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Abstract: There is a crescent interest on normal adult echocardiographic values and the introduction of
new deformation imaging and 3D parameters pose the issue of normative data. A multitude of nomograms
has been recently published, however data are often fragmentary, difficult to find, and their strengths/
limitations have been never evaluated. Aims: (I) to provide a review of current echocardiographic
nomograms; (IT) to generate a tool for easy and fast access to these data. A literature search was conducted
accessing the National Library of Medicine using the keywords: 2D/3D echocardiography, strain, left/
right ventricle, atrial, mitral/tricuspid valve, aorta, reference values/nomograms/normal values. Adding the
following keywords, the results were further refined: range/intervals, myocardial velocity, strain rate and
speckle tracking. Forty one published studies were included. Our study reveals that for several of 2D/3D
parameters sufficient normative data exist, however, a few limitations still persist. For some basic parameters
(i-e., mitral/tricuspid/pulmonary valves, great vessels) and for 3D valves data are scarce. There is a lack of
studies evaluating ethnic differences. Data have been generally expressed as mean values normalised for
gender and age instead of computing models incorporating different variables (age/gender/body sizes) to
calculate z scores. To summarize results a software (Echocardio-Normal Values) who automatically calculate
range of normality for a broad range of echocardiographic measurements according to age/gender/weight/
height, has been generated. We provide an up-to-date and critical review of strengths/limitation of current
adult echocardiographic nomograms. Furthermore we generated a software for automatic, easy and fast

access to multiple echocardiographic normative data.
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Introduction

Quantification of cardiac dimensions is essential during
the performance of echocardiography (1-5) and such
measurements should be evaluated according to normative
data (6-10). Echocardiographic nomograms are tools
to estimate whether a cardiac dimension is within the
range of normality or how far it diverges from it (6-10).
In pediatric echocardiography, where cardiac dimensions
significantly change with somatic growth, nomograms
are essential and consolidate tools for the estimation of
the severity of many congenital and acquired cardiac
defects (6-10). In adults instead fixed rather than subject
specific echocardiographic cut-off values have been
generally employed for decades to grade disease severity
and pose surgical indications (11,12). However, cardiac
dimensions (13-37) and functional indexes (38-62) change
with increasing age also in the adult population (63-87)
and substantially differ according to gender and body size
(88-96). Over the last few years (15-39), there has been
a crescent call for patients specific rather than generic
threshold values (40-64), leading multiple authors to publish
echocardiographic normative data (65-85). In particular,
four major multi-center studies (the Normal Reference
Range for Echocardiography—NORRE-European,
The Japanese Normal Values for Echocardiographic
Measurement Project—JAMP, The Echocardiographic
Measurements in Normal Chinese Adults—FEminca, and
The Normal Echocardiographic Measurements in a Korean
population—NORMAL-trials) are currently ongoing and
normative data for many 2D and a few 3D parameters
have been published (15-23,52). Contemporary, different
centers addressed the need of having normative data
for new parameters coming from 3D echocardiography
(45-58) and deformation analysis (60-81). At present there
is a big amount of echocardiographic normative data
(15-39), but these data remain fragmentary and at times
(40-64), difficult to find and time consuming (65-85). Not
only current nomograms may difficult to access (15-39),
but they may also result complicate to interpret, in view on
non-linear variation of echo parameters with age (40-64),
gender and body size (65-85). Furthermore nomograms
coming from different sources (particularly those from
different geographic areas) may generate different results.
For instance, for a given male subject of 26 years, 65 kg
weight and 168 cm height, LA atrial minimal diameters
range of normalities may vary from to 41.8+5.2 (18) to
35.0£4.6 (16), up to 33.1x4.2 mm (22), according to the
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nomogram employed. Thus interpretation of nomograms
requires knowledge of their accuracy and limitations (6-10),
and similar analysis has never been performed so far.

The aim of this study was to review the published adult
normative data for 2D and 3D echocardiography with the
goal to provide an overview and to evaluate strengths and
limitations of currently available data. A second aim was to
provide a tool for an easy and fast access to a multitude of
normative data coming from different sources, who may
orientate the clinician in daily practice.

Search strategy

Studies were included after a systematic search in
the National Library of Medicine (PubMed access to
MEDLINE citations; http://www.ncbi.nlm.nih.gov/
PubMed/). The search strategy included a combination of
Medical Subject Headings and free text

Terms for the key concepts, such as: 2D and 3D
echocardiography, strain, left ventricle (LV) and right
ventricle (RV), atrial, mitral and tricuspid valve, aorta,
reference values, and nomograms and normal values.
Adding the following keywords, the results were further
refined: range and intervals, myocardial velocity, strain
rate and speckle tracking. In addition, we identified other
potentially relevant publications using a manual search of
references from all eligible studies and Review Articles, as
well as from the Science Citation Index Expanded on the
Web of Science.

Studies were searched from 2005 to 2017 using the above
mentioned terms.

