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Right-parasternal-view (RPV) often provides the best hemodynamic assessment of the
aortic-valve-stenosis by echocardiography. However, no detailed study on patients with
aortic prosthesis is available. Thus, RPV usefulness is left as an anecdotical notion in this
context. We aimed to define feasibility and clinical-impact of RPV before and soon-after
percutaneous implantation (TAVI) or surgical (SAVR) aortic-valve-replacement (AVR)
for AS. Patients with severe-AS electively referred for AVR between September-2019 and
February-2020 were prospectively evaluated. Echocardiographic examinations inclusive
of apical and RPV to measure aortic-peak-velocity , gradients and area (AVA) were per-
formed the day before AVR and at hospital discharge and compared by matched-pair-
analysis. Forty-seven patients (mean age 79 § 8 years, 63% female, ejection-fraction 61 §
6%) referred for SAVR (24 [51%]) or TAVI (23 [49%]) were enrolled. RPV was feasible
in 45 patients (96%) before-AVR but in only 32 after-AVR (68%), particularly after
SAVR (50%) than TAVI (87% p = 0.005). RPV remained the best acoustic window after
TAVI in 75% of cases. Hemodynamic assessment of TAVI, but not SAVR, invariably ben-
efit from RPV versus apical evaluation (aortic-peak-velocity: 2.57 § 0.39 vs 2.23 §
0.47 m/sec, p = 0.002; mean gradient: 15 § 5 vs 12 § 5 mm Hg, p = 0.01). Five (11%)
patients presented severe patient-prosthesis-mismatch, 4 of which were detectable only by
RPV. This pilot-experience demonstrates that RPV feasibility is slightly reduced after
AVR. RPV can improve the hemodynamic assessment of the prosthetic valve versus apical
view, including the detection of patient-prosthesis-mismatch. Furthermore, when RPV is
the best acoustic windows in patients with severe AS, it generally remains so after-
TAVI. © 2020 Elsevier Inc. All rights reserved. (Am J Cardiol 2021;142:103−108)
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It has long been mentioned that multiple, nonapical win-
dows, particularly right parasternal view (RPV), are useful
to accurately assess aortic valve hemodynamics for native
aortic valve stenosis (AS) as well for aortic valve prothe-
sis.1,2 The incremental value of RPV in the assessment of
native aortic valves has been demonstrated in the last
years.3−5 Despite being highly feasible and little time con-
suming, RPV is routinely adopted by only half of cardiolo-
gist in routine practice for the assessment of native aortic
valve.6 In addition, no study specifically addressed feasibil-
ity and relevance of RPV after aortic valve replacement
(AVR),2 leaving RPV usefulness and its effectiveness
unsupported by evidence in this context. Thus, we aimed at
prospectively studying the feasibility of RPV before and
soon after (in hospital) both surgical (SAVR) and
percutaneous (TAVI) valve implantation, exploring
whether best acoustic windows before-AVR remains the
same after-AVR. Moreover, we sought to examine whether
the incremental hemodynamic information provided by
RPV at baseline persists after AVR.
Methods

We prospectively enrolled consecutive patients referred
for isolated AVR (surgical or percutaneous) at the Univer-
sity of Verona, Cardiovascular department, Italy between
September 2019 and February 2020. Exclusion criteria
were the need for concomitant coronary revascularization,
severe combined valvular disease, urgent procedures, previ-
ous cardiac surgery. All patients underwent a complete
echocardiogram the day before and 3 to 6 days after AVR,
before the hospital discharge. The study was approved by
the institutional review board and all patients signed the
written informed consent. Complete clinical information
was collected, including referral echocardiogram details.
Echocardiographic examinations were performed by a sin-
gle board-certified echo-cardiologist with more than 5 years
of experience, with commercially available ultrasound sys-
tems. Left ventricular volumes and ejection fraction were
measured using bi-plane Simpson’s method. Left ventricu-
lar outflow-tract (LVOT) stroke volume was calculated as
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Table 1

Clinical and echocardiographic characteristics of the study cohort

Variable Patients(n = 47)

Age (years) 79 § 8

Women 30 (63%)

BSA (m2) 1.78 § 0.15

Systolic arterial pressure (mm Hg) 138 § 10

Diastolic arterial pressure (mm Hg) 75 § 7

Heart rate (beats per minute) 70 § 9

Hypertension 41 (87%)

