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Summary

Introduction: When to intervene in asymptomatic patients with
moderate or severe aortic stenosis (AS) and preserved left ventricular
ejection fraction (LVEF) has not yet been determined. In patients with
AS, low flow through the aortic valve is defined as indexed stroke vol-
ume (SVi) €35 ml/m?2. Our work aimed to determine the relationship
between SVi and all-cause mortality in asymptomatic patients with
moderate or severe AS, concordantly high mean gradient across the
aortic valve (P___ ), and preserved LVEF.

Methods: The study included 121 asymptomatic patients (69 men,
mean age 66%11) with moderate-to-severe AS (aortic valve area
<1.5 cm?), concordantly high P__ (=30 mmHg), and preserved LVEF
(=50%). The median follow-up was 38 months (IQR 35-42 months).

Results: Ten patients (8%) died during the follow-up. All-cause mor-
tality was significantly higher in the group of AS-patients with SVi <35
ml/m? compared to those with SVi >35 ml/m? (15% vs. 4%, p<0.045).
The cumulative incidence of all-cause mortality was significantly high-
er in the group of AS-patients with SVi <35 ml/m? compared to those
with SVi >35 ml/m? (log-rank p=0.035). The group of AS-patients with
SVi <35 ml/m? had a 3.8-fold higher risk of all-cause mortality during
long-term follow-up compared with those with SVi >35 ml/m? (HR:
3.845; 95% Cl: 1.004-14.871; p=0.041).

Conclusion: Left ventricular SVi may be a significant predictor of
all-cause mortality during long-term follow-up in asymptomatic pa-
tients with moderate or severe AS, concordantly elevated P and
preserved LVEF. Larger studies are needed to confirm these findings.
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INTRODUCTION

Aortic stenosis (AS) is the most frequent valvular disease re-
quiring intervention in high- and mid-income countries (1).
ASleads to impaired flow through the aortic valve, resulting
inanincreased pressure gradient and, in turn, increased left
ventricular (LV) afterload. These processes lead to concen-
tric LV hypertrophy to maintain stroke volume (SV), but
prolonged pressure overload eventually results in systolic
dysfunction and, consequently, reduced SV (2).

Severe AS is defined when the aortic valve area (AVA)
is <1.0 cm? the maximum flow velocity (V__)is >4.0m/s,
and the mean pressure gradient (P__ ) is >40 mmHg (3).
However, approximately 50% of patients with severe AS
have low SV despite preserved left ventricular ejection
fraction (LVEF) (4). A reduction in blood flow across the
aortic valve is determined by an LV stroke volume index
(SVi) <35 ml/m? (5).

Patients with severe AS and low SVi with preserved
LVEF (250%) can be classified into one of the two
groups: patients with low flow (SVi <35 ml/m?) and low
mean gradient across the aortic valve (P_ <40 mmHg)
(either with decreased or with normal LVEF) and pa-
tients with low flow and concordantly high P__ across
the aortic valve (> 40 mmHg) (6-7). Patients with low-
flow and low-gradient AS with preserved LVEF have in-
creased mortality during S-year follow-up (8-9). In con-
trast, the prognostic significance of low flow in patients
with high-gradient AS and preserved LVEF has been
much less studied.

In any case, if a patient with AS is symptomatic, the
management is obvious, and aortic valve replacement is
mandatory. However, the treatment approach to asymp-
tomatic AS patients is still debatable. Timely risk strati-
fication of these patients is crucial to achieving optimal
outcomes. Thus, additional parameters, including echo-
cardiography-derived parameters, could facilitate pa-
tient-tailored decisions.

Our study aimed to determine whether low SVi was
associated with all-cause mortality in asymptomatic pa-
tients with moderate or severe AS (AVA <1.5 cm?), con-
cordantly high P__across the aortic valve (> 30mmHg),
and preserved LVEF (>50%).