Two reviewers assessed all identified reports
independently, and a consensus was reached for the final
inclusion in the present study. Titles and abstracts of all
articles identified by the search strategy were evaluated
and excluded if (I) the studies included populations other
than normal subjects (3 studies excluded), and (II) the
reports were written in languages other than English
(2 studies excluded), (ITI) studies with less than 100 healthy
subjects at least considered very relevant for a lack of other
more robust dataset (24 studies excluded), and (IV) for
deformation analysis studies not performed with speckle
tracking echocardiography (STE) (5 studies excluded).

Search results

One hundred and two publications were identified to
be suitable for inclusion in this study. Of these, 34 were
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Studies initially retrieved
N=102

Not normal population
N=3

\ 4

Not in English
N=2

\4

Studies with n<100
N=24

\4

Strain not STE-derived
N=5

A

Studies included in revision
N=68

Figure 1 Studies included in the review. STE, speckle tracking
echocardiography.

excluded on the basis of the criteria listed above, yielding 68
publications for analysis (Figure I).

General aspects: how to build echocardiographic
nomograms

When building an echocardiographic nomogram several
aspects need to be taken into account. How to perform
measurements in a standardised method? How to select
healthy subjects (i.e., inclusion/exclusion criteria)? How
many subjects are required to generate normative data with
a sufficient statistical power and lately how to normalise and
express normal values?

How to perform measurements

When building echocardiographic nomograms, a series of
issues need to be faced (6,8-10). First it’s important to decide
how to perform the measurements (6,8-10). Guidelines
for the quantification of 2D cardiac chambers (1,3) and
functional indices (4,5), are well established. For 3D
echocardiography, recommendations for chamber volumes
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quantification have recently become available (3) while
guidelines for the 3D evaluation of cardiac valves mainly
pertain to be an anatomical and functional assessment
(without clear indication on basic quantification methods
such as annulus measurements) (65). For strain analysis
different methodologies may be employed (tissue Doppler
echocardiography, 2D STE and, 3D echocardiography)
(11-20), but a consensus document only exists for STE (and
indications for RV and atrial strain analysis are limited) (65).

Inclusion and exclusion criteria

Definition of inclusion/exclusion criteria should be address
accurately.

Only healthy subjects should be included, however health
is a generic term (85,86) lacking of specific definition and
inclusion criteria may change from a study to another. Our
research highlighted how there was sufficient agreement
on criteria of inclusion adopted by latest major studies
(15-23,38,51,52,63). Hyperlipidemia, systemic
hypertension, diabetes mellitus, lung disease, renal failure,
liver failure, genetic syndrome, neuro-muscular disorders,
abnormal electrocardiographic and/or echocardiographic
findings, connective tissue disease, and poor image quality
have been used as exclusion criteria in the majority of works
(15-23,38,51,52,63). Pregnant or lactating women, athletes,
and subjects addicted to alcohol were also excluded by a few
authors (15,16,60), and some studies also evaluated smoking
(15,21,38,82), anaemia and fever (15,16) as exclusion
criteria. However, in some studies (15,19,38,43,52,54,63,82),
inclusion criteria were well defined, in other sufficiently
explained (20,21,24,30,50,52,61,67,70,74,76), while in few
works the criteria were more generic (23,24,26,58,59,69,73).

Sample size

How many healthy subjects should be enrolled in another
key point for the building of nomograms? Theoretically
the sample size necessary to build a nomogram should be
calculated by dividing the population into age-groups and
assuming a minimum number of subjects for each of these
age intervals (85-88). Assuming a normal distribution of the
variables and estimating the population standard deviation
(SD) at 0.5 (87-89) at least 80-120 subjects for every age
group are necessary to provide a 95% confidence interval
(CI) with a margin of error of 0.1 (74,75).

Thus assuming to divide the adult population into six age
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groups (i.e., 20-30, 3040, 40-50, 50-60, 60-70, >70 years),
as performed in the majority of the studies (15-17,21-23), at
least 100 subjects for each study group should be enrolled
(i.e., 600 in total). This number should be multiplied for
the two genders (i.e., 1,200) and for multi-ethnic studies
for the number race evaluated (i.e., for instance for 3 race
Caucasian/Black/Asian; 600x2x3=3,600). Since almost all
the studies consider a single race the threshold should be
1,400, and most of the nomograms currently available do
not meet these criteria. Major studies had a sample size
around 700 subjects (18-21,52), while only a few studies had
a sample size >1,000 (15-17,26,35), (Tables 1,2). The widest
study was the EMINCA study (15-17) with 1,394 healthy
subjects (i.e., even above the target of 1,200 subjects).
Some authors have tried to overcome the issue of sample
size (65) by proposing meta-analytic works. However, the
use of meta-analysis, although attractive, is questionable
since heterogeneous data (collected in different ethnic
population, of different ages and by using slightly different
acquisition and quantification methods) are mixed together.

