Eur Radiol (2009) 19: 857-867
DOI 10.1007/s00330-008-1232-2

CARDIAC

I-Chen Tsai
Yung-Kai Lin
Yen Chang
Yun-Ching Fu
Chung-Chi Wang
Shih-Rong Hsieh
Hao-Ji Wei
Hung-Wen Tsai
Sheng-Ling Jan
Kuo-Yang Wang
Min-Chi Chen
Clayton Chi-Chang Chen

Correctness of multi-detector-row computed
tomography for diagnosing mechanical
prosthetic heart valve disorders

using operative findings as a gold standard

Received: 2 July 2008

Revised: 13 September 2008

Accepted: 21 September 2008
Published online: 27 November 2008
© European Society of Radiology 2008

Correctness of multi-detector-row computed
tomography for diagnosing mechanical
prosthetic heart valve disorders using oper-
ative findings as the gold standard

Electronic supplementary material The
online version of this article (doi:10.1007/
$00330-008-1232-2) contains supplemen-
tary material, which is available to author-
ized users.

I.-C. Tsai (<)) - M.-C. Chen -

C. C.-C. Chen

Department of Radiology,
Taichung Veterans General Hospital,
No. 160, Sec. 3,

Taichung Harbor Road,

Taichung, 407, Taiwan,

Republic of China

e-mail: sillyduck.radiology@gmail.
com

Tel.: +886-4-23592525

Fax: +886-4-23592639

I.-C. Tsai - Y.-C. Fu - S.-L. Jan
Institute of Clinical Medicine and
Faculty of Medicine, National Yang-
Ming University,

Taipei, Taiwan

Y.-K. Lin - Y. Chang - C.-C. Wang -
S.-R. Hsieh - H.-J. Wei - H.-W. Tsai
Section of Cardiovascular Surgery,
Cardiovascular Center, Taichung
Veterans General Hospital,
Taichung, Taiwan

Y.-C. Fu - S.-L. Jan

Section of Pediatric Cardiology,
Department of Pediatrics, Taichung
Veterans General Hospital,
Taichung, Taiwan

K.-Y. Wang

Section of General Cardiology,
Cardiovascular Center, Taichung
Veterans General Hospital,
Taichung, Taiwan

K.-Y. Wang

Department of Medicine, Chung-Shan
Medical University,

Taichung, Taiwan

M.-C. Chen - C. C.-C. Chen
Department of Radiological
Technology, Central Taiwan University
of Science and Technology,

Taichung, Taiwan

Abstract The purpose was to compare
the findings of multi-detector computed
tomography (MDCT) in prosthetic
valve disorders using the operative
findings as a gold standard. In a 3-year
period, we prospectively enrolled 25
patients with 31 prosthetic heart valves.
MDCT and transthoracic echocardiog-

Introduction

Mechanical prosthetic heart valve replacement is an
important surgical treatment for severe valvular heart
disease [1, 2]. Because the underlying disease in the patient

raphy (TTE) were done to evaluate
pannus formation, prosthetic valve
dysfunction, suture loosening (para-
valvular leak) and pseudoaneurysm
formation. Patients indicated for sur-
gery received an operation within 1
week. The MDCT findings were com-
pared with the operative findings. One
patient with a Bjork-Shiley valve could
not be evaluated by MDCT due to a
severe beam-hardening artifact; thus,
the exclusion rate for MDCT was 3.2%
(1/31). Prosthetic valve disorders were
suspected in 12 patients by either
MDCT or TTE. Six patients received an
operation that included three redo aortic
valve replacements, two redo mitral
replacements and one Amplatzer ductal
occluder occlusion of a mitral para-
valvular leak. The concordance of
MDCT for diagnosing and localizing
prosthetic valve disorders and the sur-
gical findings was 100%. Except for
images impaired by severe beam-hard-
ening artifacts, MDCT provides excel-
lent delineation of prosthetic valve
disorders.