METHODS
Patient population

Between 2009 and 2018, 121 asymptomatic patients
with moderate (AVA <1.5 cm?) or severe AS (AVA <1.0
cm”) and preserved LVEF (>50%) were prospectively en-
rolled in the study (Table 1). Key exclusion criteria were:
patients <18 years old; the presence of mild AS (AVA
>1.5 cm?); the presence of subvalvular or supravalvular
AS; the presence of significant mitral regurgitation; the
presence of more than moderate mitral regurgitation or
more than mild mitral stenosis; severe chronic kidney
disease with estimated glomerular filtration rate (eGFR)
<30 ml/min/1.73 m? and shortened life expectancy (<3
years). A detailed list of inclusion and exclusion criteria is
given in Table 1. The study was conducted in the clinical
echocardiography laboratory at the Cardiology Depart-
ment, University Clinical Center of Serbia, Belgrade, Ser-
bia, in accordance with national legal requirements, insti-
tutional policies, and the revised Declaration of Helsinki.
All patients gave written informed consent to participate
in the study, which was approved by the Ethical Commit-
tee of the University of Belgrade - Faculty of Medicine
(number: 440IVI-13, June 19th 2009).

Echocardiography
Commercially available ultrasound systems were used

to perform a comprehensive Doppler echocardiograph-
ic study in all patients. Transthoracic echocardiographic

Table 1. Full inclusion and exclusion criteria for patient participation in the study.

Inclusion criteria Exclusion criteria

1. Presence of moderate or severe aortic stenosis (AVA <1.5cm?); 1. Patients aged <18 years old;

2. Leftventricular ejection fraction >50%; 2. Mild aortic stenosis (AVA >1.5 cm?);

3. The patient can sign informed consent. 3. Subvalvular or supravalvular aortic stenosis;
4. Mitral regurgitation and/or aortic regurgitation >2+;
S. Moderate or severe mitral stenosis (mean gradient >5 mmHg);
6. Patients with a significantly dilated ascending aorta (>45S mm);
7. Presence of a prosthetic aortic valve and/or mitral valve;
8. Patients with a shortened life expectancy (<3 years);
9. Coronary artery disease is defined as the presence of at least

one coronary stenosis >50% diameter stenosis assessed by
visual estimation.

10. Any previous myocardial infarction;

11. Any previous percutaneous coronary intervention;

12. Previous aorto-coronary by-pass grafting surgery (CABG);

13. Left ventricular hypertrophy;

14. Cardiomyopathies (dilated, hypertrophic, restrictive);

1S. Chronic kidney disease (<30 ml/min/1.73 m?).
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examination was performed on the General Electric
Vivid 4 and Vivid 9 cardiac ultrasound systems (BTO6,
1.5-3.6 MHz; GE Healthcare Technologies, Waukesha,
WI, USA). Patients were examined in all standard echo-
cardiographic positions. The left ventricle’s internal di-
mensions, the posterior wall thickness (PWT), and the
interventricular septal thickness (IVST) were measured
in end-diastole apically in relation to the tips of the mitral
valve leaflets in the two-dimensional long-axis paraster-
nal view (10). Using the corrected formula of the Amer-
ican Society of Echocardiography and body surface area
indexing, the LV mass of each individual was calculated
(11). The Simpson biplane model was used to determine
LV end-diastolic and end-systolic volumes, as well as
LVEF (12). Online software was used to calculate max-
imum velocity, velocity-time integral, systolic ejection
time, maximum pressure, and pressure differences from
continuous-wave Doppler recordings at the apex and the
right intercostal space. The simplified Bernoulli equa-
tion was used to calculate gradients across the aortic
valve (13). The AVA was determined using the continu-
ity equation. A parasternal long-axis view at mid-systole
was used to measure the subaortic diameter at the level
of the aortic leaflets. Apical five-chamber pulsed Doppler
recordings were obtained with the sample volume shift-
ed axially from the aortic annulus, typically 0.5 to 1.0 cm
below the valve, to measure maximum velocity and veloc-
ity-time integrals. Stroke volume was calculated as VTI
LVOT x CSA LVOT, the main systolic transvalvular vol-
ume flow ratio as SV/SEP (14) (left ventricular outflow
tract [LVOT], cross sectional area [CSAJ; velocity time
integral [VTI]; systolic ejection period [SEP], measured
as the time between the opening and closing of the aor-
tic valve echoes in the aortic Doppler recording. Indexed
stroke volume was calculated in ml as Stroke volume /
Body surface area in m?, where: Stroke volume = Cardiac
Output in ml / Heart rate in beats per minute (bpm) (14).

A single operator did all echocardiographic measure-
ments.

