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Abstract

Purpose The aim of our study was to evaluate the prevalence of early complications after Transcatheter Aortic Valve Implan-
tation (TAVI) and their correlation with the Calcium Score (CS) of the aortic valve, aorta and ilio-femoral arteries derived
from pre-procedural computed tomography (CT).

Materials and methods We retrospectively reviewed 226 patients (100 males, mean age 79.4 + 6.7 years) undergoing 64-slice
CT for pre-TAVI evaluation from January 2018 to April 2021. The population was divided into CS quartiles.

Results Overall, 173 patients underwent TAVI procedure, of whom 61% presented paravalvular leak after the procedure,
28% presented bleeding or vascular complications, 25% presented atrioventricular block, and 8% developed acute kidney
injury. The prevalence of paravalvular leak and vascular complications was higher in the upper CS quartiles for aortic valve

and ilio-femoral arteries.

Conclusions Aortic valve and vascular CS could help to predict post-TAVI early complications.

Keywords Transcatheter aortic valve implantation - Calcium score - Computed tomography angiography - Complications

Introduction

Transcatheter Aortic Valve Implantation (TAVI) is nowadays
a valuable alternative treatment for severe aortic stenosis
in patients with high operative risk or contraindications for
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surgical replacement of the aortic valve. In these patients,
the benefit of TAVI significantly outweighs the risk of the
procedure and leads to lower mortality at one-year follow-
up [1-6].

Computed tomography (CT) has a crucial role in pre-
TAVI planning for a correct patient selection before treat-
ment [7, 8]. For TAVI procedural success it is essential to
study patient's anatomy to ensure adequate planning of the
operating route, choose the vascular access and the most
suitable prosthesis [7, 8].

CT permits to reliably measure the size of the aortic root
allowing a correct choice of the size of the prosthesis. It is
possible to evaluate the morphology of the access path, the
degree of vascular and aortic valve calcifications and any
comorbidities [9-15].

Vascular and valvular calcifications have been associ-
ated with the risk of peri- and post-procedural bleeding and
complications [16-22]. However, no objective method to
quantify vascular calcium is currently used [16-22].

This retrospective study has the purpose to evaluate the
correlation between the prevalence of early post-TAVI com-
plications, such as vascular complications, hemorrhages,
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paravalvular leak, acute kidney injury (AKI), and pacemaker
(PM) implantation [23-32], and the vascular (aorta and
ilio-femoral arteries) and aortic valve Calcium Score (CS)
derived from pre-TAVI CT imaging, in order to evaluate
whether a quantitative assessment of vascular calcifications
can help in the risk stratification and prediction of post-TAVI
early complications.

Materials and methods
Study population

We retrospectively evaluated 226 consecutive patients (100
males and 126 females, mean age 79.4 +6.7) with severe
aortic stenosis candidate for TAVI, undergoing thoraco-
abdominal ECG-synchronized Computed Tomography
Angiography (CTA) for pre-procedural evaluation between
January 2018 and April 2021. These patients had contrain-
dications to surgical valve replacement due to high operative
risk calculated with the Euroscore system [6].

CT calcium score and CT angiography protocols

All examinations were performed with 64-slice CT scanner
(Ingenuity 64, Philips, Best, The Netherlands). The inclu-
sion criteria for performing the 64-slice ECG-synchronized
CTA were: low heart rate <70 beats per minute (bpm);
breath-hold during acquisition. The exclusion criteria were:
previous adverse reactions to iodinated contrast medium,
impaired respiratory and renal function, unstable clini-
cal conditions. In case of bpm> 70 or irregular heart rate,
patients were given oral or intravenous f-blocker therapy
before scanning. Patients were scanned in the supine posi-
tion during apnea performing a non-contrast sequential
acquisition with prospective ECG-gating for CS followed by
CTA scanning with retrospective ECG-gating, both extended
from the clavicles to the proximal femoral portion (from aor-
tic arch to femoral arteries) for the evaluation of the arterial
access routes. The scanning and reconstruction parameters
are summarized in Table 1.

