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Cardiac computed tomography angiography results in diagnostic
and therapeutic change in prosthetic heart valve endocarditis

Jesse Habets - Wilco Tanis - Lex A. van Herwerden -
Renee B. A. van den Brink - Willem P. Th. M. Mali -

Bas A. J. M. de Mol - Steven A. J. Chamuleau - Ricardo P. J. Budde

Received: 28 August 2013/ Accepted: 19 November 2013 /Published online: 30 November 2013

© Springer Science+Business Media Dordrecht 2013

Abstract Echocardiography may miss prosthetic heart
valve (PHV) endocarditis which advocates for novel
imaging techniques to improve diagnostic accuracy and
patient outcome. The purpose of this study was to deter-
mine the complementary diagnostic value of cardiac
computed tomography angiography (CTA) to the clinical
routine workup including transthoracic and transesopha-
geal echocardiography (TTE/TEE) in patients with sus-
pected PHV endocarditis and its impact on patient
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treatment. A diagnostic prospective cross-sectional study
was chosen as design. Besides clinical routine workup
(including TTE/TEE), CTA was performed to assess its
diagnostic accuracy and complementary diagnostic/thera-
peutic value. For the diagnostic accuracy, the reference
standard was surgical findings or clinical follow-up. To
determine the complementary diagnostic/therapeutic value
an expert-panel was used as reference standard. Twenty-
eight patients were included. CTA resulted in a major
diagnostic change in six patients (21 %) mainly driven by
novel detection of mycotic aneurysms by CTA. Further-
more, treatment changes occurred in seven patients (25 %)
compared to clinical routine workup. Diagnostic accuracy
of routine clinical workup plus CTA was superior to clin-
ical routine workup alone for the detection of PHV endo-
carditis in general, vegetations and peri-annular extension.
This study demonstrates that CTA and clinical workup
including TTE and TEE are complementary in patients
with PHV endocarditis. Therefore, CTA imaging has to be
considered after clinical routine workup in patients with a
high suspicion on PHV endocarditis.

Keywords Prosthetic heart valve endocarditis -
Cardiac computed tomography angiography -
Transthoracic echocardiography and transesophageal
echocardiography

Introduction

Prosthetic heart valve (PHV) endocarditis is a life-threat-
ening disease with an incidence of 0.3—1.2 % per patient
year [1]. Patients can present with a broad spectrum of
symptoms such as fever, sepsis, heart failure symptoms,
new or changing murmur or signs of systematic
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embolization but may be absent. Therefore, PHV endo-
carditis is a difficult diagnosis to establish based on these
clinical symptoms alone. The modified Duke criteria [2], in
which echocardiography plays a key role, are used to
establish a definite or possible diagnosis of PHV endo-
carditis. The two major Duke criteria are positive blood
cultures and a positive echocardiogram for signs of PHV
endocarditis [2]. The first criterion is often negative
(23-37 %) in patients with definite PHV endocarditis [3—
5]. For that reason, reliable echocardiography is even more
important to establish the definite diagnosis in patients with
suspected PHV endocarditis [2].

Non-invasive transthoracic echocardiography (TTE) is
the first line imaging modality to detect signs of PHV
endocarditis. However, TTE often fails to detect vegeta-
tions, novel or increased paravalvular regurgitation and
mycotic aneurysms/abscesses as signs of PHV endocarditis
[3, 4, 6]. After TTE imaging, semi-invasive transesopha-
geal echocardiography (TEE) is routinely performed. TEE
has a good sensitivity and specificity but still misses life-
threatening complications such as mycotic aneurysms and
abscesses in up to 30 % of patients [3-5, 7-15]. This is
mainly caused by acoustic shadowing of the PHV which
obscures adjacent anatomical structures and hampers
diagnostic assessment. These mycotic aneurysms and
abscesses are not rare (53-55 %) in patients with PHV
endocarditis and are associated with a high mortality
(30-54 %) [4, 8]. The detection of these life-threatening
mycotic aneurysms and abscesses with non or semi-inva-
sive imaging is therefore crucial to initiate timely surgical
intervention in order to improve clinical outcome [16].