Follow-up

Clinical data during follow-up were obtained from all pa-
tients either through direct examination or a telephone
interview. The primary endpoint was all-cause mortali-
ty. Documentation provided by patients and/or hospital
data was used to confirm the primary endpoint. The pa-
tients were followed up for an average of 38 months (in-
terquartile range [IQR] 35-42 months).

Statistical analysis

Continuous variables were tested for normality using the
Kolmogorov-Smirnov test and were reported as mean + SD,
while categorical variables were reported as counts and per-
centages. Patients were divided into two groups based on

the previously defined SVi threshold of 35 ml/m? (S). For
statistical analysis, Pearson’s chi-square test for indepen-
dence or Fisher’s exact test was used, depending on group
size, along with the Student’s t-test for independent samples.
Survival rates and 95% confidence intervals (95% CI) were
estimated using Kaplan-Meier analysis and the log-rank
test. Univariate Cox proportional hazards regression was
used to examine the association between individual vari-
ables and all-cause mortality. A multivariate Cox propor-
tional hazards regression analysis was not conducted due to
asmall number of events of interest and an unfavorable ratio
between outcomes and predictors. Statistical significance
was set at p<0.05. All data were entered into a database and
processed using IBM SPSS Statistics for Windows, version
26.0 (IBM Corporation, Armonk, New York).

RESULTS

Demographic, clinical, and echocardiographic character-
istics of the study population, according to SVi, are pre-
sented in Table 2. The mean age was 66 + 11 years (range:
23-83 years), and 69 patients (57%) were male. Nine-
ty-two patients (76%) had severe AS (AVA: 0.75 £ 0.15
cm2,V_ :4.34 £0.46 m/s, peak gradient (P ):76.22 +
16.07 mmHg, P :44.93 + 10.64 mmHg), whereas 29
(24%) of them had moderate AS (AVA: 1.16 + 0.12 cm?2,
V. :379+037m/s,P_ :58.11+ 11.19 mmHg, P__ :
32.65 + 8.27 mmHg). A total of 47 patients (39%) had
SVi <35 ml/m?, of which 41 (87%) had severe AS and 6
(13%) had moderate AS.

As shown in Table 2, the study groups based on SVi
> and <35 ml/m? showed no differences in terms of age,
gender, body mass index, frequency of hypertension, dia-
betes, smoking, hyperlipidemia, or family history. Among
echocardiographic parameters, LVEF, LV end-systolic di-
ameter, LV mass, LV massindex, relative wall thickness, as
wellasV__,P_ ,andP__ ,were similar between the two
patient groups (Table 2). In contrast, AVA, AVA index, LV
end-diastolic diameter, cardiac output, and cardiac index
were significantly lower in the group of AS-patients with
SVi <35 ml/m?* compared with those with SVi >35 ml/m?
(Table 2). Also, the LV diastolic function parameter E/e’
was higher in the group of AS-patients with SVi <35 ml/
m?” compared with those with SVi>35 ml/m? at the level
of borderline significance (Table 2).

Impact of stroke volume index on outcome

During a median (IQR) follow-up of 38 months (35-42
months), 10 patients (8%) died, with a significant differ-
ence in all-cause mortality between the two groups (Ta-
ble 3). All-cause mortality was significantly higher in the
group of patients with SVi < 35 ml/m* when compared
to the group of patients with SVi >35 ml/m? (15% vs. 4%,
p<0.045) (Table 3).
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Table 2. Demographic, clinical, and echocardiographic characteristics of the whole study group and according to the stroke volume index

(SVi) cut-off of 35 mL/m?.

Variable All SVi >35 ml/m? SVi <35 ml/m? p-value
(n=121) (n=74) (n=47)

