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Abstract

Blood stream infections (BSIs) are common in patients with continuous flow left-ventricular assist
devices (CF-LVADs). Whether CF-LVADs modulate the febrile response to BSIs is unknown. We
retrospectively compared the febrile response to BSIs in heart failure (HF) patients with CF-
LVADs versus a control population of HF patients receiving inotropic infusions. BSIs were
adjudicated using the Center of Disease Control and Prevention and the National Healthcare
Safety Network criteria. Febrile status (temperature >100.4°F, 38°C), temperature at presentation
with BSI, and highest temperature within 72 hours (Tmax) were collected. We observed 59 BSIs
in LVAD patients and 45 BSls in controls. LVAD patients were more likely to be afebrile and to
have a lower temperature at presentation than control (88% vs. 58%, p=0.002 and 98.6+1.3 vs.
99.8+1.8, p=0.0009, respectively). By 72 hours, the difference in afebrile status diminished (53%
vs. 44%, p=0.42), and the Tmax was similar between the LVAD and control groups (100.3°F£1.6
vs. 100.8°F%1.5, respectively, p=0.10). In conclusion, at presentation with a BSI, the vast majority
of CF-LVAD patients were afebrile, an event which occurred at a higher frequency when
compared to patients with advanced HF on chronic inotropes via an indwelling venous catheter.
These data alert clinicians to have a very low threshold to obtain blood cultures in CF-LVAD
patients even in the absence of fever. Further study is needed to determine whether a delayed or
diminished febrile response represents another pathophysiological consequence of CF-LVADs.

INTRODUCTION

Durable left ventricular assist devices (LVADs) are an accepted therapy for patients with
advanced heart failure.1 However, they are associated with a number of complications
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including right heart failure, stroke, device thrombosis, and Gl bleeding.l: 2 Additionally,
infectious complications occur commonly and lead to significant morbidity and mortality.
1-11 In particular, blood stream infections (BSIs), which occur in 12-60%1-5: 7: 8 of patients
with LVVADs, can progress to sepsis and have been associated with increased risk of VAD
thrombosis,® 11 stroke,® 10 and an in-hospital mortality in excess of 50%.2 35 7 Thus,
prompt recognition of BSIs is important.

Classically, fever is a presenting manifestation of BSIs.12 However, in our clinical
experience, we noted LVVAD patients with BSIs who were afebrile at the time of
presentation. Thus, we undertook this study to evaluate the frequency 08-12f afebrile BSls
in patients with heart failure supported with an LVAD versus those on continuous infusions
of an inotropic agent via an indwelling intravenous line. The latter was chosen as a control
group as we reasoned such patients are known to be at risk of BSIs, as are patients supported
with LVVADs. Furthermore, the health care provider’s threshold to draw blood cultures in
patients either with an intravenous catheter, or an LVAD, likely would be lower as compared
to patients without either indwelling device.

METHODS

This was a single-site, retrospective study of BSIs in patients with heart failure supported by
a durable continuous-flow LVAD (CF-LVAD) versus those on chronic inotropic infusions.
We retrospectively reviewed 188 consecutive patients w8ho underwent CF-LVAD
implantation at the University of Texas Southwestern Medical Center between 2009 and
2015. All patients included in this study were implanted with either a Heartmate Il (n = 138)
or HeartWare (n = 50) device. The control population of inotrope-dependent patients with
advanced heart failure was identified using electronic medical record (EMR) discharge data,
searching for patients discharged on inotropic support. A total of 631 patients had indwelling
intravenous catheters for inotropic support between 2009-2015. Of these, 46 had BSIs and
were included as the control group. As this was a retrospective study involving only chart
review, informed consent was waived. The study protocol was reviewed and approved by the
University of Texas Southwestern Institutional Review Board.

