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Abstract

Aims Implantation of left ventricular-assist devices (LVAD) to treat end-stage heart failure is of increasing relevance due to
donor shortage. Infections of the driveline are common adverse events. LVAD infections can lead to high urgency listings for
transplantation. However, transplantation in patients with infection leads to worse post-transplantation outcomes. This study
aims to evaluate specific risk factors for driveline infections at the time of implantation.
Methods and results Four hundred forty-one patients receiving either Heartmate II or Heartware system from August 2009
to October 2013 were assessed. An expert committee sorted patients into four different groups concerning the likeliness of
infection. Twenty-eight (6%) of discussed infection cases were judged as secured, 33 (7%) as likely, 18 (4%) as possible, and
20 (4%) as unlikely. The remaining 342 (78%) subjects showed either no signs of infection at all times (329 [75%]) or developed
signs of infection in a second observation period within 1 year after ending of the first observation period (13 [3%]). For a bet-
ter discriminatory power, cases of secured and likely infections were tested against the group with no infection at all times in a
Cox proportional hazard model. Among all variables tested by univariate analysis (significance level P < 0.15), only age
(P = 0.07), LVAD-type (P = 0.12), need for another thoracic operation (P = 0.02), and serum creatinine value (P = 0.02) reached
statistical significance. These were subsequently subjected to multivariate analysis to calculate the cumulative risk of develop-
ing a drive infection. The multivariate analysis showed that of all the potential risk factors tested, only the necessity of
re-thoracotomy or secondary thoracic closure had a significant, protective effect (hazard ratio [95% CI] = 0.45 [0.21–0.95];
P = 0.04).
Conclusion This single-centre cohort study shows that driveline infections are common adverse events. The duration of sup-
port represents the major risk factor for LVAD driveline infections.
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Introduction

Severe heart failure is a common disease affecting 26 million
patients worldwide.1 One in five people will suffer from any
stage of heart failure in their lifetime.2 Though heart trans-
plantation remains the gold standard in the therapy of termi-
nal heart failure, the number of transplantations decreased in
the Eurotransplant area from 2014 to 2015 due to a growing

donor shortage.3 Therefore, other therapeutic options such
as the implantation of left ventricular-assist devices (LVAD)
are performed more frequently.4 Besides, patients with per-
sistent or transient contraindications for transplantation or
bridge to recovery patients can be treated with an LVAD im-
plantation as destination therapy. Implantation improves sur-
vival and quality of life significantly.5 Although the number of
implantations as destination therapy increased, the number
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of patients with LVAD listed for heart transplantation remains
high.4 After LVAD implantation, the clinical condition of pa-
tients improve and subsequently leads to a loss of the pa-
tient’s high urgency status if gained before.6 This lowers their
chance for transplantation, because the majority of transplan-
tations in Germany are performed in patients with high ur-
gency status.7 The duration of LVAD support is increasing,
and adverse events are occurring frequently.4 One of the most
frequent adverse events in long-term use is infection.8,9 In a
prospective multicentre study, 22% of patients developed
LVAD related infections.9 The main part falls upon infections
on the percutaneous driveline9 or is caused by driveline infec-
tions. Developing an infection constitutes a severe problem
for the affected patients for two reasons. First, it could be
demonstrated that LVAD infection increases 1 year mortality.9

Second, the outcome after heart transplantation worsens as
well.10–12 This shows that there is a need for identifiable risk
factors that could influence heart transplantation allocation
policies. High risk patients could be transplanted preferred,
before a driveline infection develops. This could improve out-
come of heart transplantation in general. Furthermore,
existing studies dealing with driveline infections are limited
by a small sample size.

This large-scaled study was designed to retrospectively
identify risk factors for driveline infections that might affect
transplantation allocation policies and to expand existing
data.

Methods

The study was performed as a single centre retrospective co-
hort study between August 2009 and October 2013. To gen-
erate a large study size, all patients receiving either
Heartmate II or Heartware systems in the Heart and Diabetes
Center North Rhine Westphalia during this time period were
examined for eligibility. Patients receiving other assist devices
such as biventricular assist devices or total artificial hearts
were excluded because of decreasing use and relevance of
these systems and their different risk profile concerning in-
fections. The project was proved and permitted by the local
ethics committee (Ethik-Kommission der Medizinischen
Fakultät der Ruhr-Universität Bochum; Register number: 49/
2016, EKBO/2016-120-RDA-EV) and complies with the Decla-
ration of Helsinki.

