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Background
In aortic stenosis(AS) with normal left ventricular ejection
fraction(LV EF), circumferential and longitudinal systolic
strains(CSt, LSt) are reduced but the underlying mechan-
isms are uncertain. Conventional indices of afterload(A)
per unit of myocardium are suboptimal for strain analysis
and based on inaccurate assumptions about myocardial
properties, while conventional contractility(C) indices
address LV chamber, not myocardial properties. We have
shown that the product of end-systolic pressure(P) and
volume(V), divided by LV mass(M), or (PV/M), is a more
effective index of A than conventional wall stress(Mirsky,
J. Biophys. 1969) for strain analysis, while the ratio of
strain to PV/M is an effective strain-based index of
C. These methods were used to evaluate the mechanism
of reduced LV strain in AS with preserved EF.

Methods
Age and gender matched patients with AS and normal
volunteers(NL) were compared (Table). CMR was
performed on a 1.5T scanner, using TrueFISP cine short
and LV long axis imaging and volumetrics and feature-
tracking CSt, LSt and strain rates evaluated(CIM, U. of
Auckland). A was quantitated as LV end-systolic PV/M,
and as circumferential and meridional wall stress(CWS,
MWS). C was assessed using the ratios, CSt/(PV/M), LSt/
(PV/M), CSt/CWS and LSt/MWS.

Results
(Table 1): Mean EF was normal in both AS and NL but sys-
tolic CSt and LSt were reduced in AS, without significantly
increased afterload. In contrast, contractility, expressed as
CSt/(PV/M) and LSt/(PV/M) was reduced in AS, although

wall stress based indices and strain rate(SR) were not.
There were strong negative correlations between PV/M
and EF in AS and NL and strong positive correlations
between PV/M based contractile indices and EF, but
regression slopes for strain/PV/M vs.EF and versus strain
itself were significantly higher in AS, underscoring the role
of reduced contractility. In a subset of AS patients(n=8),
extracellular volume data were available but correction for
smaller myocyte fraction of LV mass(72% AS vs 76% NL)
did not significantly alter results.
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Table 1

NL AS P

AGE(yrs,(s.d.)) 71.2(10.9) 71.8 (10.8) ns

Gender 8M, 7F 8M, 7F ns

EF(%) 58(6) 56(11) ns

LVM(g) 89(23) 137(43) <0.0001

LVP(mmHg) 138(12) 203(27) <0.0001

Mean Gradient(mmHg) X 49(18) X

AVA(cm2) X 0.8(0.2) X

Global CStrain(%) -19.7(2.7) -16.5(4.4) 0.02

Global LStrain(%) -15.6(2.4) -12.2(3.2) <0.003

PV/M(mmHgxml/g) 91.5(23.9) 98.6(34.8) ns

CWStress (103dyn/cm2) 228.9(79.3) 202.3(81) ns

MWStress (103dyn/cm2) 89.6(35.3) 63.9(39.4) ns

CStrain/PV/M(%/mmHgxml/g) -0.24(0.1) -0.14(0.1) 0.05

LStrain/PV/M(%/mmHgxml/g) -0.18(0.1) -0.14(0.1) 0.03

CStrain/CWS(%/103dyn/cm2) -0.1(0.04) -0.1(0.06) ns

LStrain/MWS(%/103dyn/cm2) -0.2((0.01) -0/3(0.06) ns

R PV/M vs EF -0.82 -0.82 <0.01 each

R CSt/PV/M vs EF 0.87 0.85 <0.00001 each

R LSt/PV/M vs EF 0.82 0.84 <0.00001 each
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Conclusions
Reduced systolic strain in AS with normal EF is due prin-
cipally to reduced contractility, presumably due to known
alterations in myocardial energetics, calcium handling and
contractile proteins in hypertrophied myocardium. In con-
trast, differences in afterload are modest, so that overt
“afterload excess” at the myocardial level is not seen, due
to the adequacy of compensatory hypertrophy. In addition,
the dependence of myocardial performance on contractile
state is more marked in AS than in NL. Afterload and
contractile indices based on PV/M were more useful than
those based on conventional wall stress estimates.

Funding
Supported by the St. Francis Research Foundation.

Authors’ details
1St. Francis Hospital,Research and Education Foundation, Roslyn, NY, USA.
2Medicine, Stony Brook University, Stony Brook, NY, USA. 3Biomedical
Engineering, University of Pennsylvania, Philadelphia, NY, USA. 4Applied
Mathematics, St. John’s University, New York City, NY, USA. 5Anatomy,
University of Auckland, Auckland, New Zealand. 6Locust Valley High School,
Locust Valley, NY, USA.

Published: 3 February 2015

doi:10.1186/1532-429X-17-S1-P371
Cite this article as: Merchant et al.: Myocardial contractility and
afterload in aortic stenosis. Journal of Cardiovascular Magnetic Resonance
2015 17(Suppl 1):P371.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Merchant et al. Journal of Cardiovascular Magnetic
Resonance 2015, 17(Suppl 1):P371
http://www.jcmr-online.com/content/17/S1/P371

Page 2 of 2


	Background
	Methods
	Results
	Conclusions
	Funding
	Authors’ details


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 500
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 500
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