The electronic medical records for each patient were reviewed separately by two
investigators. Demographic information was obtained. Events of interest included positive
blood cultures from the time of LVAD implantation or indwelling line placement until
12/31/16 or until death, transplant, line removal, or LVAD explantation. Patients with
positive blood cultures were adjudicated as having a BSI using the Center of Disease
Control and Prevention and the National Healthcare Safety Network (CDC/NHSN) criteria:
1) Patient has a recognized pathogen cultured from one or more blood cultures or 2) patient
has at least one of the following signs or symptoms: fever, chills, or hypotension and
common skin contaminant is cultured from two or more blood cultures drawn on separate
occasions.13 For the second indication, the “fever” criterion was met only if a documented
fever was present at the time of bacteremia diagnosis. A subjective fever, where the patient
stated that they felt as though they may have had a fever, did not meet this criterion.
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Patients were defined as febrile at the time of BSI if the temperature measured closest to the
time of blood culture draw was =100.4°F (38°C). The time the blood culture was obtained
was determined by the “collected” time documented in the culture result. It was also noted if
patients were afebrile at the time blood cultures were drawn but developed a fever within the
subsequent 72 hours. All patients who were febrile at the time of blood cultures or febrile in
the subsequent 72 hours from the time of the blood culture were classified as “febrile within
72 hours.” Subjective reports of fever did not impact classification of febrile status.

Clinical information for each BSI was also recorded, including temperature at time of blood
cultures, maximum temperature within 72 hours of cultures (Tmax), white blood cell count
(WBC) at time of cultures, body mass index (BMI), if prescribed a daily aspirin or
medication including acetaminophen, if on suppressive antibiotics, if had prior driveline
infection, and reason for obtaining cultures.

Statistical analysis

RESULTS

Descriptive statistics for categorical variables are presented as count (percentage), and those
for continuous variables are presented as mean + standard deviation or median (25, 75t
percentile) where appropriate. The Fisher’s exact test was used to compare categorical data
and the Kruskal-Wallis test to compare continuous variables for the per-person analysis.
Generalized linear mixed modeling was used to assess the main effect of LVAD vs. control
and febrile vs. afebrile. The generalized linear mixed modeling takes into account the
correlated nature of the data, as these data are on a per-episode basis with multiple episodes
per patient. A random intercept was used for each patient. Statistical significance was set at
p<0.05. Statistical analyses were performed using SAS version 9.4 (SAS Institute Inc, Cary,
NC).

There were 59 BSls in 36/188 (19%) LVAD patients, and 45 BSls in 41/631 (6%) controls.
Eighteen additional episodes of positive blood cultures were not included (ten in LVAD
patients and eight in control patients) as they did not meet criteria for BSI as defined by the
CDC/NHSN. Fourteen of the 36 LVAD patients had more than one BSI, and three of the 41
control patients had more than one BSI. Most patients in both groups were white, middle-
aged men with a non-ischemic etiology of cardiomyopathy (Table 1).

Clinical characteristics during BSI episodes

The clinical characteristics in the LVAD versus control patients at the time of BSls are
shown (Table 2). In comparing the LVAD to the control patients, the former were more
likely to be afebrile [52/59 (88%) vs. 26/45 (58%), p=0.002) and had a lower mean
temperature at the time the blood cultures were obtained (98.6 £ 1.3 vs. 99.8 + 1.8,
p=0.0009), as shown in Figure 1. Twenty-one of the LVAD versus six of the control patients
developed fever after the blood cultures were obtained such that at 72 hours the difference in
frequency of those who were afebrile between the two groups was no longer significant
[31/59 (53%) vs. 20/45 (44%), respectively, p=0.42], and the Tmax at 72 hours was similar
between the L\VAD and control groups (100.3°F + 1.6 vs. 100.8°F + 1.5, respectively,
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p=0.10). When restricting the analysis to only those that developed fever, the mean
temperature at time of culture remained lower in patients with LVADs vs. control, and the
Tmax within 72 hours was similar (99.4°F + 1.4 vs. 100.9°F + 1.3, p=0.0007 and 101.7°F
+1.0vs 101.8°F = 0.9, p= 0.61, respectively). For those who became febrile after the initial
cultures were drawn, the median (25™ percentile, 751" percentile) time to fever was similar
between LVAD and control groups [16 hours (7, 31) vs. 11 hours (9, 25), p=0.34].