Setting and study subjects

Subjects were assessed from implantation date to the end of
the observation period in March 2015. Afterwards, there was
a surveillance period of 1 year. First subjects were sorted in
two groups. The first group (A) include all patients showing
clinical infection signs like redness, secretion or purulent

discharge, fever, pain, or overheated surrounding skin. The
other group (B) showed no infection signs. To create a high
separation effect, patients from the first group were subse-
quently divided in four subgroups of likeliness of infection
(A1–A4): secured infection (A1), likely infection (A2), possible
infection (A3), and unlikely infection (A4). Therefore, an ex-
pert panel consisting of a microbiologist, three special ven-
tricular assist device caregivers, a heart surgeon, a radiologist,
and an intensive care specialist was formed. The criteria for
grouping the subjects were the necessity of surgical debride-
ment, microbiology in the form of culture of purulent fluid,
secretion or blood, laboratory values of infection, if available
confirmation by 18F-fluorodeoxyglucose PET/CT imaging, and
the clinical signs of infection and their development. Criteria
for being allocated in the secured infection group (A1) were
the necessity of surgical debridement. The probable infection
group (A2) was the constellation of mentioned criteria
strongly indicative of infection. In the possible infection
group (A3), the patients showed altogether less reliable signs
of infection, but an infection could also not be ruled out. Fi-
nally, in the unlikely infection group (A4), patients showed
just discreet clinical infection signs, but no other of the men-
tioned criteria were indicative for an infection. The last two
mentioned groups (A3 + A4) of unlikely or possible infections
were censored for a higher discriminatory effect. Further-
more, it was decided that the subjects without infectious
signs (B) should be also monitored 1 year after the end of
the first observation period to discover newly occurring infec-
tions. Subjects showing infectious signs in this time (B2) were
censored as well to improve the separation effect. This leads
to group B1 including all subjects showing no infectious signs
at all time. Finally tested were groups A1 + A2 against group
B1. Figure 1 gives a summary of the grouping. End point was
LVAD infection. Subjects who underwent device exchange re-
mained in the study.

Variables and data collection

The collected variables were classified into different catego-
ries. The patient-based data included age, sex, type of LVAD,
operation time, and body mass index. The C-reactive protein
was recorded to assess the infectious situation at implanta-
tion time. Variables to detect a low output syndrome at im-
plantation time were cardiac index and the blood bilirubin
level. We also took perioperative circumstances such as
days spend on intensive care unit before implantation, days
in hospital before implantation, and the necessity of
re-thoracotomy or secondary thorax closure into account.
Another group of variables gave information of the effects
of chronic diseases. These were the creatinine level, presence
of diabetes mellitus, and depression or subdepressive mood
and finally the underlying disease (ischaemic cardiomyopathy
vs. others). Laboratory values were usually taken on the day
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of surgery, in some cases a few days before. The cardiac index
was diagnosed in a period of 12 weeks up to some days be-
fore implantation. Data were collected from electronic health
records of the patients. The variables were transferred in an
IBM SPSS® software chart.

Statistical methods

First, a univariate Cox proportional hazard was used to deter-
mine associations between possible risk factors and LVAD
driveline infection. LVAD driveline infection was the endpoint
in the Cox proportional hazards model, and patient follow-up
was censored when patients underwent heart transplanta-
tion, device explantation, or death. Variables with a signifi-
cance below P = 0.15 were then tested in the multivariate
Cox proportional hazard model to detect relevant interac-
tions or confounding. Hazard ratios with the 95% confidence
interval were calculated as well. Variables with P < 0.05 were
defined as statistically significant. For all calculations, the IBM
SPSS® software version 24 released 2016 was used.

Results

Participants

The number of subjects examined for eligibility was 442. One
subject was excluded because of loss to follow up. Due to
groupings described above, the number of included subjects
was n = 390 (groups A1 + A2 + B1).

