infection was 6.5 (1.4–12.4) months. The probability of having a LVAD-
associated infection at one year after receiving an implant was 26.6% (95% CI: 17.5–40.5%). Percutaneous 
driveline infections represented 68.7% of all LVAD-associated infections. Staphylococcus aureus and coagulase-
negative staphylococci were the predominant bacteria in LVAD-associated infections (53.1% and 15.6%, 
respectively). Hospital length of stay (sdHR =1.22 per 10 days; P=0.001) and postoperative hemodialysis 
(sdHR =0.17; P=0.004) were statistically associated with infection. Colonization with multidrug-resistant 
bacteria was more frequent in patients with LVAD-associated infections than in others patients (42.9% vs. 
15.7%; P=0.013).
Conclusions: LVAD-associated infections remain an important complication and are mostly represented 
by percutaneous driveline infections. Gram-positive cocci are the main pathogens isolated in microbiological 
samples. Patients with LVAD-associated infections are more frequently colonized with multidrug-resistant 
bacteria.
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Introduction
 

Left ventricular assist device (LVAD) improves the survival 
of patients with severe end-stage heart failure under optimal 
medical therapy (1). The continuing development of long-
term mechanical circulatory support over the last few 
decades has allowed the use of LVAD in bridge to transplant 
(BTT) or in destination therapy (DT) for selected 
patients. LVAD support is still associated with important 
adverse events that can lead to death (2). LVAD-associated 
infections are major complications and are associated with 
increased morbidity and mortality (3). Cellular immunity 
seems to be compromised by long-term LVAD support (4), 
which renders these patients more susceptible to bacterial 
and fungal infections (5).

LVAD-associated infections are the second most common 
adverse event after bleeding during the first 3 months after 
implantation (3). With extended LVAD support time, the 
risk of LVAD-associated infection increases (6,7). A study 
based on the Interagency Registry for Mechanically Assisted 
Circulatory Support (INTERMACS) registry revealed a 
significant number of percutaneous driveline infections 
within 8 months after implantation. In this study, age  
(<50 years) was the only predicting factor (8). The authors 
assumed a higher activity for patients aged <50 years than 
compared to that of the others, leading to increased trauma 
at the driveline exit site. Several others risk factors were 
identified, including older age, diabetes, larger body mass 
index, renal failure, malnutrition, and prolonged LVAD 
support (9-18).

However, data remain limited regarding risk factor 
analysis of LVAD-associated infections. The aim of this 
study was to assess the incidence of and to determine the 
risk factors for LVAD-associated infections.

Methods 

Study population and data collection

This study was a retrospective analysis of all consecutive 
patients undergoing LVAD implantation between January 1, 
2010, and January 1, 2019, at our institution. A total of 72 
patients were enrolled in this single-center, observational 
study. For all consecutive patients operated on in our 
department, preoperative, intraoperative and postoperative 
data were systematically and prospectively collected in a 
database (ASTR, Access, Microsoft®). Infection-related 
data were retrospectively collected by review of patient’s 
medical files. Because, the study is a retrospective analysis 

of institutional data, and in compliance with the French law 
on clinical research, we only had to obtain French personal 
data protection authorization. We submitted our study 
to the national commission for data protection (CNIL) 
and obtained authorization. The study was approved by 
institutional ethic committee of the University Hospitals of 
Strasbourg.

Prevention of infection 

Antimicrobial prophylaxis was systematically used. 
According to our institutional protocols, patients received 
1.5 g of cefuroxime by intravenous injection and 0.75 g at 
priming, with a reinjection of 0.75 g every 2 h during the 
surgical operation. In case of allergy, vancomycin was used at  
15 mg/kg/h. During the postoperative course, and the 
dressing change protocol for the driveline exit site was the 
same for all patients. The driveline exit site was cleaned 
every 2 days with an antiseptic combination of chlorhexidine, 
alcohol and benzalkonium chloride. Stabilization of the 
driveline was systematically used. A specialized nurse 
provided patient education after LVAD implantation. 

