
Aortic stenosis (AS) is a common disease with estimated 
frequency of 3.4% in those aged of 75 years or older [1,2]. 

Symptomatic patients with severe AS have increased morbidity 
and mortality [3,4]; aortic valve replacement (surgical and cath-
eter based) should be offered to those patients to improve life 
expectancy and quality of life [5-8].

Doppler echocardiography is the preferred method to di-
agnose AS. Severe AS is defined by Doppler measurement of 
maximal aortic velocity (Vmax) > 4 m/sec and mean pressure 
gradient > 40 m/sec. The continuity equation allows calculation 
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0.6 cm2/m2 are consistent with severe AS [9,10]. In some cases, 
diagnosis of severe AS is challenging. There might be a dis-
crepancy among measurements where Doppler values are not 
consistent with AVA calculation. Low quality 2-dimensional 
echocardiography images as well as an inappropriate Doppler 
signal can be sources of error. 

Aortic valve Doppler signals in a normal valve are character-
ized by early peaking. Consistent with the aortic stenosis mur-
mur, the Doppler contour becomes more circular and the peak ve-
locity is delayed as the valve becomes more stenotic [Figure 1]. 
Therefore, systolic time intervals may be derived from the 
Doppler contour: ejection time (ET) and time to peak velocity 
named acceleration time (AT). Their relation can be calculated 
as well. Previously, systolic time intervals were evaluated for 
stenotic prosthetic aortic valves [11] and prolonged AT, ET, and 
AT/ET were consistent with prosthetic aortic valve malfunction. 

Thus, the aim of the current study was to determine whether 
systolic time intervals could identify the level of stenotic sever-
ity in a native aortic valve and to produce values for severe AS. 

Echocardiographic and Doppler results of patients with mild, 
moderate, and severe AS were reviewed from the Sheba Med-
ical Center echocardiography database. In addition, a group of 
patients with normal heart and valves was reviewed and con-
sidered as having normal AS. The definition of mild, moderate, 



and severe AS was based on the American College of Cardiol-
ogy guidelines and only patients with consistent measurements 
(both area and velocity) were included [10]. Inclusion criteria 
were normal left and right ventricular function with no other 
significant valvular heart disease and no significant aortic regur-
gitation. All patients had an adequate echocardiographic image. 
The study was approved by the respective human research re-
view board of Sheba Medical Center. 

Two dimensional transthoracic echocardiographic and Dop-
pler studies were measured with clinical ultrasound machines 
equipped with 3.5 MHz transducers using standard views. The 
studies were digitally stored (Change Healthcare Cardiology, 
Medical Software, Tel Aviv, Israel). Parasternal long axis view 
was used for measuring the aortic annulus diameter in early 
systole. Pulsed Doppler (PW) in left ventricle outflow tract 
(LVOT) from the apical window allowed evaluating flow. 
Continuous wave (CW) Doppler recording of flow through 
the aortic valve was performed from the apical, right para-
sternal, suprasternal, and subcostal windows to minimize the 
effect of Doppler angulation with flow. Left ventricle ejec-
tion fraction was reported by trained echocardiography. Left 
ventricle stroke volume was derived using the velocity time 
interval (VTI) of LVOT assuming a circular geometry of the 
LVOT. We calculated cardiac output by multiplying heart rate 
by stroke volume. Indexed cardiac output and stroke volume 
to body surface area (BSA) were calculated as well. Aor-
tic valve area (AVA) was derived from the continuity equa-

tion, and index AVA was calculated. Systolic time intervals 
were derived from CW Doppler velocity curve [Figure 1].
Ejection time was measured as the time elapsed from the be-
ginning of the systole to the end of the systole. Acceleration 
time was measured from the beginning of the systole to the 
peak velocity. Furthermore, we have calculated the ratio of AT/
ET. All measurements represent an average of three cardiac 
cycles for patients in sinus rhythm and at least six cardiac cy-
cles for patients in atrial fibrillation. Measurements were con-
ducted by a single operator (I.M.). Inter-observer variability 
was performed by comparing the different results from two 
operators (I.M. and S.B.Z.). For inter- and intra-observer vari-
ability, three studies from each group were evaluated.

Death or aortic valve intervention (surgical and catheter based) 
were documented. Mortality data was based on the ministry of 
health registry. Intervention was confirmed using patient records.