Cardiac computed tomography angiography (CTA) is a
promising novel non-invasive imaging technique to eval-
uate patients with (suspected) PHV endocarditis [7, 17-19].
At present, no clinical studies are available which inves-
tigate the complementary diagnostic value of CTA in
patients with suspected PHV endocarditis and its implica-
tions for treatment strategy.

The aim of this study was to determine the comple-
mentary diagnostic value of cardiac CTA to the clinical
routine workup (including TTE and TEE) in patients with
suspected PHV endocarditis and its implications on treat-
ment strategy.

Methods

Study design

A prospective diagnostic cross-sectional study was designed
in the tertiary setting. This study has been approved by the

institutional review board (IRB) [IRB number 10-008] and
informed consent was obtained from all patients.
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Study population

From May 2010 until July 2012, patients aged 18 years
or older with suspected PHV endocarditis were enrolled.
PHYV endocarditis was suspected on the basis on clinical
symptoms, physical examination, electrocardiogram and
laboratory testing. These patients were referred for TTE
and TEE to detect signs of PHV endocarditis. Patients
who underwent both TTE and TEE as part of the routine
clinical workup were eligible for inclusion. Six patients
with renal impairment [glomerular (filtration rate
(GFR) <45] were excluded. After obtaining informed
consent, additional CTA imaging was performed in 28
patients.

Study population characteristics

The following patient characteristics were prospectively
collected: age, gender, the presence of fever, congestive
heart failure, sepsis, systemic embolization to vital organs
and initiated antibiotic treatment before clinical presenta-
tion. Further, PHV characteristics (PHV position, type of
prosthesis and date of implantation) were collected. Phys-
ical examination was performed during clinical presenta-
tion and the following parameters were collected: blood
pressure, heart rate, and the presence of endocarditis stig-
mata and new or changed murmur on auscultation. Labo-
ratory testing included blood culture testing, C-reactive
protein level, leukocyte count, creatinine and GFR. The
electrocardiogram at clinical presentation was assessed for
new AV-blocks.

Transthoracic and transoesophageal echocardiography

TTE and TEE was performed with state-of-the-art probes
and image acquisition was performed according the clinical
guidelines [1, 7, 20]. Echocardiographic evaluation focused
on the detection of signs of PHV endocarditis: vegetations,
new or increased paravalvular leakage, mycotic aneurysms
or abscesses and PHV dehiscence. These signs were
defined according to the ESC guidelines as follows: (1)
vegetations, defined as irregularly shaped, oscillating or
non-oscillating masses, adherent to and distinct from the
myocardium; (2) abscesses, defined as irregularly shaped,
inhomogeneous paravalvular enclosed masses within the
peri-annular region, myocardium or pericardium; (3)
mycotic aneurysms or pseudoaneurysms were defined as
echo-free perivalvular cavities with flow communicating
with the cardiovascular lumen; and (4) paravalvular leak-
age, defined as blood flow outside the PHV ring with or
without rocking motion [1, 7, 20].
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Cardiac computed tomography angiography
CT acquisition

Cardiac computed tomography angiography (CTA) was
preferably performed within 3 days after TEE. Patients
underwent CTA imaging preferably on a 256-slice CT sys-
tem or alternatively on a 64-slice system (iCT and Brilliance
64, respectively, Philips Medical Systems, Cleveland, OH).
After a scout view, a unenhanced prospectively ECG-trig-
gered acquisition of the PHV region only was performed
with the following acquisition parameters: 120 kV, 30 mAs,
collimation 128 x 0.625, gantry rotation time 270 ms and
pitch O for the 256-slice CT system. The acquisition
parameters for the 64-slice CT system were: 120 kV,
55 mAs, collimation 64 x 0.625, gantry rotation 0.40 and
pitch 0. Data were reconstructed (slice thickness 0.9 mm,
increment 0.45) for the 75 % phase of the ECG-interval with
filtered back projection. Subsequently, a contrast-enhanced
retrospectively ECG-gated CT acquisition was performed
with the following parameters: 120 kV, 600-700 mAs,
collimation 64 or 128 x 0.625, gantry rotation time 420 or
270-330 ms and pitch 0.20 or 0.16-0.18. Gantry rotation
time and pitch were dependent on heart rate.