Age, years, (mean + SD) 66+ 11 66+ 12 67+9 0.381
Gender, males, n (%) 69 (57) 44 (59) 25(53) 0.497
BMI, kg/m?, (mean + SD) 27.4 +4.0 27.5+4.1 274+ 4.1 0.953
Hypertension, n (%) 86 (71) 54(73) 32 (68) 0.563
Diabetes, n (%) 25 (21) 13 (18) 12 (26) 0.292
Smoking, n (%) 16 (13) 7(9) 9 (19) 0.125
Hyperlipidemia, n (%) 54 (45) 32 (43) 22 (47) 0.701
Family history, n (%) 12 (10) 6(8) 6(13) 0.534
LVEF, %, (mean + SD) 72+7 72+7 72+7 0.825
LV EDD, cm, (mean + SD) 5.09 +0.50 5.17 +0.49 4.96 +0.49 0.021
LV ESD, cm, (mean + SD) 3.18+0.51 3.22+0.50 3.15+0.52 0.470
LV mass, g, (mean + SD) 275.28 +74.89 283.67 + 81.04 255.29 + 57.63 0.130
LV mass index, g/m?, (mean + SD) 139.71 +30.97 144.39 + 34.58 129.98 +20.05 0.063
Relative wall thickness, (mean + SD) 0.50+0.08 0.49 +0.07 0.52 +0.09 0.132
Left atrium, cm, (mean + SD) 4.18+0.57 4.16 +0.52 4.21 +0.64 0.588
Cardiac output, L/min, (mean + SD) 492 +1.88 5.50+1.85 4,06 +1.63 <0.001
Cardiac index, L/min/m?, (mean + SD) 2.66 +0.976 3.00+0.89 2.12+0.85 <0.001
AVA, cm?, (mean + SD) 0.84+0.23 0.91+0.23 0.74 +0.19 <0.001
AVA index, cm/m?, (mean + SD) 0.45+0.11 0.48 +0.11 0.38 +0.09 <0.001
Vmax, m/s, (mean + SD) 4.21 +0.50 4.25 +0.49 4.14 + 0.49 0.234
Peak PG, mmHg, (mean + SD) 72.09 + 16.88 73.41 +17.19 69.61 +15.99 0.225
Mean PG, mmHg, (mean + SD) 42.12 +11.37 43.07 + 17.81 40.51 +9.77 0.219
E/E, (mean + SD) 12.73 +5.16 12.17 +4.71 14.04 +5.63 0.052
Pnet, (mean + SD) 32.20 +10.67 32.97 +11.52 31.61+8.92 0.507

Data are expressed as mean + SD or as number (%). AVA = aortic valve area; AVR = aortic valve resistance; BMI = body-mass index; LV =
left ventricle; LVEF = left ventricle ejection fraction; EDD = end-diastolic diameter; ESD = end-systolic diameter; ELI = energy loss index;
PG = pressure gradient; Pnet = net pressure; Vmax = maximal aortic jet blood velocity; E/E’ — indicator of left ventricular diastolic function.

According to the Kaplan-Meier analysis (Figure 1),
the cumulative incidence of all-cause mortality at mid- to
long-term follow-up was significantly higher among pa-
tients with SVi <35 ml/m? than among those with SVi
>35S ml/m? (log-rank p=0.035). The univariate Cox re-
gression analyses (Table 4) demonstrated that higher SVi
was associated with a lower hazard for all-cause mortality
(HR: 0.872; 95% CI: 0.810-0.939; p<0.001). According-
ly, the all-cause mortality risk at long-term follow-up in
AS patients decreases by 15% (1/0.872=1.15) for an ad-
ditional measurement unit in SVi. Similarly, the group
of AS-patients with SVi <35 ml/m? was associated with
a 3.8 higher risk of all-cause mortality during long-term
follow-up compared to the group of AS-patients with SVi
>35 ml/m? (HR: 3.845; 95%CI: 1.004-14.871; p=0.041).
Other variables significantly associated with all-cause

mortality were AVA (HR: 0.014; 95% CI: 0.001-0.426;
p=0.014) and AVA index (HR: 0.001; 95% CI: 0.001-
0.022; p=0.003).

DISCUSSION

The most important finding of our study is that a reduced
left ventricular SVibelow 35 ml/m?* may predict all-cause
mortality during long-term follow-up in asymptomatic
patients with moderate or severe AS, concordantly high
P__ across the aortic valve, and preserved LVEF. The
predictive importance of low-flow in asymptomatic pa-
tients with severe AS was also documented by Marechaux
etal. (8) and Rusinaru et al. (15), but our study is the first
to extend this finding to SVi <35 ml/m?” rather than <30

Table 3. All-cause mortality at median follow-up of 38 months (interquartile range 35-42 months) in the whole study group and according to

stroke volume index (SVi) cut-off of 35 ml/m?.

All SVi >35 ml/m? SVi <35 ml/m? p-value
(n=121) (n=74) (n=47)
All-cause mortality, n (%) 10 (8) 3(4) 7 (15) 0.045
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Figure 1. The Kaplan-Meier survival curve of all-cause mortality according to stroke volume (SV) index > and <35 ml/m?* Median follow-up
was 38 months (interquartile range: 35-42 months). CI - confidence interval; HR - hazard ratio.

