Additive value of the right parasternal window for the assessment of aortic stenosis
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Abstract
Background: Although Doppler evaluation using a multiplanar method is recommended to assess the severity of aortic stenosis (AS) with transthoracic echocardiography, evidence on the diagnostic significance of a non-apical method is limited. This study aimed to compare the use of the apical window (AW) with use of the right parasternal window (RW) method to evaluate AS severity and to examine the diagnostic significance of performing the RW method in addition to the AW method during the evaluation.
Methods: This retrospective observational study included 287 consecutive patients (mean age: 79 ± 10 years; women, 56%) with severe AS (aortic valve area [AVA] ≤1.0cm2). The severity of AS according to the AW method and that according to the RW for all subjects were compared, and the significance of performing the RW method in addition to the AW method was examined. Furthermore, we compared the concordance group, in which the AW and RW methods indicated matching in severity, and the discordant group, in which the AW and RW methods did not indicate matching severity.
Results: Peak velocity (PV), mean pressure gradient (PG), and AVA were not significantly different between the AW and RW methods. Performing the RW method in addition to the AW method significantly decreased the number of low PG AS cases (mean PG <40 mmHg) from 71.1% to 65.0% and it increased the number of very severe AS cases (PV ≥5m/s) from 8.7% to 14.5%. Although, there was no significant difference in the Doppler angle (DA) observed using the AW method for the discordant group and the concordant group, the DA observed using the RW method was significantly smaller in the discordant group (8.8±8.2, 16.3±12.3 °, p<0.01). In the receiver-operating characteristic analysis, with the RW method, a DA of 8° was the cutoff value for discrepancies between the two groups.
Conclusions: By performing the RW method in addition to the AW method to determine AS severity, different severity is observed in approximately 10% of cases. These results suggest that AS severity may be underestimated by using the AW method alone.
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Introduction
The incidence of aortic stenosis (AS) is increasing in advanced countries with aging societies.1,2 The diagnosis and management of AS are important in daily clinical practice.1 Using the Doppler method with transthoracic echocardiography (TTE) is recommended according to the guidelines for Class 1 in the assessment of AS severity. Accurate measurement of peak velocity (PV) and mean pressure gradient (PG) have important roles in routine clinical practice.3-5 Among the advanced AS, the diagnosis of low-PG AS (mean PG <40mmHg) and very severe AS (PV ≥5m/s) is important in daily clinical practice because of the different diagnostic methods and treatment strategies.3-5 Using the Doppler method with TTE is a simple and useful in daily clinical practice, but it is necessary to focus attention on the incidence angle (Doppler angle [DA]).6 In some cases, the DA is not well-assessed using the apical window (AW).7 Therefore, the guidelines recommend multiple windows for the assessment of AS severity.4 However, the diagnostic value of performing the right parasternal window (RW) method in addition to the AW method when evaluating AS is limited. This study compared the use of the AW method with the use of the RW method during the evaluation of AS severity, and it examined the diagnostic significance of performing the RW method in addition to the AW method to evaluate AS severity.