A dual (400 mg jopromide/ml) or triphasic (300 ml
jopromide/ml) contrast administration protocol was used.
A locator was placed in the descending aorta. When the
threshold of 100 HU was reached, data acquisition was
initiated after a post-threshold delay of 8 s. The mean flow
rate was set to 5.0-6.7 cc/s. Total contrast volume for the
triphasic injection protocol was dependent on patient body
weight (BW), scan duration and the added delay. Iodine
flow varied between 1.6 (BW <70 kg), 1.8 (BW 70-85 kg)
and 2.0 gram (BW >85 kg) iodine/s. In the first phase, only
contrast medium was injected. Secondly, a mixture of
30 % contrast medium and 70 % saline is administered
followed by a saline flush. For the dual phase injection
protocol, 100 cc contrast was followed by a saline flush.
Added delay varied between 6 and 8 s. The effective
radiation dose was estimated from the product of the total
dose-length product indicated by the scanner (including all
parts of image acquisition) and a conversion coefficient
(k = 0.0145 mSv/[mGyx cm]) [21].

Image reconstruction

Data were reconstructed (slice thickness 0.9 mm, increment
0.45) equally spaced for each 10 % interval of the ECG-
interval resulting in 11 datasets (including an additional 75 %
ECG-phase). Images were transferred to a clinical workstation
and analyzed using dedicated software (Extended Brilliance
Workstation, Philips Medical Systems, Philips, Best, the
Netherlands). Diastolic and systolic imaging data sets were

reconstructed in orthogonal imaging planes (in plane, parallel
and perpendicular to the prosthetic valve) and used for image
evaluation. Additional reconstructions similar to the standard
echocardiographic views were reconstructed if needed as well
from the same CT datasets. During analysis, it is important to
differentiate between vegetations and beam-hardening arte-
facts because both are hypodense. However, artefacts and
vegetations can be differentiated based on the fact that vege-
tations are often oval and irregular circumscribed hypodense
abnormalities and beam-hardening artifacts are linear within
the direction of the beam.

Reference standard and outcome measures

Complementary value of cardiac CTA to clinical routine
workup

An expert-panel was used to determine the additional
diagnostic value of cardiac CTA and its impact on treat-
ment strategy (Fig. 1). The expert-panel consisted of two
cardiac surgeons, two cardiologists and two radiologists
with an interest in PHV imaging.

In the expert-panel consensus meeting, each case was
presented in the following sequence: (1) clinical routine
workup (clinical history, physical examination, laboratory
testing, TTE and TEE) and followed by (2) the cardiac CTA
examination. After each of the two assessment moments, the
expert-panel determined a consensus on the diagnosis and
treatment strategy (Fig. 1). A standardized scoring form was
used. The primary outcome measures were (1) the comple-
mentary diagnostic value of CTA to clinical workup in
patients with suspected PHV endocarditis and (2) its impact on
treatment strategy. Major and minor diagnostic changes
caused by CTA were distinguished. Major diagnostic change
was defined as the novel detection of a vegetation or abscess/
mycotic aneurysm by CTA. In case of abscesses and/or
mycotic aneurysms absent on echocardiography, a major
diagnostic change was scored if CTA detected an abscess or
mycotic aneurysm. Minor diagnostic change was defined as
detection of an increased number and/or size of peri-annular
extensions (mycotic aneurysms/abscesses) or better depiction
of the relationship of the peri-annular extension with relevant
cardiac structures such as coronary arteries compared to
clinical routine workup. A major treatment strategy change
based on CTA was defined as conversion from conservative to
surgical treatment or visa versa. Minor treatment strategy
change was defined as change of surgical strategy (i.e. aortic
valve replacement vs. aortic allograft implantation).