Table 4. Univariate Cox regression analyses for all variables in predicting long-term all-cause mortality rate in patients with moderate-to-se-
vere aortic stenosis with preserved ejection fraction and nonobstructed coronary arteries.

Variable HR 95% CI p-value

Gender, males 1.053 0.297 - 3.731 0.937

Hypertension 1.603 0.340 - 7.549 0.551

Smoking 1.729 0.367 - 8.144 0.488

Family history 23.502 -6 0.500

LVEDD, cm 1.857 0.544 - 6.340 0.323

LV mass, g 0.999 0.986 - 1.011 0.821

Relative wall thickness 0.001 0.001 - 55.162 0.175

Cardiac output, L/min 0.795 0.563-1.123 0.193

AVA, cm?* 0.014 0.001 - 0.426 0.014

Vmax, m/s 1.305 0.376 — 4.530 0.675

Mean PG, mmHg 1.005 0.952 - 1.061 0.858

Pnet 1.017 0.962 - 1.076 0.550

SV index, ml/m? (categorical variable) 3.845 1.004 - 14.871 0.041

Dependent variable: all-cause mortality at long-term follow-up.
CI - confidence interval; HR — hazard ratio; SV — stroke volume. Other abbreviations are in Table 2.
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ml/m?2 However, our cohort is small and has few events,
and thus should be viewed as hypothesis-generating.

In patients with severe AS, a state of low LV stroke vol-
ume, defined as SVi <35 ml/m? can be associated either
with a concordantly high P__ or lower-than-expected
P__over the aortic valve. These patients with severe AS
and low SVi can be further divided into:

a) patients with reduced LVEF (<50%; so-called “classi-
cal low-flow low-gradient AS“); and

b) patients with preserved LVEF - (>50%; so-called
“paradoxical low-flow low-gradient AS) (3,5-8).

The poorer prognosis of patients with “classical low-
flow low-gradient AS® is not surprising, given the gener-
ally increased risk of adverse events in patients with low
LVEF. However, it has also been shown that patients with
so-called “paradoxical low-flow low-gradient AS“ who,
by definition, have normal LVEF and low SVi, have a less
favorable prognosis than patients with concordantly high
mean-gradient AS (3). On the other hand, data on the
prognostic significance oflow SViin AS patients with con-
cordantly high P_ over the aortic valve are limited. Our
results similarly show that SVihas prognostic importance
in patients with AS and concordantly high P__ across the
aortic valve, with the threshold for low SVI set at 35 ml/
m?, a value previously proposed for patients with low-flow
low-gradient AS (3-7). Our cohort, similar to patients with
“paradoxical low-flow low-gradient® AS, is characterized
by increased LV afterload, high systolic wall stress, and
compensatory LV hypertrophy. Both parameters lead
to impaired flow across the aortic valve and consequent
multi-organ hypoperfusion. This also translates to myo-
cardial hypoperfusion and potential scarring of the myo-
cardium. The process of hypoperfusion often precedes
AS-related symptoms, while consequential myocardial
damage may be irreversible even in the case of a successful
aortic valve replacement (AVR) procedure (16). Further-
more, almost all echocardiographic parameters used to
determine AS severity are flow-dependent; thus, it is im-
portant to recognize the low-flow state and avoid underes-
timating AS severity, which might, as stated above, delay
the AVR, alife-saving and myocardial-saving procedure.

Until recently, the prognosis for asymptomatic pa-
tients with moderate and/or severe AS and preserved
LVEF was considered relatively favorable, meaning that
no intervention was indicated for these patients (17).
However, it has been shown that the natural history of
asymptomatic patients with moderate or severe AS is not
benign (18-19). Moreover, in recent years, several ran-
domized studies have shown that early intervention in
these patients leads to better long-term outcomes than
monitoring and medical management of comorbidities
until symptoms develop or other guidelines-directed in-
dications for intervention arise (20-22). It is not known
whether the benefits of early surgical or transcatheter
aortic valve replacement observed in the aforementioned

randomized studies can be extrapolated to asymptomatic
patients with low-flow AS, as this subgroup was not ex-
plicitly addressed in these studies. Until the indication
for early aortic valve replacement in truly asymptomatic
patients with moderate-to-severe AS and normal LVEF is
confirmed, additional parameters could help guide deci-
sions regarding potential intervention. These parameters
include assessment of extracardiac damage, detection of
myocardial fibrosis using cardiac magnetic resonance,
and echocardiographic analysis of LV parameters, includ-
ing LV SVi (23).

