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Abstract

Background: Whole body 18F-fluorodeoxyglucose positron emission tomography/CT (WBP)
may be an important tool for the management of infective endocarditis (IE) by identifying areas
of occult primary or metastatic infection. However, the optimal use of this study in patients
with |E is unknown.

Objectives: Compare clinical characteristics and outcomes in patients who did and did not
have WBP as part of their endocarditis management, and describe the impact that WBP has on
the management of |E.

Design: Retrospective cohort study.

Methods: We performed a protocolized chart review of hospitalized patients with suspected IE
who were discussed by a multidisciplinary endocarditis team at a tertiary care center between
June 2018 and January 2022.

Results: Among 427 patients, there were 114 patients (26.7%) in the WBP group and 313
patients (73.3%) in the non-WBP group. The WBP group was significantly more likely to

have end-stage renal disease, intracardiac prostheses, and cardiac devices, while the non-
WBP group was more likely to have flail leaflet or paravalvular abscesses. There were

no statistically significant differences in mortality, hospital readmission, or length of stay
between the two cohorts. The WBP group was more likely to receive longer antibiotic courses
and had higher rates of suppressive antibiotics following treatment courses (p <0.001).

The use of WBP directly affected management in 44.6% of those patients, especially when
performed to evaluate intravascular prostheses and grafts. Changes in management included
further workup, performance of a source control procedure, or a change in the antibiotic
regimen.

Conclusion: WBP plays an important role in identifying metastatic foci of infection and directly
impacting the management of patients with confirmed or suspected endocarditis. Infected
intravascular prostheses were effectively identified via WBP, and as a result, these patients Correspondence to:
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have increased over the last 30years, with one-
year mortality as high as 30%.2# This trend is
present in many high-income countries, including
the United States, where there has been a sharp
increase in mortality in the last 3-5years.?
Increasing population age, use of prosthetic car-
diac devices, and intravenous drug use are thought
to be factors contributing to these trends.23

The use of 18F-fluorodeoxyglucose (18F-FDQG)
positron emission tomography (PET) has
emerged as an important imaging modality for
the diagnosis and management of IE and its com-
plications over the last 20years.> 18F-FDG is a
glucose analog that is taken up in metabolically
active inflammatory cells, which express high lev-
els of the glucose transporters and thus detect
areas of active inflammation, which could indi-
cate the presence of active infection in tissues.®
The use of cardiac PET for the diagnosis of pros-
thetic valve and cardiac implantable electronic
device-related endocarditis is supported by a large
body of literature and is part of diagnostic recom-
mendations of IE by the 2023 European Society
of Cardiology and the Duke-International Society
for Cardiovascular Infectious Diseases.”®

On the contrary, there is less literature that has
investigated the use of whole body positron emis-
sion tomography (PET) scan (WBP) to detect
extracardiac infectious foci or sources of infection
associated with endocarditis.!-12 WBP is promis-
ing for this purpose because IE-related metastatic
foci are typically detected through multiple imag-
ing modalities such as magnetic resonance imag-
ing (MRI), computed tomography scan (CT),
and ultrasound of various anatomic sites, which
may require several days to complete or be lim-
ited by the presence of hardware in the case of
MRI.13 In contrast, WBP can provide total body
imaging with a single test much more rapidly,
with the exception of the brain, where high basal
rates of glucose uptake lower the accuracy of PET
imaging.!* In addition, WBP has demonstrated
an advantage in the detection of asymptomatic
occult infection. A prospective cohort study in
2014 showed that WBP was the only initially pos-
itive test for peripheral infectious foci in 55.5% of
patients, and led to significantly more diagnoses
of extracardiac complications than those who did
not get WBP.!5 In other studies, WBP detected
infectious foci in 24%-28% of cases where there
was no prior clinical suspicion, further supporting
the value of this study.!%!7 A French prospective

cohort study demonstrated that WBP played a
significant role in the diagnostic criteria of IE in
15% of patients and directly impacted manage-
ment in 26.4% of patients.!® Nevertheless, there
are few studies that assess comparative outcomes
between the patients who did and did not get
WBP as part of their IE management.

