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Echocardiography is themostwidelyusednon-invasivecardiac imaging
for assessing the cardiac structure and function. Echocardiography has
the advantage of low cost, no radiation risk, and great availability.
However, as for any diagnostic test, its interpretation depends on its
ability to accurately detect abnormalities.1 Actually, the definition of
‘abnormal’ relies on the definition of ‘normal’ and differs according
to age, gender, body surface area, and ethnicity.2–4 Currently, available
echocardiographic ‘reference values’ that define ‘normality’ are mostly
based on cross-sectional observations and refer to earlier studies
obtained in the 1970–80s from North American cohorts, which do
not reflect the diversity of the world’s population.5

Establishing ‘normal’ referencevalues forechocardiography repre-
sents a major need in the field of cardiology.6 Needless to say that the
targeted population and the method used to collect the data are vital.
Regarding the target population, if nototherwise specified, a standard
‘reference’ range generally denotes the one in ‘healthy’ individuals, or
without any known condition that directly affects the ranges being
established. Regarding the method used, prospective studies are
very welcome but still scanty. Therefore, the compilation of large
databases can be used to compare values between different ethnic
groups, geographic regions, and countries.7

The present paper summarizes the process of creating the echo-
cardiographic normal reference ranges of the left heart (EchoNoR-
MAL) collaboration, how the individual study datasets were
combined, and how the reference ranges will be developed.8 This
article follows the very successful call published in this journal a
year ago.7 The EchoNoRMAL study is driven by a group of well-
known experts in echocardiography. It represents an individual
person data meta-analysis of standard echocardiographic measure-
ments obtained from adult volunteers without clinical cardiovascular
disease or significant cardiovascular risk factors resident in a wide
range of countries. The EchoNoRMAL study aims to develop age-,
sex-, and ethnic-appropriate normative reference ranges for
common echocardiographic measurements of the left heart.

The population-based cohorts with echocardiographic measure-
ments were identified through thorough literature searches and
personalcommunication.All searcheswere limitedtostudiespublished
between 1 January 1990 and 31 December 2011. Studies that recruited
.50volunteers aged≥18yearswereeligible for inclusion.Conversely,

studies that included patients referred for an echocardiographic exam-
ination, but who were later judged to have been free of disease, were
not eligible for inclusion. Two types of echocardiographic studies
were finally included. The first concerned published studies that used
echocardiograms in acknowledged ‘healthy’ volunteers. The second
derived from population studies in which echocardiograms were
used to document the prevalence of a disease (not necessarily pub-
lished). All these studies had echocardiographic measurements of at
least one of left ventricular size or mass, left atrial size, mitral inflow
or tissue Doppler, or pulmonary vein Doppler and used at least one
measurement modality of M-mode, 2D, or 3D echocardiography.

A total of 43 studies were collected, representing 51 222 subjects,
of whom 22 404 adults aged 18–80 years had no clinical cardiovascu-
lar or renal disease, hypertension, or diabetes. Wide ranges of ethnic
groups were included (African, American black, Asian, Australian
Aboriginal, European, Middle Eastern, Pacific, and South Asian). Ref-
erence values will be derived using quantile regression or an appro-
priate parametric regression method to model the relationship
between age and pre-defined centiles of each echocardiographic
measurement (5th and 95th centiles).

Although this initiative is timely, represents a unique dataset of
several multi-ethnic echocardiographic measurements, limitations
and sources of variability of the EchoNoRMAL study are inherent to
the study design. Several levels of random variation may contribute
to the echo measurements, i.e. the quality of the echo exams, images,
and measurements cannot be guaranteed, which may impair the
quality and strength of the data provided. Other factors may also limit
the interpretation of the data such as the definition of ‘normal’ subjects,
the protocol of echocardiographic measurements, and the types of
machine and settings (harmonic vs. fundamental mode) utilized.
However, despite all these limitations and owing to the lack of consist-
ency in current echocardiographic referencevalues, the EchoNoRMAL
study is a fair representation of ‘real-world’ echocardiographic mea-
surements. It will provide unique and applicable reference ranges in dif-
ferent ethnic groups for use in echocardiography laboratories
worldwide. The EchoNoRMAL study will certainly enhance the value
of echocardiography in both clinical and research cardiology.

