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Abstract

Introduction: Transcatheter paravalvular leak closure (TPVLC) has become a well-established method of treatment for patients
with paravalvular leak (PVL) causing heart failure or significant hemolysis. Nonetheless, the method of optimal PVL sizing and sub-
sequent device choice requires standardization. For this purpose a real-time three-dimensional transesophageal echocardiography
(RT-3D TEE) algorithm was developed in our institution. It has proven clinically useful with results successfully translated into type,
size, and number of occluding devices. Still, the reproducibility of measurements has not been previously verified.

Aim: To investigate the intra- and inter-observer variability of measurements in a RT-3D TEE algorithm developed for optimal
choice of occluding devices during TPVLC.

Material and methods: Three echocardiographers, with RT-3D TEE clinical experience ranging from 1 to 8 years, analyzed re-
cordings of 20 mitral PVLs according to our standardized protocol. PVL channel cross-sectional area (CSA), width (W) and length (L)
were measured at the level of the vena contracta. Each echocardiographer performed the measurements twice on different days,
individually and blinded to other participants’ results.

Results: Measurements of PVL CSA, W and L showed intra- and interobserver agreement of 0.98, 0.93, 0.92 and 0.95, 0.88, 0.87,
respectively.

Conclusions: The presented algorithm enables standardized utilization of RT-3D TEE for appropriate TPVLC device choice with
low intra- and inter-observer variability.

Key words: paravalvular leak device closure, real-time three-dimensional transesophageal echocardiography, measurement
standardization.

Summary

Our study aimed to investigate the reproducibility of mitral paravalvular leak (PVL) measurements in a standardized
real-time three-dimensional transesophageal echocardiography algorithm developed for optimal choice of occluding devices
during transcatheter paravalvular leak closure. Values of PVL channel cross-sectional area, width and length, obtained
independently by three echocardiographers with different RT-3D TEE clinical experience, showed low intra- and inter-observer
variability.
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Introduction

Paravalvular leaks (PVL) after surgical valve replace-
ment are reported in more than 10% of patients [1, 2].
The first transcatheter PVL closure (TPLVC) was per-
formed over two decades ago [3] and the method has
been constantly developing ever since. Having finally
been shown to improve the functional class of heart
failure patients and reduce hemolysis [4] it was granted
a class Ila recommendation by the AHA/ACC [5]. Initially,
TPVLC was performed with ASD, VSD or PDA occluders
and later with plugs designed for vascular embolization
such as Amplatzer Vascular Plugs (AVP) [6-9]. The first
TPVLC-dedicated device to receive the CE mark is the
Paravalvular Leak Device, PLD (Occlutech).

Ultrasound imaging, with real-time three-dimension-
al transesophageal echocardiography (RT-3D TEE) in par-
ticular, is an extremely useful tool for procedural guiding
during TPVLC [10]. Likewise, it may play a crucial role
in optimal, anatomy-matched, choice of type, size, and
number of the occluding devices. To optimize TPVLC de-
vice selection, we developed a novel, standardized proto-
col of TEE image acquisition and analysis. Applicability of
our approach was validated clinically, with a procedural
success rate ranging from 89.7% to 93.8% depending on
the device [9, 11, 12].
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Figure 1. N\ultiﬁlénar presentation focused on PVL VC visualization

Aim

Until now the described TEE protocol was used in
our center almost exclusively by one experienced echo-
cardiographer — hence the intra- and inter-observer vari-
ability of the method remained unknown. We currently
intend to determine these parameters for investigators
with varying experience in 3D-RT TEE.

Material and methods
3D TEE protocol

To ensure optimal spatial and temporal resolution,
we acquire the smallest possible volumes containing the
complete PVL channel in an ECG-gated, single-beat zoom
3D High Volume Rate (HVR) mode with color doppler (CD).
Such visualization of PVL opacification by CD-mapped
flow turbulence is used for detailed PVL anatomy anal-
ysis. With acquired volume being replayed in the multi-
planar presentation the PVL channel is reoriented with-
in the three perpendicular planes until two of them are
positioned parallel to the flow direction while the third
one is perpendicular and at the level of the vena contrac-
ta (VC) — Figure 1. Pivotal for the device choice are the
cross-sectional area (CSA) and the minimum (width — W)
and maximum (length — L) diameters of VC, all measured
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Figure 2. A — Measurements of PVL VC CSA (black continuous trace) and depth (black double-headed arrows),
B — Measurements of PVL minimum (width) and maximum (length) dimensions (black double-headed arrows)
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on the image frozen at the time of maximum paraval-
vular backflow. Analogously, the channel depth, under-
stood as the distance between cavities of the left ventri-
cle (LV) and left atrium (LA), can be verified (Figures 2 A
and B). The size and number of plugs are chosen in previ-
ously described manners according to either CSA for AVP
19, 11] or W and L for PLD [12].