How to normalize and to express normalized data

Another issue when dealing with nomograms is how to
normalise and how to express normalised data (6,8,9).
Almost all studies presented data as mean values (plus or
minus standard deviation) normalised by gender, age groups
and at times indexed by body surface area (BSA) (15-23,34-
36,38,50,58,59,61,90,91). A few studies used percentile
(35,72,76-78,80) and one study employed z scores (41) that
are commonly used in the pediatric age group. The relative
scarce and inconstant relationship between parameters of
body size (age, weight, BSA) producing low R2 (18,82) may
explain the choice to employ mean values (plus or minus
standard) instead of computing z scores, that theoretically
should be preferred (6,8,9). Z score is a standard-bearer
value that indicates by how many SDs a value is above or
below the mean in a normally distributed population (i.e.,
z score of 2 means that the measurement is 2 SDs above/
below the mean). Z scores are better than dichotomous
“normal or abnormal values” because they allow clinicians
to appreciate the “magnitude of abnormality” (i.e., a z score
of +4 indicates a severe dilatation), (6,8,9) Still, generation
of suitable Z scores requires finding an appropriate model
fitting the actual distribution of data and satisfying tight
statistical assumptions, not always met in the published
literature (9,10).
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Confounders

Differences among age groups and gender have been widely
studied (15-17,20-23). Influence of body size parameters
(i.e., weight, height and body size) has been evaluated
only in a few studies (50,81,82). Also the relevance of
descent has been rarely investigated (68). All the authors
have evaluated inter- and intra-observer variability and
a good reproducibility emerged in most studies [with
interclass correlation coefficients-(ICCs) vary from 0.6 to
0.9]. As expected, inter-observer variability was greater
(i.e., ICC 0.3-0.9).

Nomograms for different echo measurements
Summary of the results

Generation of a software for automatic
echocardiographic normal values calculation

To summarise data, major result of the studies selected were
used to build a software who generates ranges of normality
for echocardiographic parameters. Echocardio-Normal
Values (97) is an application designed for mobile device
with Android operating system published on Google Play
store on 21 august 2017 by Infotel FTGM and currently
available for free. It has been developed in JAVA language
by using Android Studio 1.5.1, that is, Android’s official
IDE developed and distributed by Google Inc. No external
libraries were used. The same application was been also
developed for desktop devices with Window, OSX e Linux
operative systems by using a multi-platform development
system. All rights are reserved and the application is
distributed through specific installation packages, one for
each kind of device. Reference tables and data for single
profiles are stored in a SQLITE database that is included in
the installation package. This software, for a given subject
of a given age and gender, allows automatic calculation of
normal values of echocardiographic measurements (i.e.,
2D and functional indices, 3D data and strain values) and
comparison among different sources. At the moment the
software has been developed for operative systems desktop
(Windows, OSX e Linux) and mobile (Android) (97)
(Figure 2).

How to interpret data coming from different sources

Strength and limitations, similarities and differences,
influence of age, gender and other confounders of current

F Thorac Dis 2017;9(12):5404-5422



Cantinotti et al. Adult echocardiographic nomograms

5408

(ponuruo3) 1 Sqe],

Jeyewelp AIAeo-piw pue

JeuipnyiBuo| ‘AY ‘Je1eWelp Jouiw pue Jofew ‘vy
‘eale pue souelsIp Buius) ‘s|0iSEIP pus pue
9|01SAS puS 1B SNiNUUE :A] ‘eale pue aouelsip
Bunual ‘smalA Yo g pue yd ¥ ‘XvSd XV 1d

Ul 8|0]SBIP puUB 8]01SAS Ul SNINUUE [eJyW AN

SWN[OA PUB SUOISUSWIP

SWN|OA PUB SUOISUSWIP V]

SuoISUBWIP ] PUB AT 8pOoW-|A

(s1e18WeEIp |EISIP PUB

[ewixoud) (Xv1d) LOAY PUe 1OAT ‘VdIN uoioun|
‘sasnuis ‘sninuue :(Xy1d) BHOY ‘sielowelp

pue eaJe Yo  AY ‘U0 g PUB { Ul SSWN|OA

AT ‘A7 :epow-|A ‘eale pue sJelswelp Yo

V4 ‘U0 ¥ pPue Xy 1d SWnN|OA pue sialewelp

(Xv1d) LOAY pue LOAT ‘vdd

‘Vd1 ‘VdIN ‘sninuue Areuow|nd ‘wbeiydelp
‘yoJe Bulpuaose ‘sesnuis ‘sninuue :(Xy1d) BHOY
{sJo}oWelp pue BaJe Yo i AY ‘Y0 g PuUe f Ul
SOWIN|OA AT ‘AT :9POW-|A ‘Sie1oWelp Yo ¢ Y
‘40 ¥ PUe Xy 1d SWN|OA PUE BaJE ‘SI9IoWEIP V]

xapul 18] ‘(s ‘e ,9) [leides pue [eJale| |QL [ew
‘(LA ‘v/3 'V ‘3) SOIHO0[eA PMd MOJJU [EIHIA
‘uonoun( ‘sesnuis ‘sninuue :(Xv1d) BHUOY ‘(Yo

7) sJ910Welp pue BaJe AYH ‘(U2 g ‘Yo ) swn|oA
A1 N1 pow-|A\ ‘Base pue sislewelp Yo f vy
‘Yo 7 pue Xy 1d SWN|OA PUE EaJE ‘sis}owelp