Diagnostic accuracy

The diagnostic accuracy was determined for PHV endocar-
ditis in general, vegetations and peri-annular complications
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Complementary value of CTA assessment

Routine clinical workup Assessment moment I

Diagnosis + Treatment
strategy defined by the
expert panel

« Clinical case presentation
« TTE presentation
« TEE presentation

Fig. 1 Flowchart of study design

(mycotic aneurysms/abscesses). PHV endocarditis in general
was defined as any positive imaging sign of PHV endocarditis
(vegetations, new or increased paravalvular leakage and peri-
annular complications). Vegetations and peri-annular com-
plications were defined in the echocardiography section. The
reference standard used to determine diagnostic accuracy
were surgical, microbiological and/or pathological findings or
in patients treated conservatively clinical follow-up (at least
1 month). Successful conservative treatment was defined as
uncomplicated clinical follow-up with unchanged TTE
examination. Diagnostic accuracy was determined for the
clinical routine workup (including both TTE and TEE) and
clinical routine workup plus CTA.

Data-analysis

Data-analysis was performed in SPSS software (version 15).
Continuous variables are presented as mean & standard
deviation (SD) or medians and interquartile range (IQR)
dependent on the data distribution. Parametric data distribu-
tion was assessed with QQ-plots and Kolmogorov—Smirnov
test. Categorical variables are presented in numbers (per-
centages). Diagnostic and therapeutic changes are expressed
in numbers and percentages. Diagnostic accuracy measures
(sensitivity, specificity, positive and negative predictive val-
ues) including 95 % confidence intervals (CI) were
calculated.

Results
Patient population
Twenty-eight patients with a high suspicion of PHV endo-

carditis were included in this prospective diagnostic cross-
sectional study. Relevant study population characteristics are

@ Springer

Additional CTA Assessment moment IT

« Routine clinical workup

o Additional CTA
presentation

Diagnosis + Treatment
strategy defined by the
expert panel

A assessment I and IT

outcome 1:
major + minor
diagnostic change

outcome 2:
major + minor
therapeutic change

given in Table 1. In this study population with a high suspi-
cion of PHV endocarditis, blood cultures were positive in 16
(57 %) patients and the modified Duke criteria were met in
17/28 (61 %) patients. Cardiac CTA examinations were per-
formed on 256-slice (n = 26) and 64—slice CT systems
(n = 2). Median radiation exposure was 11.8 mSv (IQR
11.2-12.8). The diagnosis of the clinical routine workup
(including both TTE and TEE) and clinical routine workup
plus CTA is presented per patient in Table 2. Median interval
between TEE and CTA was 0 days (IQR 0-1 day, range
0-17 days). In this population, 16 of the 28 patients (57 %)
underwent reoperation and these patients were positive
according to the modified Duke criteria in 11 (69 %) of the
cases. Median interval between cardiac CTA and reoperation
was 14 days (IQR 6-70). The other 11 (43 %) patients, who
were Duke positive in 50 % of the cases, were treated suc-
cessfully with antibiotics. In the study population, the median
clinical follow-up was 5.5 (IQR 3-9) months with 89 %
(n = 25) endocarditis free survival. One patient (number 24,
Table 2) (4 %) died in hospital after surgical treatment. Two
patients (number 22/28, Table 2) had recurrence of PHV
endocarditis in the re-operated group: one patient was re-
operated twice and one patient was treated successfully with
antibiotics.

Complementary value of cardiac CTA to clinical
routine workup

Diagnostic change

In six out of the 28 (21 %) patients, CTA resulted in a
major diagnostic change which was confirmed by surgical
exploration in five (83 %) patients. The other patient
(number 20, Table 2) was treated successfully with anti-
biotics. These major diagnostic changes included detection
of four additional mycotic aneurysms (RCC n = 2; LCC
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Table 1 Study population

Twenty-eight patients

Age 63 + 13
Gender (male) 22 (79 %)
PHV position

Aortic 24 (86 %)

Mitral 3 (11 %)

Aortic and mitral 14 %)
PHV type

Mechanical 18 (64 %)

Biological 10 (36 %)
Initiated antibiotic treatment before clinical 9 (32 %)

presentation
Fever 20 (71 %)
Systolic/diastolic blood pressure 129 + 20/

70 £ 11 mmHg
Heart rate 80 £ 19 beats per
min

New murmur 6 (21 %)
Endocarditis stigmata 2 (7 %)
Congestive heart failure 6 (21 %)
Systematic embolization 8 (29 %)
Creatinine 97 (81-111)
GFR (ml/min)