Validation of measurements’ reproducibilit
y

Three researchers (R1, R2, R3) with different levels of
3D-RT TEE expertise (8, 3 and 1 year of clinical experience,
respectively) were chosen to participate in the study. Re-
cordings of 20 patients with mitral PVLs referred for TPVLC
were acquired in the above-described manner using Philips
iE33 and EPIQ 7 ultrasound machines (Philips). Heart fail-
ure symptoms in functional NYHA class > 3 (n = 19, 95%)
constituted the main indication for TPVLC. Some extent of
concomitant hemolytic anemia was present in 13 (65%)
patients but did not require RBC transfusion. One patient
was disqualified following the TEE and clinical assessment,
as the PVL was deemed insignificant. The group charac-

Table I. Clinical and procedural group characteristics

teristics are presented in Table I. 3D HVR loops with CD
were analyzed offline on a workstation (QLAB Ultrasound
Cardiac Analysis, Philips). All researchers were asked to
follow the same steps: 1) determine the location of the
PVL and choose a frame during systole in which the PVL is
best visible, 2) align the multiplanar reconstruction planes
to obtain the cross-sectional image of the PVL channel at
the level of the VC (representing the “landing zone” for
closure device), 3) measure the W, L and CSA of PVL at that
level. Each echocardiographer individually performed the
measurements twice on different days without knowledge
of values obtained by other participants. The echocardiog-
rapher with the shortest experience in 3D echocardiogra-
phy was introduced to the principles of PVL measurements
with analysis of three cases (not included in the study).

Results

Intra- and interobserver correlation coefficients were
calculated for each measurement (CSA, W, and L). All
of them were found to be highly reproducible. Results
are presented in Table Il. Bland and Altman showing in-

Age Sex HF Hem AF HA DM CKD Prosth Occl Size Num Res
59 M 1 0 2 0 0 0 Biol PLD 4x2 1 0
80 F 1 1 2 0 0 1 Mech PLD 8 x4 1 0
59 F 1 0 2 0 0 1 Biol PLD 12x5 1 0
59 F 1 1 1 1 1 0 Mech PLD 8 x4 1 1
75 M 1 0 0 1 0 0 Biol PLD 6x3 1 0
67 M 1 0 2 0 0 1 Biol PLD 16 x 8 1 0
66 M 1 0 1 0 0 Mech PLD 8x4 1 0
75 M 1 1 1 1 0 0 Biol PLD 12 x5 1 1
60 F 1 1 2 0 0 0 Mech AVP Il 3x6 3 1
58 F 1 1 2 0 1 0 Biol PLD 5x5 1 1
73 F 1 1 0 0 0 1 Mech AVP 11 6x3 3 1
84 F 1 1 2 1 0 1 Biol PLD 12 x5 1 1
65 M 1 1 1 1 0 0 Mech AVP Il 6x3 4 1
67 M 1 1 2 1 0 1 Mech AVP Il 6x3 4 0
55 M 1 0 0 0 0 0 Mech AVP Il 6x3 4 1
65 F 1 1 2 0 0 0 Biol ASD 12 1 1
70 F 1 1 0 0 0 0 Biol AVPIIl 6x3,8x4 3+1 0
73 M 1 1 2 1 1 1 Mech AVP Il 6x3 3 0
65 F 1 1 0 0 0 0 Mech PLD 8 x4 1 0
59 M 0 0 0 1 0 0 Biol NA NA NA NA

HF - heart failure symptoms > NYHA class Ill, Hem — hemolytic anemia, AF —atrial fibrillation (1 - paroxysmal, 2 — permanent), HA — arterial hypertension, DM —type 2
diabetes mellitus, CKD — chronic kidney disease stage 3 or 4, Prosth — type of prosthetic valve, Occl — type of implanted PVL occluders, Size — size of implanted PVL
occluders, Num — number of implanted PVL occluders, Res — grade of residual PVL (O - none, 1 - trace/mild).
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tra-observer (R1, R2, R3) differences in CSA, W and L mea-
surements are presented in Figure 3. Bland and Altman
plots showing inter-observer differences for each of the
CSA, W and L measurements are presented in Figure 4.
The limits of agreement (LoA), defined as the mean dif-
ference + 1.96 SD of differences, were not exceeded in

the vast majority of measurements.

Discussion

already been reported before but in the majority of cases
only one, experienced echocardiographer performed all
measurements [9-12]. Current analysis shows that the
proposed algorithm offers excellent both intra-observer
reproducibility and interobserver agreement even if used
by echocardiographers with very different levels of 3D-RT
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Table Il. Intraclass correlation coefficients (ICC)
for measurements of PVL vena contracta cross-
sectional area (CSA), width and length

Parameter Interobserver ICC Intraobserver ICC
Median (95% CI) Median (95% Cl)
CSA 0.95 (0.89-0.98) 0.98 (0.94-0.99)
Width 0.88 (0.77-0.95) 0.93 (0.84-0.97)
Length 0.87 (0.76-0.94) 0.92 (0.79-0.97)

Our method of mitral PVL sizing aims at proper clo-
sure device selection. Excellent clinical applicability has

TEE expertise.