(s1@18WeEIp |EISIP PUB

[ewixoud) (Xv1d) LOAY Pue | QA1 ‘sieiewelp
pue eaJe Yo  AY ‘U0 g pUB { Ul SSWN|OA AT ‘AT
:9pPOW-|\ ‘SOWN|OA pue BaJe ‘Si9}dWelp Yo v WYY
‘Yo ¢ pUB g Ul 8WN|OA puUe BaJe ‘sialewelp Vv

09<

08—+, ‘'0/~}9 ‘09-}S
‘05-+¥ ‘Op—t€ ‘0e-}e

6.-0/ ‘69-09 ‘65-0S
‘6v-0v ‘6€-0€ ‘62-8}

6.-0/ ‘69-09 ‘65-0S
‘6v-0v ‘6€-0€ ‘62-02

09< ‘09-0% ‘0¥-02

Japusb
Aq papinip s uesiy

Japuab oy
so|jusoiad pue Qg Ues|y

Jopusb 1o} so|jusdIad

Japuab 1oy pepiaip 1ybiey
1O} SpBYD 9|1jusdled

vSg Aq pexepul
‘sdnoub obe Uepusab
Aq pepinp gs uesiy

vSg Aq pexepul
‘sdnoub obe Yepuab
Aq pepinip gs uesiy

vSg Aq pexepul
‘sdnoub obe Yepuab
Aq pepinip gs uesiy

vSg Aq pexepul
‘sdnoub obe Uepusab
Aq pepinp gs uesiy

sieah ,¥0/
‘(N L 12) sieeh 09< 081

sieak GF9/

(W 86) Buibe Ayyesy ogz
sieak /' )F)°9G

(N gg¢g) sieah Gp< 197
ueadoing

SNUM ‘sieak Gy—-0g
(N 882) 218

uealoy| ‘sieah 6/-02
(N 28%) €00°F

asauly) ‘sieak /-8
(N 829) ¥6€°L

asauede ‘sieak 6/-02
(N €8¢€) 002

ueadoing ‘siesk 8/-02
(N oze) veL

J91u99 9|buIS

slejueo-INA

J91u89 9|buIs

J91Ud9 9|buIs

(e2) sseyu0-NINIA

sJejuso-IINIA

(1) s1ss0-nInA

(c2) sseyus0-nINIA

MN ¥102 ‘(€€) Ipeama

vsn
6002 ‘(92) BWWSBLNY

VSN £002 ‘(08) #ouyoHId

VSN G661 ‘(g€) Jone

Ba103] G102 ‘(g¢) louD

BUIYD G102 ‘(G1) YONINT

ueder 800z ‘(1) dINVI

adoing
7102 ‘(81) 34HON

Blep dc - | Hed

Sluswainses|n

(s1eahk) sdnoub oby

uolssaidxa
Juoljezijew.ou eyeq

aoeJ/uoneindod

ubisap Apnis

Apnis/ioyiny

AyderSorpreooyds 1oy swerSowou Jnpe Jofefy T IqE],

F Thorac Dis 2017;9(12):5404-5422

jtd.amegroups.com

© Journal of Thoracic Disease. All rights reserved.



5409

Journal of Thoracic Disease, Vol 9, No 12 December 2017

(ponuizuo3) 1 Sqe],

v ‘a
‘S :ueA Areuowind {8 ‘B ¢S snjnuue [eJiw L
-uoleINP v '1a3 ‘v/3 'V J :Moju| [BIUN PMd

SO11100]9A aAeA Areuowind ‘| OAY ‘©A[BA JIHOY
‘LONT VIV ‘P-V ‘PY ‘A ‘S :uieA Areuownd
‘B ‘s sninuue pidsnou} pue [edyw Al (3A]
‘LOAI ‘LHAI ‘L3 ‘V/3 'V ‘F :mopul [BININ PMd
ILA pue

Ayoojen ead | OAH PUB HOAT 4V ‘A ‘S :UleA
Areuowind {,@ ‘e ‘s snjnuue pidsnoL pue [esiw
1AL YA La3 'Y/3 'V ‘3 iMool [eJHIN PMd

IdINl ‘L3/10AI
13/1HAI ‘13 ‘LOAI “(SW) LHAI :opow-IN 1dL

(Ig1md) e (lg1md) 2 {(1a1o) .s ‘(IaLmd)

/S isninuue pidsnouy pue [eJiw :jqlo pue gimd
‘|LA ‘Xew A 1 OAT ‘Ad/S ‘a ‘S :uen Areuowind
ILHAI Ld3 V/3 VY ‘T imoju] [N PMmd