Based on the literature that is now available, WBP
is emerging as an important modality for the diag-
nostic criteria of endocarditis.®° However, WBP
is a time and labor-intensive study. Because 18F-
FDG normally accumulates in myocardial tissue,
a pre-study preparation consisting of a high-fat,
low-carbohydrate ketogenic diet typically starting
24 h prior to the study, followed by a 12-h fast, is
required to allow for the acquisition of the best
cardiac images.® With increasing use and growing
interest in WBP for the management of IE, fur-
ther research is needed to understand which
patients will benefit the most from the use of
WBP and its impact on outcomes such as mortal-
ity and other aspects of clinical management.

This study seeks to compare patient characteris-
tics, IE disease characteristics, and clinical out-
comes between patients who did and did not
receive WBP as part of their management of IE.
The goal is to identify groups of patients with
possible or definite endocarditis who will benefit
the most from having this study performed. For
the group of patients who underwent WBP, we
provide a descriptive summary of indications,
findings, and resultant management changes
related to WBP to enhance understanding of the
role of WBP in IE management.

Methods

Study design

This is a retrospective cohort study comparing
patients with suspected infectious endocarditis
who had WBP performed as part of their manage-
ment and those who did not. Study participants
were hospitalized patients at the University of
Michigan Hospital, a 1100-bed tertiary referral
center located in Ann Arbor, Michigan. All
patients hospitalized for suspected IE and fol-
lowed by the inpatient infectious disease consult
team are discussed weekly by the multidiscipli-
nary endocarditis team (MET), who represent
various subspecialties, including infectious dis-
eases, cardiology, cardiac surgery, neurology,
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nuclear medicine, and addiction medicine, among
others, to optimize patient care. All patients who
were discussed by the MET for suspected or defi-
nite endocarditis between June 2018 and January
2022 were included in this study. Definite endo-
carditis was determined by the modified Duke
criteria.l® PET scan results were not part of the
Duke criteria at the time this study was per-
formed. Patients who were discussed at multiple
MET conferences for a single episode of endocar-
ditis or hospitalization were considered to be a
single case. If a patient was evaluated for a new
episode of endocarditis over this time period,
each hospitalization was considered a separate
endocarditis case. Outpatients with suspected
endocarditis discussed at the conference were not
included in the study. In addition, those patients
who were still admitted to the hospital with
incomplete outcome information at the end of the
time period were excluded. The study was con-
ducted and reported in accordance with the
STROBE guidelines.?? (Supplemental 6).

Variables and data collection

Independent variables collected included demo-
graphic information (i.e., age, gender, ethnicity,
etc.), comorbidities (i.e., length of stay, acuity
of admission, comorbidities, recent emergency
department use (LACE) index, presence of HIV,
and end-stage renal disease on dialysis), risk fac-
tors for endocarditis (i.e., presence of long-term
intravenous access at admission, history of intrave-
nous drug use, and presence of endocardial devices
or prostheses), and endocarditis characteristics
(i.e., causative microorganism, location of infected
valve, and complications of endocarditis). LACE
index is a marker for predicting the risk of 30-day
readmission, and also has been used for predicting
mortality after hospital admission as well.2! It was
used as a marker of comorbidity and medical com-
plexity in our study, as it is automatically calcu-
lated in our system and takes into account the
Charlson comorbidity index as one of the variables.
Dependent variables included hospital outcomes,
including length of admission, duration of antibi-
otic therapy, use of suppressive antibiotics, 6-month
readmission rates, and in-hospital and 6-month
mortality rates. Descriptive data regarding WBP
indication, findings, and features of post-imaging
management were also collected to better under-
stand the use of WBP. The WBP scanner used
was the Siemens BIOGRAPH 128 Vision 600
Edge PET/CT (Malvern, Pennsylvania). Patients

underwent metabolic preparation prior to the
study, consisting of a high-fat, low-carbohydrate
ketogenic diet typically starting 24h prior to the
study, followed by a 12-h fast. Images were inter-
preted by board-certified radiologists who special-
ize in nuclear imaging. All data was collected
manually via RedCap through a protocolized
review of the electronic health record by the study
team members after a pilot period.