LVAD surgery

A standardized procedure was used for LVAD implantation. 
The thoracotomy approach was started in 2016 and included 
two approaches: ministernotomy plus left anterolateral 
thoracotomy or left posterolateral thoracotomy. In 
conjunction with the thoracotomy approach, a double 
tunnel driveline technique was used with an incision 
under the left costal rim and an incision at the level of the 
right oblique muscle at the level of the umbilicus with the 
placement of the driveline behind the sheath. The velour 
part of the driveline was placed inside the body.

Patient follow-up 

All patients were systematically followed during LVAD support 
in the Cardiac Surgery Department every month or every two 
months. Patients were followed-up until heart transplant or 
death. No patients were lost to follow-up. The median follow-
up for the entire cohort was 1.3 (0.1–3.2) years.

Study endpoints

We used the definition for LVAD infections published 
by the International  Society for Heart and Lung 
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Transplantation (ISHLT) (19).  According to this 
classification, infections were classified into three categories: 
percutaneous driveline infections, pocket infections and 
pump and/or cannula infections. The LVDA-associated 
infections group was defined as patients with at least one of 
these 3 categories of LVAD infections.

For each characterized infection, microbiological samples 
were documented. For each event, we indicated whether 
hospitalization was required and whether sepsis was related 
as well as the microorganisms found in the samples. 

Statistical analysis

Continuous data are presented as the mean and standard 
deviation (SD) or the median and interquartile range (Q1–
Q3). Categorical variables are presented as the number 
and percentage. Missing values were not imputed. We 
used Fisher’s exact test and the chi-square test to compare 
categorical variables. Continuous variables were compared 
with a t test. A P value less than 0.05 was considered 
statistically significant. We performed univariate and 
multivariate survival analyses, including covariates with 
a P value <0.05, using proportional hazards models. To 
check the proportional hazards assumption, we used 
the “Log of the negative log of the estimated survival 
function” (LoglogS) for categorial variables and the 
Schoenfeld residuals for continuous variables. The covariate 
“hypertension” did not respect this hypothesis and had no 
obvious link with the occurrence of infection. Thus, we 
removed this variable from the analysis. We considered 
heart transplant and death as competing events to analyze 
the occurrence of LVAD-associated infections. We used Cox 
regression to model the cause-specific hazard ratio (csHR) 
and the Fine and Gray model to estimate the subdistribution 
hazard ratio (sdHR) with the 95% confidence interval (CI). 
The analysis was stratified according to the indication for 
LVAD support (DT or BTT). To assess the probability 
of LVAD-specific infections, we estimated the cumulative 
incidence function (CIF). For each model, the Wald test was 
used to evaluate the hazards ratios. We used the PHREG 
procedure of SAS® 9.4 (SAS Institute, Inc., Cary, NC, USA) 
software for analysis.

Results 

Preoperative characteristics

Preoperative variables sorted by the occurrence of LVAD-

associated infections are reported in Table 1. The overall 
mean age was 59.8±13.3 years. Ischemic cardiomyopathy 
(46%) was the leading etiology for LVAD implantation. 
Most patients (52.8%) were either INTERMACS profile 
1 (30.6%) or profile 2 (22.2%). The indications for LVAD 
implantation were BTT for 43 patients (59.7%) and DT 
for 29 patients (40.3%). Diabetes mellitus and hypertension 
were significantly more frequent in the control group than 
in the LVAD-associated infections group (P=0.034 and 
P=0.009, respectively). 

Operative and postoperative characteristics

Table 2 presents operative and postoperative characteristics. 
The median intensive care unit length of stay was 14 
(Q1–Q3: 6–30) days. The median hospital length of stay 
after implantation was significantly higher in the LVAD-
associated infections group than in the control group 
(P=0.036). More patients without LVAD-associated 
infections required postoperative hemodialysis (P=0.008).

LVAD-associated infections

During the study period, 21 patients (29.2%) presented 
with a total of 32 LVAD-associated infections during 
their follow-up. Eight (38%) patients had more than one 
infection. Five (62.5%) pocket infections and one (50%) 
pump and/or cannula infection were preceded by a driveline 
infection. These infections are described in Table 3. 