Continuous variables were presented as mean ± standard devia-
tion, while categorical variables were presented as percentages. 
The one-way analysis of variance (ANOVA) was used to com-
pare the different variables. A further post hoc analysis (Tukey 
HSD) had been applied for the different groups. Chi-square test 
was applied for the categorical variables. Receiver-operator 
characteristic (ROC) curves for the AT, ET, and AT/ET values 
corresponded to the different stenosis degrees. A cutoff value for 
the severe stenosis was generated with respect to the sensitivity 
and specificity. Interclass correlation coefficient test was mea-



sured agreement between the two operators (I.M. and S.B.Z. for 
inter-observer variability). 

We used Pearson‘s correlation analysis for the evaluation of 
the linear relationship between the systolic time interval and the 
aortic valve area and peak velocity. A further multivariant re-
gression analysis was conducted to elevate and predict severe 
aortic stenosis using AT, ET, or the ratio AT/ET with the sub-
sequent independent variables: ejection fraction, stroke volume 
index, heart rate, BMI, and sex. 

Survival was defined as either all-cause mortality or require-
ment of aortic valve replacement, whichever came first. Sur-
vival rate for 1 and 3 years was calculated by Kaplan-Meier 
curve for the different categories (AT, ET, and AT/ET) with 
respect to the best cutoff values derived from the ROC. P < 
0.05 was considered as statically significant. Statistical analy-
ses were performed using IBM Statistical Package for the So-
cial Sciences statistics software, version 23 (SPSS, IBM Corp, 
Armonk, NY, USA).

A total 200 patients were selected, 50 patients for each group 
(normal, mild, moderate, and severe stenosis). Average age of 
the cohort was 79.2 ± 10.8 years, 45.5% were women [Table 1]. 
Similar hemodynamics were noted among the study groups. All 
groups met the criteria for mild, moderate, or severe aortic ste-
nosis in Doppler parameters as well as in valve area estimation. 
Left ventricle size and function was normal in all. Stroke volume 
index and cardiac index was comparable among groups. Higher 
pulmonary pressure was noted in the severe aortic stenosis group. 

When examining the AT, one can appreciate the close relation-
ship between the degree of the stenosis to the mean AT that was 
measured. Patients who had no stenosis showed a mean result of 
69.4 ± 7.6 msec. Patients with mild stenosis had a mean result of 
79.8 ± 8.9 msec, moderate stenosis 91.4 ± 10.5 msec, and severe 
stenosis patients had a mean result of 132.5 ± 21.4 msec (P for 
trend < 0.05). A similar trend was noted while comparing the 
different ETs at the different levels of stenosis: 300 ± 35 msec 
for no stenosis, 304 ± 34 msec for mild stenosis, 303 ± 38 msec 
for moderate stenosis, and 327 ± 36 msec for severe stenosis 
(P for trend < 0.05). The AT/ET ratio yielded 0.23 ± 0.03 for 
no stenosis, 0.26 ± 0.03 for mild, 0.31 ± 0.03 for moderate, and 
0.40 ± 0.05 for severe stenosis (P for trend < 0.05). 

Appling ROC curves for AT, ET, and AT/ET parameters al-
lowed us to discriminate severe AS from the other groups [Fig-
ure 2]. Best area under curve (AUC) was noted to AT (0.995) 
followed by AT/ET ratio (0.987). A cut off of 108 msec for AT 
allowed us to identify severe AS with 100% sensitivity and 98% 

specificity. Furthermore, a AT/ET ratio greater than 0.34 indi-
cated severe AS with 96% sensitivity and 94% specificity. 

Two models of multivariate analysis were performed. Model A 
for AT with hazard ratio (HR) of 1.43 (95% confidence interval 
[95%CI] 1.16–1.75, P < 0.001) [Supplement Table 1] and Mod-
el B with HR of 2.70 (95%CI 1.74–4.19, P < 0.001) for the ratio 
AT/ET [Supplement Table 1]. Both models were able to predict 
severe aortic stenosis with adjustment to sex, stroke volume 
index, heart rate, and BMI.

Best cutoff of systolic time intervals were tested to predict 
survival or aortic valve intervention. Figure 3 demonstrates 

intervention or death [See supplemental figures for separated 
endpoints, online only].

During the first year of follow-up, 39 patients underwent 
aortic valve replacement, of whom 27 had severe AS. A total of 
21 patients died: 9 patients with normal AS, 6 patients with mild 
AS, 3 with moderate, and 3 with severe AS. One patient with 
severe AS died following aortic valve replacement.

