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by fusion of Doppler and computed tomographic data’†, by
V. Kamperidis et al., on page 2087.

The accurate assessment of haemodynamic severity of aortic sten-
osis (AS) is critical for appropriate risk stratification and manage-
ment.1 Severe AS is associated with a dismal outcome following
the manifestation of symptoms unless the obstruction is mechanic-
ally removed.1 The transvalvular pressure gradient and aortic valve
area (AVA) are the most important and widely used parameters to
determine AS haemodynamic severity.1 The European Society of
Cardiology consensus document defines severe AS as an AVA
,1.0 cm2 and a mean gradient (MG) .40 mmHg in the presence
of a normal cardiac output.1 Management decisions are typically
straightforward when MG and AVA measurements are concordant
with guideline criteria. However, not infrequently, guideline discord-
ant values arise in routine clinical practice, such as an AVA in the se-
vere range (i.e. AVA ,1 cm2) combined with an MG in the mild to
moderate range (i.e. MG ,40 mmHg) or vice versa (i.e. AVA .1
cm2 and MG .40 mmHg).2 The latter observation is rare (�4%)
and generally tends to cause less of a diagnostic dilemma since an
MG .40 mmHg is widely perceived to indicate severe AS regard-
less of the AVA value.2 Conversely, the combination of a small AVA
orifice with a low MG is more common (�30%) and tends to make
therapeutic decisions problematic, particularly if the left ventricular
systolic function is preserved.2 – 4

In the presence of true severe AS, such discordance is related to
low transvalvular flow, since the pressure gradient is directly
proportional to the squared function of flow such that even a small
reduction in flow rate can result in marked reductions in the trans-
valvular pressure gradient.5 Importantly, a low-flow state, arbitrarily
defined as a stroke volume index ≤35 mL/m2, may coexist with a
preserved left ventricular ejection fraction.3 For example, a patient

with a stroke volume of 50 mL and a body surface area (BSA) of
1.9 m2 (i.e. stroke volume index ¼ 50 mL/1.9 m2 ¼ 26 mL/m2)
will have a calculated left ventricular ejection fraction (LVEF) of
55%, assuming a left ventricular end-diastolic volume (LVEDV)

of 91 mL (i.e. LVEF = Stroke Volume
LVEDV

= 50 mL
91 mL

× 100% = 55%),

leading to the ‘paradoxical’ situation of a low-flow state (i.e. stroke
volume index 26 mL/m2) despite a preserved LVEF (i.e. 55%).

To account for the influence of flow on the pressure gradient, a
new system of AS grading was proposed for patients with a small
AVA (indexed AVA ,0.60 cm2/m2) and preserved LVEF (≥50%)
leading to four flow/gradient patterns [i.e. normal flow/high gradient
(NFHG), low flow/high gradient (LFHG), normal flow/low gradient
(NFLG) and low flow/low gradient (LFLG)].6 Much debate over re-
cent years has focused on whether NFLG and/or LFLG truly re-
present a bona fide form of severe AS.3,7 It has been hypothesized
that NFLG may in fact represent an anomaly in the AS classification
that may be explained due to inherent inconsistencies in the guide-
lines criteria.8 For example, a Gorlin-derived AVA of 0.9 cm2 actually
corresponds to an invasive mean gradient of 32 mmHg, assuming a
normal cardiac output of 6 L/min, a systolic ejection period of 0.33 s
and a heart rate of 80 beats/min.9 Conversely, LFLG (also known as
‘paradoxical LFLG’) has been incorporated into the most recent
American Heart Association/American College of Cardiology
Valvular Heart Disease consensus document to represent a ‘true se-
vere’ form of AS with adverse prognostic implications in normoten-
sive symptomatic patients.10

Measurement errors are an important cause of guideline
discordant AVA and mean gradient.8 The AVA is calculated with echo-
cardiography by the continuity equation using three measurements,
i.e. the velocity-time integral (VTI) of the flow velocities in the left
ventricular outflow tract (LVOTVTI) and across the aortic valve
(VTIAS) as well as the cross-sectional area of the LVOT (ALVOT)
(i.e. AVA ¼ ALVOT * VTILVOT/VTIAS).

