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Abstract
Aims: Videodensitometric assessment of aortography provides a periprocedural quantitation of prosthetic 
valve regurgitation (PVR) after transcatheter aortic valve implantation. We sought to compare the videoden-
sitometric parameters of PVR severity to the regurgitation fraction (RF) in a controlled in vitro setting.

Methods and results: In a mock circulation system, a transcatheter balloon-expandable valve inserted 
at the aortic valve position was gradually deformed to induce different grades of paravalvular leakage and 
the RF was measured with a transonic flow probe. Contrast aortography was performed and the follow-
ing videodensitometric parameters were generated: left ventricle aortic regurgitation (LV-AR), LV outflow 
tract AR (LVOT-AR), quantitative regurgitation assessment (qRA) index, relative maximum density (rela-
tive max), and maximum upslope of the LV time-density curve. The correlation was substantial between 
videodensitometric parameters (LV-AR, LVOT-AR, qRA index, relative max, and maximum upslope) and 
RF (r 2=0.96, 0.96, 0.93, 0.87, and 0.93; p<0.001 for all). LV-AR (region of interest [ROI]=entire LV) and 
LVOT-AR (ROI=LVOT) were not different (p=0.51) and were strongly correlated (r 2=0.99) with a mean 
difference of 1.92% (95% limits of agreement: ±2.83). The correlations of LV-AR and LVOT-AR with 
RF were stronger when more than one cardiac cycle was included in the analysis (one cycle: r 2=0.85 and 
r 2=0.83; four cycles: r 2=0.96 and r 2=0.96, for LV-AR and LVOT-AR, respectively). Including more cycles 
beyond four did not improve accuracy.

Conclusions: Quantitative assessment of PVR by videodensitometry of aortograms strongly correlates 
with the actual RF in a controlled in vitro setting. Accuracy is improved by including more than one car-
diac cycle in the analysis.
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Abbreviations
AR aortic regurgitation
LVOT left ventricular outflow tract
PVR prosthetic valve regurgitation
qRA quantitative regurgitation assessment
RAUC relative area under the curve
RF regurgitation fraction
ROI region of interest
TAVI transcatheter aortic valve implantation
TDC time-density curve
THV transcatheter heart valve
TTE transthoracic echocardiography

Introduction
Since prosthetic valve regurgitation (PVR) after transcatheter 
aortic valve implantation (TAVI) is related to mortality1-3, accu-
rate assessment of its severity is needed during the procedure 
when there is still a chance to avert it. Quantification of PVR, 
typically and most commonly paravalvular, is challenging4. 
Transoesophageal echocardiography (TEE) and aortography are 
the standard tools for the assessment of PVR during the proce-
dure. However, echocardiography has a low reproducibility5 and 
a low sensitivity to detect paravalvular leaks in certain sectors of 
the device circumference6, and the Sellers method7 of aortographic 
assessment is qualitative and subjective4.

Quantitative aortographic assessment of PVR after TAVI by 
videodensitometry is reported to overcome the limitations of the 
Sellers method4,8,9. In the first application of this technique to 
TAVI patients by Schultz et al10, the entire left ventricle (LV) was 
considered the region of interest (ROI) and the contrast density in 
the LV was compared to that in the aortic root to yield the quanti-
tative regurgitation analysis (qRA) index. However, this method of 

analysis was not feasible in the majority of cases due to the influ-
ence of background structures overlapping the ROI (e.g., the con-
trast-filled descending aorta). In order to avoid this shortcoming, 
our group developed a modified method that restricts the analysis 
to the left ventricular outflow tract.

In the minimalist TAVI approach, which is becoming the default 
TAVI approach11,12, since general anaesthesia is replaced by sedation 
and TEE is seldom an option, quantitative aortographic assessment 
can serve as the first screening technique to determine the severity 
of PVR during the procedure. However, this technology is yet to be 
validated. In a mock circulation system, an artificial PVR was cre-
ated in a balloon-expandable transcatheter heart valve (THV) and 
the videodensitometric aortographic assessment was compared to 
the actual regurgitation fraction measured by a transonic probe.

Methods
THE MOCK CIRCULATION SYSTEM
The mock circulation system, shown in Figure 1, consists of three 
components: 1) an elastic silicone tube corresponding to the aortic 
root, 2) a THV module (a 25 mm diameter plastic tube in which 
a THV was deployed), and 3) a rigid polycarbonate tube including 
a servomotor-operated piston pump acting as the LV13,14. The sys-
tem was submerged in a 30 litre water bath heated to 37 degrees 
Celsius. A pulsatile cardiac output of 5 L/min was generated at 
a rate of 75 cycles/min with a corresponding ISO 5840-compliant 
flow curve (35% systole and 65% diastole per cycle).