R1_CSA1 - R1_CSA2

R2_CSA1 - R2_CSA2

The described algorithm is not meant to assess the
hemodynamic significance of the PVL, which typically
requires careful analysis of both echocardiographic pa-
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rameters and clinical status of the patient. Nevertheless,
it may be implemented for TPVLC effect assessment [13].

Assuring sufficient quality of acquired volume data
sets is of paramount importance for the presented al-
gorithm of analysis. Essentially, the ultrasound window
in the middle transesophageal view is excellent in nearly

all patients with mitral PVL. Nevertheless, standard 3D
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full volume with color Doppler (CD) acquisition, while tre-
mendously useful for determining PVL location, does not
allow for detailed PVL channel visualization as large vol-

Figure 3. Bland and Altman plots presenting intra-observer differences in cross-sectional area (CSA), width (W)

and length (L) measurements
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Figure 4. Bland and Altman plots presenting inter-observer differences for each of the cross-sectional area

(CSA), width (W) and length (L) measurements

ume per se reduces the resolution. Merging the sectors
in multi-beat ECG-gated acquisition mode, while enhanc-
ing the volume rate, may also produce stitching artifacts,
particularly in the settings of atrial fibrillation. As a re-
sult, the image quality can easily become non-diagnostic
unless the presented acquisition mode is followed.

The idea behind the presented imaging scheme is to
facilitate selection of the device(s) leading to complete PVL
sealing with the smallest possible amount of occluders’
material left outside the PVL channel. The need of possibly
total PVL closure is not only justified by the intuitively op-
timal hemodynamic result but also by avoiding hemolysis
exacerbation, which may occur if only partial reduction of
paravalvular flow is achieved [13]. In our center, visual-
ization of an irregularly shaped and/or long PVL channel
justifies the use of multiple AVP Il occluders (devices con-
taining no sealing fabric) with the intention to densely fill
the PVL channel with squeezed Nitinol mesh (oversizing
is desired). With PLD, on the other hand, the distal discs
contain fabric, and therefore their full expansion and ap-
position to PVL orifices are needed. To achieve that, the
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middle module of the devices should not be squeezed
within the channel (oversizing contraindicated) as it re-
sults in deformation of the whole device (Figures 5 A, B).
One of the hereby-analyzed patients was finally treated
with ASD implantation as the PVL was located relative-
ly far from the prosthesis and the channel was large and
elongated. In such large lesions, the PVL channel can also
be sometimes directly visualized without CD mapping. In
our experience, directly measured dimensions tend to be
slightly smaller when compared to those visualized with
CD, but this technique is only feasible in selected patients
and lacks sufficient clinical validation for TPVLC.
Avoidance of overhanging of the devices outside the
lesion reduces the risk of prosthetic valve discs impinge-
ment. Another risk related to the excess of artificial ma-
terial left protruding from the channel is that of throm-
boembolism. Current evidence on the topic is scarce, but
published case reports point to either lack or incomplete-
ness of device endothelialization. Follow-up in these ob-
servations reaches up to 16 months, and thrombus for-
mation on the closing device has also been reported [14].

Advances in Interventional Cardiology 2019; 15, 2 (56)
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Figure 5. A — Fluoroscopy image of a properly expanded PLD (PLD closing mitral PVL, arrows pointing at the
discs of PLD). B — Fluoroscopy image of a deformed PLD (arrows pointing at the discs of PLD)

MV —mitral prosthetic valve, AV — aortic prosthetic valve.

Indirectness of the proposed method of PVL channel
sizing, based solely on paravalvular backflow measure-
ments visualized by color-coded pulse wave Doppler, may
be considered a limitation of our method. The high-ve-
locity flow of blood at the level of the PVL VC produces
numerous turbulences by CD and does not necessarily
represent actual anatomical dimensions of the PVL chan-
nel. Still, this approach has been shown to be very useful
in real-life, clinical situations [9-13].

Secondly, even though our 3 participants performed
measurements individually, they were all working on im-
ages (volume loops) acquired by the most experienced
one. Obviously, image quality is pivotal for our algo-
rithm, and high technical skills of the echocardiographer
performing the examination are mandatory for final suc-
cess.

Conclusions

The presented algorithm had been previously report-
ed to facilitate standardized utilization of RT-3D TEE for
adequate PVL sizing and TPVLC device choice, if used by
a highly experienced echocardiographer. We currently
found that it can also be efficiently used by echocardiog-
raphers at different proficiency levels with low intra- and
inter-observer variability.
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