CT CS was performed with a standard protocol (3 mm
thickness, 1.5 reconstruction interval). CTA was per-
formed with 100 ml of non-ionic contrast agent (Iopro-
mide 370 mg I/ml) administered intravenously at a rate of
4 ml/s, followed by 40 ml of saline at the same rate. The
contrast agent was administered with an automatic dual-
syringe injector connected with a 18G cannula into an
antecubital vein of the right arm. The bolus tracking tech-
nique was used for scan synchronization. Acquired images
were reconstructed during the mid-to-end diastolic phase,
with a reconstruction window at 75% of the R-R interval
and systolic phase at 25-35% of the RR interval for aortic
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Table 1 Scan and reconstruction parameters

Scan parameters

Detectors (n)

Collimation (mm)

Beam energy (kV)

mAs

Rotation time (ms)

Scan time (s)

DLP (mGy*cm)
Reconstruction parameters
Slice thickness (mm)
Reconstruction increments (mm)
Field of View (mm)
Convolution filter/kernel
Contrast media parameters
Volume (ml)

Flow rate (ml/s)

Iodine concentration (mgl/ml)
Bolus chaser

Venous access

64
0.625
100
585
400

16
3838.25

1

0.5

650-750

Medium-smooth and sharp

100

4

350-370

40 ml @ 4 ml/s
Antecubital right

DLP—Dose length product

annulus. When irregular heart rates, such as branch blocks
or extrasystoles, were found, the temporal variability in
the reconstruction phase was compensated manually with
ECG editing. All images were acquired with a large field
of view (which included the chest and abdomen up to the
bifurcation of the femoral arteries) always reconstructed in
each patient with the same parameters: 1 mm slice thick-
ness, 0.5 mm increment, medium-smooth and sharp con-
volution kernels.

CS was calculated with a dedicated software (Philips
HeartBeat) with Agatston score (in terms of Agatston
Units, AU). The following anatomical districts were ana-
lyzed: aortic valve, aorta (from ascending aorta to aorto-
iliac carrefour), and ilio-femoral arteries (Fig. 1).

The average DLP of the protocol was 3838.25 mGy*cm.

Clinical follow-up

Follow-up was carried out with inpatient visit and medical
records in hospitalized patients.

All patients were followed up for 1 month to record the
following early post-procedural complications: paravalvu-
lar leaks, post-procedural AV-block, vascular complica-
tions, acute kidney injury (AKI) and stroke.

All patients were included in a clinical and instrumental
six-monthly follow-up program for major adverse cardiac
events (MACE).
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Fig. 1 Vascular calcium score assessment: a aortic valve, 3329 AU; b
aortic, 56,187 AU; c ilio-femoral, 12,320 AU

Statistical analysis

The results are expressed in terms of absolute values and
percentages. The analysis was performed using the statistical
options included in Microsoft Excel 365.

The population was divided into quartiles (Q) for aor-
tic valve CS, aortic CS and ilio-femoral CS. The statis-
tical difference between the 4 groups was analyzed for

Table 2 Patients characteristics

Total patients (n) 226

Males n (%) 100 (44%)
Females n (%) 126 (56%)
Mean age (years) 79.4+6.7
Aortic valve CS (mean + SD) 335242349
Aortic CS (mean + SD) 15,351+12,078
Tlio-femoral CS (mean + SD) 6505+ 6561
Aortic-femoral CS (mean + SD) 21,826+17,189
Overall CS (mean +SD) 25,043 +17,333
Coronary CS (mean=+ SD) 800+ 1060
Hypertension n (%) 180 (80%)
Smoking n (%) 45 (19%)
Diabetes mellitus n (%) 78 (35%)
Dyslipidemia n (%) 95 (42%)
Obesity/overweight n (%) 28 (12%)
Familiarity CVD n (%) 25 (11%)
Underwent TAVI (n) 173

CS—Calcium Score, TAVI—Transcatheter aortic valve implantation,
CVD—-Cardiovascular disease

categorical variables, using X2 square test and a value of
p<0.01 was considered significant. Student's T test was
used to compare the CS averages of TAVI patients and
patients excluded from the procedure. A value of p<0.01
was considered significant.

Receiver operative characteristic (ROC) curves were
used to identify a possible cut-off of aortic valve CS, aortic
CS, ilio-femoral CS and overall CS.