Percutaneous driveline infections represented 68.7% of 
all LVAD-associated infections. These infections occurred 
with a median delay of 8 (Q1–Q3: 4.8–10.2) months. Sepsis 
was associated with 40.9% of these infections. Percutaneous 
driveline infections required hospitalization in 68.2% 
of cases. Staphylococcus aureus and coagulase-negative 
staphylococci (CoNS) were responsible for 50.0% and 
13.6%, respectively, of percutaneous driveline infections. 
Candida spp. was responsible for one (4.5%) percutaneous 
driveline infection. 

Pocket infections and pump and/or cannula infections 
represented 25.0% and 6.3%, respectively, of LVAD-
specific infections. Staphylococci were involved in 87.5% 
of pocket infections. Candida spp. was responsible for one 
(50.0%) pump and/or cannula infection.

The cumulative incidence function for LVAD-associated 
infections is presented in Figure 1. The probability of having 
a LVAD-associated infection at one year after implantation 
was 26.6% (95% CI: 17.5–40.5).
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Table 1 Patients’ characteristics, with and without LVAD-associated infections

Variables Overall (n=72) Without LVAD-associated infection (n=51)
With LVAD-associated infection 

(n=21)
P value

Age, mean ± SD 59.8±13.3) 60.3±12.5 58.7±15.4 0.644

Male sex, n (%) 61 (84.7) 44 (86.3) 17 (81) 0.719

INTERMACS profile, n (%) 0.746

1 22 (30.6) 17 (33.3) 5 (23.8)

2 16 (22.2) 10 (19.6) 6 (28.6)

3 17 (23.6) 11 (21.6) 6 (28.6)

4 17 (23.6) 13 (25.5) 4 (19)

Indication, n (%) 0.774

Destination therapy 29 (40.3) 20 (39.2) 9 (42.9)

Bridge to transplant 43 (59.7) 31 (60.8) 12 (57.1)

Etiology, n (%) 0.850

Ischemic cardiomyopathy 46 (63.9) 33 (64.7) 13 (61.9)

Dilated cardiomyopathy 25 (34.7) 17 (33.3) 8 (38.1)

Muscular dystrophy 1 (1.4) 1 (2.0) 0

Preoperative ECMO, n (%) 21 (29.2) 16 (31.4) 5 (23.8) 0.581

Preoperative Impella, n (%) 6 (8.3) 5 (9.8) 1 (4.8) 0.664

GFR (±SD) (mL/min/1.73 m2) 63±28.8 59.3±28.0 71.8±29.5 0.097

Comorbidities, n (%)

Hypertension 31 (43.0) 27 (52.9) 4 (19.0) 0.009

Smoking 44 (61.1) 32 (62.7) 12 (57.1) 0.657

Diabetes 28 (38.9) 24 (47.0) 4 (19.0) 0.034

Overweight (BMI >25 kg/m2) 11 (15.3) 9 (17.6) 2 (9.5) 0.490

Hyperlipidemia 37 (51.4) 28 (54.9) 9 (42.9) 0.352

Type of LVAD, n (%) 0.658

Heartware 55 (76.4) 40 (78.4) 15 (71.4)

Heartmate 2 15 (20.9) 10 (19.6) 5 (23.8)

Heartmate 3 2 (2.8) 1 (2.0) 1 (4.8)

Preoperative infection, n (%)