There was no difference in age, WBC count, mean arterial blood pressure, or body mass
index, or use of an outpatient prescription containing acetaminophen at the time of the blood
cultures in comparing the LVAD to control patients. However, those with L\VVADs were more
likely to be prescribed a daily aspirin, and of those who were prescribed aspirin, LVAD
patients were more likely to be prescribed 325mg daily rather than 81mg daily (Table 2).
Use of aspirin was evaluated with generalized linear mixed modeling to assess the main
effect of LVAD vs. control and febrile vs. afebrile and was not significantly associated with
febrile status, p=0.36. Furthermore, when restricting the analysis to only those patients who
were on aspirin, LVAD patients had lower mean temperature at the time of blood cultures
compared with control patients (98.5 + 1.2 vs. 99.9 + 2.0, respectively; p=0.02) and were
more likely to be afebrile [43/47 (91%) vs. 12/23 (52%), p=0.0004]. C-reactive protein
(CRP), erythrocyte sedimentation rate (ESR), and procalcitonin levels were not available for
most patients.

Patients with more than one BSI

Of the 14 LVVAD patients with more than one BSI, nine patients were afebrile at the time of
diagnosis with all BSIs (total of 19 episodes), and five LVAD patients were febrile at
diagnosis in only one episode each, but afebrile in a total of 12 other episodes. There were
only three patients in the control group who had more than one BSI. Of these patients, one
patient had two febrile episodes, one had one febrile and one afebrile episode, and one had
one febrile and two afebrile episodes

When restricting our analysis to only the first BSI, L\VAD patients were more likely to be
afebrile at the time of BSI [32/36 (89%) vs. 25/41 (61%), p=0.008] and to have lower
temperatures at the time of cultures (98.6°F + 1.3 vs. 99.7°F + 1.8, p=0.009).

Reason for blood culture

The most common reason for obtaining blood cultures was for documented (temperature
recorded in the medical record) or subjective (patient stated that they felt as though they may
have had a fever, although no temperature was taken) fever in 33/59 (56%) LVVAD BSlIs and
24/45 (53%) control BSIs. Among the 33 LVAD BSls, 7/33 (21%) had documented fever at
the onset, 13/33 (39%) had fever later in the BSI episode and, notably, 13/33 (39%) were
never febrile. In the control population, 18/24 (75%) had documented fever, 2/24 (8%)
became febrile later in the BSI episode, and 4/24 (17%) were never febrile. Other common
reasons for obtaining cultures in LVAD patients included concern for other infection such as
a urinary tract infection or pneumonia (5/59, 8%), hypotension (4/59, 7%), and surveillance
cultures done prior to transplant (4/59, 7%). Other common reasons in control patients
included chills (6/45, 13%), surveillance cultures prior to LVAD or transplant (5/45, 11%),
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and leukocytosis (3/45, 7%). There was no protocol which led to LVAD patients having
blood cultures drawn for a reason other than clinical suspicion for infection aside from our
protocol to draw blood cultures when admitted prior to transplantation. Obtaining blood
cultures immediately before transplant (or L\VAD for the control population) is standard for
all patients at our center, including patients with indwelling lines for inotropic support.

Clinical characteristics of LVAD patients by febrile status

We next compared the clinical characteristics at time of BSI in the LVAD patients, stratified
by febrile status (Table 3). There was no difference in age at time of BSI, gender, type of
LVAD, duration from LVAD implantation to BSI, WBC, mean arterial pressure at time of
diagnosis, whether the patients were prescribed a daily aspirin or outpatient acetaminophen,
or aspirin dosing in comparing the L\VAD patients with versus without fever. Eighteen LVAD
BSls occurred while on suppressive antibiotics for either driveline infection (n=14) or prior
BSI (n=4). However, use of suppressive antibiotics was evaluated with mixed modeling and
was not associated with febrile status (p=0.21). No control patients were receiving
antibiotics at the time of BSI. When restricting the analysis to only episodes where patients
were not on suppressive antibiotic treatment, LVAD patients compared with control patients
were still were more likely to be afebrile [43/48 (90%) vs. 24/43 (56%) respectively,
p=0.003] and had lower mean temperatures at the time blood cultures were drawn (98.6
+1.3vs. 99.8 £ 1.8, p=0.001).