Descriptive data

Study participants were predominantly Caucasian and from
every social status. The age of the participants ranged from
12 and 79 years, with a median age of 57 years and an inter-
quartile range of 18 years [47; 65]. The majority of patients
was male (340 [87%]). The Heartware system was imple-
mented more frequently than the Heartmate II system (234
[60%]). Average operation time was 226 ± 69 min. The body
mass index varied between 14 and 55 kg/m2 with a medium
of 26 ± 6 kg/m2. About one third of the patients needed a
re-thoracotomy or a secondary thoracic closure (133 [34%]).
A quarter of the patients were diabetic (98 [25%]), and
140 (36%) suffered from depression or subdepressive mood.
Ischaemic cardiomyopathy was the main underlying disease
(186 [47.7%]). The median value of the observation time was
252 days with an interquartile range of 586 [93; 679]. The me-
dium pre-operative cardiac index was 2.0 ± 0.7 L/min/m2. It
should be mentioned that in 98 cases, there was no cardiac in-
dex found in the electronic health record. The medium biliru-
bin was 2.4 ± 2.3 mg/dl. There were only two missing values.
All other examined variables showed no missing data.

Outcome data

A secured or likely infection (groups A1 + A2) occurred in 61
participants corresponding to 15.6% of the censored cohort
of 390 cases. The average time to develop an infection was
331 ± 273 days. The earliest infection was diagnosed 10 days
after implantation. The longest period of time between

Figure 1 Grouping of the entire cohort concerning likeliness of infection according to a specialist panel. For statistical analysis, the secured driveline
infection group (A1 + A2) was tested against the secured non-driveline infection group (B1).
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implantation and infection lasted 925 days. There was a wide
range of pathogens, but the majority of driveline infections
were caused by Gram-positive bacteria. Most of them were
staphylococci. Nearly half of the infections were caused by
Staphylococcus aureus (49.2%). Mixed infections are common
as well. Figure 2 shows an overview of involved bacteria. In
4% of the cohort, there was no pap smear done, and bacteria
were therefore not detectable.

Univariate analysis

In the univariate analysis, younger age was a potential risk
factor of developing a driveline infection. The hazard ratio
was 0.98 (0.97–1.00) with a P-value of 0.07. Moreover, a ten-
dency was seen that the LVAD type influences infection rates.
Subjects with a Heartware system had a 53% higher risk of
infection as compared with subjects with Heartmate II
(P = 0.12). A need for another thoracic operation such as
re-thoracotomy or secondary thoracic closure yielded a haz-
ard ratio of 0.45 (0.21–0.94, P = 0.02). The serum creatinine
value (P = 0.02) was also included in the multivariate analysis.
The presence of diabetes mellitus increased the risk of devel-
oping a driveline infection to nearly 40%; however, the result
was not statistically significant (P = 0.24). Also, a higher body
mass index was not associated with increased infection rates
(P = 0.23). In fact, cachexia rather seems to increase the rate
of LVAD driveline infection. Subjects with a body mass index
<18.49 kg/m2 showed a LVAD driveline infection in 23.1%

versus 15.1% in the group with body mass index >18.5 kg/
m2. All other tested variables did not show significant effects
on infection rates. Table 1 summarizes the data of the univar-
iate analysis. As shown in Figure 3, the cumulative risk for de-
veloping a driveline infection increases persistently with the
duration of support.

Multivariate analysis

The four variables, age, LVAD type, necessity of
re-thoracotomy or secondary thoracic closure as well as cre-
atinine level, had a P < 0.15 and were therefore tested in
the multivariate analysis. The results are summarized in Table
2. The necessity of re-thoracotomy or secondary thoracic clo-
sure and the creatinine level were significant, however as
protective rather than as risk factors. Figures 4 and 5 illus-
trate the negative correlations. The necessity of another tho-
racic operation lowered the risk of driveline infection by 55%.
A 1 mg/dl higher creatinine level lowers risk for driveline in-
fection by 36%.