Smokers 8 (17%)

Dyslipidemia 18 (38%)

Family history of coronary artery disease 6 (13%)

Diabetes 11 (23%)

Previous ischemic heart disease, n (%) 5 (11%)

Baseline echocardiography

End Diastolic Volume-index (ml/m2) 59 § 12

End Systolic Volume- index (ml/m2) 25 § 7

Ejection Fraction (%) 61 § 6

Left atrial volume-index (ml/m2) 41 § 12

Mild Aortic regurgitation 28

Moderate Aortic regurgitation 8

Mild Mitral regurgitation 40

Moderate Mitral regurgitation 3

Mild Tricuspid regurgitation 38

Moderate Tricuspid regurgitation 1

E/A 0.98 § 0.46

DTE (msec) 226 § 73

E/e’ ratio 15 § 5

TAPSE (mm) 23 § 4

Systolic pulmonary artery pressure (mm Hg) 38 § 10

LVOT diam (mm) 1.98 § 0.21
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the product of LVOT cross-sectional area and LVOT time-
velocity-integral, measured by pulsed wave Doppler. At
baseline, pulsed-wave Doppler sample volume was located
just apical (≤5 mm) to the aortic annulus and the LVOT
diameter was measured close (≤5 mm) to the aortic annu-
lus. After-AVR, the LVOT velocity and diameter were
obtained just apical to prosthetic valve stent or ring; the
LVOT diameter was measured outer-to-outer border. Trans-
valvular velocities were interrogated, using a standard 2D
and/or Doppler probe, by continuous-wave Doppler from
apical and RPV. Maximal instantaneous gradient across the
aortic valve was calculated using a modified Bernoulli
equation; mean transaortic gradient (MG) was measured by
tracing of the velocity curve. Aortic valve area (AVA) was
calculated by the continuity equation and subsequently
indexed for body surface area (AVA-i). Doppler velocity
index (DVI) was calculated as the ratio of LVOT-VTI to
aortic-VTI. Severe prosthesis-patient mismatch (PPM) was
defined as the indexed AVA-i <0.65 cm2/m2.1,7−9

Comparison between apical and RPV measurements was
performed by matched paired t-test or Wilcoxon signed-
rank test as appropriate. Interobserver variability was
blindly tested on 10 consecutive patients between Cardiolo-
gist and Echocardiography Fellow before and after an ade-
quate training (20 severe AS cases). Reliability was tested
using intraclass correlation coefficient (ICC). We computed
an a-priori sample sizing for a matched pair analysis for
peak transaortic velocity (Vmax) based on our previously
published large experience,5 and the minimum number of
patients needed to achieve 80% power was 19.
LVOT SV (ml) 67 § 17