45-60 5 (18 %)

>60 23 (82 %)
Leucocyte count 9.7 (7.3-13.1)
C-reactive protein 76 (45-135)
Blood culture positive 16 (57 %)
Micro-organism

Streptococcus (pneumoniae/mitis/viridans/ 5 (31 %)

oralis/bovis)

Staphylococcus aureus 3 (19 %)

Staphylococcus epidermidis 4 (25 %)

Proprioni 2 (13 %)

Enterococcus faecalis 2 (13 %)
Sepsis 12 (43 %)
Novel atrioventricular block 6 (21 %)
Suspicion of PHV endocarditis

Early 9 (32 %)

Late 19 (68 %)
Definite Duke criteria met 17 (61 %)

GFR glomerular filtration rate, PHV prosthetic heart valve

n = 2) and two vegetations. MDCT imaging also provided
information that resulted in minor additional diagnostic

changes in 13/28 (46 %) patients (Table 2).

Treatment strategy change

The treatment strategy changed after CTA compared to
clinical routine workup in 7 out of 28 (25 %) patients. In

one patient (number 17, Table 2), CTA detected a large
mycotic aneurysm (former LCC, Fig. 2) which was missed
by clinical routine workup. This changed the treatment
strategy from intravenous antibiotic treatment to urgent
surgical exploration with implantation of an allograft and
therefore was classified as major treatment change. In the
other six patients, only the surgical strategy changed
(minor treatment change): additional aortic root surgery
instead of only PHV replacement (allograft in 3, Bentall
procedure in 2 and addition of a pericardial patch in 1).

Diagnostic accuracy

In Supplement 1 and 2, diagnostic accuracy data for PHV
endocarditis in general, vegetations and peri-annular
complications (mycotic aneurysm/abscesses) are presented.

PHV endocarditis in general

Sensitivity and specificity for PHV endocarditis in general
were 95 and 83 % for the routine clinical workup
(including TTE/TEE). For clinical routine workup plus
CTA, sensitivity and specificity for PHV endocarditis in
general increased to 100 and 83 %, respectively. In the
false positive patient (number 5, Table 2), routine workup
and the routine workup plus CTA detected one mycotic
aneurysm located at the former NCC that was not con-
firmed during surgical exploration. In the other 15 re-
operated patients (94 %), imaging findings were confirmed
by surgical exploration. In one patient (number 18,
Table 2), the routine workup missed a vegetation which
was detected by MDCT and confirmed at surgery
(Table 2). However, time interval between TEE and
MDCT was 17 days in this patient.

Vegetations

Sensitivity and specificity for the detection of vegetations
were 63/100 % for clinical routine workup and 100/100 %
for clinical routine workup plus CTA, respectively. Echo-
cardiography missed three vegetations in patients with
biological (n = 2, Fig. 3) and mechanical PHVs (n = 1).
In one patient (number 20, Fig. 4) surgical exploration was
not performed (Table 2).

Peri-annular complications

Eighteen patients had 26 peri-annular complications
(mycotic aneurysms n = 23; abscesses n = 3) (Table 2).
Sensitivity and specificity were 68/91 % for the clinical
workup and 100/91 % for the clinical workup plus CTA,
respectively. Routine clinical workup missed eight mycotic
aneurysms mainly located around former RCC (n =5)