Discussion

This retrospective cohort study dealing with risk factors for
LVAD driveline infection stands out by the large sample size
of 441 subjects. Among these, 15.6% of the subjects devel-
oped a LVAD driveline infection, which is less than described
in other studies.9,10,13 As the study was performed retrospec-
tively, it was challenging to decide whether participants have
had a driveline infection or not. To address this problem, an
expert consent was formed. Criteria for classification were
based on the criteria of M. Hannan and colleagues, who de-
veloped standardized definitions of driveline infection.14 It
should be mentioned that criteria could not be adopted
completely, because of some missing data such as histopath-
ological examinations. Nevertheless, experts stuck to theses
definitions as close as possible. As Hannan and colleagues
suggested,14 subgroups of likeliness of infection were devel-
oped. Cases of infection, which could not be evaluated with
less than highly likelihood, were excluded for better discrim-
inatory power. Because our definition of a driveline infection
was strict, the infection rate was slightly lower compared
with other studies.9,10,13 In addition to the standardized def-
initions, the temporal development of the driveline infection
was included in our statistical treatment. If infectious signs
were described more than one time, the expert committee
classified the infection as more likely. To ensure that
non-infection subjects have been indeed free of driveline in-
fection during the observation period, an additional year of
follow up after ending of regular observation time was imple-
mented. This not only led to a high separation effect but also
reduced the sample size.

Figure 2 Overview of the bacteria involved leading to left
ventricular-assist devices driveline infections
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In addition to standard definitions, results of 18F-fluorode-
oxyglucose PET/CT were included into our evaluation. In-
flamed tissue has a higher metabolism. Therefore, a higher
uptake of 18F-fluorodeoxyglucose can be visualized in an
18F-fluorodeoxyglucose PET. Combining this examination with
a low dose CT allows the correct anatomical mapping of the
inflammatory process. In contrast, CT alone can only show
morphological signs of infection, such as an abscess. For this
reason, hybrid imaging is the first choice for detecting infec-
tions in patients with implants.15,16 Figure 6 gives
an example of a LVAD driveline infection detected in an 18F-
fluorodeoxyglucose PET/CT. In our study, 54 subjects

underwent PET/CT to detect suspected infection. If a higher
uptake of 18F-fluorodeoxyglucose surrounding the driveline
has been seen in the PET/CT, the presence of a driveline in-
fection was supposed to be more likely. This information
was of great importance while the experts sorted subjects
into the different groups of likeliness of infection. An advan-
tage in using the results of 18F-fluorodeoxyglucose PET/CT es-
pecially in the diagnosis of driveline infections can be
assumed.15,16 Another major difference to the standard defi-
nitions was that the local position of infection was not di-
vided in deep or superficial, as the aim of the study was to
detect risk factors for driveline infection in general.

As expected, staphylococci are the most common patho-
gens. These results are in accordance with prior studies.9,10,17

Only in one patient that Candida lusitaniae was involved in
driveline infection. The patient died shortly after diagnosis
of the driveline infection. Other authors found a high mortal-
ity within patients with fungal LVAD driveline infections as

Table 1 Characteristics of study subjects and univariate Cox proportional hazards model

Entire cohort Driveline infection group No driveline infection group Hazard ratio (95% CI) P

n=390 61 329
Patient based data

Age (year) 54.2 (14.1) 51.0 (17.2) 54.8 (13.4) 0.98 (0.97–1.00) 0.07
Sex (male)a 340 (87.2) 53 (86.9) 287 (87.2) 0.75 (0.35–1.57) 0.44
LVAD type (Heartware)a 243 (60.0) 40 (65.6) 194 (59.0) 1.53 (0.90–2.61) 0.12
BMI (kg/m2) 26.2 (5.6) 26.1 (5.9) 26.2 (5.5) 1.02 (0.97–1.07) 0.55

Infectious situation at implantation
CRP (mg/L) 7.7 (6.5) 7.9 (7.8) 7.7 (6.3) 1.00 (0.97–1.04) 0.89

Low output syndrome at implantation/perioperative circumstances
Cardiac index (L/min/m2) 2.0 (0.7) 2.1 (0.8) 1.9 (0.7) 1.25 (0.86–1.80) 0.24
Bilirubin level (mg/dl) 2.4 (2.3) 2.1 (1.9) 2.4 (2.3) 0.99 (0.86–1.14) 0.93
Days on intensive care unit (day) 5.5 (11.5) 5.3 (11.5) 5.5 (11.5) 1.01 (0.99–1.04) 0.39
Days in hospital (day) 17.3 (21.5) 18.4 (23.8) 17.2 (21.1) 1.00 (0.99–1.01) 0.85
Re-thoracotomy or secondary thoracic closurea 133 (34.1) 8 (13.1) 125 (38.0) 0.45 (0.21–0.94) 0.02
OP time (min) 226.7 (68.7) 213.7 (64.8) 229.1 (69.2) 1.00 (1.00–1.00) 0.94