Pneumopathy 21 (29.2) 17 (33.3) 4 (19.0) 0.267

Sepsis 11 (15.3) 9 (17.6) 2 (9.5) 0.490

Echocardiography, mean ± SD

LVEF (%) 18.8±5.7 18.7±5.8 19.1±5.5 0.766

LVED (mm) 69.5±10.4 70.2±10.2 67.7±11.0 0.402

SD, standard deviation; LVED, left ventricle end-diastolic diameter (14 missing values); LVEF, left ventricular ejection fraction (1 missing 
value); BMI, body mass index; GFR, glomerular filtration rate (MDRD) (1 missing value); ECMO, extracorporeal membrane oxygenation; 
LVAD, left ventricular assist device.
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At the end of the study, 23.6% (n=17) of patients were 
diagnosed as being colonized with multidrug-resistant 
(MDR) bacteria. This colonization was more frequent in 
patients with LVAD-associated infections than in patients 
without LVAD-associated infections (42.9% vs. 15.7%; 
P=0.013). Extended-spectrum beta-lactamases (ESBLs) 
were involved in 94.1% (n=16) of cases of colonization 

with MDR bacteria. Only one patient was colonized with 
vancomycin-resistant enterococci (VRE). 

Impact of the covariates

Following the comparison between groups with and without 
LVAD-specific infections, diabetes mellitus (P=0.034), 
hospital length of stay after implantation (P=0.036) and 
postoperative hemodialysis (P=0.008) (Tables 1,2) were 
analyzed via univariate and multivariate analyses. The non-
respect of the proportional hazard assumption did not allow 
the use of hypertension in Cox or Fine and Gray models.

The results of the univariate analysis are presented in 
Table 4. Considering the competitive events, none of these 
covariates had a statistically significant impact on infection. 
However, hospital length of stay after implantation (csHR 
=0.48 per 10 days; 95% CI: 0.31–0.66; P<0.001) and 
postoperative hemodialysis (csHR =3.08; 95% CI: 1.34–
7.08; P=0.007) were statistically correlated with death.

The results of the multivariate analysis are shown in 
Table 5. Hospital length of stay was statistically associated 
with infection (sdHR =1.22 per 10 days; 95% CI: 1.10–1.34; 
P=0.001) and death (sdHR =0.48 per 10 days; 95% CI: 0.25–
0.90; P=0.019). Postoperative hemodialysis was statistically 

Table 2 Operative and postoperative details

Variables Overall (n=72)
Without LVAD-associated 

infection (n=51)
With LVAD-associated 

infection (n=21)
P value

Operative data

Extracorporeal circulation, n (%) 65 (90.3) 45 (88.2) 20 (95.2) 0.665

Median duration [Q1–Q3] (min)* 113 [79–135] 113 [93–136] 112 [73–130] 0.305

Postoperative data

Surgical revision, n (%) 36 (50.0) 29 (56.9) 7 (33.3) 0.069

Postoperative hemodialysis, n (%) 38 (52.8) 32 (62.7) 6 (28.6) 0.008

FLSD (mL), mean ± SD 1,180±838 1,239±931 1,038±551 0.276

Median ICU length of stay [Q1–Q3] (days) 14 [6–30] 15 [6–30] 10 [7–34] 0.863

Median hospital length of stay [Q1–Q3] (days) 35 [20–56] 28 [19–50] 39 [33–79] 0.036

Non-LVAD infections, n (%)

Pneumopathy 35 (48.6) 26 (51.0) 9 (42.9) 0.530

Sepsis 25 (34.7) 19 (37.2) 6 (28.6) 0.481

Other 22 (30.6) 13 (25.5) 9 (42.9) 0.145

*, five missing values. SD, standard deviation; ICU, intensive care unit; FLSD, fluid loss in surgical drains during the first 24 hours 
postoperatively (4 missing values); LVAD, left ventricular assist device.

Figure 1 Cumulative incidence function for LVAD-specific 
infections. Cumulative incidence function using the Fine and Gray 
model. Estimated probability of LVAD-specific infections at 1 year 
is 26.6% (95% CI: 17.5–40.5). LVAD, left ventricular assist device.
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associated with a lower rate of LVAD-associated infections 
(sdHR =0.17; 95% CI: 0.05–0.57; P=0.004) and a higher rate 
of death (sdHR =5.23; 95% CI: 2.00–13.62; P<0.001).