Bias

In addition to the analysis of the full cohort, we
performed additional analysis matching by pro-
pensity scores to reduce the amount of bias by
confounders between groups. To decrease the
interpretation bias of chart review, definitions,
and data abstraction processes were protocolized.
Any conflicting interpretations during the data
collection were discussed to resolution as a group.

Statistical methods
Descriptive statistics were used for comparisons
between the WBP and non-WBP cohorts.

Chi-squared test and Student’s 7-test were used
for comparisons of statistical significance between
categorical and numerical variables, respectively.
Subgroup analysis on hospital outcomes was per-
formed on independent variables with significant
differences between the two cohorts. Descriptive
statistics were used to evaluate the indications for,
results of, and management changes resulting from
imaging within the WBP group. Multivariate
logistic regression was used to evaluate those
most likely to benefit from WBP. Observations
with missing data were not censored. Propensity
score matching analysis was performed using
PROC PSMATCH in SAS. Matching was per-
formed with average treatment effect on the treated
(ATT) weighting after matching without replace-
ment. All statistical analysis was performed on
SAS 9.4 (Cary, North Carolina) by the study team.

Results

Patient demographics and endocarditis risk
factors

There were 427 patients included in our study;
114 patients (26.7%) had WBP performed as part
of their IE evaluation (WBP group), and 313
patients (73.3%) did not have WBP performed
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(non-WBP group). Among the full cohort, 61.1%
met definite Duke criteria, 31.6% met possible
Duke criteria, and 7.3% met rejected Duke crite-
ria. There were no significant differences in
demographics, such as age, gender, or race,
between the two groups. The WBP group was
significantly more likely to have end-stage renal
disease compared to the non-WBP group (20.2%
vs 10.2%, p=0.01). Otherwise, the two groups
had similar rates of comorbidities such as diabe-
tes, the presence of HIV, and active malignancy,
as well as LACE scores. The WBP groups were
also more likely to have intracardiac prostheses
(57.9% vs 35.5%, p<<0.001) and cardiac devices
(25.4% vs 15.7%, p=0.01). The non-WBP group
was more likely to have a history of intravenous
drug use within 6 months of admission (10.9% vs
0.9%, p<<0.001). These results are further sum-
marized in Table 1.

Characteristics of infective endocarditis

The two cohorts had similar durations of bactere-
mia, proportions of Duke criteria classification,
and indications for surgery. While specific valvu-
lar involvement was similar between the two
groups, the non-WBP group was more likely to
have endocarditis complicated by a perivalvular
abscess (14.7% vs 4.4%, p=0.004) and flail leaf-
let (16.6% vs 7%, p=0.01). On the other hand,
the WBP group was more likely to have implant-
able device lead vegetations (9.7% vs 4.2%,
p»=0.03) and infections of other endocardial pros-
theses such as patches, conduits, and grafts (14%
vs 5.11%, p=0.002). In addition, cardiac-specific
PET scans were significantly more likely to be
performed in the WBP group (63.2% vs 10.2%,
»<0.001).

In cases where a causative organism was identi-
fied, Staphylococcus aureus (or lugdunensis) was the
predominant species, followed next by various
Streprococcus species for both groups (Table 1).
Infection with S. aureus (or lugdunensis) was sig-
nificantly more likely in the non-WBP group
(34.2% vs 22.8%, p=0.03), while infection with
Enterococcus species was more likely in the WBP
group (22.8% vs 9%, p<<0.001).

Patient outcomes

There were no statistically significant differences
in outcomes such as mortality, hospital readmis-
sion in 6 months, infection relapse in 6 months,

length of stay, or ICU stay between the WBP and
the non-WBP groups (Table 2). Cardiac surgery
was performed in 137 (43.8%) of the patients in
the non-WBP group, while 38 (33.3%) of the
patients in the WBP group had surgery; this dif-
ference had a trend toward statistical significance
(p=0.05). There were also statistically significant
differences between the two groups in medical
management, with the WBP group more likely
to receive longer antibiotic courses (mean
6.36 = 2.2weeks vs mean 5.23 = 2.2weeks, p<
0.001) and higher rates of suppressive antibiotics
planned following treatment course (30.7% vs
13.4%, p<0.001).