Methods
Study population
We retrospectively included 311 patients with severe AS who underwent AS assessment using the AW and RW methods at St. Marianna University Hospital between November 2011 to March 2017. Severe AS was defined as aortic valve area (AVA) of 1.0 cm2 or smaller using either the AW method or the RW methods. Of these 311 patients, the DA could not be obtained for 24; therefore, they were excluded from the study. Finally, 287 patients were enrolled in the study. Blood pressure, heart rate, and body surface area (BSA) were measured before echocardiography. The study protocol was approved by the ethics committee of our hospital, and the need for informed consent was waived because of the retrospective nature of the study. 
Transthoracic echocardiography
Comprehensive TTE including two-dimensional (2D) echocardiography and Doppler echocardiography was performed according to the guidelines of the American Society of Echocardiography for all patients using a commercially available ultrasound system.8 The AVA was calculated using the continuity equation comprising the aortic valve jet velocity and left ventricular outflow tract (LVOT) stroke volume (SV). The SV was determined by the velocity–time integral observed using pulsed wave Doppler echocardiography of the LVOT. The left ventricular (LV) outflow area, which was determined using the following formula: 3.14 × (LVOT diameter/2)2. The LVOT diameter was measured most carefully using the zoom mode of the aortic annulus in mid-systole. The AVA was indexed according to body surface (AVA index). The aortic valve jet velocity was recorded using multiple windows to obtain the highest-velocity signal. The highest peak velocity (PV) and mean PG observed with the AW and the RW methods were used during this study. The LV end-diastolic volume and end-systolic volume, and LV ejection fraction (EF) were measured according to the biplane Simpson’s biplane method in the apical 4-chamber and 2-chamber views. The relative wall thickness was estimated as 2 × (diastolic LV posterior wall thickness)/LV end-diastolic diameter. The LV mass was calculated using the Devereux’s formula. The maximum left atrial volume was measured using the biplane Simpson’s method and indexed according to the body surface area. Peak early and late diastolic velocities of the left ventricular inflow (E and A velocities), deceleration time of the E velocity, and peak early diastolic velocity at the septal corner of the mitral annulus (e’) were measured in the apical 4-chamber view. To determine the DA, we measured the angle between the plane of the echocardiographic beam and color Doppler flow using the AW and RW methods (Figure 1).
Aortic stenosis grading according to the pressure profile
Based on these guidelines, very severe AS was defined as PV ≥5 m/s or more, and low-PG AS was defined as a mean PG <40 mmHg.3-5
Statistical analysis
The results are expressed as the means ± standard deviations (SDs) or percentages, unless otherwise specified. The discordant group comprised cases with low-PG AS according to the AW method but high-PG AS or very severe AS according to the RW method, cases with high-PG AS according to the AW method but very severe AS according to the RW method, and other cases with matched severity in the concordant group. Data for both the concordant and discordant groups were compared using Student’s t-test, chi-square test, or Fisher’s exact test, as appropriate. A receiver operating characteristic (ROC) curve analysis was performed to investigate the sensitivity and specificity for discordant of AS severity using the AW and RW methods and to determine the best cutoff value of each DA. All statistical analyses were performed using SPSS software (version 22.0; SPSS, Inc., Chicago, IL, USA).

Results
The mean age of the participants was 79 ± 10 years, and 56% were women. Atrial fibrillation was observed in 47 patients (17%). Significant aortic regurgitation, mitral regurgitation, and mitral stenosis of moderate or greater severity were present in 36 (13%), 33 (12%), and 9 (3%) patients, respectively. AS severity was determined using a PV of 4.0 ± 1.0 m/s, mean PG of 37.1 ± 20.2 mmHg, and AVA of 0.69± 0.17cm2 (Table 1).
　Although there were no significant differences in the PV, mean PG, AVA, and DA with the AW and RW methods (3.7 ± 0.94 vs 3.8 ± 1.0 m/s, p = 0.305; 33.7 ± 18.7 vs 33.4 ± 18.6 mmHg, p = 0.794; 0.75 ± 0.19 vs 0.72 ± 0.18 cm 2, p = 0.077; and 14.8 ± 10.0 vs 15.6 ± 12.4 °, p = 0.847, respectively), the AVA index evaluated using the RW method was significantly smaller than that evaluated using the AW method (0.51 ± 0.14 vs 0.49 ± 0.14 cm 2/m 2, p = 0.0013).
Evaluation using the AW method showed that low-PG AS (mean PG <40mmHg) was present in 193 patients (69.9%); however, the addition of the RW method significantly reduced this result to 176 patients (63.8%). The number of cases of very severe AS (PV ≥5.0 m/s) significantly increased from 26 (9.4%) to 44 (15.9%) (Figure 2).
There were no significant differences in age and sex between the Concordant and Discordant groups, but body surface area was significantly greater in the discordant group (1.49±0.18 vs. 1.56±0.21, p=0.039). The DA observed with the RW method was significantly smaller in the discordant group than in the concordant group (16.3±12.3 vs. 8.8±8.2, p=0.0007) (Table 2). The ROC analysis showed that the DA observed using the AW method could not detect the discordant group; however, using the RW method, a DA of 8.5°, was the best cutoff value for detecting the discordant group, with an AUC of 0.70, sensitivity of 55.2%, and specificity of 71.4%. (Figure 3).