Sasnuls SIxXe Joys ‘oy Buipusose
‘uonoun| ‘sesnuis ‘sninuue :(Xy1d) eHoyY

sasnuis :(Xy1d) BUOoY

oy Buipusose ‘sesnuis :(Xy1d) BHOY

oy Buipusose
‘uonoun| ‘sasnuis ‘sninuue :(Xy1d) BUOY

VS 10 [9A3] 8y} e youe ‘oy Buipusose
‘uonoun| ‘sesnuis ‘sninuue : (Xy1d) eHoy

69 ‘S9 ‘v9-09
‘66-SS ‘¥S-0S ‘6v-Gv

6/-0/ ‘69-09 ‘65-0S
‘6v-0v ‘6€-0€ ‘62-8}

08—+, ‘'0/~}9 ‘09-}S
‘05-+¥ ‘Op—t€ ‘0e-}e

09< ‘65-0¥ ‘6€-02

09< ‘6S-0v ‘0>

09< ‘65-0% ‘0F>

09 ‘650G
‘6v-0v ‘6€-0€ ‘62-9}

69-09 ‘65-05
‘6v-0 ‘6€-0€ ‘08>

sdnoub
abe Aq papinip gs uesiy

vs4a Aq paxepul
‘sdnoub obe Yepuab
Aq pepinip gs uesiy

sdno.b abe “yepush
Aq pepinp gs uesiy

sdnoub aby Yepusn)
Aq papinip @S uesy

sdnoub abe “epush
Aq pepinip gs uesy

vsg Aq paxepul ‘sdnoib
obe ‘opusb Aq papinip
se|jusosed pue gs ues|\

vsd Aq paxeput ‘sdnoib
abe ‘epusb Aq papinip
so|usoiad pue gs ues|y

Jopusb Jo} 8100 7

vSg Aq paxapul ‘sdno.b
abe ‘opusb Aq papinip
so|ijusolad pue gg uesiy

vs4a Aq paxepul
‘sdno.b ebe Yspusab
Aq pepinp gs uesiy

(uaw %g oY)
sieak Gy< Z10't

asauly) ‘sieak 6/-81
(N 829) vBE"L

uealoy| ‘sieah 6/-02
(N 28%) €00°F

sieak £6-02
(N t2y) vs6

siesk 9'gL¥8' /Y
(N €09) 992°

sieah G'gLFoVp
(Wote) voL

sieak 88-0¢
(N 6¥8°L) LOO'Y

sieah 8- (N 96€) 678

sieah ge-9|
(N €09) ev0°+

sieah gy-Q|
(N 692) 005

J91u99 9|buIS

sJejuso-IINIA

(e2) sseyuL0-NINIA

J91Ud9 9|buIs

J91Ud9 9|buIS

slejuao-iINA

J91u89 9|buIS

J91Ud9 9|buIg

sJejuso-IINIA

J91ud9 8|buIg

VSN €00z ‘(0€) erebeuniyy

BUIYD 9102 ‘(91) YONINT

©a103 9102 ‘(€2) IouD

Jlewusq 9102
‘(6¢) uasuaiog-bulslg

AemioN 0102 “(92) usleq

SeXapul [euoiOUN

(344ON)
2102 ‘(Z}) eanes

VSN G661 ‘(7€) uesep
7102 vSN ‘(1) susdwe)

7102 VSN
‘Aley ‘@oueld (Gg) ZiA

€102 Aey “(9g) eaaN

Sjuswiainses|N

(s1eah) sdnoub aby

uoissaidxa
Juoljezijew.ou eyeq

aoeJ/uoneindod

uBisap Apnig

Apnis/ioyiny

(panuruo3) 1 Sqe],

F Thorac Dis 2017;9(12):5404-5422

jtd.amegroups.com

© Journal of Thoracic Disease. All rights reserved.