Discussion

Our study demonstrates that: (I) LVAD-associated 

infections are frequent, with a probability of having a 
LVAD-associated infection at 1 year after implantation of 
26.6% and a median delay of occurrence of 6.5 months; 
(II) most of these infections are localized at the level of 
the driveline; (III) the risk factors of LVAD-associated 
infections according to multivariate analysis are a longer 
hospital length of stay and lower incidence of postoperative 

Table 3 Characteristics of LVAD-associated infections

Variables All (n=32)* PDI (n=22) PCI (n=2) PI (n=8)

Median time to event [Q1–Q3] (months) 6.5 [1.4–12.4] 8 [4.8–10.2] 11.4 [2.4–20.4] 14 [5.3–23.4]

Sepsis related, n (%) 14 (43.7) 9 (40.9) 1 (50.0) 4 (50.0)

Hospitalization required, n (%) 25 (78.1) 15 (68.2) 2 (100.0) 8 (100.0)

Pathogens isolated, n (%)

Staphylococcus aureus 17 (53.1) 11 (50.0) 1 (50.0) 5 (62.5)

CoNS 5 (15.6) 3 (13.6) 0 2 (25.0)

Enterococcus spp. 2 (6.2) 2 (9.1) 0 0

Enterobacteriaceae 2 (6.2) 1 (4.5) 0 1 (12.5)

Pseudomonas aeruginosa 2 (6.2) 2 (9.1) 0 0

Candida spp. 2 (6.2) 1 (4.5) 1 (50.0) 0

Others 4 (12.5) 4 (18.2) 0 0

*, eight patients had more than one infection. Infections can have more than one germ in cultures. PI, pocket infection; PCI, pump and/or 
cannula infection; PDI, percutaneous driveline infection; CoNS, coagulase-negative Staphylococci; LVAD, left ventricular assist device.

Table 4 Parameter estimation by univariate analysis

Variables csHR 95% CI P value

LVAD-specific infections

Diabetes 0.50 0.16–1.56 0.231

Hospital length of stay (per 10 days) 1.10 1.00–1.22 0.088

Postoperative hemodialysis 0.42 0.15–1.20 0.104

Death

Diabetes 1.98 0.94–4.20 0.074

Hospital length of stay (per 10 days) 0.48 0.31–0.66 <0.001

Postoperative hemodialysis 3.08 1.34–7.08 0.007

Transplant

Diabetes 2.24 0.74–6.79 0.154

Hospital length of stay (per 10 days) 0.90 0.74–1.10 0.422

Postoperative hemodialysis 0.53 0.17–1.65 0.275

LVAD, left ventricular assist device.
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hemodialysis, which are strongly correlated to in-hospital 
mortality; and (IV) the major pathogens involved in LVAD-
associated infections are S. aureus and CoNS.

The incidence of LVAD-associated infections in our 
study is similar to that reported in the literature (18,20-23).  
In our study, we observed a higher proportion of 
patients with an INTERMACS profile 1 under short-
term mechanical support before LVAD implantation 
than that reported in the literature (22-24). This high 
incidence of critically ill patients was associated with 
a significant proportion of patients with preoperative 
infections. Despite these findings, we did not observe 
a higher incidence of LVAD-associated infections 
compared to what has been reported in others studies 
(20,21,24). Percutaneous driveline infections are the 
most frequent LVAD-associated infections, followed 
by pocket infections. Percutaneous driveline infection 
remains a significant complication because sepsis is often 
associated with this infection and frequently requires 
hospitalization. The European Association for Cardio-
Thoracic Surgery has recently published an expert 
consensus on long-term mechanical circulatory support (1).  
Several recommendations have been issued regarding 
the prevention and treatment of infections before and 
after LVAD implantation (1). It must be stressed that 
most of these recommendations are part of our practice. 
Furthermore, as described elsewhere, we used the double 
tunnel technique for the placement of the driveline with a 

similar rate of LVAD-associated infections (23).
In the literature, age at implantation (8), diabetes 