Bacterial pathogens

The BSIs were due to a diverse spectrum of organisms (Figure 2), particularly in the LVAD
patients. There was a predominance of gram-positive organisms isolated in both the LVAD
and control groups (74% vs. 84%). Methicillin resistant Staphylococcus aureus (MRSA) was
the most commonly isolated organism in the L\VAD group followed closely by
Staphylococcus epidermidis. Staphylococcus epidermidis was the most common organism
isolated in the control group, accounting for 33% of isolated organisms in this group. In the
LVAD npatients, Escherichia coli, Pseudomonas aeruginosa, and Klebsiella pneumoniae were
the most common gram-negative organisms. There was no bacterial infection that was more
likely to present with fever, however those with MRSA infection were less likely to be
febrile (p=0.04).

DISCUSSION

This is the first study, to our knowledge, to suggest that patients supported with CF-LVADs
have an altered clinical presentation in response to BSI. Specifically, we found a high
frequency of afebrile BSIs (88%) in the LVAD population which was significantly greater
than that of a control population (58%). Additionally, the average temperature at
presentation with BSI was significantly lower in those with an LVAD compared to the
control population. Together, these findings suggest that health care providers need to
consider bacteremia in patients with CF-LVVADSs even in the absence of fever.

Infectious complications in patients on mechanical support are common, particularly
driveline infections and BSIs.1~> 7. 8 When associated with sepsis, BSIs can convey an in
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hospital mortality in excess of 50%.2 35 7 Furthermore, infection increases risk of VAD
thrombosis and stroke,5: %11 thus, prompt recognition of BSls is essential in order to allow
timely initiation of antibiotics and prevent potential complications from BSIs. We were
unable to identify unique characteristics of those with LVAD who did or did not have fever
at presentation with BSlIs, suggesting that a heightened awareness of afebrile BSls in all
LVAD patients is warranted.

An important consideration is whether the BSIs in patients with LVAD were not true
infections but rather artifactual from contamination of blood cultures. We do not believe this
to be the case based on the pathogens identified (see Figure 2), which included
Methicillinresistant Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa, and
Klebsiella pneumoniae. Furthermore, BSls due to Staphylococcus epidermidis, which may
be interpreted as a contaminant in some cases, was more common in the control population
than in the L\VADs. Additionally, bacteremic episodes were only included if they met the
criteria for BSIs as delineated by the CDC/NHSN.13 In total, these data suggest that these
episodes represented true BSIs.

The differences between the L\VAD and control patients in frequency of fever had waned at
72 hours, as a numerically higher number of VAD patients (40% vs 23%, p=0.21) developed
fever after the blood cultures were obtained. These data suggest that some LVAD patients
can ultimately mount a fever but at a delayed time point. However, given the importance of
early treatment of BSls, our finding of a delay in febrile status with BSI has clinical
relevance.

We considered whether detection bias (i.e., lower threshold to obtain blood cultures in those
with a LVAD) could explain our findings. We do not believe this to be the case for several
reasons. First, we deliberately chose a control group with indwelling central lines (for
inotropes), reasoning that their predisposition to BSI would lower a health care provider’s
threshold to draw blood cultures, in a manner analogous to patients supported with an
LVAD. Second, the majority of LVAD patients had other clinical manifestations to suggest
BSI, including 56% with documented or subjective fevers and 7% with hypotension. Third,
blood cultures were obtained for surveillance more commonly in the control group (11%)
than the LVAD group (7%). Regardless, our data demonstrate that the vast majority of LVAD
patients with bacteremia are afebrile at the time of presentation, and alert clinicians to have
an extremely low threshold to obtain blood cultures for other symptoms (e.g. subjective
fever, hypotension, chills) even if there is no elevation in temperature. Specifically, if an
LVAD patient reports subjective fever or chills, has another source of infection (e.g. urinary
tract infection or pneumonia), or has a drop in their blood pressure, evaluation for
bacteremia should be initiated regardless of whether or not they have a documented fever.