Survival rate for 3 years showed the same trends. Death or aor-
tic valve replacement occurred in 47% of patients with AT above 
108 msec vs. 89% in patients with AT below 108 msec. Similarly, 

patients with AT/ET < 0.34 (log rank P < 0.001 for both). 

Correlation coefficient for inter observer variability has yielded 
0.94 (  < 0.001, mean difference 6 ± 4.6 msec) for AT, 0.79 
(  = 0.007, mean difference 6 ± 4.6 msec) for ET, and 0.92 
( < 0.001, mean difference 0.002 ± 0.0) for AT/ET.

Intra-observer variability yielded a correlation coefficient of 
0.99 ( < 0.001, mean difference 4.1 ± 4.3 msec) for AT, 0.97 
(  < 0.001, mean difference 5.7 ± 8.4 msec) for ET, and 0.99, 
( < 0.001, mean difference 0.01 ± 0.0) for AT/ET. 

Systolic time intervals showed a linearity pattern with respect to 
the increasing level of stenosis. Furthermore, and most impor-
tantly, it allowed us to identify patients with severe AS. A cut off 
of 108 msec for AT and 0.34 for AT/ET discriminated patients 
with severe AS from patients with normal, mild or moderate AS 
and most importantly, were able to predict events of death or 
aortic valve replacement. 

Evaluation of severe AS showing inconsistency among valve ar-





more reliable with AT and AT/ET ratio then ET. Although ET 
was found to be longer for severe AS [Table 2], the ROC analysis 
demonstrates lower AUC (0.682) for the ET compared to AT and 
AT/ET ratio (0.995 and 0.987, respectively) [Figure 2].Moreover, 
the strength of AT and AT/ET measurements is supported by the 
multivariant analysis showing independency on gender, ejec-
tion fraction, stroke volume index, heart rate or BMI [Table 4].
Ejection time most probably is influenced by other variables 
(such as heart rate, ejection fraction, stroke volume) that reduce 
its reliability.

Previous reports of systolic time intervals are shown in Supple-
mental Table 2 (online version only). Kim et al. [12] looked into 
AT in a small group of patients to identify severe AS defined 
only by area (AVA < 1 cm2). They did not report analysis of AT/
ET ratio although ET is mentioned. Gamaza-Chulián et al. [13] 
described a cutoff of 0.35 for the AT/ET ratio to identify symp-
tomatic patients with severe AS. This study lacks a comparison 
of a mixture of population of both reduced and normal EF as 
well as different types of severe AS. The same group published 
a study [14] in which AT/ET ratio of 0.35 was shown to predict 
a clinical outcome of death or aortic valve replacement (AVR). 
With a heterogeneous group of patients, the authors presented 
cutoff values for AT and AT/ET ratio to identify severe AS [Sup-
plement Table 2, online version only] with lower sensitivity and 
specificity then our analysis. No survival data on AT was given, 
although the AUC was similar for AT and AT/ET ratio (0.86 and 
0.86 respectively). Interestingly, both AT and AT/ET ratio have 
shown a correlation to EF; this might be explained by inclusion 
of different types of AS and EF in the analysis. Kamimura et 
al [15] measured only AT in a combined population of normal, 
moderate, reduced and preserved EF, which are divided to small 
number of patients in each group. In their survival analysis, 
quantiles were used to present reduced survival with higher AT 
quantiles. However, Ringle Griguer et al. [16] who studies pa-
tients with AVA < 1.3 cm2 did not find correlation to overall 
mortality and cardiovascular mortality among patients with AT 
over 112 msec. This analysis was based on tertiles values of AT 
and AT/ET ratio. The upper tertile value of AT/ET 0.36 value 
was able to predict overall mortality and cardiovascular mortal-
ity in their cohort. 

In the current study, we evaluated systolic time intervals 
among 200 patients divided into four equal groups: normal, 
mild, moderate, and severe AS. All patients had a normal ejec-
tion fraction and valve area. Gradients in each group were con-
sistent with the ACC/AHA valve guidelines definition of mild, 
moderate, and sever AS [10]. Strict definition of each group 
allowed more reliable and trustworthy analysis. First, we were 
able to define cut of values for AT and AT/ET ratio with high 
sensitivity specificity establishing those measurements for rou-
tine use. Then, using the best cut off value (AT > 108 and AT/ET 

ea and pressure gradients is not uncommon. The first step would 
be to exclude errors in LVOT estimation as well as to confirm 
producing adequate Doppler quality, alignment and adequate 
tracing. Unfortunately, in some patients, the image quality will 
limit the accuracy of those measurements. In other group of pa-
tients, our assumption of a circular LVOT is a source of error in 
AVA estimation. In those cases, ejection time intervals (AT and 
AT/ET) are adequate echocardiography tools for supporting the 
diagnosis of severe AS. These measurements are easily repro-
duceable and are not limited by Doppler angle or the need to get 
the maximal velocity across the valve. It is also preferred over 
invasive studies as transesopahgeal echocardiography for AVA 
planimetry or imaging the valve with computed tomography for 
both planimetry or assessing calcium score.