mellitus (11-14) and a larger body mass index (9,12,17) are 
described as risk factors for infections. A recent publication 
of the ASSIST-ICD study identified the type of LVAD and 
patients who required implantable cardioverter defibrillator-
related procedures post-LVAD as risk factors for LVAD-
associated infections (20). In our study, there were no 
significant differences among these covariates between the 
two groups, with and without LVAD-associated infections. 
Only one patient in our study required implantable 
cardioverter defibrillator-related procedures post-LVAD. 
We found that postoperative hemodialysis was associated 
with a smaller incidence of LVAD-associated infections. 
Hospital length of stay was associated with an increase in 
infection. These results must be interpreted considering 
death. Major adverse events occur in the first 3 months 
after LVAD implantation and have an important effect 
on survival (3). Thus, we can consider that postoperative 
hemodialysis has a much greater impact on death than on 
the occurrence of LVAD-associated infections. Hospital 
length of stay after LVAD implantation may reflect survival. 
Likewise, acute kidney injury is a common postoperative 
complication of cardiac surgery and is associated with a high 
hospital mortality rate (25). The estimation of postoperative 
hemodialysis for the risk of LVAD-associated infections is 
biased by patients’ survival. Therefore, we can assume that 
patients who received postoperative hemodialysis and had 

Table 5 Parameter estimation by multivariate analysis

Variables sdHR 95% CI P value

LVAD-specific infections

Diabetes 0.44 0.14–1.35 0.152

Hospital length of stay (per 10 days) 1.22 1.10–1.34 0.001

Postoperative hemodialysis 0.17 0.05–0.57 0.004

Death

Diabetes 1.19 0.56–2.55 0.650

Hospital length of stay (per 10 days) 0.48 0.25–0.90 0.019

Postoperative hemodialysis 5.23 2.00–13.62 <0.001

Transplant

Diabetes 1.08 0.34–3.47 0.890

Hospital length of stay (per 10 days) 1.10 0.96–1.22 0.258

Postoperative hemodialysis 0.76 0.25–2.29 0.631

LVAD, left ventricular assist device.
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a LVAD-associated infection were survivors of multiple 
postoperative complications.

Among the covariates, postoperative hemodialysis is 
an important predictor of death but does not have a clear 
impact on LVAD-associated infections.

Gram-positive cocci are the main pathogens isolated 
from microbiological samples. The bacteria of the 
digestive flora and Pseudomonas aeruginosa  are also 
involved in LVAD-associated infections. These results 
agree with the literature (18). Most of these pathogens are 
susceptible to the antimicrobial prophylaxis (cefuroxime 
or vancomycin) used before operation. Fungi can also be 
responsible for LVAD-related infections (5), as confirmed 
in our study, with two cases of infection with Candida spp. 
being observed. Fungal infections are more complicated to 
manage and require heart transplant to have any chance for 
eradication of the infection.

The MDR bacteria colonization results are interesting. 
MDR colonization was more important in the LVAD-
associated infections group than in the control group (42.9% 
vs. 15.7%; P=0.013). One explanation for this result may 
be the greater use of antibiotics in the LVAD-associated 
infections group. This information requires specific 
attention because it can be a risk factor for infection-
associated death for patients with LVAD support (26).

We can note several limitations in our study. First, the 
retrospective review of medical files did not permit us to 
perform a standardized investigation. However, all patients 
were systematically followed in the Cardiac Surgery 
Department every month or every 2 months. Infection data 
were reviewed by two professionals separately, one of whom 
was an Infectious Disease specialist. Second, we analyzed 
a single-center cohort with a relatively small number of 
subjects. Third, we only focused on the incidence of and 
risk factors for LVAD-associated infections. The outcomes 
of LVAD-associated infections were not considered in our 
study. Lastly, some factors that were not measured may have 
acted as confounders.

Conclusions

LVAD-associated infections are important complications 
and are mostly represented by percutaneous driveline 
infections. S. aureus and CoNS are the predominant 
bacteria in these infections. Patients with LVAD-associated 
infections are more frequently colonized by MDR bacteria. 
The impact of this colonization should be evaluated with a 
prospective study. 
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