Cantinotti et al. Adult echocardiographic nomograms

5410

(pomuzuo2) ¥ S1qEL

sio1oweded sniesedde
Ase|ided pue AN pE pue pg :anfeA [eyi

solweuAp pue Aawoshb
Je|nuuUe [eJ}i 0Ydd PE pue pZ :SA[BA [BJHIN

awn[oA 1 dg

SBWN|OA AH A€

BWIN[OA /] PUB Y AE ‘S8WN|OA AT dE

SOWIN|OA ] € ‘Sewn|oA AT Adg

anoge sy

SAWNOA AT €

SSBW pUB S8WN|oA A dS

S19
‘SHD ‘SOD ‘SO PE {SSEW PUE SAWN|OA AT A

0/<°0,-0S
‘6v-0F ‘6€-0€ ‘6281

0/< ‘69-09 ‘65-0S
‘6v-0v ‘6€-0€ ‘0€>

69-09 ‘65-05
‘6v-0v ‘6€-0€ ‘6-0¢

anoge sy

G/-G9

‘v9-SS ‘vS-S¥ ‘vv-GE

65-07 ‘6-8}+

09< ‘09-0% ‘0¥—02

vSg Aq paxapul Y4apush
Aq papinip @S uesy

vsg Aq paxepul Yepush
Aq pepinp gs uesiy

vSd Aq pexepul
sdnoub abe ojul papiAIp
pue [eqo|b sa|ijusdiad

vsd

“opusb ‘ebe o} uoienbs
uoissaibal ‘sdnoib

abe ‘epusb Aq papiaip
so|iuaosad -uelps|y

vsg Ag paxapul 4epush
Aq papinip s ues|y
vSs4a Aq paxepul
‘sdnoJb obe Jepueb

Aq papinip @S uesiy

aA0Qe Sy

vsd Aq paxeput ‘sdnoib
abe ‘epusb Aq papinip
so|usoiad pue gs ues|y

vSg Aq pexepul
‘sdnoub obe Yepuab
Aq pepinip gs uesiy

sS4 Aq pexepul
‘sdnoub abe Jspuab

Aq pepinip s ues |y

sieahk 0zF/€ ‘(N 89) €21

sieah 9/-81 (N 26) Ve

sieak 6/-81
‘N8 9le

uelle}| ‘sieek 06-81
(N 2¥2) 208

sieah 6/-6¢ (N 62) 991

asauedep ‘sieak g9-0g
(N 222) Oty

Hooyg ueisy

uelpu| ‘siesk G/-Gg
468} ‘IN 062

pooyn ueadoing

‘sieak G/-G¢
9191 ‘IN 8¢¢€

uejseone?) ‘sieak 9/-g|
(N Lo+ ‘92-81) 922

sieahk G/-61
(W 281) oy

sJojuL0-INA

J91Ud9 8|buIg

J91u99 9|buIS

sJsjuso-1INIA

Jauso-a|buIg

sJejuso-1INIA

slejuao-iINA

sJouL0-INA

J91Ud9 9|buIS

sJo1u80-INA

ueder 600z ‘(Gy) duuog

Arey 102 ‘(L) elreuIN

Arey
enped +1.0g ‘(€9) nseniy

Arey
€102 ‘(¢8) huesseyely

AemopN
6002 ‘(658S) auny

ueder z10z ‘(2S) epmind

€10z ‘(09) reyeud

€10z ‘(09) lreyeyd

Ay 1.0z ‘(1) nreaniy

JYYON ‘edoun3g
910¢ ‘(6) preuseg

oyoe (g :g Med

Sjuswiainses|N

(s1eah) sdnoub aby

uoissaidxa
Juoljezijew.ou eyeq

aoeJ/uoneindod

uBisap Apnig

Apnis/ioyiny

(panuruo3) 1 Sqe],

F Thorac Dis 2017;9(12):5404-5422

jtd.amegroups.com

© Journal of Thoracic Disease. All rights reserved.



5411

Journal of Thoracic Disease, Vol 9, No 12 December 2017

(ponuuo3) 1 Sqe],

uresis feulpnybuol v :31SAe

utes}s [eulpnybuol v :31SA2
uol3ouNy ‘ssWN|OA 1\

X8pUl 8WN|OA PUE UOI}0B} UoISuBdxXe ‘Uooe.)
uonosle ‘eleJ Uielis pue urelis [euipnibuol iy

37 ejoLueA 1yBuU :31SAZ

37 8joLuUsA JYbU :315a2

(wnydes-ousiue ‘jesre)
-0JajUl ‘JolISIUR ‘JoLBlUl ‘|elalel-olalue ‘wnydes

-0Jajul) 3G pue 37 [eluswbes pue [eqolb :31S azg

[eyuswbas
pue [eqo|b uresis [eulpnyBuol A7 :31SA2

1SIM| ‘uonelol [eoide pue asegq ‘uieis
[eupnyibuol [euciBey ‘syn ‘30D ‘371D F1S A2

3 BOIY ‘84D ‘305 ‘375 :0Y08 pg

0/-0S
‘6v-0v ‘6€-0€ ‘628

LG<‘'0S-8L

04<°0,-0S
‘6v-0F ‘6€-0€ ‘6281

09< ‘09-0v ‘0>

08-9S ‘G5-9¢ ‘Se-8I

28-19 ‘09-1§
‘06-+¥ ‘Op—}€ ‘0c-8}

[eqo|b Qs uesw

sdnoub abe ojul papiAlp
pue [eqo|b gS uesw

sdno.b Jepusab
pue abe ojul papIAIp
pue [eqo|b6 S uesw

uoleindod
a|oym 8y} 4o} (SHwWi| Jamo|
pue Joddn) ps ues|y

vSd Aq pexepul
sdnoub abe ojul papiAIp
pue |eqo|b sa|ijusdiad

Japusb ojul papIAIp

pue [eqo|b gS uesw
uoleindod

a|oym 8y} 4o} (SHwi| Jamo|
pue Jaddn) S uesy
sdnoib abe

pue Japuab 10} papIAIp
pue [eqolb gs ues|y
vSg Aq pexepul
‘sdnoub ebe pue Jepusb
Aq pepinp gs uesiy