Keywords Multi-detector-row CT -
Computed tomography - Prosthetic
valve - Echocardiography -
Mechanical valve

group is usually severe and mechanical failure of the
prosthetic valve might occur, the prognosis of patients after

prosthetic valve replacement is still not good. The 10-year
survival rates are 65% for aortic valve replacement and
55% for mitral and combined valve replacement [1, 2].
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Thus, regular evaluation of signs and symptoms and
arranging accurate examinations to check prosthetic valve
function are very important for improving the prognosis
[3]. With good compliance to anti-coagulant therapy,
thrombosis is less likely to occur, but prosthetic valves
might still have mechanical failure problems, such as
pannus formation, prosthetic valve dysfunction, suture
loosening (paravalvular leak) [3] and pseudoaneurysm
formation [4]. Transthoracic or transesophageal echocar-
diography is usually limited by severe acoustic shadowing
caused by the prosthetic valve itself, resulting in an
incomplete evaluation [5, 6]. Furthermore, the detection
rate of pannus formation is so poor that a preoperative
diagnosis is almost impossible [7]. Cine fluoroscopy is only
useful in evaluating valve leaflet dynamics and is not useful
in detecting suture loosening or pannus formation. In clinical
practice, if echocardiography or cine fluoroscopy cannot
provide a definite diagnosis or exclude a patient with
suspected prosthetic valve disorders, then surgical explora-
tion with redo valve replacement is the only solution [7].
In recent years, multi-detector-row CT (MDCT) has
been used to provide more precise diagnostic information
in several clinical situations such as neonatal coronary
anomalies [8], neonatal congenital heart disease [9, 10] and
metallic prosthetic devices [11]. In prosthetic heart valve
evaluation, several case reports and case series have used
MDCT with encouraging results [12—17]. These reports
suggest that MDCT could be a good noninvasive imaging
modality for prosthetic heart valve evaluation. However,
there has been no prospective evaluation of the correctness
or limitations of MDCT in various prosthetic valve
disorders, including pannus formation, prosthetic valve
dysfunction, suture loosening (paravalvular leak) [3] and
pseudoaneurysm formation [4]. The goal of our study was
to prospectively evaluate MDCT in diagnosing valve
disorders, using operative findings as the gold standard.

Materials and methods
Patient enrollment

From March 2005 to March 2008, we prospectively
enrolled all patients that accepted prosthetic valve replace-
ment and had suspected mechanical prosthetic valve
disorders (Fig. 1). The patients were recruited consecu-
tively from a 1,500-bed tertiary hospital with a specialized
cardiovascular institute. The presenting symptoms in-
cluded dyspnea, abdominal distension, leg edema, back
pain, chest tightness, chronic cough and easy fatigue.
Prosthetic valve disorders included pannus formation,
prosthetic valve dysfunction, suture loosening (paravalv-
ular leak) [3] and pseudoaneurysm formation [4].
Exclusion criteria were a history of asthma, severe
chronic obstructive pulmonary disease, total heart block,

atrial flutter or fibrillation with a heart rate higher than
100 bpm after oral propranolol 40 mg, inability to perform
a breath-hold for more than 15 s, pregnancy, allergy to
contrast material, and renal insufficiency (creatinine level
>1.4 mg/dl). The institutional review board approved the
study, and all patients gave informed consent.

Demographic data collection

The age, sex, previous indication and date of prosthetic
valve replacement, the valves replaced and the current
chief complaint were all recorded.

Transthoracic echocardiography

After enrollment, transthoracic echocardiography (TTE)
and MDCT were performed within 1 week. TTE was
performed on either one of two specialized echocardiog-
raphy machines (Sonos 5500 and iE 33; Philips Medical
Systems, Best, The Netherlands) by one of three qualified
technologists with more then 10 years of experience and
was supervised by two cardiologists with 10 years of
experience. The prosthetic valve motion, presence of
stenotic jet flow and regurgitation, transvalvular mean
pressure gradient (calculated by a simplified Bernoulli
equation), effective prosthetic valve area (calculated by
continuity equation), presence of paravalvular leak and
pseudoaneurysm were carefully evaluated. The general
diagnostic criterion for prosthetic valve dysfunction is a
mean pressure gradient >30 mmHg or effective orifice area
<1.0 cm? [5]. A more detailed diagnostic criterion for each
prosthetic valve was also used for confirmation [5]. The
diagnosis of paravalvular leak was established if the flow
jet signal was identified outside of the suture ring.