@ Springer



382

Int J Cardiovasc Imaging (2014) 30:377-387

Table 2 Major and minor diagnostic change after MDCT examination

PID Diagnosis clinical Diagnosis clinical workup ~ Major Minor Additional diagnostic value Surgical
workup (including TTE/  (including TTE/TEE/ diagnostic ~ diagnostic =~ MDCT confirmation/
TEE) MDCT) change change AB
1 Multiple mycotic Multiple mycotic - Yes Better depiction extensiveness Yes
aneurysm aneurysms RCC 4 NCC mycotic aneurysm, former RCC
RCC + NCC
2 Single mycotic aneurysm Single tnyentic aneurysm. - Yes MDCT depicted calcifications in ~ AB
RCC RCC aneurysm wall (old otigin)
3 Single mycotic aneurysm  Single mycotic aneurysm - Yes Bettet depiction extensiveness Yes
NCC/LCC NCC/LCC mycotic aneurysmi former NCC
No abnormalities No abnormalities - - - AB
5 Single mycotic aneurysm Single mycotic aneurysm - - - No**
NCC NCC
6 Single mycotic aneurysm Multiple mycotic - Yes Better depiction extensiveness Yes
RCC aneurysms RCC mycotic aneurysm, former RCC
7 Paravalvular leakage due Paravalvular leakage due to  Yes - Mycotic aneurysm, former RCC  Yes
to endocarditis single mycotic aneurysm
RCC
8 Vegetation Vegetation Single mycotic ~ Yes - Mycotic aneurysm, former RCC  Yes
aneurysm RCC
9 Paravalvular leakage due Paravalvular leakage due lo — - - AB
to endocarditis endocarditis
10  No abnormalities No abnormalities - Yes Discrimination between mycotic ~ AB
aneurysm, former NCC and deep
sinus
11 Single mycotic aneurysm Single mycotic aneurysm - - - AB
NCC NCC
12 Paravalvular leakage due Paravalvular leakage due io Yes - Mycotic aneurysm, former LCC Yes
to endocarditis single mycotic aneurysm
LCC
13 Single mycotic aneurysm Multiple mycotic - Yes Mycotic aneurysm, former RCC  Yes
NCC aneurysms RCC + NCC
14 No abnormalities No abnormalities - - - AB
15  Paravalvular leakage Paravalvular leakage - - - AB
16  No abnormalities No abnormalities - - - AB
17 Vegetation Vegetation Single mycotic ~ Yes Mycotic aneurysm, former LCC Yes
aneurysm LCC
18  Pathologicar valvulat Pathological valvular Yes - Vegetation Yes
leakage leakage vegetation
19 Single mycotic aneurysm Single mycotic aneurysm - Yes Better depiction extensiveness AB
RCC RCC mycotic aneurysm, former RCC
20  No abnormalities Vegetations Yes - Vegetations AB
21  Paravalvular leakage due Paravalvular leakage due to — Yes Better depiction extensiveness Yes
to single mycotic single mycotic aneurysm aortic root mycotic aneurysm
aneurysm
22 Single mycotic aneurysm Multiple mycotic - Yes Better depiction extensiveness Yes
NCC aneurysms NCC supra/ mycotic aneurysm, former NCC
subvalvular
23 Vegetation Vegetation - - - AB
24 Two abscesses* LCA Multiple mycotic - Yes Mycotic aneurysm, former RCC ~ Yes
aneurysms RCC
25  Vegetation Vegetation - - - AB
26  Single mycotic aneurysm Multiple mycotic - Yes Becttct depiction extensiveness Yes
NCC aneurysms NCORCC mycotic aneurysm, former RCC
27  Single abscess* NCC Vegetation - Yes Vegetation Yes
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Table 2 continued
PID Diagnosis clinical Diagnosis clinical workup Major Minor Additional diagnostic value Surgical
workup (including TTE/  (including TTE/TEE/ diagnostic ~ diagnostic =~ MDCT confirmation/
TEE) MDCT) change change AB
28  Vegetation Single Vegetation Multiple - Yes Better depiction extensiveness Yes
mycotic aneurysm mycotic aneurysm mycotic aneurysm
NCC NCC + LCC
6/28 13/28
21 %) (46 %)

AB antibiotic treatment, LCA left coronary artery, LCC left coronary cusp, MDCT multidetector-row computed tomography, NCC non-coronary
cusp, PID patient id, RCC, right coronary cuso, TTE transthoracic echocardiography, TEE transesophageal echocardiography

* Missed by MDCT

** Surgical exploration did not confirm the presence of the mycotic aneurysm detected both by TEE and MDCT

Fig. 2 Mycotic aneurysm mainly located near the former left cusp.
Patient 17 with a biological Carpentier Edwards Perimount PHV in
the aortic position. Assessment of the former left coronary cusp
region is hampered by acoustic shadowing (arrows) in the short axis

which were correctly detected by CTA (Fig. 5). However,
CTA also missed three abscesses which were detected by
TEE and confirmed by surgery located around the left