Study limitations

Our study haslimitations given the relatively small number
of patients and the few events of interest. Therefore, larg-
er, prospective studies are required to further confirm the
prognostic significance of LV SVi in the analyzed patient
population with hemodynamically significant aortic steno-
sis. We were also unable to stratify mortality by cardiovas-
cular or non-cardiovascular causes, which would further
aid in understanding the prognostic significance of SVi.
We did not assess intraobserver variability. However,
as we included both patients with moderate and severe AS,
we believe that the possibility of including patients with-
out hemodynamically significant AS was minimal. Simi-
larly, given that V__is the echocardiographic variable least
susceptible to measurement error, we do not believe that
intraoperator variability significantly affects the accuracy
of AS severity assessment or flow across the aortic valve.

CONCLUSION

The left ventricular SVi could be a significant predictor
of all-cause mortality during long-term follow-up in as-
ymptomatic patients with moderate or severe AS, con-
cordantly high Pmean, and preserved LVEF. Further
research with a larger number of patients is needed to
confirm SVi as a risk-stratification and decision-making
tool for these patients.

Acknowledgement: N/A

Funding information: The authors declare that the
study received no funding.

Conflict of Interest: The authors disclose no con-
tlict of interest relevant to this research

Author contributions:

MB, IN, SA, and VG contributed to the conception
and design of the work, the interpretation of data, the crit-
ical revision of the manuscript, and the overall supervi-
sion of the project. They also provided technical support
with echocardiographic indexing and visualization. IS
performed statistical analysis. NM and ST contributed to
data analysis and interpretation, and drafted the manu-
script. SJ, AD, NB, and SD were responsible for acquiring
and processing echocardiographic and clinical data. MO,

32|



Risk stratification in asymptomatic patients with aortic stenosis

MR, IB, and KZ contributed to patient selection, data
quality control, and clinical interpretation. DS, TS, LP,
AB, and AS assisted in database management and liter-
ature review.

All authors reviewed and approved the final version

of the manuscript and agreed to be accountable for all as-
pects of the work.

Ethical approval: Ethical Committee of the Univer-

sity of Belgrade - Faculty of Medicine (number: 440IVI-
13, June 19th 2009).

Informed consent: All patients gave written in-

formed consent to participate in the study.

References:

1.

10.

11.

12.

Vahanian A, Alfieri O, Andreotti F, Antunes M]J, Barén-Esquivias
G, Baumgartner H, et al: Guidelines on the management of valvular
heart disease. Eur Heart J 2012;33:2451-496. doi:10.1093/eurheartj/
ehs109.

Rana M. Aortic Valve Stenosis: Diagnostic Approaches and Recom-
mendations of the 2021 ESC/EACTS Guidelines for the Management
of Valvular Heart Disease -A Review of the Literature. Cardiol Car-
diovasc Med. 2022 Jun; 6(3):315-24. doi:10.1186/1476-7120-4-27.

Snir AD, Ng MK, Strange G, Playford D, Stewart S, Celermajer DS.
Prevalence and outcomes of low-gradient severe aortic stenosis—
from the national echo database of Australia. ] Am Heart Assoc.
2021; 10(22):€021126. doi: 10.1161/JAHA.121.021126.

Delgado V, Bax J]. Left ventricular stroke volume in severe aortic
stenosis and preserved left ventricular ejection fraction: prognostic
relevance. Eur Heart ] 2018; 39(21):2000-2. d0i:10.11909/j.issn.1671-
5411.2016.06.001.

Hachicha Z, Dumesnil JG, Bogaty P, Pibarot P. Paradoxical low-flow,
low-gradient severe aortic stenosis despite preserved ejection fraction
is associated with higher afterload and reduced survival. Circulation.
2007;115:2856-64. doi: 10.1161/CIRCULATIONAHA.106.668681.

Clavel MA, Pibarot P, Dumesnil JG. Paradoxical low flow aortic valve
stenosis: incidence, evaluation, and clinical significance. Curr Cardi-
ol Rep. 2014;16:431. doi: 10.1007/s11886-013-0431-x.