MDCT of prosthetic heart valves

All patients with an initial heart rate more than 60 bpm were
given a 10-40 mg dose of oral propranolol (Cardilol;
Veteran’s Pharmaceutical Factory, Taoyuan, Taiwan, Repub-
lic of China) 1 h before MDCT by an experienced cardiac
radiologist. Cardiac CT studies were performed by using a
40-detector-row CT system (Brilliance 40; Philips, Best, The
Netherlands). The parameters were a tube voltage of 120 kV,
an effective tube current of 400-950 mA per section
according to the patient’s body weight [10], a pitch of 0.2
and a rotation time of 0.42 s. In addition, electrocardio-
graphic gating was employed from the carina to the lower
border of the heart in a craniocaudal direction. The online
electrocardiography-based dose modulation (DoseRight
Cardiac, Philips) was not applied, because of potential
impairment of systolic phase images, which are crucial for
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Fig. 1 Clinical study algorithm.
The clinical study algorithm in
patients with suspected pros-
thetic valve disorders

Patients suspected with prosthetic valve disorders, including
panmus formation, prosthetic valve dysfunction, suture loosening
(paravalvular leak) and pseudeaneurysm formation. (n=29)

v

v
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leakage. Emergent operation.

Arrange transthoracic echocardiography

and MDCT within one week.

=7
(n=2) n=2) (r=25)
| h
A 4 A 4 ) \ 4 L ] i
L‘:leﬂeﬂi‘::;? se;:.re Echocardiography (-), :Echocardiography (+), Echocardiography (-}, Echocardiography (+),
MDCT L MDCT (-) MDCT (-} MDCT (+) MDCT (+)
o (=12) (n=0) (n=6) n=6)
(n=1)
‘Positive group’
Combined discussion with the cardiovascular surgeon in
charge and a cardiac radiologist for the findings and the
indication for surgery. If patient agrees, operation is
performed within 7 days after MDCT. (n=12)
1
Operation 15 i gl :
performed two s ::“S :T.‘t;u:,‘.d Opemtrl;; group
months after E ;:i“" =)
MDCT. Excluded 3
from analysis. 1
n=1) + 4

evaluation of prosthetic valve motion. The CT protocol was
the same as that used for the ‘ischemic heart routine’ [18].

A 20-gauge intravenous catheter was placed in the right
antecubital vein, and 100 ml of iohexol (Omnipaque 350;
Amersham, Cork, Ireland) was injected at a flow rate
determined by the ‘contrast-covering time’ concept [11,
19]. This was followed by a 30-ml saline bolus given at the
same flow rate. The ‘contrast-covering time’ concept has
proven to be useful in evaluating intracardiac prosthetic
devices and structures in patients of different body weights
[8-11, 19]. To synchronize imaging with the injection of
contrast agent, we used a bolus-tracking technique with a
threshold of 150 HU and a region of interest placed in the
ascending aorta. Two senior CT technologists with more
than 10 years of experience with CT performed all the CT
studies. Images were reconstructed from 0% to 90% of the
RR interval with 10% intervals.

The initial heart rate, heart rate after propranolol,
heart rate during the scan, scan time and dose-length
product were recorded. A factor of 0.014 was used to
convert the dose-length product data into the effective
dose [23].

Amplatzer ductal occluder Re-do valve replacement

occlusion for paravalvular within 7 days.
leak of mitral valve within n=5)
7 days.