uoneindod sjoym

ssesh 08-81 (IN 2€) €8

SuBOLIBWY
Moe|g ‘sieak 0/-g1

‘(W 09) 02k

ueadoin3 pue assuedepr
‘sleak /gL F1°9¢8

(N SPh) 228

sieak 2G'8LF 62
(N 91) ot

sieak 9/-8|
‘abe ‘UsWom 94GG) 9/2

sieshk 9'g L ¥8° /Y
‘(N £09) 992°

sieah 08-81L
‘(IN g01) ove

ueiseone) ‘sieak 0g8-g1|
‘(N 86) L7e
vsSn/edoing

‘sieak gg-g8|

(N 9G1) €0¢

J91Ud9 8|buIs

J91u99 9|buIS

Jejueo-NA

J91Ud9 8|buIg

J91u99 9|buIS

J21u90 9|buIs

vsSn ‘Auewisn
‘eleasny (g)
J1U82- NN

J91u89 9|buIS

(s1o3u00
01) Jejuso-HINIA

VSN 600¢
‘(2) uojuld-eUUBIA

VSN 2102 ‘(69) 199N

ueder 10z ‘(89) SO
[euy

syewusq
7102 ‘(€2) Bysio4

N4 ‘Ajey| ‘enped
9102 ‘(z2) neiny

Nd

AemioN
010z ‘(99) usiea

elleisny
6002 ‘(29) Momie

eluBWIOY
7102 ‘(09) Aeqeooy

VSN GLOg ‘(L9) ultary
€10¢

34D ‘30D ‘8 :31S de = ®Y}Jo}|D senen UBs|\  (SBIPNIS g Wol)) /6S T sisAjeueip|\  “(G9) usosByOUOYOBUIA
N1
sanjeA Ulel}s :g ved
d
SjUsWaINSEs|N (s1eah) sdnoub aby Holsseldxe ooeJ/uonendod uBisap Apnig Apnis/ioyiny

/UONIEZI[EWIOU Bleq

(panuruo3) 1 Sqe],

F Thorac Dis 2017;9(12):5404-5422

jtd.amegroups.com

© Journal of Thoracic Disease. All rights reserved.



5412

Table 1 (continued)

Measurements

Age groups (years)

Data normalization/

Population/race .
expression

Study design

Author/study

2DSTE: LA longitudinal strain

Single center 140 (74 M), 3-79 years mean SD global

Okamatsu (79), 2009

USA and Japan

2DSTE: LA longitudinal strain

Percentiles for the whole

population

Single center 60 (41 M),

Cameli (77), 2009 lItaly

32.8+13.6 years

2DSTE: RA longitudinal strain

Percentiles for the whole

population

84 (23 M), 19-71 years

Padeletti (78), 2012 Italy Single center

2DSTE: LA and RA longitudinal strain

110 (50 M) 39+15 years mean SD global

Single center

Moustafa (70), 2015

Canada

g, strain, A, mitral valve inflow PW doppler A velocity; a', late diastolic annular velocity; Ao, aorta; ch, chamber; Ar-d, time duration of right pulmonary vein reverse flow
at atrial systole ad Ar; -A, time interval between Ar-d and Ad (A duration of A wave); Cl, confidence interval; DT, deceleration time; D, PW doppler diastolic forward flow
wave; GLe, global longitudinal strain; GCe, global circumferential strain; GRe, global radial strain; GTe, global tangential strain; IVCT, isovolumetric contraction time; IVRT,
isovolumetric relaxation time; E, mitral valve inflow PW doppler E velocity; EDT, mitral E deceleration time velocity; ET, ejection time; LA, left atrium; LPA, left pulmonary
artery; LV, left ventricle; LS, longitudinal strain; LSA, left subclavian artery; MPA, main pulmonary artery; MPI, myocardial performance index; MV, mitral valve; LVOT,

© Journal of Thoracic Disease. All rights reserved.

left ventricular outflow tract; PLAX, parasternal long axis; PSAX, parasternal short axis view; pw, power Doppler; RA, right atrium; RPA, right pulmonary artery; RV, right

ventricle; RVOT, right ventricle outflow tract; S, PW doppler systolic forward flow; s' TDI, tissue doppler imaging; SR, strain rate; TV, tricuspid valve; V max, maximal

, mitral/tricuspid valve annulus systolic velocity (TDI and Pwd); e', early diastolic annular velocity; mitral/tricuspid valve annulus earl

velocity; VTI, velocity time integral; s

diastolic velocity; 2DSTE, two-dimensional speckle tracking echocardiography.
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adult echocardiographic nomograms will be now detailed
for groups of parameters.

2D echocardiography

Robust nomograms, calculated on wide sample sizes for
several major dimensional and functional 2D parameters
have recently become available (15-23) coming from
Europe (i.e., NORRE) (18) and Asia (i.e., JAMP,
EMINCA) (15-17,20-23).

A dimensional indexes

Consistencies and discrepancies in the way to
measure among authors

There was sufficient consistency in the way in which
measurements have been performed. The LV mass was
generally calculated by the equation for M-mode, while
JAMP used the area length method (21). There was
sufficient consistency also for left atrium (LA) and right
atrium (RA) diameter measurements (15,18,21,22). LA
volume was generally calculated by the biplane area
length method while a few used the ellipsoid method (76),
or both (22). Of interest, LA volumes calculated by the
area length were significant higher than those calculated
by the ellipsoid method (22). For the measurement of
the aorta different techniques (inner edge vs. leading
edge) and different timings in the cardiac cycle have been
employed for measurements. Measurements obtained
by using 2005 ASE criteria (37) (i.e., leading edge-
to-leading edge technique in diastole) were higher in
comparison with those by 2010 ASE pediatric guidelines
(17,93) (i.e., systolic inner-inner diameters).