1 All three measurements are
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susceptible to error, but the largest source of error is the variabil-
ity in the measurement of LVOT area, because it involves squaring
the LVOT dimension.5 Furthermore, it is falsely assumed that the
LVOT has a symmetrical circular geometry, whereas in reality it
has an asymmetrical elliptical geometric shape.11 Whether or
not more refined LVOT measurements might have an impact on
the flow/gradient classification of preserved ejection fraction se-
vere AS when fed into the continuity equation was hitherto largely
unknown.

In this issue of the European Heart Journal, Kamperidis et al.12

sought to determine the impact of planimetered LVOT measure-
ments using MDCT on the flow/gradient classification of preserved
ejection fraction severe AS. The investigators retrospectively ana-
lysed 191 patients with an indexed AVA ,0.6 cm2/m2 and an
LVEF ≥50%, all undergoing transcatheter aortic valve implantation
(TAVI). Patients were stratified by flow (SVI ,35 or ≥35 mL/m2)
and mean gradient (≤40 mmHg or .40 mmHg) into the four
flow/gradient patterns. The investigators combined planimetered

Figure 1 Proposed algorithm when confronted with discordant aortic valve area (AVA) (small) and mean gradient (MG) (low) values among
patients with preserved left ventricular systolic function (i.e. left ventricular ejection fraction ≥50%). The algorithm incorporates the use of the
so-called fusion AVA described by Kamperidis et al.12, which combines the planimetered left ventricular outflow tract using multidetector com-
puted tomography (MDCT) with echocardiographic-derived haemodynamic measurements in the continuity equation. AVAi, indexed aortic valve
area; CT, computed tomography; Zva, valvuloarterial impedance.
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LVOT area using multidetector computed tomography (MDCT)
with echocardiographic Doppler-derived VTILVOT and VTIAS to
form a hybrid continuity equation to obtain the so-called fusion
AVAi (AVACT). The study corroborated a recent paper showing
that echocardiography systematically underestimated the LVOT
area, and consequently continuity derived AVA and AVAi measure-
ments, as compared with MDCT.11 The net effect was that echocar-
diography largely overestimated AS severity compared with the
combined MDCT/echocardiography approach.12 The key finding
was that by using the fusion AVAi, a substantial proportion of low-
gradient severe AS patients were reclassified into moderate AS due
to AVAi ≥0.6 cm2/m2, a finding with clear clinical implications for
the management of the subset of patients with low-gradient pre-
served ejection fraction AS. A proposed algorithm for the diagnosis
of true severe AS in patients with discordant AVA (small) and MG
(low) values and preserved left ventricular systolic function incorp-
orating the fusion AVAi is shown in Figure 1.

Should AVACT replace echocardiography-derived AVA (AVAecho)
in determining true AS haemodynamic severity in all patients? Such a
move may be premature for the following reasons: First, this would
conflict with studies showing excess mortality among patients with
an AVAecho ≤1.0 cm2, whereas no study to date has shown a super-
iority of AVACT in predicting mortality.13 Second, a recent study
showed that AVACT, despite accounting for the LVOT elliptical
shape, provided no superior prediction of survival compared with
AVAecho.11 Third, the same study showed that the threshold for ex-
cess mortality was an AVA ≤1.0 cm2 for AVAecho, whereas it was an
AVA ≤1.2 cm2 for AVACT. Finally, all patients in the present study
underwent TAVI, thereby precluding an analysis to determine the
optimal cut-off value for both AVACT and AVAecho to predict
mortality among patients with severe AS treated medically.12

In summary, discordant AVA (small) and MG (low) values are a
relatively frequent finding among patients presenting with AS and
can make therapeutic decisions challenging. The clinician should
be cognizant of the fact that echocardiography may significantly
underestimate both stroke volume and AVA measurements and
may lead to a misclassification of AS haemodynamic severity.
Whether measurement of the LVOT dimension with CT is more ac-
curate than with echocardiography needs to be determined and put
into perspective in large clinical studies. From a clinical point of view,
a patient symptomatic due to aortic stenosis should be considered
for aortic valve replacement or intervention even if AVA calculations
remain just above the cut-off of 1.0 cm2.

Conflicts of interest: P.W. has received proctoring and lecture
fees from Medtronic, Edwards Lifesciences, and Boston Scientific.