Discussion
During this study, there were three main findings. First, no significant differences in the PV, mean PG, and AVA were observed when both the AW and RW methods were used for the overall severe AS cohort. Second, performing the RW method in addition to the AW method to evaluate AS changed the severity in approximately 15% of cases. Third, cases with different severity according to the two methods were those with a DA of ≤8° observed with the RW method.
The Doppler method is the gold standard for diagnosing the severity of and assessing the hemodynamics of AS using TTE.9,10 Although the Doppler method is a simple and useful technique, it underestimates the flow velocity as the DA increases with the direction of blood flow to be measured. 11,12 Previous studies have reported that the evaluation of the aortic valve flow velocity using multiple windows accurately reflects the catheter PG and does not miss the progression of AS. 11,13,14 The guidelines also recommend performing the evaluation using multiple windows.3-5 Previous studies have reported that the non-apical method results in a higher PV than the AW method for 20.9% to 78% of cases.6,7,13,15-17 During the present study, the PV observed with the RW method was higher than that observed with the AW method in 61% of cases, which is consistent with previous studies. However, few studies have investigated the change in AS severity with the addition of the RW method. Benfari et al. reported that performing the RW method in addition to the AW method to evaluate AS changed the number of mild AS cases to moderate or severe AS cases by 41%, and it changed the number of moderate AS cases to severe or very severe AS by 12%.6,15 During our study limited to severe AS, a change in severity was observed in approximately 15% of cases, suggesting that the AW method alone may underestimate AS severity. According to the national guidelines for valvular disease, the treatment strategy for very severe AS differs from that for severe AS, and aortic valve replacement is recommended for class IIa AS, regardless of the presence or absence of symptoms.3 Additionally, the diagnosis of low-PG AS is difficult in terms of severity and requires additional testing by dobutamine stress echocardiography and cardiac computed tomography.3 During the present study, using the RW method in addition to the AW method decreased low-PG AS cases by 8.8% and increased very severe AS cases by 69%. These results suggest that the AW method alone may underestimate AS severity, and they demonstrate the diagnostic significance of the RW method in routine clinical practice.
Benfari et al. reported that the difference in the DA was greater in the group in which AS severity changed with the use of the AW and RW methods.6 During the present study, there was no significant difference in the DA observed with the AW method in the concordant and discordant groups; however, there was a significant difference in the DA observed with the RW method. Furthermore, the ROC analysis showed that the cutoff value of the DA, which may change the severity classification of AS when the AW method is performed in addition to the RW method, was 8° for the RW method; however, there is no significant value for the AW method. The reason why there was no significant difference in the DA with the AW method for the concordance and discordant groups during this study is that the DA with the AW method was relatively shallow. In fact, the mean DA with the AW method during this study was 15°, which is consistent with the DA (17°) of the group that showed no significant difference between the AW and RW methods during a previous study. Hatle et al. reported that the RW method was feasible for 33% to 49% of cases.11,13 However, a recent study showed that the RW method was feasible for 83% to 96% of cases, and that it could be improved with training.15,16 Therefore, it is important to actively perform the RW method for patients with AS and to become familiar with the RW method through daily training. 
Study limitations
This study had some limitations. First, although the number of cases in this study was large compared to that of previous studies investigating the RW method for AS, this investigation was a single-center study with a small sample size. Second, the prognosis was not studied. Additionally, the present study only evaluated the aortic valve flow in two dimensions, but the aortic valve flow in AS was angulated in three dimensions.

Conclusions
By performing the RW method in addition to the AW method to determine the severity of AS, the severity changes in approximately 15% of cases. These results suggest that AS severity may be underestimated by using only the AW method to evaluate AS.
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Figure legends
Figure 1. Assessment of the Doppler angle in the apical window (a) and the right parasternal window (b). A representative case of a relatively large Doppler angle on the apex window, but small on the right parasternal window. LV; left ventricle. LA; left atrium, Ao; aorta, RV; right ventricle.
Figure 2. Distribution of aortic stenosis severity. (a) Apical window only. (b) Addition of the right parasternal window on the apical window. Adding the RW method decreased the percentage of low-gradient severe AS from 70% to 64% and increased the percentage of very severe AS from 9% to 16%.
Figure 3. Receiver operative curve analysis showed that the RW method was able to predict the Discordant group with a DA of 8° (AUC 0.695, sensitivity 62.1%, specificity 69.4%).