We then performed a propensity score-matched
analysis, where the matching variables included
age, end-stage renal disease, intravenous drug use
(IVDU), prosthetic material, endocardial device,
infection with Enterococcus, and infection with S.
aureus (or lugdunensis). The standardized mean
differences were +0.25, and the variance ratio of
the weighted matched study was close to 1. There
were 114 patients in the WBP group who were
matched to 228 patients in the non-WBP group.
Propensity score-matched analysis showed a
longer duration of antibiotic therapy in the WBP
group. No other outcomes were significantly dif-
ferent between the groups (Supplemental 5).

Whole body PET scan findings

The mean time between antibiotic initiation to
the date that WBP was performed was 11 days.
Among the 114 patients in the WBP group, the
most common reason for WBP was to “evaluate
for extracardiac sites of infection” (=83, 72.8%),
with other reasons being “to evaluate for seeding
of grafts and prostheses” (n=31, 27.2%) and “at
request of surgical team for operative planning”
(n=4, 3.5%). The most common clinically
important findings included pulmonary infec-
tions such as pneumonia or septic pulmonary
emboli (=32, 28.6%), infection in bones and
joints (n=17, 14.9%), and skin and soft tissue
infections (=15, 13.4%). There were seven
patients (6.1%) who were found to have a vascu-
lar graft infection. Nonspecific findings with
unclear clinical significance (=35, 30.7%) or
noninfectious incidental findings (=50, 43.9%)
were common. Patient management was changed
as a result of the WBP findings in 50 of the 114
patients (44.6%). These changes included further
infectious or noninfectious workup (=32,
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Table 1. Patient demographics, risk factors, and endocarditis characteristics.

Patient demographics and risk factors on WBP group Non-WBP group p-Value
admission N=114 N=313
Age 55.7 (=17.0) 55.2 (=17.0) 0.39
Gender 0.82
Female 41 (36%) 115 (36.7%)
Male 73 (64%) 197 (63.0%)
Transgender female 0 (0%) 1(0.3%)
Transgender male 0 (0%) 0 (0%)
Race 0.48
White 90 (79.0%) 251 (80.2%)
Black/African American 17 (14.9%) 45 (14.4%)
Hispanic/Latino 4 (3.5%) 3(1.0%])
Asian 2 (1.8%) 5 (1.6%)
American Indian/Alaska native 1(0.9%) 3(1.0%)
Unknown/Patient refused 0 (0%) 4(1.3%)
Other 0 (0%) 2(0.6%)
Diabetes 0.92
Yes 33 (29.0%) 89 (28.4%)
No 81(71.0%) 224 (71.6%)
End-stage renal disease on dialysis 0.007
Yes 23 (20.2%) 32(10.2%)
No 91(79.8%) 281 (89.8%)
HIV positive 0.18*
Yes 2(1.8%) 1(0.3%)
No 112 (98.2%) 312 (99.7%)
Active malignancy 0.19*
Yes 7 (6.1%) 33(10.5%)
No 107 (93.9%) 280 (89.5%)
Long-term intravenous access at admission 0.39
Yes 23 (20.2%) 52 (16.6%)
No 91 (79.8%) 261 (83.4%)
(Continued)
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Table 1. (Continued)

Patient demographics and risk factors on WBP group Non-WBP group p-Value
admission N=114 N=313
Intravenous drug use 0.003
Current use (within 6 months) 1 (0.9%) 34 (10.9%)
Past use 4 (3.5%) 7 (2.2%)
No 109 (95.6%) 272 (86.90%)

Cardiac prosthetic material

None 48 (42.1%) 202 (64.5%) <0.001
Valve (bioprosthetic or mechanicall 58 (50.9%]) 101 (32.3%) <0.001
Aortic graft 24.(21.1%) 25(8.0%) <0.001
Other (patch, conduits, etc.) 18 (15.8%) 26 (8.3%) 0.02