TEE view (a) and 0 degree TEE view (c). Short axis (b) and 0 degree
MDCT (D) images are not hampered by valve-related artifacts and
visualized a large (3.4 x 2.1 cm) mycotic aneurysm (arrows). PHV
prosthetic heart valve, TEE transesophageal echocardiography

coronary artery (Fig. 6) and non-coronary cusp in two
patients (number 24/27, Table 2). The clinical workup
(including TTE and TEE) detected all abscesses and CTA
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Fig. 3 Detection of a vegetation by MDCT. Patient with an allograft
in the aortic position. The short axis TEE view demonstrated a
tricuspid aortic valve with central mal-coaptation and no evidence of
a vegetation (a). Color doppler imaging (b) revealed a moderate

Fig. 4 Detection of a
vegetation by MDCT. Patient
with a Mitroflow bioprosthesis
in the aortic position. The short
axis TEE did not show a
vegetation (a). The MDCT short
axis view demonstrated a
vegetation on the former left
coronary cusp (arrow) (b).
MDCT multidetector-row
computed tomography, TEE
transesophageal
echocardiography

detected all mycotic aneurysms resulting in a total sensi-
tivity of 100 % combining all imaging modalities.

Discussion

Our study demonstrates the additional diagnostic value of
cardiac CTA to clinical routine workup (including TTE and
TEE) and its impact on treatment strategy. Furthermore
CTA detected all mycotic aneurysms (n = 8) that were
missed by echocardiography, whereas echocardiography
detected all abscesses (n = 3), which were missed by CTA.
CTA also provided additional diagnostic information on
the extensiveness of the mycotic aneurysms that was
valuable for the surgical planning.

@ Springer

central aortic regurgitation. The short axis MDCT image demon-
strated a vegetation on left coronary cusp (¢). MDCT multidetector-
row computed tomography, TEE transesophageal echocardiography

Complementary value of cardiac CTA to clinical
routine workup

Cardiac CTA imaging resulted in a major diagnostic
change compared to the routine clinical workup in 21 % of
patients and resulted in a change of treatment strategy in
25 % of patients: in one patient it converted medical
treatment to urgent surgery and in six others it changed the
surgical strategy. Besides treatment strategy change, car-
diac CTA can provide in patients considered for reopera-
tion additional information on the presence of coronary
artery disease, the presence and location of coronary by-
passgrafts, calcifications in the ascending aorta (cross-
clamping) and the relationship between coronary arteries
and peri-annular extension. Most PHV types do not hamper
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Fig. 5 Mycotic aneurysm located near the former right coronary
cusp. Patient 8 with a mechanical bileaflet St Jude PHV in the aortic
position. Assessment of the former right coronary cusp is hampered
by acoustic shadowing (arrows) in the short axis TEE view (a) and 0

coronary assessment [22]. In patients with sufficient image
quality of coronary arteries invasive conventional coronary
angiography may be omitted.

Diagnostic accuracy

In this study, this clinical workup had a good sensitivity/
specificity (95/83 %) to establish the diagnosis of PHV
endocarditis mainly in patients with aortic PHVs (n = 25).
This is in line with previous publications [4-6, 23, 24].
Sensitivity raised to 100 % after addition of a comple-
mentary CTA examination. In three patients, clinical rou-
tine workup missed the vegetation which was detected by
CTA. However, in two of these three patients the prede-
fined time interval (<3 days) from clinical workup to CTA
was exceeded. In the subgroup analyses without these two
patients, the sensitivity of the clinical routine workup

degree TEE view (c). Short axis (b) and 0 degree MDCT (d) images
are not hampered by valve-related artifacts and visualized a mycotic
aneurysm (arrows). MDCT multidetector-row computed tomography,
PHYV prosthetic heart valve, TEE transesophageal echocardiography

increased substantially from 63 to 83 % for the detection of
vegetations. However, the sensitivity of the clinical routine
workup plus CTA remained 100 % in this group.