AT and AT/ET values have shown to increase as AS severi-
ty worsens [Table 2]. The diagnosis of severe AS seems to be 



ratio > 0.34), we were able to predict AVR or mortality. Consis-
tent with other studies ET was shown to be a weaker measure-
ment and was not able to predict survival or AVR. 

Our study has several limitations. This single-center, retrospec-
tive study was conducted at a referral center; therefore, a higher 
frequency of intervention is expected. The study is limited to 
patients with normal ejection fraction and high gradient severe 
AS; we did not look into patients with reduced ejection fraction 
or patients with the diagnosis of low flow low gradient or pseu-
do severe AS. Those groups of patients should be studies in the 
future. Although there were statistical differences between the 
groups with respect to ejection fraction, all were in the normal 
range and no differences in stroke volume and stroke volume 
index was observed. 

Systolic time intervals can be used to identify patients with se-
vere AS. Both ATand AT/ET ratios are reliable, non-angle de-
pendent measurements for establishing the diagnosis of severe 
AS. Moreover, AT and AT/ET ratios were able to predict aortic 
valve replacement or death.



The risk of infection with severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) decreases 
substantially among patients who have recovered from 
coronavirus disease 2019 (COVID-19). However, it is 
unknown how long protective immunity lasts. Current 
guidelines recommend vaccination of recovered patients 
even though data regarding vaccine effectiveness in such 
cases are still limited. In this retrospective cohort study, 
Hammerman and co-authors reviewed electronic medical 
records from Clalit Health Fund to assess reinfection 
rates in patients who had recovered from SARS-CoV-2 
infection before any vaccination against COVID-19. A total 
of 149,032 patients who had recovered from SARS-CoV-2 
infection met the eligibility criteria. Of these patients, 
83,356 (56%) received subsequent vaccination during the 

270-day study period. Reinfection occurred in 354 of the 
vaccinated patients (2.46 cases per 100,000 persons per 
day) and in 2168 of 65,676 unvaccinated patients (10.21 
cases per 100,000 persons per day). Vaccine effectiveness 
was estimated at 82% (95% confidence interval [95%CI] 
80–84) among patients who were 16 to 64 years of age 
and 60% (95%CI 36–76) among those 65 years of age 
or older. No significant difference in vaccine effectiveness 
was found for one dose compared to two doses. Among 
patients who had recovered from COVID-19, the receipt of 
at least one dose of the BNT162b2 vaccine was associated 
with a significantly lower risk of recurrent infection.

Patone et al. undertook a self-controlled case series 
study of people aged 16 or older vaccinated for 
COVID-19 in England between 1 December 2020 and 24 
August 2021 to investigate hospital admission or death 
from myocarditis, pericarditis and cardiac arrhythmias 

n=20,615,911) or messenger RNA-based (BNT162b2, 
n=16,993,389; mRNA-1273, n=1,006,191) vaccines or a 
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) positive test (n=3,028,867). The authors found 
increased risks of myocarditis associated with the first 
dose of ChAdOx1 and BNT162b2 vaccines and the first 
and second doses of the mRNA-1273 vaccine over the 
1–28 days post-vaccination period, and after a SARS-
CoV-2 positive test. They estimated an extra two (95% 
confidence interval [95%CI] 0–3), one (95%CI 0–2,) and 

vaccinated with ChAdOx1, BNT162b2, and mRNA-1273, 

1273. This compares with an extra 40 (95%CI 38–41) 

following a SARS-CoV-2 positive test. They also observed 
increased risks of pericarditis and cardiac arrhythmias 
following a positive SARS-CoV-2 test. Similar associations 
were not observed with any of the COVID-19 vaccines, 
apart from an increased risk of arrhythmia following a 
second dose of mRNA-1273. Subgroup analyses by 
age showed the increased risk of myocarditis associated 
with the two mRNA vaccines was present only in those 
younger than 40.