Endocardial device

None 82 (71.9%) 262 (83.7%) 0.007
Pacemaker or defibrillator with leads 29 (25.4%) 49 (15.7%) 0.02
Leadless pacemaker 3(2.6%) 1 (6.3%) 0.06*
Left ventricular assist device 3(2.6%) 2 (0.6%) 0.12*
LACE score 12.92 (+2.5) 12,44 (+2.7) 0.05
(n=109) (n=304)

Endocarditis characteristics

Duke criteria 0.83
Definite 67 (58.8%) 194 (62.0%)
Possible 38 (33.3%) 97 (31.0%)
Rejected 9 (7.9%) 22 (7.0%)

Indication for cardiac surgery 0.17
Yes, for endocarditis 59 (51.8%) 184 (58.8%)
Yes, but unrelated to endocarditis 11 (9.7%) 16 (5.1%)
No 44 (38.6%) 113 (36.1%)

Affected endocardial area

None 13 (11.40%) 28 (9%) 0.45

Aortic 54 (47.4%) 154 (49.2%) 0.74

Mitral 311(27.2%) 113 (36.1%) 0.09

Tricuspid 11 (9.7%) 50 (16%) 0.1
[Continued]
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Table 1. (Continued)

Patient demographics and risk factors on WBP group Non-WBP group p-Value
admission N=114 N=313

Pulmonic 6 (5.3%) 9 (2.9%) 0.24
Perivalvular abscess 5 (4.4%) 46 (14.7%) 0.004
Flail/perforated leaflet 8 (7%) 52 (16.6%) 0.01
CIED lead vegetation 11 (9.7%) 13 (4.2%) 0.03
Other** 16 (14%) 16 (5.11%) 0.002

Received cardiac PET <0.0001
Yes 72 (63.2%) 32 (10.2%)
No 42 (36.8%) 281 (89.8%)

Duration of bacteremia 5.50 (+6.0) 4.50 (+7.1) 0.12

(n=95) (n=242)

Causative organism
Staphylococcus aureus or S. lugdunensis 26 (22.8%) 107 (34.2%) 0.03
Coagulase-negative staphylococcus spp. 8 (7.0%) 26 (8.3%]) 0.66
Streptococcus spp. 28 (24.6%) 73 (23.3%) 0.79
Enterococcus spp. 26 (22.8%) 28 (9.0%) <0.001
Gram negative bacilli 10 (8.8%) 13 (4.2%) 0.06
Fungi 4 (3.51%) 13 (4.2%) 0.76
Culture negative 11 (9.7%) 47 (15.0%) 0.15
Polymicrobial 9 (7.9%) 18 (5.8%) 0.42
Other organisms*** 8 (7.0%) 20 (6.4%) 0.82

*Fisher’s exact.

**Some examples included ventricular septal defect patches and right ventricle to pulmonary artery conduits.
***Some examples included Actinomyces neuii, nutritionally variant Streptococci such as Granulicatella and Abiotrophia

species, and Corynebacterium striatum.
p-value < 0.05 was bolded.

HIV, human immunodeficiency virus; LACE, length of stay, acuity of admission, comorbidities, and emergency department
visit index; PET, positron emission tomography; WBP, whole body PET.

28.6%), the performance of a source control pro-
cedure (n=12, 10.7%), and a change in the anti-
biotic regimen, including duration or antibiotic
choice (=11, 9.8%). These findings are outlined
in Table 3.

In addition, we looked at the changes in manage-
ment stratified by the reason for WBP being per-
formed. This demonstrated that among patients for