All these considerations underline the urgent need for large
prospective studies involving well-defined ‘normal’ subjects, carried
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out in expert centres with standardized protocols for images acqui-
sition, using modern echocardiographic machines and settings, and
with centralized readings to ensure homogenous interpretation
and high quality data measurements. To date, very few studies have
been conducted using these features in the world.9 The Normal Ref-
erence Ranges for Echocardiography study (NORRE study) is the
first European large multi-centre study involving accredited echocar-
diographic laboratories of the European Association of Cardiovascu-
lar Imaging (EACVI).10 The NORRE study aims to prospectively
provide a set of ‘normal’ values in a large cohort of healthy adults
over a wide range of ages (25–75 years old) using both conventional
and advanced echocardiographic techniques. Inclusion of the
patients has been recently completed, and data interpretation and
analysis are underway in the central EACVI laboratory. The first
results should be available in early January 2014. One limitation of
the NORRE study is that the results will mainly pertain to white indi-
viduals. Thus, conclusions concerning other ethnic populations will
be limited. Furthermore, a call for comparison with studies con-
ducted with the same high quality standard for images acquisition
and analysis will also help to prospectively define sex and ethnic spe-
cific reference values for echocardiography.

Meanwhile, the echocardiographic community should continue to
use existing echocardiographic reference values and to monitor the
emergence of new data defining normality. Among those, the results
of the EchoNoRMAL study and the NORRE study will be swiftly
implemented in our echocardiographic laboratories.

Conflict of interest: None declared.

References
1. Vasan RS, Levy D, Larson MG, Benjamin EJ. Interpretation of echocardiographic

measurements: a call for standardization. Am Heart J 2000;139:412–22.
2. Peluso D, Badano LP, Muraru D, Dal Bianco L, Cucchini U, Kocabay G et al. Right

atrial size and function assessed with three-dimensional and speckle-tracking
echocardiography in 200 healthy volunteers. Eur Heart J Cardiovasc Imaging 2013;
14:1106–14.

3. Muraru D, Maffessanti F, Kocabay G, Peluso D, Bianco LD, Piasentini E et al.
Ascending aorta diameters measured by echocardiography using both leading
edge-to-leading edge and inner edge-to-inner edge conventions in healthy volun-
teers. Eur Heart J Cardiovasc Imaging 2013 (Epub ahead of print).

4. Pfaffenberger S, Bartko P, Graf A, Pernicka E, Babayev J, Lolic E et al. Size matters!
Impact of age, sex, height, and weight on the normal heart size. Circ Cardiovasc
Imaging 2013;6:1073–9.

5. Chahal NS, Lim TK, Jain P, Chambers JC, Kooner J, Senior R. Ethnicity-related
differences in left ventricular function, structure and geometry: a population
study of UK Indian Asian and European white subjects. Heart 2010;96:
466–71.

6. Cosyns B, Garbi M, Speparovic J, Pasquet A, Lancellotti P. Update of the echocardi-
ography core syllabus of the European Association of Cardiovascular Imaging
(EACVI). Eur Heart J Cardiovasc Imaging 2013;14:837–9.

7. Poppe KK, Doughty RN, Whalley GA. Redefining normal reference ranges for echo-
cardiography: a major new individual person data meta-analysis. Eur Heart J Cardio-
vasc Imaging 2013;14:347–8.

8. Poppe K. The Echocardiographic Normal Ranges Meta-Analysis of the Left heart
(EchoNoRMAL) Collaboration. A meta-analysis of echocardiographic measure-
ments of the left heart for the development of normative reference ranges in a
large international cohort: the EchoNoRMAL study. Eur Heart J Cardiovasc Imaging
2014;15:341–8.

9. Daimon M, Watanabe H, Abe Y, Hirata K, Hozumi T, Ishii K et al. Normal values of
echocardiographic parameters in relation to age in a healthy Japanese population:
The JAMP study. Circ J 2008;72:1859–66.

10. Lancellotti P, Badano LP, Lang RM, Akhaladze N, Athanassopoulos G, Barone D et al.
Normal reference ranges for echocardiography: rationale, study design, and
methodology (NORRE study). Eur Heart J Cardiovasc Imaging 2013;14:303–8.

Invited Editorial254

 at B
ibliotheque de la Faculte de on M

ay 21, 2014
http://ehjcim

aging.oxfordjournals.org/
D

ow
nloaded from

 

http://ehjcimaging.oxfordjournals.org/


<<
  /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
  /CreateJDFFile 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

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