(n=1)

For evaluation of the MDCT examinations, a cardiac
radiologist with 4 years of experience with intracardiac
prosthetic device evaluation [11] used a dedicated MDCT
workstation (Extended Brilliance Workspace; Philips, Best,
The Netherlands) to interpret the CT data. The ten-phase
images were loaded into the cine viewer software (Cardiac
viewer; Extended Brilliance Workspace, Philips, Best, The
Netherlands) to evaluate the prosthetic valve motion in
various planes with a focus on leaflet motion and residual
opening angle between leaflets. Special attention was also
paid to the relationship between the suture ring and the
surrounding valve annulus for detecting suture loosening,
pannus and pseudoaneurysm formation.

Pannus formation was defined according to previous
case reports [13, 16, 17] and our clinical experience as a
small low-density region located at the inflow side of the
prosthetic valve suture ring. Care was taken to exclude the
beam-hardening artifact, which was defined as a black
shining line projecting outwards from the dense portion of
the device (Fig. 2).

Prosthetic valve dysfunction was defined according to
previous literature on cine fluoroscopy and MDCT [6, 13, 16,
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Fig. 2 Bjork-Shiley valve that could not be evaluated by MDCT. A
69-year-old female patient with a Bjork-Shiley tilting disk aortic
valve that could not be evaluated by MDCT due to severe beam-
hardening artifact. a Three-chamber view of MDCT during systolic
phase shows the prosthetic valve (arrow) in the aortic position, but
with severe beam-hardening artifact (arrowheads). The beam-
hardening artifact impaired visualization of the valve structure,
making it impossible to diagnose the prosthetic valve disorder.
Because TTE showed a transvalvular mean pressure gradient of
55.0 mmHg and an effective aortic valve area of 1.0 cm?, prosthetic
valve dysfunction was diagnosed by TTE. Severe pannus formation
with prosthetic valve dysfunction was found during redo valve
replacement surgery. b Cross-sectional MDCT image of the Bjork-
Shiley tilting disk valve in vitro using 80 kV and 800 mAs/slice.
Severe blooming artifact of the metallic prosthesis (arrow) is noted
with a severe adjacent beam-hardening artifact (arrowhead). The
window width and level are set at 850/150 in b, ¢ and d for
comparison. ¢ Cross-sectional MDCT image of the Bjork-Shiley
tilting disk valve in vitro using 120 kV and 800 mAs/slice.
Compared with b, the blooming and beam-hardening artifacts are
better controlled, but are still severe. The detailed prosthesis
structure still could not be evaluated. d Cross-sectional MDCT
image of the Bjork-Shiley tilting disk valve in vitro using 140 kV
and 800 mAs/slice. With the 140-kV technique, the blooming
(arrow) and beam-hardening artifacts (arrowhead) are similar to
those obtained with the 120 kV technique in ¢. No more diagnostic
information could be obtained using the high-radiation 140-kV
technique. (Ao: aorta, LA: left atrium, LV: left ventricle)

17]. For a bileaflet valve, the residual angle must be less than
20 degrees [17]. For a tilting disk valve, the normal opening
angle is different with different vendors, and the diagnostic
criterion is based on the information provided by the vendors
[20]. If the residual angle was larger than 20 degrees in
bileaflet valves or the defined normal angle of tilting disk
valves, prosthetic valve dysfunction was diagnosed.

Paravalvular leak was evaluated by using the most
quiescent systolic and diastolic phases of each valve. If the
suture ring was not directly attached to the surrounding
tissue, and contrast material filled in the spaces between,
paravalvular leak was diagnosed.

Pseudoaneurysm was defined as a cavity that was not
lined by the native cardiovascular endothelium surround-
ing the implanted prosthetic heart valve with an entry
site caused by tearing from the suture on the native heart
tissue.

The location of the pannus formation and prosthetic
valve loosening were also recorded. Because the operative
finding was the gold standard for our study, we use a
localizing system based on the surgical view (Fig. 3) The
involved zones of pannus formation and suture loosening
were recorded for comparison with operative findings.