Hahn R, Pibarot P. Low-flow, low-gradient severe aortic stenosis: di-
agnosis, treatment and prognosis. Eurointervention 2016; 12 (6):627-
36. doi: 10.4244/EIJV9SSAS.

Maréchaux S, Rusinaru D, Altes A, Pasquet A, Vanoverschelde JL,
Tribouilloy C. Prognostic Value of Low Flow in Patients With High
Transvalvular Gradient Severe Aortic Stenosis and Preserved Left
Ventricular Ejection Fraction: A Multicenter Study. Circulation:
Cardiovascular Imaging. 2019;12(10):¢009299. doi:10.1161/CIRCIM-
AGING.119.009299.

Sen J, Huynh Q, Stub D, Neil C, Marwick TH. Prognosis of Severe
Low-Flow, Low-Gradient Aortic Stenosis by Stroke Volume Index
and Transvalvular Flow Rate. ] Am Coll Cardiol Img 2021;(5) 915-
927. doi: 10.1016/j.jemg.2020.12.029.

Sahn DJ, DeMaria A, Kisslo J, Weyman A. The committee on
M-Mode Standardization of the American Society of Echocardiog-
raphy: Recommendations regarding quantification in M-mode echo-
cardiography: Results of a survey of echocardiographic measure-
ments. Circulation 1978; 58:1072-83. doi:10.1161/01.¢ir.58.6.1072.
Hammond IW, Devereux RB, Alderman MH, Lutas EM, Spitzer MC,
Crowley JS, etal. The prevalence and correlates of echocardiograph-
ic left ventricular hypertrophy among patients with uncomplicated
hypertension. ] Am Coll Cardiol 1986; 7:639-50. doi: 10.1016/s0735-
1097(86)80476-4.

Schiller NB, Shah PM, Crawford M, DeMaria A, Devereux R, Feigen-
baum H, et al. American Society of Echocardiography Committee

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

on Standards. Recommendations for quantification of the left ventri-
cle by two-dimensional echocardiography. ] Am Soc Echocardiogr
1989; 2:358-67. doi: 10.1016/s0894-7317(89)80014-8.

Otto CM, Pearlman AS, Gardner CL, Enomoto MD, Togo T, Tsub-
oi H, et al. Experimantal validation of Doppler echocardiographic
measurement of volume flow through the stenotic aortic valve. Cir-
culation 1988; 78(2):435-41. doi:10.1161/01.cir.78.2.435.

Otto CM, Pearlman AS, Comess KA, Reamer RP, Janko CL, Hunts-
man LL. Determination of the stenotic aortic valve area in adults us-
ing Doppler echocardiography. ] Am Coll Cardiol 1986; 7(3):509-17.
doi: 10.1016/s0735-1097(86)80460-0.

Rusinaru D, Bohbot Y, Anne Ringle, Maréchaux S, Diouf M, Tri-
bouilloy C. Impact of low stroke volume on mortality in patients with
severe aortic stenosis and preserved left ventricular ejection fraction
Eur Heart J. 2018;39(21):1992-9. doi:10.1093/eurheartj/ehy123.

Thornton GD, Bennett JB, Nitsche C, et al. Myocardial Hypoperfu-
sion in Severe Aortic Stenosis Is Reversed Early After Aortic Valve
Replacement. ] Am Coll Cardiol Img 2024; 7 (8):1006-1008. doi.
org/10.1016/j.jcmg.2024.03.008.

Vahanian A, Beyersdorf F, Praz F, Milojevic M, Stephan Baldus §,
Bauersachs J, etal. 2021 ESC/EACTS Guidelines for the management
of valvular heart disease. Eur Heart J. 2022;43: 561-632. doi: 10.1093/
eurheartj/ehac051.

Strange G, Stewart S, Celemajer D, Prior D, Scalia GM, Marwick
T, et al. Poor Long-Term Survival in Patients With Moderate Aor-
tic Stenosis. ] Am Coll Cardiol 2019; 15:1851-1863. doi: 10.1016/j.
jacc.2019.08.004.

Kvaslerud AB, Santic K, Hussain Al, Auensen A, Fiane A, Skulstad
H, et al. Outcomes in asymptomatic, severe aortic stenosis. PloS One
2021; 4: €0249610. doi: 10.1371/journal.pone.0249610. eCollection
2021.