Table 1. Baseline and echocardiographic characteristics
	Variable
	N=276

	Age (y)
	79 ± 10

	BSA (m2)
	1.50 ± 0.18

	Female, n (%)
	155 (56%)

	Atrial fibrillation, n (%)
	47 (17%)

	LV end-diastolic volume (ml)
	90.8 ± 39.8

	LV end-systolic volume (ml)
	40.0 ± 32.7

	LVEF, n (%)
	60.0 ± 13.8

	Moderate or grater AR, n (%)
	36 (13)

	Moderate or grater MR, n (%) 
	33 (12)

	Moderate or grater MS, n (%)
	9 (3)

	LV mass index (g/m2)
	115.8 ± 73.9

	Relative wall thickness
	0.44 ± 0.10

	LVOT diameter (mm)
	20.6 ± 1.7

	SV (ml)
	60.6 ± 15.9

	SVI (ml/ m2)
	40.8 ± 10.8

	E/A
	0.89 ± 0.49

	E/e' 
	19.7 ± 10.1

	LAVI (ml/ m2)
	53.9 ± 38.9

	Peak velocity (m/s)
	4.0 ± 1.0

	Mean PG (mmHg)
	37.1 ± 20.2

	AVA (cm2)
	0.69 ± 0.17

	AVAi (cm2/m2)
	0.46 ± 0.12

	Doppler angle using the AW (°)
	14.8 ± 10.0

	Doppler angle using the RW (°)
	15.6 ± 12.4


AR, aortic regurgitation; AVA, aortic valve area; AVAi, aortic valve area index; AW, apical window; BSA, body surface area; E/A, early and late diastolic velocities; e’ early diastolic velocity; LAVI, left atrial volume index; LV, left ventricle; LVEF, left ventricular ejection fraction; LVOT, left ventricular outflow tract; MR, mitral regurgitation; MS, mitral stenosis; PG, pressure gradient; RW, right parasternal window; RWT, relative wall thickness; SV, stroke volume; SVI, stroke volume index.

Table 2. Comparisons of clinical and echocardiographic characteristics of the concordant and discordant groups
	Variable
	Concordant
(N=206)
	Discordant
(N=29)
	p value

	Age (y)
	79.1±9.3
	76.3±10.2
	0.121

	BSA (m2)
	1.49±0.18
	1.56±0.21
	0.039

	Female, n (%)
	120(58)
	14(48)
	0.812

	Atrial fibrillation, n (%)
	37(18)
	5(17)
	0.967

	LV end-diastolic volume (ml)
	87.7±39.8
	96.2±36.0
	0.071

	LV end-systolic volume (ml)
	39.8±33.0
	36.9±27.5
	0.878

	LVEF (%)
	59.2±14.2
	64.1±12.7
	0.444

	Moderate or greater AR, n (%)
	25 (12)
	5 (17)
	0.375

	Moderate or greater MR, n (%) 
	24 (12)
	5 (17)
	0.472

	Moderate or greater MS, n (%)
	6 (3)
	1 (3)
	0.789

	LV mass index (g/ m2)
	112.8±82.9
	117.7±31.3
	0.063

	RWT
	0.44±0.10
	0.45±0.08
	0.420

	LVOT diameter (mm)
	19.9±1.6
	20.4±2.6
	0.709

	SV (ml)
	58.0±15.3
	68.0±15.8
	0.001

	SVI (ml/ m2)
	39.4±1.8
	43.8±9.0
	0.04

	E/A
	0.90±0.55
	0.87±0.43
	0.981

	E/e' (septal)
	19.3±9.2
	18.9±9.1
	0.918

	LAVI (ml/ m2)
	53.3±41.9
	51.1±32.6
	0.629

	Peak velocity (m/s)
	3.6±0.7
	5.0±0.7
	<0.001

	Mean PG (mmHg)
	28.7±11.9
	56.9±15.2
	<0.001

	AVA (cm2)
	0.73±0.15
	0.57±0.16
	<0.001

	AVAi (cm2/m2)
	0.50±0.11
	0.37±0.09
	<0.001

	Doppler angle using the AW (°)
	15.6±9.9
	16.6±11.7
	0.794

	Doppler angle using the RW (°)
	16.3±12.3
	8.8±8.2
	<0.001


The abbreviations are shown in Table 1.
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