THE PVR MODEL
To mimic the asymmetric underexpansion of a THV by a cal-
cium chunk in the landing zone, a radiolucent screw was inserted 
radially into the THV module and pushed to deform the stent 
of a 26 mm SAPIEN XT device (Edwards Lifesciences, Irvine, 

Figure 1. The mock circulation system. The mock circulation system was set in the cathlab with a C-arm angulation of LAO 90/CRA 0. The 
system consists of: 1) aorta side: an elastic tube corresponding to the aortic root seen on the left-hand side of the Figure, 2) transcatheter 
heart valve (THV) module: a balloon-expandable THV within a plastic tube seen in the middle, and 3) left ventricle (LV) side: a tube including 
a servomotor-operated piston pump seen on the right-hand side of the Figure.
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CA, USA) from the outside (Figure 2). The screw was advanced 
gradually to create an increasing amount of paravalvular leakage. 
The device used was clinically discarded and transvalvular regur-
gitation (regurgitation fraction: 12%) (Figure 3) was present at 
baseline before creating paravalvular leakage. The flow rate was 
measured with a transonic flow probe (Transonic 28 PAU, with TS 
410 flowmeter; Transonic Systems Inc., Ithaca, NY, USA) posi-
tioned between the outlet of the pump and the aortic valve. The 
regurgitation volume for each heart beat was calculated as the dif-
ference between forward stroke volume and reverse flow volume. 
The regurgitation fraction (RF) was calculated by dividing the 
regurgitation volume by the forward stroke volume% (Figure 3). 
The aortic valve closing volume15,16 was taken into account as 
a component of the reverse flow that does not represent an actual 
regurgitant flow (i.e., subtracted from the reverse flow).

CONTRAST AORTOGRAPHY
Fluoroscopic images were acquired in the cathlab (Catharina 
Hospital, Eindhoven, the Netherlands) at a C-arm angulation of 
LAO 90/CRA 0 (Figure 1). Contrast was injected through a 6 Fr 
pigtail catheter whose tip was located 2 cm above the upper edge 
of the THV stent. The distance between the catheter tip and the 
THV stent edge was confirmed by offline measurement using 
a quantitative angiographic software (CAAS 5.11; Pie Medical 
Imaging, Maastricht, the Netherlands).

Contrast (Isovue-370; Bracco Diagnostics Inc., Monroe 
Township, NJ, USA) injection was performed using the ACIST 
CVi® contrast delivery system (ACIST Medical Systems, Eden 
Prairie, MN, USA). The set volume, rate, and pressure limit of 
contrast injection were 20 mL, 22.5 mL/s, and 700 psi, respec-
tively. The mock circulation was heated to body temperature, to 
bring contrast solubility to physiological levels.

QUANTITATIVE VIDEODENSITOMETRIC ANALYSIS OF 
CONTRAST AORTOGRAPHY
A dedicated videodensitometry software (CAAS A-valve 2.0.2; 
Pie Medical Imaging)8-10 was used to analyse the contrast aor-
tograms. For descriptive purposes, the three segments of the mock 
circulation system were labelled as “aortic root”, “THV module” 
and “LV” (Figure 1). Contrast density in the “aortic root” served 
as a reference, to which the density in the ROI (the entire LV [LV-
AR] or the basal third of the LV [LVOT-AR]) was compared 
(Figure 4A, Figure 4B, Moving image 1). The moment of contrast 
injection was indicated so that all static background radiodensi-
ties were subtracted from any further analysis. Using a semi-auto-
matic algorithm, contrast time-density curves (TDC) were 
generated for the reference region (the aortic root) and for the 
ROI. The area under the curve (AUC) was automatically calcu-
lated as the time-density integral and the relative area under the 
curve (RAUC) was calculated as the AUC of the ROI divided by 
the AUC of the reference region% (theoretical range: 0 to 100%). 
In addition to the RAUC for the entire LV and for the LVOT, the 
quantitative regurgitation analysis (qRA) index was also calcu-
lated. In a qRA algorithm, not only the density and the duration 
of opacification of the LV, but also increasing apical depth of the 
leaking contrast are considered as markers of PVR severity 
(Figure 4C). The qRA index, which reproduces the concept of the 
Sellers method7 (appreciating density, duration, and depth of LV 
opacification), yields a continuous severity scale ranging from 0 
(indicating no contrast leakage into the LV) to 4 (indicating contrast 
filling of the entire LV with a greater density than the aortic root). 
From the cardiac cycle that shows the maximum contrast density 
value in the reference region, two other parameters were automati-
cally calculated – the relative max (= the maximum time-density 
value of the ROI divided by the reference maximum time-density 