Operation

After completing the image evaluation, if there were
positive findings on either MDCT or TTE, the patient was
enrolled into the ‘positive group.” The findings were
discussed together with the cardiac radiologist and cardio-
vascular surgeons to clarify the indication for surgery.
Then, the condition was explained to the patient. If the
patient was willing to receive an operation, it was arranged
within 1 week, and the patient was assigned to the
‘operative group.” During the operation, we also recorded
the presence and the locations of prosthetic valve disorders
and compared them with MDCT and TTE findings.

The surgical definitions of prosthetic valve disorders
were defined as the following. Pannus formation was
defined as the focal soft tissue growth over the inflow
portion of the suture ring. Prosthetic valve dysfunction
was defined as the occurrence of resistance before the
leaflets fully opened when the leaflets were probed. When
the heart was opened during initial inspection, if the
suction tip could easily probe into the defect between the
suture ring and the valve annulus, the diagnosis of suture
loosening was made. For pseudoaneurysm, the intra-
operative diagnosis was made with clear identification of the
entry point and successful probing of the pseudoaneurysm
cavity.

For patients with suture loosening that decided to have a
minimally invasive procedure, a team with endovascular
device delivery experience [21] performed the Amplatzer
ductal occluder for prosthetic valve suture loosening defect
occlusion [22]. During the procedure, loosening and the
location were confirmed by both transesophageal echocar-
diography and left ventriculography. Then, the presence of
the defect was further confirmed by guidewire passage and
occluder implantation.

Statistics

Paired 7-test was used to compare the initial heart rate and
heart rate during the exam (after oral propranolol). P<0.05
was considered to indicate a statistically significant
difference. The exclusion rate of MDCT prosthetic valve
evaluation was defined as the valves that could not be
evaluated divided by the total number of valves examined.
After excluding the cases that could not be evaluated, the
diagnosis correctness and localization correctness were
determined. The diagnostic correctness was defined as the
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Fig. 3 Tllustration of the localization system. Localization of pannus
and suture loosening in prosthetic aortic, mitral and tricuspid valves.
a MDCT image of prosthetic aortic valve viewed from ascending
aorta (case 3). After identifying the right coronary artery orifice
(arrowhead), left main coronary artery orifice (arrow) and the mid-
point of non-coronary cuspid of aortic valve, we divide the
prosthetic aortic valve into three zones as shown in the figure
(dashed line). Starting from the right coronary artery orifice
(arrowhead), zones 1, 2 and 3 are defined in a clockwise rotation.
b MDCT image of prosthetic mitral valve viewed from left atrium

number of cases with correct diagnosis on MDCT divided
by the number of cases in the operative group. The
localization correctness was defined as the number of zones
with correct interpretation divided by the total number of
zones evaluated.

Results
Patient demographics

Initially, 29 patients were recruited, but 2 of them had
surgery after echocardiography, and 2 required an emergent
operation for the diagnosis of infective endocarditis with
suture loosening. Therefore, a total of 25 patients (14 male)
and 31 valves were enrolled in the study (Table 1). The

Table 1 The characteristics of patients undergoing MDCT

Value *

Characteristics

Age (years)

MDCT scan time (s)
Initial heart rate (bpm) #
Dose of propranolol (mg)

58.3+18.1 (16-79)
15.7+1.8 (13.0-21.4)
74.2+14.2 (49-101)
21.3+14.8 (0-40)

71.2+14.8 (50-108)
1,128.4+219.9 (673.0-1,534.4)
15.84+3.1(9.4-21.5)

Heart rate during scan (bpm) *
Dose-length product (mGy.cm)
Effective dose (mSv)

*Data are presented as mean + standard deviation (range)
#Comparison of the initial heart rate and heart rate during scan by a
paired ¢ test, p=0.002

(case 3). After identifying the mid-point of aortic valve (arrow) at
the 12 o’clock position, the prosthetic mitral valve was virtually
divided into four zones as shown in the figure (dashed line). Zones
1,2, 3 and 4 are indicated in a clockwise rotation. ¢ MDCT image of
prosthetic tricuspid valve viewed from right atrium (case 7). After
identifying the coronary sinus orifice (CS) at the 6 o’clock position,
the prosthetic tricuspid valve was virtually divided into four zones
(dashed line). Starting from the coronary sinus orifice (CS), zones 3,
4, 1 and 2 are defined in a clockwise rotation. (CS: coronary sinus,
RA: right atrium)

effective dose of the CT examination was 15.8+3.1 mSyv,
which is similar to previous cardiac MDCT studies [18].