Peak transaortic gradient (mm Hg) 87 § 28

Mean transaortic gradient (mm Hg) 55 § 18

Peak transaortic velocity (m/sec) 4.62 § 0.68

Aortic valve area (cm2) 0.60 § 0.19

Aortic Hemodynamic after AVR

Peak transaortic gradient (mm Hg) 25 § 9

Peak transaortic velocity (m/sec) 2.46 § 0.45

Mean transaortic gradient (mm Hg) 14 § 6

Doppler velocity index 0.56 § 0.08

Aortic valve area (cm2) 1.93 § 0.53

Aortic valve area-index (cm2/ m2) 0.96 § 0.23
Results

A total of 47 consecutive patients were enrolled.
Patients’ clinical and echocardiographic characteristics are
presented in Table 1. The majority of patients (87%, n = 41)
had class I indication for surgery whereas 6 symptomatic
patients had class IIa (referred as low-flow low-gradient
with preserved ejection fraction). RPV was feasible in 45 of
47 (96%) patients before AVR. The 2 nonfeasible patients
were a man referred for TAVI and a woman referred for
SAVR. In total 29 of 45 (64%) patients had higher Vmax
from RPV versus apical view. Hemodynamic parameters
from RPV versus apical acoustic windows are presented in
Table 2. Vmax and mean gradient were significantly higher
and valve area (AVA) lower from RPV versus apical view
(4.54 § 0.73 vs 4.31 § 0.67 m/sec, p = 0.0003; 53 § 20 vs
48 § 17 mm Hg p = 0.0004; 0.63 § 0.18 vs 0.68 § 0.18
cm2, p = 0.03); paradigmatic examples are presented in
Figure 1. Noteworthy, the number of patients with very-
severe AS (Vmax>5 m/sec) significantly increased (from 5
to 9 patients p = 0.0009) when RPV was performed on top
of apical view. Interestingly, of the above-mentioned
patients referred to AVR with diagnosis of discordance
between AVA and MG, only 2 of 6 presented a paradoxical
low-flow low-gradient AS after RPV assessment, the other
four had concordance between AVA (<1 cm2) and MG
(>40 mm Hg). AVR with biological valves was unevent-
fully performed in all patients: 24 (51%) underwent SAVR
and 23 (49%) underwent TAVI. Only biological valves
were chosen for SAVR. The average prosthetic valve size
was 24 § 3 mm (22 § 2 mm in SAVR and 26 § 3 mm in
TAVI). Postoperative echocardiogram was performed 4 §
2 days after the procedures. After AVR, RPV was feasible
in 32 patients (68%), being higher in TAVI than in SAVR
(20 of 23 [87%] vs 12 of 24 [50%] p = 0.005). Among feasi-
ble cases, Vmax was higher from RPV versus apical view in
24 of 32 (75%) patients (16 after-TAVI, 8 after-SAVR).

As shown in Table 2, peak trans-prosthetic velocity and
mean gradient were overall slightly higher from RPV ver-
sus apical view, with comparable DVI and AVA-i. Evalua-
tions in the TAVI subgroup gained particular benefit from
RPV assessment versus apical (Vmax: 2.57 § 0.39 vs
2.23§0.47 m/sec, p = 0.002; mean gradient: 15 § 5 vs 12 §
5 mm Hg, p = 0.01, DVI: 0.54 § 0.06 vs 0.60 § 0.07,
p = 0.005, AVA-i 0.95 § 0.24 vs 1.07 § 0.33, p = 0.007). In
addition, RPV had provided the best hemodynamic assess-
ment in 16 of 20 patients before TAVI and yet remained the
best acoustic window after TAVI in 75% (12 of 16) of those
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Table 2

Feasibility and aortic hemodynamic parameters from apical versus right parasternal view before and after aortic valve replacement

Feasibility RPV baseline = 45 of 47 Mean from Apical(n = 45) Mean from RPV(n = 45) Mean difference (95%CI) p value matched pairs

Peak transaortic gradient, mm Hg 76.1 § 23.9 84.7 § 29.3 +8.7 (3.1-14.2) 0.003

Mean transaortic gradient, mm Hg 48.1 § 16.9 53.2 § 19.7 +5.06 (1.7-8.4) 0.004

Peak transaortic velocity, m/sec 4.31 § 0.67 4.54 § 0.73 +0.24 (0.07-0.39) 0.003

Aortic valve area, cm2 0.68 § 0.18 0.63 § 0.18 -0.04 (0.01-0.08) 0.03

Feasibility RPV after AVR

(surgical or TAVI) =32/47

Mean from Apical

(n = 32)

Mean from RPV

(n = 32)

Mean difference (95%CI) p value matched pairs

Peak transaortic gradient, mm Hg 22.2 § 8.9 25.8 § 8.4 +3.6 (1.61-6.93) 0.03

Mean transaortic gradient, mm Hg 12.7 § 5.7 14.7 § 5.3 +1.94 (0.92-3.82) 0.04

Peak transaortic velocity, m/sec 2.29 § 0.47 2.51 § 0.41 +0.21 (0.08-0.37) 0.01

Doppler velocity index 0.58 § 0.11 0.60 § 0.09 -0.02 (-0.07-+0.02) 0.1

Aortic valve area, cm2 1.86 § 0.51 1.78 § 0.50 -0.07 (-0.22-+0.07) 0.3

Aortic valve area-index, cm2/ m2 1.04 § 0.30 0.99 § 0.26 -0.04 (-0.13-+0.05) 0.2

TAVI subgroup

Feasibility 20/23

Mean from apical

(n = 20)

Mean from RPV

(n = 20)