Results
Calcium score characteristics

We examined 226 patients candidate for TAVI:
100 males and 126 females aged 51 to 94 years and
mean age 79.4+ 6.7 years. The mean aortic CS was
15,350.8 +12,078.5 (with a minimum score of 205 and
a maximum of 73,055), the mean ilio-femoral CS was
6504.5+6561.3 (with a minimum value of 0 and a maxi-
mum value of 37,164), the mean CS of the aortic valve was
3351.6 +2349.1 (with a minimum value of 0 and a maxi-
mum value of 13,146). The mean overall CS (aortic valve,
aortic and ilio-femoral) was 25,042.5 +17,333.2 (with a
minimum value of 570 and a maximum value of 100,599).
The mean coronary CS was 800+ 1060 (with a minimum
score of 0 and a maximum of 5234). The patients charac-
teristics are summarized in Table 2.
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TAVI procedures characteristics

Overall, 173 patients underwent TAVI (77 males and 96
females with mean age of 79 years +6.5) with retrograde
transfemoral access in 168 patients (97%) and left trans-
subclavian access in 5 patients. The valve prosthesis used
were in order of frequency: Core valve 29 in 73 patients,
Core valve 26 in 59 patients, Core valve 23 in 18 patients,
Core valve 34 in 17 patients, Core valve 20 in 2 patients,
Core valve 25 in 1 patient, and Abbott Portico valve in 3
patients, with diameters of 29, 27 and 23 mm, respectively.
The remaining 53 patients were excluded from TAVI proce-
dure after imaging and operative risk assessment, of which
36 had a high operative risk for inadequate operative route
due to a high degree of calcification or tortuosity of the ves-
sels; 17 were excluded for other comorbidities detected on
CTA. In particular, 2 patients were excluded from TAVI for
high risk of coronary occlusion due to coronary ostia-annu-
lus distance inferior than 10 mm.

The 36 patients excluded for vascular calcifications, had
a mean ilio-femoral CS of 11,807.4 £9411.5 (with a mini-
mum value of 944 and maximum score of 37,164); the mean
aortic CS was 23,351+ 16,053.5 (with a minimum score of
983 and a maximum score of 67,697); the mean aortic valve
CS was 3286.7 +2306.3 (with a minimum score of 183 and
a maximum score of 9653). These patients had an average
CS higher than patients undergoing TAVI, in particular the
average ilio-femoral score was almost double the average
value of the population subjected to TAVI. The compari-
son between the CS averages of the two groups was statisti-
cally significant for all the vascular districts considered. The
results of the analysis are summarized in Table 3.

In 173 patients undergoing TAVI, 105 (61%) under-
went pre-surgery conventional coronary angiography for
suspected coronary artery disease, among them: 69 (66%)
did not present significant coronary stenosis, 15 (14%) had
mild stenosis (>50%), 14 (14%) moderate stenosis (<70%),
and 7 (6%) underwent percutaneous transluminal coronary
angioplasty because of severe stenosis (>70%). The preva-
lence of coronary stenosis of any degree and coronary ste-
nosis > 50% was higher (p <0.01) in subjects belonging to
the third (Q3) and fourth quartiles (Q4) of coronary CS.

Table 3 Comparison between the CS averages of patients undergoing
TAVI and patients excluded from TAVI

Anatomical district ~ Average CS Average CS p
undergoing TAVI excluded from
TAVI
Aortic valve 357542365 3286+2306  0.007
Aorta 13,760+10,451  23,351+16,053  0.004
Ilio-femoral axis 5320+£5116 11,807+ 9411 0.0002

TAVI—Transcatheter aortic valve implantation, CS—Calcium score
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Sixty-eight patients, with low risk for CAD and low CS
score, did not underwent coronary angiography, because pre-
TAVI CTA did not show any significant coronary stenosis.
No MACE records were observed at six months follow-up
in this subgroup.