Chronic diseases
Creatinine level (mg/dl) 1.7 (0.8) 1.4 (0.6) 1.8 (0.9) 0.63 (0.42–0.93) 0.02
Diabetes mellitusa 98 (25.1) 19 (31.1) 79 (24.0) 1.39 (0.81–2.39) 0.24
Depression or subdepressive mooda 140 (35.9) 23 (37.7) 117 (35.6) 0.99 (0.68–1.45) 0.96
Underlying disease (ICM vs. others)a 186 (47.7) 30 (49.2) 156 (47.4) 0.98 (0.59–1.62) 0.94

Note: Values as mean ± standard deviation.
BMI, Body mass index; CI, confidence interval; ICM, ischaemic cardiomyopathy; LVAD, left ventricular assist device; SD, standard deviation.
aNumber of subjects, in parentheses (%, related to entire cohort).

Figure 3 Cumulative hazard for developing a LVAD driveline infection de-
pendent on length of time after implantation

Table 2 Multivariable Cox proportional hazards model describing
risk factors for driveline-infection in left ventricular assist device
recipients (n = 390)

Variable Hazard ratio 95% CI P

Age (year) 0.99 0.97–1.01 0.21
LVAD type (Heartware)a 1.65 0.95–2.84 0.07
Re-thoracotomy necessary or
secondary thoracic closurea

0.45 0.21–0.95 0.04

Creatinine level (mg/dl) 0.64 0.43–0.95 0.03

Note: Values as mean ± standard deviation.
Abbreviations: CI, confidence interval; LVAD, left ventricular assist
device.
aNumber of subjects, in parentheses (%, related to entire cohort).
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well.18 However, it should be recognized that there are
doubts whether the pap smear, which in this study was
mostly done to detect involved bacteria, is an appropriate di-
agnostic tool. It was mentioned by the microbiologist that, if

available, the examination of some millilitre of purulent dis-
charge or blood cultures would be more suitable in the diag-
nosis of driveline infections and detecting of involved
bacteria.

In the present study, a higher pre-operative creatinine
level is associated with a decreased rate of infection. This is
in contrast to other studies in which a positive correlation
was found,8,9 possibly related to a compromised immune
system.19 A probable explanation for our findings could be a
higher rate of dialysis in the LVAD driveline infection group.
Although the patients in the LVAD driveline infection group
might have a worse renal function, a lower creatinine level
could be found due to dialysis recently performed before de-
termining the laboratory values. Another reason could be a

Figure 4 Negative correlations between the necessity for another tho-
racic operation immediately or a few days after implantation and LVAD
driveline infections during the time period (excluded major surgical com-
plications or those who may have been lost)

Figure 5 Negative correlations between creatinine level >1.3 mg/dl and
LVAD driveline infections during the time

Figure 6 Exemplary images of a LVAD driveline infection (arrow) in a 59-
year-old male patient detected by 18F-fluorodeoxyglucose PET (A) coronal
and (D, E) axial layering) and after image fusion with a low dose CT ((C)
axial layering). A higher uptake of

18
F-fluorodeoxyglucose can be seen

around the driveline in the abdominal wall. (B) low dose CT. (D) attenu-
ation corrected