Figure 2. Paraprosthetic valve regurgitation model. The radiolucent screw was gradually advanced to create a controlled deformation of the 
prosthetic valve stent, producing increasing paravalvular leakage. The extent of device deformation depicted in this Figure was the maximum 
deformation (yielding a regurgitation fraction of 65%).

http://www.pcronline.com/eurointervention/128th_issue/246
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value %) and the maximum upslope (= the maximal slope during 
upstroke of the time-density curve of the ROI) (Figure 4).

STATISTICAL ANALYSIS
For numerical variables, when non-parametric statistical meth-
ods were used, we summarised data as median and interquartile 

range (IQR). Otherwise, numerical data were summarised as 
mean±standard deviation (SD). The relationship between continu-
ous parameters of PVR severity was tested using Spearman’s cor-
relation. The sample size for correlation was estimated to be at least 
10 data pairs (for an α-level of 0.05, a β-level of 0.20 [power=80%], 
and a hypothesised correlation coefficient r=0.80 [denoting a strong 

Figure 3. Flow rate curves generated from the readings of a transonic probe. Prosthetic valve regurgitation fraction (RF) was calculated as 
the regurgitation volume (below the baseline, blue tracing) excluding the closing volume divided by the forward stroke volume (above the 
baseline). Please note that the lowest RF was 12% because a transvalvular regurgitation existed before deforming the valve stent.

Figure 4. Videodensitometry parameters (LV-AR, LVOT-AR, qRA, relative max, and maximum upslope). Representative figures for the 
assessment of LV-AR (A), LVOT-AR (B) and qRA index (C) are shown. Contrast density in the aortic root served as the reference density (red 
rectangle), to which the density in the region of interest (ROI; enclosed by the yellow dotted line) is compared. The ROI can be the entire left 
ventricle (LV-AR), the basal third of the LV (LVOT-AR) or the entire LV applying the quantitative regurgitation analysis (qRA) index concept. 
In the qRA algorithm (C), three time-density curves are generated for the three segments of the LV (basal [violet], mid [blue], and apical 
[green]). The time-density values for the apical segment are more heavily weighted than the mid and basal, and the values for the mid segment 
are more heavily weighted than the basal segment. AUC: area under the time-density curve; RAUC: relative AUC
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correlation]). The reproducibility of videodensitometric assessment 
was assessed by calculating the intraclass correlation coefficient 
(ICC) presented with its 95% confidence interval (CI), and the dif-
ference between paired observations (bias) was displayed using the 
Bland-Altman method. The 95% limits of agreement (95% LOA) 
were estimated as ±1.96×SD of the bias. The Wilcoxon signed-rank 
test was performed to compare LV-AR and LVOT-AR.

Results
Twelve in vitro experiments were performed at different degrees 
of RF (mean±SD: 35.6±21.5%; range: 11.8% to 65.3%). The actual 
contrast injection volume and rate were (median [IQR]) 19.4 
[19.2-19.9] ml and 21.1 [20.8-21.9] ml/sec.

VIDEODENSITOMETRIC PARAMETERS VS. RF OF PVR
The mean±SD (range) for videodensitometric parameters were as fol-
lows: LV-AR, 24.1±18.3% (3.0-49.0%); LVOT-AR, 26.0±17.7% (6.0-
50.0%); qRA index, 1.71±0.79 (0.70-2.60); relative max, 30.8±23.9% 
(5.0-63.0%); and maximum upslope, 6.73±6.29 (0.80-16.30).

The correlation was substantial between LV-AR and RF 
(r 2=0.958, y=0.845 x –6.011) (Figure 5A), between LVOT-AR and 
RF (r 2=0.964, y=0.816  x –3.049) (Figure 5B), between qRA index 

and RF (r 2=0.933, y=0.036 x +0.417) (Figure 5C), between rela-
tive max and RF (r 2=0.874, y=1.094 x –8.130) (Figure 5D), and 
between maximum upslope and RF (r 2=0.931, y=0.286 x –3.462) 
(Figure 5E), p<0.001 for all.