Post-TAVI complications

We observed the following prevalence of post-TAVI com-
plications: 106 (61%) patients had paravalvular leaks, in
particular 89 patients (52%) had minimal/mild valve leaks,
17 (10%) had moderate grade leaks; 43 patients (25%) were
subjected to PM implantation for post-procedural AV-block;
49 patients (28%) had vascular complications, in particu-
lar 13 had bleeding from the access site including 4 with
abdominal bleeding (Fig. 2), 5 patients presented thrombotic
occlusion of the access site treated with thromboendarter-
ectomy, 1 patient presented dissection of the femoral artery
access site, and 43 patients underwent surgical revision of
the access site due to complications or vascular closure
device failure; 4 patients presented pericardial effusion;
14 patients developed AKI; one patient presented transient
aphasia after the procedure. No coronary obstruction events
were recorded.

The Q3 and Q4 accounted higher prevalence for some
complications. For the aortic valve CS, the prevalence of
paravalvular leak was 73% in the Q3 and 71% in the Q4,
while in the Q1 was 38%. In Q1 all patients had minimal
or mild leaks. Among 106 patients with paravalvular leak,
71% of patients had a valvular CS value above 3135 AU
(OR=2.34,95% CI 1.23-4.45). In addition, all subjects with
moderate leaks had higher average scores, between the Q3
and Q4 (Fig. 3). In 49 subjects who presented vascular com-
plications, 21 patients belonged to Q4 of ilio-femoral CS.
The 50% of patients with ilio-femoral CS values above 7988
AU had vascular complications with an OR of 3.14 (95%
CI 1.50-6.58), compared with 22% of patients with ilio-
femoral CS values below 7988 AU (Fig. 4). In 13 subjects

Fig.2 Large pelvic bleeding in a patient with an ilio-femoral CS of
20,837 AU
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Fig.3 Paravalvular leak prevalence according to aortic valve CS
quartiles: Q1 CS <1909AU, Q2 CS <3135AU, Q3 CS <4574 AU, Q4
CS>4574 AU
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Fig.4 Vascular complications prevalence according to ilio-femoral
CS quartiles: Q1 CS<1906 AU, Q2 CS<3692 AU, Q3 CS <7988
AU, Q4 CS>7988 AU

who suffered post-procedural femoral artery hemorrhage, 5
patients (38%) belonged to the Q4, representing the 17% of
the population with a value of ilio-femoral CS above 7988
AU (OR=2.93, CI1 95% 0.89-9.68).

All the 4 patients who presented abdominal bleeding
belonged to the Q3 and Q4.

No significant differences were found between the CS
quartiles for the prevalence of other complications, such as

PM implantation and AKI. No significant differences were
found between quartiles of overall CS with respect to any
complications. The difference in complication prevalence
among the CS quartiles at the Xz test was statistically sig-
nificant (p=0.006 for vascular complications of ilio-femoral
CS and p=0.009 for paravalvular leak of aortic valve CS).
The results are summarized in Table 4.

ROC analysis

Results from the ROC analysis identified a cut-off of 3000
AU aortic valvular CS for paravalvular leak with an AUC
of 0.82, showing 61% sensitivity and 55% specificity, a cut-
off of 4000 AU ilio-femoral CS for vascular complications
with an AUC of 0.82, showing 57% sensitivity and 58%
specificity, a cut-off of 10,000 AU aortic CS for vascular
complications and AKI with an AUC of 0.74, showing 56%
sensitivity and 42% specificity, and a cut-off of 17,000 AU
overall CS (aortic valvular, aortic and ilio-femoral) for any
complication with an AUC of 0.83, showing 61% sensitivity
and 56% specificity (Fig. 5). Lower cut-off points (10,000
AU, sensitivity 84%, specificity 27%, AUC 0.88) showed
higher sensibility and AUC values, but lower specificity
values.

Discussion

In our study the higher prevalence of para-valvular leak and
vascular complications in patients with higher CS values
shows that valvular and vascular calcifications can be related
to the onset of early post-TAVI complications. Therefore,
CS could be used in the pre-TAVI imaging evaluation as a
predictive factor to estimate the post-procedural complica-
tion risk. In particular, higher aortic valve CS is associated
with a greater occurrence of paravalvular leaks. In patients
with valvular CS values above 3135 AU the paravalvular
leak occurred in more than 71% of patients versus 38% of
patients with CS value below 1909 AU.