Our investigation into the rate of afebrile BSIs developed from anecdotal patient experience,
but we believe there is biologic plausibility to our findings. Patients with chronic heart
failure have multiple immunologic derangements.14-17 In addition, LVAD recipients appear
to develop further immune dysfunction after implantation via altered T-cell function,
distortions in T-cell subtypes, and B-cell hyperreactivity.18-21 We recognize that these
findings were described in pulsatile LVADs, rather than contemporary, CF-LVADs.
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However, to our knowledge there have not been studies investigating T- and B-cell function
in CF-LVADs. Moreover, LVADs have been shown to be associated with a pro-inflammatory
state, with elevated inflammatory markers and chemokines described in CF-LVVAD patients.
22-24 1t js possible that chronically elevated cytokines could downregulate the
thermoregulatory center, leading to less of a febrile response to an infection. Given the
potential for an attenuated humoral and cellular response to bacterial antigens as well as
presence of a chronic inflammatory state, it is plausible that L\VAD patients could have a
diminished immunologic response and blunted thermoregulatory response to BSls at
presentation. Further mechanistic investigation is warranted.

There are several limitations to our study. This was a single center study; however, the same
two LVVADs are used broadly throughout the world. Given the retrospective nature of this
study, there may be unaccounted clinical factors that led differential practice patterns in
obtaining blood cultures between the control and LVVAD groups. However, we believed that
heart failure patients with indwelling intravenous catheters were the best comparator
available given a lower than normal threshold to have blood cultures drawn, and because
they also were patients with heart failure receiving hemodynamic support. The definition of
a BSI by the CDC/NHSN included fever, chills, or hypotension as a criterion if a patient
presents with a common skin contaminant cultured from two or more blood cultures drawn
on separate occasions. Because of this, we had to exclude 7/10 BSls in VAD patients and 4/8
control patients due to afebrile status, as they did not otherwise meet criteria for BSI.
However, despite having to exclude a higher proportion of LVVAD patients due to afebrile
status, our findings persisted. Another potential limitation is that more LVAD patients were
taking aspirin; however, we did not find aspirin use to be statistically significant in our
mixed modeling assessment and the results were qualitatively unchanged when the analyses
were restricted to those on aspirin therapy. Regardless of the underlying cause, these data
demonstrate that patients with LVADs with BSls in the clinical setting are usually afebrile at
presentation.

In conclusion, patients with advanced heart failure supported by durable CF-LVADSs vs.
those on chronic inotropic infusions have a lower temperature and higher frequency of being
afebrile when they present with BSI, data which alert clinicians to have a very low threshold
to obtain blood cultures in this patient population. Further investigation is needed to
determine whether a reduced ability to mount a fever represents another pathophysiological
consequence of CF-LVADs
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BSI blood stream infection

J Investig Med. Author manuscript; available in PMC 2019 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Wrobel et al. Page 8
CF-LVAD continuous flow left ventricular assist device
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Significance of this study
What is already known about this subject?

. Durable left ventricular assist devices (LVVADs) are an accepted therapy for
patients with advanced heart failure.

. LVADs are associated with a number of complications, including blood
stream infections (BSIs), which lead to significant morbidity and mortality.

. Prompt recognition of BSIs in patients with LVADs is important.
What are the new findings?

. The vast majority (88%) of BSIs in LVAD patients were not associated with
fever at time of presentation.

. The frequency of afebrile BSls in the LVAD population was significantly
greater than that of a control population of advanced heart failure patients
with indwelling lines for inotropic support.