whom WBP was performed to evaluate for seeding
of grafts or prostheses, there were higher rates of
source control procedures, avoidance of unneces-
sary removal of grafts or prostheses, and change in
antibiotic plan. (Supplemental 4). In comparison,
patients for whom WBP was performed to evaluate
for extracardiac sites of infection, such as portal of
entry or metastases, had higher rates of further
infectious workup being performed. The overall
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Table 2. Outcomes between WBP and non-WBP groups.
Patient outcomes WBP group Non-WBP group p-Value
N=114 N=313
Readmission within 6 months discharge date 51 (44.7%) 131 (41.9%) 0.59
Infection relapse within 6 months discharge date 3(2.6%) 11 (3.5%) 0.65
Mortality within 6 months of discharge date 28 (24.6%) 69 (22.0%]) 0.58
In-hospital mortality (including discharge to hospice) 14 (12.3%) 38 (12.1%) 0.97
Length of stay (days) 24.9 (+19.8) 22.2 (+15.8) 0.1
Admission includes ICU > 2days 51 (44.7%) 155 (49.5%) 0.38
Surgery performed 38 (33.3%) 137 (43.8%) 0.05
Duration of antibiotic therapy for IE in weeks 6.36 (+2.2) 5.32 (+2.2) <0.001
(n=99) (n=281)
Suppressive antibiotics planned <0.001
Yes 35(30.7%) 42 (13.4%)
No 76 (66.7%) 267 (85.3%)
N/A 3(2.6%) 4(1.3%)

p-value < 0.05 was bolded.

ICU, intensive care unit; IE, infective endocarditis; WBP, whole body positron emission tomography.

rate of change in management was higher among
patients who had WBP to evaluate for seeding of
grafts or prostheses (n=21, 67.7%).

One of the more common ways that WBP
impacted patient management was by informing
about additional infectious work-ups. In one such
case, a patient had non-focal diffuse pain and
WBP revealed unexpected multifocal infection in
the aortic arch, multiple spinal disks, the glenohu-
moral joint, cavitary lung lesions, and the iliacus
muscle. This led to further workup of these infec-
tious complications and an iliacus drain place-
ment. In seven patients, WBP was able to confirm
or rule out an extracardiac infected graft (such as
abdominal aortic endograft, aortoiliac graft, or
arteriovenous graft), which informed plans for
long-term antibiotic suppression. In addition,
WBP was able to identify infection of orthopedic
hardware or vascular grafts in patients who were
not candidates for surgical removal of hardware,
which led to a prolongation of the therapeutic
antibiotic course or a change in antibiotic manage-
ment (such as the addition of rifamycins). Finally,
there were multiple cases where an incidental

noninfectious finding, such as a colonic mass or
ureteral stone, required further evaluation. Key
case descriptions are found in Supplemental 1.

Subgroup analysis

Post-hoc analysis included comparison of out-
comes between the WBP and non-WBP groups
for prespecified sub-groups. (Supplemental 2).
These subgroups included prolonged bacteremia
(5 or more days), the causative organism being S.
aureus (or lugdunensis), end-stage renal disease,
presence of intracardiac prostheses, presence of
endocardial devices, positive cardiac surgery indi-
cation, definite Duke criteria, and WBP without a
cardiac PET. For all of these sub-groups, we con-
sistently found that there would be a notable
increase in antibiotic duration and rates of sup-
pressive antibiotics for the WBP group. For the
definite Duke criteria sub-group, we found the
WBP cohort also had a longer length of stay (27.8
vs 22.8days, p=0.020). Among those with an
endocardial device present, surgery was more
likely to be performed among non-WBP group
(41.2% vs 9.4%, p=0.002). For patients with
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end-stage renal disease, in-hospital mortality was
higher among the WBP group (39.1% vs 12.5%,
p»=0.02), although 6-month mortality remained
similar between groups.

WBP outcome associations with patient
characteristics

Multivariate logistic regression was performed to
look at the relationship between the likelihood of
WBP changing the management and prespecified
and post-hoc exploratory variables, including age,
gender, comorbidities (i.e., end-stage renal dis-
ease and long-term IV access at admission), IE
risk factors (i.e., long-term IV access, cardiac
prostheses), and IE characteristics (i.e., causative
organism, duration of bacteremia, indication for
surgery) (Supplemental 3). Presence of long-term
IV access was the only variable associated with
increased likelihood of WBP changing manage-
ment on univariate analysis (OR 2.7, p=0.04),
but this association was statistically nonsignifi-
cant on multivariate regression (OR 4.2, p=0.06).
We found that patients with long-term IV access
were more likely to get a source control procedure
(17.4% vs 8.8%) and further infectious workup
(30.4% vs 17.6%) compared to the rest of the
WBP cohort. Among the four patients who had a
change to the source control plan, three of them
had end-stage renal disease, and WBP helped
identify infected wvascular prostheses (arterio-
venous graft and dialysis catheter) that required
removal.