LV-AR and LVOT-AR were not different (p=0.514) and were 
strongly correlated (r 2=0.992, p<0.001, y=0.967 x +2.718). The 
mean difference between LVOT-AR and LV-AR was 1.917% (95% 
LOA: ±2.828).

HOW MANY CARDIAC CYCLES TO INCLUDE IN 
VIDEODENSITOMETRIC ANALYSIS
As shown in Figure 6, the correlations of LV-AR and LVOT-AR 
with RF were stronger when more than one cardiac cycle was used 
for the analysis. The correlation coefficient increased stepwise with 
the increasing number of cardiac cycles included, from one cycle 
(LV-AR: r 2=0.854, LVOT-AR: r 2=0.830) to four cycles (LV-AR: 
r 2=0.962, LVOT-AR: r 2=0.962). Including more cycles beyond four 
did not seem to add any meaningful accuracy to the analysis.

REPRODUCIBILITY OF VIDEODENSITOMETRIC PARAMETERS
To investigate the inherent variability of the method, videodensi-
tometric assessment was repeated for each RF level by the same 

Figure 5. Correlation between videodensitometric parameters of PVR severity and RF. Scatter plots with the line of best fit and the 95% 
confidence interval lines displaying the relation between the regurgitation fraction (RF; on the horizontal axis) and videodensitometric 
parameters of regurgitation severity on the vertical axis: LV-AR (A), LVOT-AR (B), qRA index (C), relative maximum (D), and maximum 
upslope (E).
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analyst. The ICC was 0.999 (95% CI: 0.998-1.000) for LV-AR 
and 0.999 (95% CI: 0.998-1.000) for LVOT-AR. The average 
intra-observer difference was -0.67% for LV-AR and -0.25% for 
LVOT-AR, while the 95% LOA were ±1.27% and ±1.22%, respec-
tively (Supplementary Figure 1).

Discussion
Quantitative videodensitometric assessment of AR severity is based 
on the concept of comparing opacification of the LV to that of the 
aortic root after aortic root angiography17-19. The present study pro-
vides an in vitro validation of this concept in a THV module through 
comparison with the gold standard (actual controlled RF of AR). 
The strong correlation between videodensitometric parameters and 
RF further supports the results of previous clinical studies which 
showed a significant correlation between videodensitometric para-
meters of PVR severity and clinical outcomes after TAVI8,9,20.

In the minimalist TAVI era, the majority of procedures are per-
formed without transoesophageal echocardiographic (TEE) guid-
ance. A combination of transthoracic echocardiography (TTE) 
and a haemodynamic index (such as the aortic regurgitation index 
[ARI]) can serve as a substitute for TEE when TAVI is performed 
without general anaesthesia. However, the frequency of an ARI 
<25 (reported to correspond to significant PVR and to portend 
a worse prognosis21) among TAVI patients is very high, ranging 
from 34 to 57%21-23, and an ARI of <25 frequently co-exists with 
no/trivial AR, particularly in the presence of relative bradycardia22. 
When TTE is technically adequate (in patients with a good acous-
tic window), it remains subject to limited reproducibility and 
qualitative and overlapping severity grades5,24,25. On the one hand, 
aortography is a practical tool as it is already a routine part of all 
procedures and gives a direct assessment of regurgitation sever-
ity without any inferences or assumptions. On the other hand, 
ARI utilises pressures as a surrogate for regurgitation severity and 
assumes that a rise of LV pressure is the result of PVR, although it 

might rise due to periprocedural myocardial ischaemia4. Doppler 
echocardiography also utilises mainly colour Doppler measure-
ments at a certain jet level as a surrogate for PVR severity and 
assumes that this level is the neck of the jet, although the jets 
are often multiple and multi-level4. The limitations of aortography 
are, however, well acknowledged and are basically related to the 
subjective qualitative assessment26. Videodensitometric technique 
aims to address these limitations. Notwithstanding this, videoden-
sitometric methods are not without limitations. An overlap of the 
contrast-filled descending aorta on the LV and/or aortic root is an 
important technical challenge to videodensitometric analysis4. The 
definition of a patient-specific overlap-free fluoroscopic projection 
is, however, possible using computed tomographic planning27.