. The average temperature at presentation with BSI was significantly lower in
those with an LVAD compared to the control population.

How might these results change the focus of research or clinical practice?
. Validation studies are needed to confirm these novel findings.

. In continuous flow LVAD (CF-LVAD) patients with subjective fever, chills,
another source of infection, or an unexpected drop in blood pressure,
clinicians should have a very low threshold to obtain blood cultures even if
the patient is afebrile.

. Further study is needed to determine the mechanism of the delayed or
diminished febrile response in patients with CF-LVVADs and whether it
represents another pathophysiological consequence of continuous flow in the
arterial circulation.
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Figure 1.
A. Frequency of afebrile status at time of blood stream infection B. Mean temperature at

time of blood stream infection
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Figure 2.
Bacterial pathogens of blood stream infections
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TABLE 1.

Clinical characteristics of patients with blood stream infections

Characteristic LVAD Control p-value
n=36 n=41
Age at LVAD implantation or indwelling line 58 + 14 55+ 13 0.29
placement, years
Male gender 28 (78%) 30 (73%) 0.79
Race 0.75
Caucasian 19 (53%) 23 (56%)
Black 14 (39%) 16 (39%)
Hispanic 2 (6%) 2 (5%)
Other 1(3%)  0(0%)
Ischemic etiology of cardiomyopathy 11 (31%) 13 (32%) 1.0

Data are presented as mean + standard deviation or count, (%).

LVAD = left ventricular assist device.
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TABLE 2.

Clinical characteristics of patients at time of blood stream infection episodes

Characteristic LVAD Control p-value
n=59 n=45
Age at BSI, years 60 + 13 55+ 13 0.15
WBC x109 cells/L at time of culture 9.3(6.8,14.4) 9.7 (7.2, 13.0) 0.49
MAP, mmHg at time of culture 74 (63, 86) 72 (67, 81) 0.88
BMI, kg/m? 275(23.0,325) 27.7(25.1,320) 052
Aspirin therapy 47 (80%) 23 (51%) 0.02
Aspirin dose 325mg (vs. 81mg) 29 (63%) 6 (25%) 0.02
Outpatient acetaminophen prescription 14 (24%) 7 (16%) 0.44
Duration from LVAD placement or line to insertion to BSI, days 303 (151, 628) 32 (12, 92) <0.0001
Duration from prior BSI episode to next episode, days (n=22 LVAD, n=4 control) 114 (64, 195) 265 (138, 738) 0.31

Data are presented in mean standard deviation), median (25th, 75th percentile) or count, (%).
BMI = body mass index, BSI = blood stream infection, LVAD = left ventricular assist device,

MAP = mean arterial pressure, WBC = white blood cell count.
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TABLE 3.

Clinical characteristics of LVAD patients at time of blood stream infection episodes, stratified by fever status

Characteristic Afebrile at time  Febrile at time of  p-value
of culture culture
n=52 n=7
Age at BSI, years 60 + 13 59+8 0.42
Duration from time from LVAD 299 (147, 624) 587 (285, 628) 0.31
implantation to BSI, days
HeartMate 1l LVAD 32 (62%) 6 (86%) 0.43
WBC x109 cells/L at time of culture 9.8 (6.8, 14.0) 8.9(7.1,16.1) 0.65
MAP, mmHg at time of culture 73 (63, 87) 76 (64, 78) 0.33
BMI, kg/m? 27.4(22.8,31.8) 325(23.1,37.7) 0.12
Aspirin therapy 43 (83%) 4 (57%) 0.20
Aspirin dose 325mg (vs. 81mg) 26 (62%) 3 (75%) 0.67
Outpatient acetaminophen prescription 12 (23%) 2 (29%) 1.0

Data are presented in mean + standard deviation, median (25th, 7s5th percentile) or count (%).
BMI = body mass index, BSI = blood stream infection, LVAD = left ventricular assist device,

MAP = mean arterial pressure, WBC = white blood cell count.
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