Discussion

To our knowledge, this is the largest study to
compare patient characteristics and outcomes
between cohorts of patients who did and did not
have WBP performed as part of IE management.
We were able to evaluate how WBP impacted
patient care, including the reason it was per-
formed and how management was impacted by
the results of WBP, which are important factors
when considering how best to utilize this compre-
hensive nuclear medicine diagnostic study. As
part of this study, we identified patients with vas-
cular prostheses as those who may benefit most
from the use of WBP when managing IE.

There were major differences between the demo-
graphics of the groups who had WBP and those
who did not. One possible explanation for the
WBP group having a higher likelihood of cardiac

Table 3. Whole body PET characteristics (N=114).

Whole body PET findings
Pulmonary infection
Bone/joint infection
Skin and soft tissue infection
Intra-abdominal infection
Vascular graft infection
Splenic abscess or infarct
Septic stroke
Possible neoplasm*
Nonspecific uptake
Others**
Reason whole body PET was performed
To evaluate for extracardiac sites of infection

Presence of grafts and prostheses with concern for
seeding

For operative planning/requested by surgery
Change in management after whole body PET

Further workup - infectious

Further workup - noninfectious

Source control procedure performed

Antibiotic regimen change

Unnecessary removal of prostheses/grafts avoided

Suppressive antibiotic plan change

Changed cardiac surgery plans

N (%)
32 (28.1)
17 (14.9)
15 (13.4)
71(6.1)
71(6.1)
5 (4.4)
5 (4.4)
12(10.5)
35 (30.7)
50 (43.9)

83 (72.8)
31(27.2)

4(3.5)

23(20.2)
11(9.7)
12 (10.5)
11(9.7)
8(7.0)
716.1)
1(0.9)

*There included polyps or nodules in lungs (n=4), colon (n=4), prostate (n=2],

thyroid (n=1), and soft tissue (n=1).

**Some examples of other findings included: abdominal mesh uptake, venous
thromboembolism, ureteral calculus, intra-abdominal cysts, esophagitis, and an

enterovesical fistula.
PET, positron emission tomography.

prostheses and devices involves the collinearity
with cardiac PET; we found that the order form
for cardiac PET scan in our electronic health sys-
tem included a check box option to perform a
WBP as well, and it’s possible the ease of this
primed users to tack on additional testing. It
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would make sense for those with more risk factors
for IE or the presence of cardiac prostheses and
devices to require cardiac PET for a more detailed
diagnosis and characterization of the disease. In
addition, it is possible that patients with more
urgent surgical indications, such as paravalvular
abscess and flail leaflet, would forgo time-inten-
sive diagnostics such as WBP and would go
directly to cardiac surgery. This is further sug-
gested by the higher rates of cardiac surgery
observed in the non-WBP group, although the
difference was not statistically significant. Higher
rates of IVDU in the non-WBP group may be
explained by the fact that they had a known
source of bacteremia and would be more likely to
have right-sided endocarditis, which may reduce
the risk of metastatic sites outside of the lung.

We found that the WBP group trended toward
receiving less surgery and longer duration of anti-
biotic regimens, including long-term oral antibi-
otic suppression. The observation that 45% of the
patients who underwent WBDP had their manage-
ment impacted by the imaging results may be
related to the fact that WBP helped clinicians
optimize the nonsurgical management of IE, such
as antibiotic plans and extracardiac source con-
trol. This then brings to question what patient
factors may predict those most likely to benefit
from a WBP. Our multivariate logistic regression
showed an association between the presence of
long-term IV access and increased likelihood of
management being impacted by the result of
WBP, driven by an increase in source control pro-
cedures via removal of infected vascular catheters
and grafts, and further infectious workup. Taken
together with our finding of increased change in
management when WBP was performed to evalu-
ate for seeding of grafts and prostheses, these
illustrate the value that WBP provides for the
identification of infected vascular prostheses in
the setting of infective endocarditis.