VIDEODENSITOMETRIC METHODS: ACCURACY VS. 
PRACTICALITY
Although aortographic assessment of AR has long been based on 
the visual assessment of the extent of opacification of the entire LV 
as compared to the aortic root (Sellers method), we hypothesised 
that interrogating only the basal one third of the LV (LVOT-AR) 
would be adequate. This is based on the fact that any contrast 
that leaks from the aortic root has to go through the LVOT, but 
does not necessarily reach the mid and apical segments. This is 
even more relevant in the setting of PVR, where regurgitation is 
most commonly paravalvular. Paravalvular leak typically follows 
an eccentric, wall-impinging course28, limiting its free penetration 
towards the LV apex. Moreover, LVOT-AR has been shown to be 
less influenced by background radiodensities (e.g., the contrast-
filled descending aorta and the diaphragm) and variability of the 
LV size and function9,10,18 than the entire LV interrogation method 
(LV-AR and qRA). In the present study, the concept of LVOT-AR 
which was previously shown to correlate with clinical and surro-
gate endpoints after TAVI8,9 is further supported by a good corre-
lation with the RF.

Figure 6. Correlation between LV-AR and LVOT-AR and RF using different numbers of cardiac cycles. Scatter plots with the lines of best fit 
displaying the correlations of LV-AR and LVOT-AR with RF when one, two, three, four or five cardiac cycle(s) is/are included in the analysis.
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Overall, the correlation between videodensitometric parameters 
of PVR severity and RF was very strong. Moreover, the difference 
between LV-AR and LVOT-AR was very small and clinically irrel-
evant, implying that both parameters can be used interchangeably. 
Therefore, in the clinical setting when the LV apex is not within 
the fluoroscopic view or is overlapped by the diaphragm, by gas-
tric air, or by lung shadow, LVOT-AR is a practical and accurate 
alternative to LV-AR.

We found that the accuracy of the concept of the RAUC (applied 
in LV-AR and LVOT-AR) is influenced by the number of cardiac 
cycles included in the analysis. Averaging the values of the RAUC 
over four cardiac cycles seems to be the ideal setting, with more 
than four cycles adding very little to accuracy, yet prolonging the 
acquisition and exposing the patient and the physician to needless 
irradiation. Moreover, with too long acquisition in the clinical set-
ting, contamination of the ROI by coronary opacification and myo-
cardial blush becomes more likely. Although less important in older 
patients, a higher dose of irradiation can be an issue for younger 
individuals in whom TAVI seems to be a promising option and in 
whom accurate assessment of PVR is even more crucial. Therefore, 
an ideal PVR assessment method should not expose the patient to 
increased irradiation. Reassuringly, a single cine run of three to five 
cardiac cycles was shown in the present experiment to be sufficient 
for an accurate videodensitometric analysis.

The importance of the relative max and the maximum upslope is 
that both parameters are less influenced by the number of cardiac 
cycles analysed and can thus be calculated from a single cardiac 
cycle. We found that these two parameters yield their best accuracy 
when derived from the cardiac cycle in which the contrast density 
in the aortic root reaches its peak (results not shown). We observed 
that this takes place in the second cardiac cycle after contrast injec-
tion. It turns out that operators are recommended to acquire a fluoro-
scopic run of at least four cardiac cycles after contrast injection. 
In cases when this rule is fulfilled but the LV mid or apical third 
cannot yield a reliable analysis (e.g., overlapped by background 
structures), LVOT-AR is a good alternative. In case fewer than four 
cardiac cycles are available for the analysis, maximum upslope can 
be measured from the second cardiac cycle after contrast injection.

Like other quantitative methods of AR assessment (e.g., mag-
netic resonance imaging-based and Doppler-based RF), the sum 
of all regurgitant jets (irrespective of their level/number/mecha-
nism) is represented. Notwithstanding, significant PVR after TAVI 
is most commonly paravalvular, and visual angiography is unable 
to differentiate paravalvular from transvalvular regurgitation. 
However, inability to differentiate paravalvular from transvalvu-
lar regurgitation remains a limitation of the videodensitometric 
assessment, as the mechanism of regurgitation should be con-
firmed before a corrective measure (e.g., post-dilation) is per-
formed. So, in an ideal scenario, videodensitometric assessment 
should replace visual assessment as the first post-deployment 
screening test, followed, in case of significant PVR, by an ad hoc 
transthoracic echocardiographic confirmation of the regurgitation 
mechanism.

LIMITATIONS AND ADVANTAGES OF THE MOCK 
CIRCULATION SYSTEM AND THE PVR MODEL
The settings of the experiment have taken into account the clinical 
setting in the cathlab (e.g., physiologic cardiac output and heart 
rate, catheter type and size, as well as type, volume and rate of 
contrast injection) and, more importantly, used a model of THV 
paravalvular regurgitation for testing.