Table 4 Prevalence of post-

TAVI complications for CS Post-TAVI complications Ql (%) Q2 (%) Q3 (%) Q4 (%) p

quartiles Para-valvular leak and aortic valve CS 38 64 71 73 0.009
Vascular complications and ilio-femoral CS 25 21 19 50 0.006
PM and aortic valve CS 27 21 28 23 0.86
AKI and aortic CS 4 11 10 10 0.68
Vascular complications and aortic CS 5 14 5 14 0.22
Any complication and overall CS 68 81 86 86 0.11

TAVI—Transcatheter aortic valve implantation, CS—Calcium score, PM—Pacemaker, AKI—Acute kidney

injury
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Fig.5 Receiver operative characteristic curves: a aortic valve CS cut-off of 3000 AU; b ilio-femoral CS cut-off of 4000 AU; ¢ aortic CS cut-off
of 10,000 AU; d overall CS (aortic valve, aortic and ilio-femoral CS) cut-off of 17,000

It is known that a subgroup of patients has limited benefit
from TAVI and may be affected by several early complica-
tions [32]. In this setting, machine learning algorithms can
optimize the prediction of the outcome [33]. Moreover, CT
3D-reconstruction model based on deep convolutional neu-
ral networks (DCNN) may provide better image quality and
accuracy of traditional model-based iterative reconstructions
[34].

In a study conducted by Leber et al. out of 68 TAVI
patients with transfemoral access, the aortic valve CS was
the only significant predictor for cardiac complications and
was associated with the incidence and severity of post-pro-
cedural aortic regurgitation [17].

Another study conducted by Heansing et al. on 120
patients reported a significant association between the value
of aortic valve CS and the paravalvular leak and tendency
toward a higher incidence of new PM implants [18].

In our study, a higher ilio-femoral CS is also associ-
ated with a greater onset of vascular complications from
the access site. For CS above 7988 AU, vascular complica-
tions occurred in 50% of patients, while for lower score a
prevalence of about 20% was observed. The same correlation
was highlighted in a study conducted by Oliveira et al. on
129 patients, undergoing transfemoral TAVI, that associates
the CS of the aorto-ilio-femoral arteries with the risk of
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post-TAVI hemorrhagic complications, classified according
to Valve Academic Research Consortium criteria, in which
the value of vascular CS is an independent predictor of hem-
orrhagic events [16].

In our study, no significant difference was observed in
the prevalence of other post-TAVI complications such as
the onset of AV-block, consequent PM implantation, and the
onset of AKI. Furthermore, it was not possible to evaluate
the correlation with the onset of cerebral ischemic events,
as only one episode of transient post-procedural aphasia
was detected. Moreover, no cases of myocardial ischemia
determined by obstruction of the coronary ostia have been
recorded.

Some limitations occur in our study. First, the cross-sec-
tional design and the small sample of the study may limit
the value of the results. However, the correlation observed
between CS and the onset of paravalvular leaks and vascu-
lar complications consolidates the close association found
in other studies [16—18]. Second, we employed a 64-slice
CT scanner with a high radiation dose acquisition protocol.
Advanced CT scanners with faster acquisition and protocols
allow performing pre-TAVI CTA with lower contrast media
volume, lower radiation dose and better image quality [35].

Our results highlight the need to quantitatively evalu-
ate the degree of vascular and aortic valve calcifications by
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assessing the CS in the pre-TAVI CT imaging. Such assess-
ment could be useful to select the size of the valve, reduce
the risk of paravalvular leak and evaluate the degree of fem-
oral vascular calcification, allowing to choose an alternative
access route in the presence of high CS. Our results should
be confirmed in a larger population on a multicenter basis.
In particular, other studies are necessary to develop a risk
stratification system based on vascular and valvular CS cut-
off values, similarly to coronary CS employed in the risk
stratification of coronary artery disease.

Conclusions

The aortic valve, aortic and ilio-femoral arteries CS in pre-
TAVI CT imaging could be an additional tool to reconsider
the indication to TAVI in elderly patients. Vascular CS
parameters could be integrated into the pre-TAVI assess-
ment for risk stratification and patient selection. Further-
more, advanced CT scanners and deep learning reconstruc-
tion models could support the use of vascular CS in patients
undergoing TAVI.
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