Mean difference (95%CI) p value matched pairs

Peak transaortic gradient, mm Hg 20.8 § 8.4 27.1 § 8.3 +6.2 (1.9-10.2) 0.004

Mean transaortic gradient, mm Hg 11.7 § 5.1 14.6 § 5.2 +2.9 (1.0-5.1) 0.01

Peak transaortic velocity, m/sec 2.23 § 0.47 2.57 § 0.39 +0.34 (0.13-0.55) 0.002

Doppler velocity index 0.54 § 0.060 0.60 § 0.07 -0.05 (0.01-0.09) 0.005

Aortic valve area, cm2 1.84 § 0.54 1.66 § 0.44 -0.20 (-0.05-0.35) 0.01

Aortic valve area-index, cm2/ m2 1.07 § 0.33 0.95 § 0.24 -0.011 (-0.04-0.19) 0.007

AVR =Aortic Valve Replacement; RPV = Right parasternal view; TAVI = Transcatheter aortic valve implantation.
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patients. This pattern was detectable in only 50% of SAVR
cases. Treatment option (SAVR vs TAVI) resulted a predic-
tor of RPV feasibility (p = 0.01 at logistic regression).
Figure 2 summarizes the incremental value of RPV before
and after AVR in the hemodynamic assessment.

Overall, severe PPM was detected in 5 of 47 patients
(11%), in one case PPM was detectable by both apical
and RPV, in the remaining 4 cases it was only detectable
from RPV.
Figure 1. Paradigmatic examples of hemodynamic assessment in apical versus rig

cal or percutaneous aortic valve replacement (blue box). Green dashes indicate the
Before training, RPV feasibility was significantly lower
for the Fellow versus the Cardiologist (4 of 10 vs 8 of 10).
Furthermore, when RPV was feasible by both, the detected
Vmax showed lower values for the Fellow versus the Cardi-
ologist (mean difference -0.4 [+0.3 to 1.1] m/sec, p = 0.1)
with low agreement (ICC 0.46 [0.30 to 0.94], p = 0.1). After
the 20 cases of training, test-retest was performed in addi-
tional 10 cases. This time feasibility was comparable (9 of
10 vs 9 of 10) and test-retest variability was remarkably
ht parasternal view in native aortic valve stenosis (red box) and after surgi-

reached peak velocity (in cm/sec).



Figure 2. The left box plot shows the average peak velocity, mean gradient, and aortic valve area when RPV is implemented to the echocardiographic evalu-

ation (vs apical only). On the right, Bland-Altman plots comparing Vmax from apical versus right parasternal view. All comparisons are presented before

(top) and after-AVR (bottom). AVR = aortic valve replacement; RPV= right parasternal view; Vmax = aortic-peak-velocity.
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lower (ICC 0.96 [0.79 to 0.99], p <0.0001) between the 2
physicians with mean difference in Vmax of just -0.1 [0.01
to 0.21] mm Hg, p = 0.05.
Discussion

This pilot study on RPV in patients undergoing AVR
provides for the first-time supporting evidence to this often-
forgotten approach. The main results are: (1) RPV feasibil-
ity is reduced soon after AVR, particularly after SAVR; (2)
RPV significantly improves the accuracy of echocardio-
graphic evaluation after AVR, with important clinical
implications such as the improvement of severe PPM detec-
tion; (3) When RPV provides the best assessment before
AVR, it often results in the best view also after AVR.

The recommendations for the assessment of valvular dis-
ease mention the importance of right parasternal window,2,9

but the supporting evidence are anecdotical.10,11 Moreover,
to our knowledge, no data are provided in the TAVI era. It
is worrisome that, even for the assessing of native AS, the
RPV approach is not always performed; indeed, a system-
atic adoption of RPV is reported by only 52% of the practi-
tioners who participated to a recent European survey.6

Similarly, the recommendation on the assessment of
prosthetic aortic valves state the needs for multi-windows
echocardiographic assessment. However, there is scarce
data from clinical practice on utilization or usefulness of
RPV after AVR, and this enhances the importance of the
present study.

In our study, RPV feasibility is reduced early after AVR
(68% vs 96%) as compared with native AS, remaining
remarkable in the TAVI subgroup (87%). Reasons for lower
feasibility in SAVR versus TAVI patients may be multiple.
First, anatomical alteration may occur with the opening of
the chest, and the pericardium. In this regard, we noticed
that the probe generally needs to be positioned more lat-
erally on the right side than usual to acquire RPV after
SAVR. Second, the chest wound and wall edema are still
present, and patients’ mobility may still be limited a few
days after surgery when the echocardiogram was performed
in our study. Performing the echocardiography soon after
AVR may have impaired the assessment of the right para-
sternal acoustic window more than the apical one. Of note,
current recommendations suggest performing the baseline
echocardiogram ideally 4 to 6 weeks after. However, it is
specified that if the patient is being transferred to another
hospital’s care and may not return, it is better to perform
the study before discharge.9 This is the current practice in
many institutions, and therefore the echocardiogram per-
formed at discharge holds a key importance for comparison
with the follow up echoes, in the next years.