In PHV endocarditis is the detection of peri-annular
complications of paramount importance as it is with a high
mortality compared to uncomplicated PHV endocarditis
and requires surgical treatment. Our study shows that for
the detection of peri-annular complications clinical workup
and cardiac CTA are complementary. Echocardiography
detected all abscesses (n = 3) which were missed by CTA.
The reason for the false negative CTA findings is probably
the absence of contrast in enclosed masses (e.g. abscesses).
In retrospect, aspecific aortic wall thickening was present
on the abscess locations detected with echocardiography.
In contrary, CTA detected all mycotic aneurysms (n = 8)
that were missed by echocardiography. Importantly this
was the first and only sign of peri-annular extension in four
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Fig. 6 Abscess formation in PHV endocarditis. Patient 24 with a
bileaflet mechanical St Jude PHV in the aortic position. A short axis
TEE supravalvular view demonstrated two echolucent cavities
(asterisk) around the left coronary artery without color flow
(b) suggestive for abscess formation. The color flow is present in
the left coronary artery. Short axis supravalvular MDCT image

patients resulting in a major diagnostic change (Table 2).
The mycotic aneurysms missed by echocardiography in
patients with aortic PHVs were mainly located in the for-
mer RCC region (anterior side of aortic root). Diagnostic
assessment of this region is often hampered by acoustic
shadowing during TEE examination. The complementary
approach (combining echocardiography and CTA) did not
fail to identify peri-annular complications and had there-
fore a sensitivity of 100 % in the detection of complicated
PHV endocarditis.

Previous studies on the value of cardiac CTA in the
evaluation of PHV endocarditis are scarce [7, 18]. Fagman
et al. [18] compared CTA to TEE in twenty-seven patients
with aortic PHV endocarditis. Sixteen patients underwent
surgical exploration. In contrast to our study, the conser-
vatively treated group (n = 11) was not included in the
analysis resulting in a selection bias. This study also found
that cardiac CTA and TEE are complementary in the
detection in peri-annular extension. However, Fagman
et al. [18] did not examine the complementary value of
cardiac CTA to the normal clinical routine workup but
compared CTA to TEE (replacement design). Furthermore,
this study provided no insights on treatment strategy
change in patients with PHV endocarditis. Feuchtner et al.
[7] evaluated the value of CTA in a small patient popula-
tion (n = 6) with suspected PHV endocarditis. This study
also compared CTA to TEE instead of using an add-on
design. Furthermore, in this study also only re-operated
patients were included resulting in a selection bias. This
study found that CTA better depicted the extensiveness of
mycotic aneurysms which is in line with our results.

@ Springer

demonstrates aortic wall thickening as an aspecific sign of aortitis but
did not visualize the abscesses. The two abscesses were confirmed
during surgical exploration. MDCT multidetector-row computed
tomography, PHV prosthetic heart valve, TEE transesophageal
echocardiography

Limitations

First, 12 patients did not undergo surgical exploration.
However, in the non-operated patients clinical follow-up
data was collected. This is the methodology to analyze the
clinically relevant suspected population. Second, median
interval (14 days) between imaging and surgical reopera-
tion was relatively long. However, no novel pathological
findings were found during surgical exploration Third,
CTA evaluation has some disadvantages namely radiation
exposure and administration of iodinated contrast agents.
In this patient population with concomitant high mortality
and morbidity, these risks are defendable. Fourth, five
potential study participants were not enrolled because of
renal impairment (GFR <45) and is important for the
clinical implementation of CTA in patients with suspected
PHV endocarditis. At last, a relatively small number of
patients (n = 28) were included resulting in large confi-
dence intervals for diagnostic accuracy measures.

In conclusion, this study demonstrates that cardiac CTA
and clinical workup including TTE and TEE are comple-
mentary to establish the diagnosis of PHV endocarditis and
to detect peri-annular complications. Cardiac CTA imaging
resulted in a major diagnostic change compared to the rou-
tine clinical workup in 21 % of patients and results in a
change of treatment strategy in 25 % of patients, Therefore,
we advise to include cardiac CTA imaging in the diagnostic
workup of every patient with suspected PHV endocarditis.
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