Banovic M, Putnik S, Penicka M, Doros G, Deja MA, Kockova R, et
al. Aortic Valve Replacement Versus Conservative Treatment in As-
ymptomatic Severe Aortic Stenosis: The AVATAR Trial. Circulation
2022;145(9):648-58. doi:10.1161/CIRCULATIONAHA.121.057639.

Banovic M, Putnik S, Da Costa B. Aortic valve replacement vs. con-
servative treatment in asymptomatic severe aortic stenosis: long-
term follow-up of the AVATAR trial. Eur Heart ] 2024; 45(42):4526-
4535. doi: 10.1093/eurheartj/ehae585.

Généreux P, Schwartz A, Oldemeyer B, Pibarot P, Cohen DJ, Blanke
P, et al. Transcatheter Aortic-Valve Replacement for Asymptomatic
Severe Aortic Stenosis. N Eng ] med 2025; 392:217-227. doi: 10.1056/
NEJMo0a2405880.

Banovic M, Iung B, Wojakowski W, Mieghem NV, Bartunek J. Aymp-
tomatic Severe and Moderate Aortic Stenosis: Time for Appraisal of
Treatmant Indication. Struct Heart 2023;7(5):100201. doi: 10.1016/j.
$hj.2023.100201.

[33



Medicinska istraZivanja 2026; 59(1):27-34

PROGNOSTICKI ZNACAJ INDEKSIRANOG UDARNOG VOLUMENA KOD
ASIMPTOMATSKIH PACIJENATA SA UMERENOM DO TESNOM AORTNOM
STENOZOM | OCUVANOM EJEKCIONOM FRAKCIJOM LEVE KOMORE
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Sazetak

Uvod: Kad intervenisati kod asimptomatskih pacijenata
sa umerenom/tesnom aortnom stenozom (AS) i ocuva-
nom ejekcionom frakcijom leve komore (EFLK) jo3 nije
utvrdeno. Kod pacijenata sa AS nizak protok preko aort-
ne valvule se definise kao indeksiran udarni volumen
(UVi) <35 ml/m?. Cilj naseg rada je bio da utvrdimo od-
nos izmedu UVi i ukupnog mortaliteta kod asimptomat-
skih pacijenata sa umerenom ili tesnom AS, odgovara-
juce visokim srednjim gradijentom preko aortne valvule
(P ) i o¢uvanom EFLK.

Metode: U studiju je uklju¢en 121 asimptomatski paci-
jent (69 muskaraca, prosec¢ne starosti 66+11 godina) sa
umerenom ili tesnom AS (povrsina aortnog usca <1,5
cm?), odgovarajuce visokim PSredrlje (=30 mmHg) i ocuva-
nom EFLK (=50%). Medijana perioda pracenja pacijenata

je iznosila 38 meseci (IQR 35-42 meseca).

srednje

Rezultati: Tokom perioda prac¢enja umrlo je deset pa-
cijenata (8%). Ukupna smrtnost je bila znacajno veca u
grupi AS-pacijenata sa UVi <35 ml/m? u odnosu na gru-
pu AS-pacijenata sa UVi >35 ml/m?(15% vs. 4%, p<0,045).
Kumulativna incidenca ukupnog mortaliteta je bila zna-
¢ajno veca u grupi AS-pacijenata sa UVi <35 ml/m? u od-
nosu na grupu AS-pacijenata sa UVi >35 ml/m?(log-rank
p=0,035). Grupa AS-pacijenata sa UVi <35 ml/m? je bila
udruzena sa 3,8 puta vec¢im rizikom od ukupnog mor-
taliteta u dugoro¢nom periodu pracenja u odnosu na
grupu AS-pacijenata sa UVi >35 ml/m? (HR: 3,845; 95%Cl:
1,004-14,871; p=0,041).

Zakljucak: Na osnovu nasih rezultata, UVi bi mogao
biti znacajan prediktor mortaliteta kod asimptomatskih
pacijenata sa umerenom ili tesnom AS, visokim Psrednje
i ocuvanom EFLK. Studije sa ve¢im brojem ispitanika i
dogadaja su neophodne kako bi potvrdile ove rezultate.

Kljucne reci: aortna stenoza, asimptomatski udarni volumen, indeksiran udarni volumen, Doppler ehokardiografija,

ishod
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