18
F-fluorodeoxyglucose PET. (E) non-attenuation

corrected 18F-fluorodeoxyglucose PET

4000 A.-K. Köhler et al.

ESC Heart Failure 2022; 9: 3995–4002
DOI: 10.1002/ehf2.14112



confounding effect between cachexia and creatinine level.
Cachectic patients in principle have a reduced creatinine
level, because mass of muscle tissue is lower. We suppose
that cachexia leads to impaired immune system and, there-
fore, a higher rate of LVAD driveline infections. As explained
before, cachectic patients have a lower creatinine level,
which might have led to a confounding effect. Defining ca-
chexia with a body mass index below 18.49 kg/m2, indeed
more LVAD driveline infections were detected in this patient
group compared with the group with patients having a body
mass index >18.5 kg/m2. Though cachexia on its own is not a
statistically significant risk factor, the assumption that ca-
chexia is a confounder could explain why a positive correla-
tion between increasing creatinine and the appearance of
LVAD driveline infection could not be observed in our study.
It is to be recognized that maybe other laboratory values
such as the glomerular filtration rate might have given a bet-
ter statement to renal function than one pre-operative cre-
atinine value. Unexpectedly, the performance of another
thoracic operation such as a re-thoracotomy or a secondary
thoracic closure is not associated with a higher infection rate.
This supports the findings of Stulak and colleagues as well as
Tambe and colleagues.20,21 It can be suggested that these
early post-operative events do not increase the risk for drive-
line infections, because these kinds of infections are mainly
developing depending on the duration of support. Hypo-
thetically, surgical standards during re-thoracotomy or sec-
ondary thoracic closure could lead to lower infection rates.
For example, the extended disinfection of the surgical site.
Also, removing little blood clots or hematomas in the chest
cavity or surrounding the exit site which otherwise can rep-
resent a good growing medium for bacteria could decrease
the probability of infection. Another explanation could be
the longer lasting immobilization of patients undergoing
re-thoracotomy or secondary thoracic closure. Longer
bedrest could lead to a better healing and attachment of
the driveline. In the study of Gordon and colleagues, a his-
tory of depression significantly increased the risk for devel-
oping a driveline infection9; thus, this variable was also ex-
amined in our study. All subjects had a psychiatric
consultation evaluating patients’ mental status. Although
36% suffered from depression or subdepressive mood, this
issue did not represent a risk factor for driveline infection
in our study. Therefore, former findings could not be sup-
ported. Other tested probable risk factors such as age,
sex, body mass index, type of LVAD, ischaemic cardiomyop-
athy as underlying disease, length of hospitalization, and
stay on intensive care unit before implantation showed
no significant effects on developing a driveline infection
which is in accordance to the findings of Zierer and
colleagues.10 Simon and colleagues discovered that pres-
ence of diabetes mellitus increased risk for blood stream
infection in LVAD patients.17 In our study, the presence of
diabetes mellitus also seems to increase risk for driveline

infections (hazard ratio 1.39) but was not significant
(P = 0.24), which is in accordance with the findings of
Gordon and colleagues.9 Our study demonstrates that the
duration of support increases the cumulative risk and
represents the major risk factor for driveline infections.

The major aim of this study was to detect risk factors for
driveline infections and to discuss possible effects on trans-
plantation allocation policies. If identifiable, high-risk patients
should be transplanted before developing a driveline infec-
tion. However, the duration of support is the only detectable
risk factor. Therefore, the development of a driveline infec-
tion cannot be predicted at implantation time. Also, near
term post-operative conditions such as necessity for
re-thoracotomy or secondary thoracic closure are no risk fac-
tors and cannot help to predict driveline infections. Except
for the duration of support the examined risk factors in the
present study could not earlier identify high risk patients
for driveline infection, which would justify an increased prior-
ity for heart transplantation. Nevertheless, the results of
Simon and colleagues, who also report that the duration of
support is a risk factor for driveline infection,17 can be con-
firmed. According to Komoda and colleagues, it should be
taken into account awarding bridge to transplant patients
with high urgency status for heart transplantation after a cer-
tain period of time.6

Our study has some limitations. Bias or confounding can-
not be excluded completely, because of the retrospective
character of the study. A confounding effect between ca-
chexia and creatinine level is possible as explained above.
However, there are no other indications for bias or con-
founding effects. The difficulty to define a driveline infec-
tion for sorting patients into the corresponding cohort
may be another weakness. Through using a prospective
study design, the standardized definitions for driveline in-
fections could have been applied in a better way.
However, the large sample size may allow some generaliza-
tion of our results. In order to clarify about the controver-
sial potential risk factors pre-operative creatinine level and
depression, a large prospective study would be needed. In-
cluding the glomerular filtration rate should be considered
as an alternative option to assess renal function in future
studies.

In conclusion, LVAD driveline infections were slightly less
frequent in our patients than in prior studies. The micro-
biological findings are similar to results of other
researchers.9,10,17 The duration of support is the most
important risk factor for driveline infections. Altogether, the
development of a driveline infection is not predictable at
implantation time. However, awarding bridge to transplant
patients with high urgency status for heart transplantation
after a certain period time should be considered. There were
no other conclusive risk factors for driveline infection that
could influence transplantation allocation policies found in
this study.
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