Valve distribution

A total of 31 valves were examined: 13 of them were
mitral, 16 aortic and 2 tricuspid. The valves were
manufactured by various vendors: 13 were On-X bi-leaflet
valves (On-X, Medical Carbon Research Institute, Austin,
TX), 8 were CarboMedics bi-leaflet valves (CarboMedics,
Inc., Austin, TX), 8 were St. Jude Medical bi-leaflet valves
(St. Jude Medical valve, St. Jude Medical Inc, St. Paul,
MN), 1 was a Medtronic Hall tilting disk valve (Medtronic
Hall valve, Medtronic, Inc., Minneapolis, MN), and 1 was
a Bjork-Shiley tilting disk valve (Bjork-Shiley spherical
disk valve, Shiley Inc., Irvine, CA). Only the Bjork-Shiley
tilting disk valve could not be evaluated by MDCT due to
severe beam-hardening artifact (Fig. 2). Echocardiography
was positive in 6 patients, and MDCT was positive in 12.
The positive group contained 12 patients.

We searched our storehouse and found an unused Bjork-
Shiley valve manufactured 22 years ago (July 1987). An in
vitto MDCT exmaination was done with the Bjork-Shiley
valve embedded in a bottle of water. Even with the highest
tube voltage of 140 kV in our current clinical CT system, the
valve could still not be evaluated due to severe beam-
hardening artifact (Fig. 2).

Only one of the 31 valves could not be evaluated,
resulting in an exclusion rate of 3.2%.
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Operations and comparisons

Based on a combined discussion with the cardiac radiol-
ogist and surgeons in charge, all 12 patients in the positive
group were indicated for surgery. Six patients were
indicated for surgery due to suture loosening, two for
pannus with prosthetic valve dysfunction, two for pseudo-
aneurysm surrounding the suture ring, one for prosthetic
valve dysfunction without pannus formation, and one for
pannus formation, but no prosthetic valve dysfunction.
Five patients received open heart surgery within 1 week,
including three aortic (Figs. 4 and 5) and two mitral redo
replacements. One patient decided to undergo a minimally
invasive operation with an Amplatzer ductal occluder for

prosthetic mitral valve loosening (Fig. 6) [22]. A total of
six patients were included in the ‘operative group’ for
further analysis (Table 2). One patient received open heart
mitral valve replacement 2 months later, because the time
interval between MDCT and surgery was too long; thus,
this patient was excluded from further analysis.

MDCT correctly diagnosed all the valve disorders in the
six patients in the operative group; thus, the diagnostic
correctness was 100%. In addition, a total of 24 zones were
evaluated, and MDCT correctly identified the presence or
absence of disorders in all 24 zones; thus, the localization
correctness was also 100%.

In the six patients in the operative group, TEE could not
identify severe aortic valve loosening in one patient; thus,

Fig. 4 Suture loosening. A 59-year-old male post-aortic valve (On-
X) replacement with extensive suture loosening (case 4). a Three-
chamber view of TTE. The bi-leaflet (arrowheads) prosthetic aortic
valve is clearly identified. However, the severe acoustic shadow
(arrow) produced by the prosthesis itself impaired the evaluation of
the valve. The TTE was interpreted as normal! The motion cine is
provided as animation 4a. The extensive suture loosening was
missed by TTE. b MDCT image of the prosthetic aortic valve
viewed from the ascending aorta clearly shows suture loosening.
Only four stitches with pledgets are still intact (arrowheads);
otherwise, the sutures are all loosened. The extensive suture
loosening involves all three zones. ¢ Three-chamber view of
MDCT clearly shows separation of the suture ring (white arrow-
head) and aortic valve annulus (black arrowhead). During systole,