There is an emerging literature on the use of
FDG-PET/CT in diagnosing vascular graft infec-
tions. Systematic review and meta-analysis by
Mahmoodi et al. found FDG-PET/CT have sen-
sitivity and specificity of 92% and 76%, respec-
tively, in diagnosing vascular graft infections.??
The European Association of Nuclear Medicine
has adopted FDG-PET/CT as a useful imaging
modality in the diagnosis of vascular graft infec-
tions in their guidelines, although there is some

heterogeneity in the interpretation of these stud-
ies when evaluating FDG uptake and pattern.?3
While the current study was not designed with the
strict focus of evaluating patients with vascular
grafts and IE, we believe our results point to the
benefit that WBP can have for these patients.
Infected grafts may be the result of metastatic
seeding or may be a portal of entry. Identification
of these sites of infection is important because if
not managed appropriately with removal of the
device or suppressive oral antibiotics, relapse of
infection is common.

In our review of the literature, the study by Kestler
et al.’> in 2014 is the only paper comparing the
cohorts of patients who did and did not get WBP
in the management of IE. There are methodologi-
cal differences between our studies, as their study
compared a prospective cohort of 47 patients,
matched against a historical control of 94 patients
by affected valve and causative pathogen. While
we found a lower proportion of the WBP cohort
receiving cardiac surgery, the opposite was found
by Kestler. Methodological differences may
account for this discrepancy as Kestler et al.
excluded patients who underwent early surgery,
had early mortality, or had ICU admission. Other
findings were similar between the two studies. We
also found that the WBP cohort received longer
durations of antibiotics without differences in
readmission rates or relapses. Our study adds fur-
ther value by delineating differences in patient
characteristics such as end-stage renal disease,
history of injection drug use, mortality, and sup-
pressive antibiotic use as outcomes of interest.

We believe that our cohort was overall repre-
sentative of patients with IE nationally.
According to Wurcel et al.,?* the proportion of
patients with IE who use IVDU in the United
States was approximately 12% in 2013, having
risen from stable rates of 7%—8% in the preced-
ing decade. Percentage of our cohort who had
active IVDU was 8.2%, with another 2.6%
reporting prior use (greater than 6 months prior
to admission). Our cohort also included high
rates of IE risk factors, including intracardiac
prostheses, endocardial devices, and the pres-
ence of long-term IV access at admission. In
addition, our cohort included patients with
severe illness and high complexity with 48% of
patients requiring ICU stay during hospitaliza-
tion and a mean LACE index of 12.6.25
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Limitations

Observational retrospective cohort design is a
limitation of this study, as it prohibits any infer-
ence about causality. Retrospective design is also
susceptible to confounding by indication; for
example, an unmeasured confounder like extra-
cardiac prostheses may have predisposed to both
undergoing WBP and requiring suppressive anti-
biotics. This also limits our ability to make defini-
tive conclusions on the impact on patients with
vascular grafts and prostheses, as the study was
not designed with this specific characteristic in
mind, and the presence of this variable was not
systematically collected. However, we believe this
investigation sheds light on how and on whom
WBP is currently being used, and provides valu-
able information on how it is impacting patient
care. Another limitation is that the use of cardiac
PET was strongly associated with WBP use as
noted above, and may be another confounding
variable. Attempts to analyze those who under-
went WBP but not cardiac PET were limited by
reduced sample size.

Conclusion

In this retrospective cohort study, there were
important differences in patient characteristics
between the WBP and non-WBP groups, includ-
ing the presence of intracardiac prostheses, endo-
cardial devices, and types of IE complications.
WBP played an important role in identifying met-
astatic foci of infection and directly impacting
patient management in about 45% of the patients
who underwent the study. Although there were
no major differences in clinical outcomes, such as
decreased mortality or length of hospitalization,
the WBP group was more likely to have prolonged
antibiotic duration and use of suppressive antibi-
otics related to the detection of infection of intra-
vascular prostheses. Therefore, when considering
which patients with IE to select for the perfor-
mance of WBP, those with intravascular devices
appear to be those who may benefit the most.
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