The mock circulation system has a 30 litre container which 
provides a good dilution of contrast. Therefore, we could ignore 
the accumulating contrast during the successive experiments. 
Moreover, the software subtracts background radiodensities pre-
sent in the field of analysis.

The LV chamber was represented by a rigid cylindrical tube, 
which obviously lacks the geometry and the physiologic com-
pliance of a human ventricle, but facilitates the measurement of 
the flow rate which is easier to quantitate in a rigid cylindrical 
than in a compliant globular chamber13,29. An elastic tube was 
used to substitute the aortic root while exhibiting a physiologic-
like distensibility. It is noteworthy that aortic root elasticity was 
previously reported to be associated with the severity of AR30. 
However, two important differences between the aortic root tube 
used in the model and the human aortic root existed: 1) the lack of 
coronary arteries, and 2) the lack of coronary sinuses. In a clini-
cal setting, coronary artery opacification and myocardial blush are 
background radiodensities that interfere with videodensitomet-
ric assessment of aortograms and might interfere with the accu-
racy of analysis. This interference is basically seen when analysis 
involves long fluoroscopic runs (allowing coronary contrast filling 
and myocardial blush to take place).

The aortic valve closing volume, which contributes together 
with the regurgitant flow to the reverse flow, is a confounder 
to the calculation of regurgitation volume and fraction, espe-
cially in sinus-less systems15. Although the closing volume typi-
cally amounts to ≤10% of the stroke volume, this volume can 
reach up to 25% of the stroke volume in sinus-less systems15. 
Although we attempted to account for the closing volume and 
to segregate it from the actual regurgitation volume, the closing 
volume might still have led to RF overestimation and, hence, to 
the apparent tendency of the videodensitometric RAUC to give 
lower absolute values than the RF. Moreover, this “overestima-
tion” might have contributed to the relatively large regurgitation 
at baseline (RF: 12%).

Although it is well acknowledged that paravalvular leakage 
jets have peculiar characteristics that limit extension of the rules 
of assessment of transvalvular regurgitation4,28, dedicated para-
valvular leakage models are scarce. To the best of our knowledge, 
this is the first in vitro model that uses an actual commercially 
available THV to validate a PVR assessment method. It should 
be noted, however, that, before creating the artificial paravalvular 
leakage, an RF of 12% was recorded and, accordingly, smaller 
RF than 12% were not possible to test. This regurgitation meas-
ured before THV deformation can be explained by a combination 
of a transvalvular regurgitation of the clinically discarded THV 
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and the “overestimation” effect of the valve closing volume. In 
the present study, a cobalt-chromium balloon-expandable THV 
with annular leaflet position was used. Although the reaction of 
different THV platforms to the screw-induced deformation might 
vary, the videodensitometric analysis is minimally influenced by 
these differences. This is because the origin of the paravalvular 
leak (at the device deformation point) is excluded from the analy-
sis. The regions of interest include the subvalvular segment of 
the LV (LVOT) and the supravalvular segment of the aortic root. 
Therefore, the analysis is minimally influenced by the morphology 
of the regurgitation orifice.

Conclusions
Quantitative assessment of prosthetic valve regurgitation by vide-
odensitometry of aortograms is very well correlated with the regur-
gitation fraction. The restriction of the videodensitometric analysis 
to the subaortic segment can be more suitable for the assessment 
of PVR compared to the entire LV interrogation, as it is more feas-
ible in the clinical setting and is accurate in the in vitro setting.

Impact on daily practice
Quantitative assessment of PVR by videodensitometry of aor-
tograms is an accurate and reproducible method that can be 
used to guide TAVI procedures.
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Supplementary data
Supplementary Figure 1. Reproducibility of LVOT-AR and LV-AR.
Moving image 1. Examples of low-grade (left) and high-grade 
(right) paravalvular regurgitation. For each case, the following are 
displayed: 1) the angiographic cine run (upper left), 2) the colour-
coded contrast density map (upper right), and 3) the time-density 
curves of the region of interest and of the reference region (lower 
panel). The relative area under the curve (RAUC) is automatically 
calculated from the time-density curves.
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Supplementary Figure 1. Reproducibility of LVOT-AR and LV-AR. 

 

 

 

Upper panels: scatter plots displaying intra-observer reproducibility of LV-AR (left) and LVOT-AR 

(right). Lower panels: intra-observer variability of LV-AR (left) and LVOT-AR (right) displayed on 

Bland-Altman plots. 

 

 