The present study also highlights how RPV has greater
impact on hemodynamic parameters before surgery com-
pared with after-AVR. This effect may be related to the
absolute amplitude of the parameters in the 2 groups
(Vmax in the range of 4 to 5 m/sec vs 1 to 3 m/Sec). None-
theless, the modest improvement of hemodynamic assess-
ment provided by RPV significantly impacted the detection
of PPM, which is an important prognosticator after AVR.7

We previously showed the effect of RPV in patients with a
wide range of AS severity (from mild to severe) as a
Deming regression. Subsequently, considering that Vmax
varies with the cosine of the angle of incidence, we calcu-
lated the angle of misalignment using the arccosine function
of the ratio between the higher and the lower of the mea-
sured Vmax.12 The systematic bias introduced by the angle
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Figure 3. Summary of the effect of different Doppler angulation for the assessment of transaortic Peak Velocity. Each blue curvilinear line indicates an iso-

velocity surface derived by the Doppler shift formula. The best acoustic window is assumed as aligned with the blood flow (angle = 0 degree). We illustrated

the effect of a significant misalignment at high and low velocities. One patient is presented as paradigmatic example (A: before-AVR; B: after-AVR). Dopp-

ler measurements from RPV (A1 and B1) and from apical view (A2 and B2) are shown. In this case the RPV was the best acoustic window both before and

after AVR. Clinical implications are summarized in the right part of the figure. PPM = patient-prosthesis mismatch; RPV= right parasternal view;

Vmax = maximal transvalvular velocity.
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difference between RPV and apical (mean 14 § 16
degree)12 results in a greater absolute Vmax difference in
severe AS versus mild AS and/or newly implanted pros-
thetic valve as illustrated in Figure 3.

Another important clinical aspect emphasized by the
present study is the need to always specify in the final report
the acoustic window from which the maximal transaortic
velocity has been recorded. This information is important
to compare consecutive examinations or to define the aortic
valve progression rate, particularly when patients cannot be
re-evaluated in the same center and/or same operator.5,13

Also, the same window lead to the highest Vmax before
and after AVR. Indeed, in the present study 16 of 20 TAVI
patients had RPV as the best acoustic windows both before-
and after-TAVI.

The main limitation of the present study is the sample
size, which is adequate for the presented analysis, but lim-
its the possibility of more detailed sensitivity consider-
ation. In particular, the low feasibility in the SAVR group
may have reduced the power to detect significant differen-
ces; this aspect needs to be evaluated with specifically
designed studies, including echocardiogram performed
longer after surgery. In addition, as only biological valves
were surgically implanted, results are limited to this type
of valves. We used conventional 2D and/or Doppler trans-
ducer, as the nonimaging Continuous-Wave-Doppler
Probes are not available in our institution, and this may
be another limit of the study. Indeed, we previously
noticed that Vmax by the nonimaging dedicated continu-
ous Doppler transducer resulted significantly higher
(p = 0.01).5 We acknowledge that RPV may be better per-
formed with non-imaging Doppler probes, but having
only 2D and/or Doppler shouldn’t discourage from per-
forming RPV, as it still resulted highly feasible and of
incremental clinical value.4,5 We did not measure the
aorto-ventricular angulation, and this may be considered a
further limitation of the present study. In the literature the
aorto-ventricular angle is reported as a potential clue for
the need of nonapical approach.3,14 Indeed, when the
angle between the ultrasound beam and the aortic valve
jet direction from the apical window is wide, the aortic
valve velocity measured by the apical window tends to be
underestimated. This anatomical notion should trigger the
operator since the beginning of the exam. However, aortic
root angulation influences the location of maximal veloc-
ity modestly and that routine Doppler interrogation from
all the acoustic windows must be performed to determine
the true severity of the AS accurately.14

This experience demonstrates that RPV feasibility is
slightly reduced after AVR but significantly improves the
hemodynamic assessment of aortic bioprosthetic valves and
the detection of PPM. Furthermore, when RPV is the best
acoustic windows in patients with severe AS, it generally
remains so after TAVI.
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