paravalvular leak is identified (dashed arrow). Compared with the
TTE image in a, the loosening is in the region of severe acoustic
shadowing, which explains the missed diagnosis by TTE. The
motion cine is provided as animation 4c. d The intra-operative
photograph. After exposing the ascending aortic graft (arrow) of the
previous Bentall operation, the suction tip (arrowhead) can easily
probe the loosening region. Suture loosening and its involved zones
are confirmed. e The hand-drawn surgical finding. After the
operation, the surgeon recorded the surgical findings with a hand-
drawn picture on the operation notes. Not only the involved zones
are totally compatible, but also the remaining intact four stitches
(arrowheads) are exactly the same as the MDCT findings shown in
b. (Ao: aorta, L: left coronary cuspid, LA: left atrium, LV: left
ventricle, N: non-coronary cuspid, R: right coronary cuspid)
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Fig. 5 Pannus formation. A 41-year-old female post-prosthetic
aortic valve (CarboMedics) replacement with pannus formation and
prosthetic valve dysfunction (case 1). a MDCT image of the left
ventricular outflow tract. The pannus (arrow) is identified as a small
black area just below the suture ring extending into the housing. The
pannus is formed extensively and involves all three zones. The
complete serial sections are shown in animation 5a. All pannuses
identified are indicated by red arrows. b MDCT image of left

the diagnostic correctness of TEE using the operative
findings as a gold standard was only 83.3%. However,
MDCT clearly and correctly identified the loosening
(Fig. 4).

Although one patient with a Bjork-Shiley valve could
not be evaluated by MDCT, TTE correctly identified the
prosthetic valve dysfunction in this patient by showing an
effective orifice area of 1.0 cm? and a transvalvular
pressure gradient of 55 mmHg. Pannus formation and
prosthetic valve dysfunction were also noted during redo
valve replacement in this patient.

Discussion

Our study is the first to prospectively confirm the
diagnostic correctness of MDCT for prosthetic valve
disorders in real clinical conditions. Except for some
outdated Bjork-Shiley tilting valve disks, MDCT can
evaluate all prosthetic valve disorders clearly, including
pannus formation, prosthetic valve dysfunction, suture
loosening and even pseudoaneurysm formation. MDCT
resulted in a correctness of 100% for diagnosing the disease
as well as localizing the disorder.

Our study vs. existing literature

Until now, there have been only some scattered case reports
or case series in the literature on the use of MDCT to
diagnose prosthetic valve dysfunction [12-17]. Although
these studies reported encouraging images and diagnostic
results, they may have been confounded by a severe

ventricular outflow tract during systole is used for measuring the
residual angle between the leaflets (arrowheads). The residual angle
is 66 degrees, which indicates prosthetic valve dysfunction. ¢ The
intra-operative photograph. The extensive pannus formation (white
arrowhead) is also identified with only a small region spared (black
arrowhead), which is compatible with the MDCT findings. (Ao:
aorta, LV: left ventricle)

selection bias due to the inherent limitation of the article
format. Our study was based on a tertiary referral medical
center with consecutive and prospective enrollments,
which reflect real-world conditions. We confirmed the
early encouraging results of previous case reports and also
provided data on more valve disorders and imaged more
different types of mechanical valves. In addition, we
provided information about the limitations of MDCT.

Teshima et al. studied the usefulness of MDCT for
detecting pannus formation, but only two patients were
surgically confirmed [17]. In that study, the only valve
disorder was pannus formation, and both patients had a St.
Jude Medical bileaflet valve. Compared with Teshima’s
study, we evaluated more valve disorders, had more
surgically confirmed cases and included multiple brands
of prosthetic heart valves. Therefore, our results are more
applicable to routine clinical practice.

The Bjork-Shiley valve

For the Bjork-Shiley spherical valve that could not be
evaluated by MDCT, the severe beam-hardening artifact
persisted even at the highest tube voltage in the clinical CT
system [24]. This means that even if the routine protocol was
shifted to scanning with 140 kV, the diagnostic correctness
and exclusion rate would probably have been the same. Thus,
using the same protocol as for CT coronary angiography,
120 kV should be sufficient for prosthetic heart valves.