References
1. Vahanian A, Alfieri O, Andreotti F, Antunes MJ, Baron-Esquivias G, Baumgartner H,

Borger MA, Carrel TP, De Bonis M, Evangelista A, Falk V, Iung B, Lancellotti P,
Pierard L, Price S, Schafers HJ, Schuler G, Stepinaska J, Swedberg K,
Takkenberg J, Von Oppell UO, Windecker S, Zamorano JL, Zembala M. Guidelines
on the management of valvular heart disease (version 2012). Eur Heart J 2012;33:
2451–2496.

2. Minners J, Allgeier M, Gohlke-Baerwolf C, Kienzle RP, Neumann FJ, Jander N. In-
consistent grading of aortic valve stenosis by current guidelines: haemodynamic
studies in patients with apparently normal left ventricular function. Heart 2010;
96:1463–1468.

3. 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;115:2856–2864.

4. O’Sullivan CJ, Stortecky S, Heg D, Pilgrim T, Hosek N, Buellesfeld L, Khattab AA,
Nietlispach F, Moschovitis A, Zanchin T, Meier B, Windecker S, Wenaweser P.
Clinical outcomes of patients with low-flow, low-gradient, severe aortic stenosis
and either preserved or reduced ejection fraction undergoing transcatheter aortic
valve implantation. Eur Heart J 2013;34:3437–3450.

5. O’Sullivan CJ, Praz F, Stortecky S, Windecker S, Wenaweser P. Assessment of
low-flow, low-gradient, severe aortic stenosis: an invasive evaluation is required
for decision making. EuroIntervention 2014;10(Suppl U):U61–68.

6. Lancellotti P, Magne J, Donal E, Davin L, O’Connor K, Rosca M, Szymanski C,
Cosyns B, Piérard LA. Clinical outcome in asymptomatic severe aortic stenosis: in-
sights from the new proposed aortic stenosis grading classification. J Am Coll Cardiol
2012;59:235–243.

7. Jander N, Minners J, Holme I, Gerdts E, Boman K, Brudi P, Chambers JB, Egstrup K,
Kesaniemi YA, Malbecq W, Nienaber CA, Ray S, Rossebo A, Pedersen TR,
Skjaerpe T, Willenheimer R, Wachtell K, Neumann FJ, Gohlke-Barwolf C. Out-
come of patients with low-gradient “severe” aortic stenosis and preserved ejection
fraction. Circulation 2011;123:887–895.

8. Pibarot P, Dumesnil JG. Assessment of aortic stenosis severity: when the gradient
does not fit with the valve area. Heart 2010;96:1431–1433.

9. Carabello BA. Aortic stenosis. N Engl J Med 2002;346:677–682.
10. Nishimura RA, Otto CM, Bonow RO, Carabello BA, Erwin JP 3rd,

Guyton RA, O’Gara PT, Ruiz CE, Skubas NJ, Sorajja P, Sundt TM 3rd,
Thomas JD. 2014 AHA/ACC guideline for the management of patients with
valvular heart disease: A report of the American College of Cardiology/American
Heart Association Task Force on Practice Guidelines. Circulation 2014;129:
e521–643.

11. Clavel MA, Malouf J, Messika-Zeitoun D, Araoz PA, Michelena HI, Enriquez-
Sarano M. Aortic valve area calculation in aortic stenosis by CT and Doppler
echocardiography. JACC Cardiovasc Imaging 2015;8:248–257.

12. Kamperidis V, van Rosendael PJ, Katsanos S, van der Kley F, Regeer M, Al Amri I,
Sianos G, Marsan NA, Delgado V, Bax JJ. Low gradient severe aortic stenosis
with preserved ejection fraction: reclassification of severity by fusion of
Doppler and computed tomographic data. Eur Heart J 2015;36:2087–2096.

13. Malouf J, Le Tourneau T, Pellikka P, Sundt TM, Scott C, Schaff HV, Enriquez-
Sarano M. Aortic valve stenosis in community medical practice: determinants of
outcome and implications for aortic valve replacement. J Thorac Cardiovasc Surg
2012;144:1421–1427.

Editorial 2041
D

ow
nloaded from

 https://academ
ic.oup.com

/eurheartj/article/36/31/2039/2398277 by guest on 18 M
ay 2023



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