The other prosthetic valves included the On-X, St. Jude
Medical, CarboMedics bileaflet valves and Medtronic Hall
tilting disk valve and could all be evaluated by MDCT in
our study.
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Fig. 6 Suture loosening occluded by Amplatzer ductal occluder. A
16-year-old female post-prosthetic mitral valve (On-X) replacement
with focal suture loosening (case 6) occluded by the Amplatzer
ductal occluder. a Four-chamber view of TTE demonstrating
paravalvular leak (arrow) during systole at the superior portion of
the prosthetic valve, indicating suture loosening. Also notice the
severe tricuspid regurgitation (arrowhead). b Two-chamber view of
MDCT demonstrates suture loosening by identifying the separation
of mitral annulus (white arrowhead) and suture ring (black
arrowhead). ¢ Virtual endoscopy of MDCT viewed from the left
ventricle. The suture loosening is identified (arrow). The view is
different from the surgical approach from the left atrium. With the
location definition in our study, the suture loosening is defined as

Implications for clinical practice

It is possible that MDCT could be a major imaging
modality in prosthetic heart valve disorders. In our study, a
patient with Bjork-Shiley valve was excluded due to severe
beam-hardening artifact. Except in this one case, all
patients with prosthetic valve disorders were successfully
and accurately diagnosed by MDCT with operative
confirmation. This means that when MDCT can see the
prosthetic valve structure clearly, the evaluation should be
accurate. Thus, in clinical practice, when TTE and TEE
cannot evaluate the prosthetic valve confidently because of
the inherent limitation of ultrasound, such as poor acoustic
window, metallic shadowing or limited penetration, MDCT

zone 4. d Right anterior oblique view of catheter angiography during
ductal occluder deployment. After confirming the suture-loosening
location (arrow) by transesophageal echocardiography and left
ventriculography, the Amplatzer ductal occluder was successfully
placed in the superior aspect of the prosthetic mitral valve
(arrowhead). e Virtual endoscopy of MDCT viewed from the left
ventricle after the procedure. The Amplatzer ductal occluder (arrow)
is successfully occluding the suture loosening of the prosthetic
mitral valve (arrowhead). (APM: anterior papillary muscle, LA: left
atrium, LAA: left atrial appendage, LV: left ventricle, LVOT: left
ventricular outflow tract, PPM: posterior papillary muscle, RA: right
atrium, RV: right ventricle)

could be used as a reliable investigation for further
assessment.

Limitations

There are several limitations of our study. First, it was only
a single center and single country study with limited types
of prosthetic valves (only five types). Some countries are
still using Bjork-Shiley valves extensively, which would
limit the use of our study for that type of wvalve.
Furthermore, there are still many different kinds of
prosthetic valves that were not encountered in our study,
even though our study did provide clinically useful
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information for those countries using On-X, St. Jude
Medical, Carbemedics bileaflet or even Medtronic Hall
tilting disk valves. Based on our protocol and interpretation
methods, other investigators might also use MDCT to scan
patients with different kinds of prosthetic valves, which
might further extend our knowledge in this field. Secondly,
we did not perform transesophageal echocardiography for
prosthetic valve evaluation. The reason is that transeso-
phageal echocardiography is considered an invasive study
that causes considerable discomfort if not performed under
anesthesia. Also, there are already many studies of
prosthetic valves using transesophageal echocardiography
in the literature [5]. Thus, we decided to use only TTE and
MDCT in our study. Thirdly, there are only six patients
with surgical correlation in our study. However, this is
already the largest series in the literature and is the only

prospective correlation study up to the time of writing this
manuscript.

Conclusions

In conclusion, except for the images impaired by severe
beam-hardening artifacts, MDCT provides excellent con-
cordance with surgical findings in prosthetic valve
disorders. Our study confirmed the clinical usefulness of
MDCT for prosthetic valve disorders.
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