Correlation of cardiac measurements with age and
gender and BSA and ethnic groups

All the studies showed significant relation of cardiac
measurements with age, but results were somewhat
discrepant. LV volumes have been shown to decrease
with age (15,18,21,22), while the parietal thickness
increased (15,21,22). A few studies reported an increase
of left ventricular ejection fraction (LVEF) with age
(15,18) while others found no variations (21,22). For LA
diameters a positive correlation with age was reported
by a few authors (15,21), while other showed age
related variations only in female (22) or no significant
variations (18). The absolute LA volume showed no age-
related variations (21), while the indexed volume showed

F Thorac Dis 2017;9(12):5404-5422
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Echocardiography Patient Information ) EchoCardio Normal Values

2D parameters Right Ventricle

ID = CS00002 H=160cm W =60.0 Kg

Functional parameters BSA = 1,64 Sex=M Age = 34 years

3D parameters Reference NORRE(2014)

Strain parameters ID €S00002 RVED area = 19.3+4.6 cm2

Cardiac MRI Height RVES area = 10.143.0 cm2
y i Weight i
Disclaimer RVED/BSA = 9.8+2.2 cm2/m2
Age
: RVES/BSA = 5.1+1.4 cm2/m?2
Copyright Gonder
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Reference Details

@ EchoCardio Normal Value = T

Data
[ NORRE (Europe 2014) ] [Min Diam 4CH = 80.1+45 mm
Max Diam 4CH = 48.8+5.4 mm
Kou S et al Min Diam 2CH = 41.8+5.2 mm
Eur Heart J Cardiovasc Imaging. 2014 Max Diam 2CH = 50.7+4.5 mm
Jun;15(6):680-90. doi: 10. 284, |Diam PLAX = 35.1+4.1 mm
Institute of Epub 2014 Jan 21. Diam PLAX/BSA = 18.1+2.3 mm/m2
Echocardiographic reference ranges for Vol Area Length = 55.5 +15.1 ml
Clinical cp':';snologv Age years normal ca:z‘:a(p'c”hambﬂ size: uﬁs from xo: iimpim = :/9;;13-21'? s
0 the NORRE study. ol Area Lengtl =281 +6.8 ml/m
Yoo ] Vol Simpson/BSA = 25.1 +6.0 ml/m2

Gabriele =
Monasterio L a0

Foundation Sex

Read on WEB

Echocardiography Functional

Left Ventricle |~ Right Ventricle T e [T e

Left Atrin ght Atum Pulm Veins Inflow TV Inflow Right Ventricle RV strain

M-mode Aorta m Mitral Valve Atrial Strain

RV-LV outflow Coronary Artery

Functional

Left Ventricle Right Ventricle Left ventricle function LV Radial strain
Left Atrium Right Atrium Right ventricle function LV Longitudinal strain
LV Miocardial thick Aorta distensibility LV Circular strain

Massimiliano Cantinotti - Marco Paterni

Figure 2 Screen-shots of EchoCardio-Norm. This application, available for Android smart-phones and personal computers running
Windows, OS X, and LINUX, allows for automatic calculation of a broad range echocardiographic normal values for a given subject of a

given age and gender.
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significant increase with age (15,22). RA diameters (15),
RV long-axis diameter (15,22), and RV mass (15) increase
with age, while data on the RV area were contrasting, with a
study reporting a slight increase (21) and other a decrease of
the RV area (18).

Some studies (15,18,22,27) showed significant relations
of cardiac measurements with gender. All chambers
diameters, volumes and the LV mass were higher in men
(15,18,21,22), even after correction for BSA (18), as well
as great arteries (15,22,27). BSA correction however
mitigated RA diameters and RA volume differences
among gender and eliminated differences in LA
volume (18). Furthermore, indexed LV diameters were
greater in women (22). Of interest functional data,
including LVEF (18,22), LV sphericity index, RV fractional
area change (FAC), and the tricuspid annular plane systolic
excursion (TAPSE) (22) were generally higher in women.
However, other studies reported no significant difference in
LVEF (15).

Different among descendent have been noted. The
ECHO_NORMAL study (25) revealed how LV end-
diastolic volume, LV end-systolic volume, and LV stroke
volume (SV) were highest in Europeans and lowest in
South Asians. Similarly LV end-diastolic diameter, LV end-
systolic diameter, LA diameters and volumes were higher
for Europeans than in East Asian, South Asian, and African
counterparts.

B functional indexes

Consistencies and discrepancies in the way to measure
among authors

As for dimensional indices, there was sufficient consistency
in the way to acquire and analyses Pulse Doppler and tissue
Doppler velocities that were accomplished according to
recent guidelines and recommendations (4,5).

Correlation of cardiac measurements with age and
gender

For Doppler Flow mitral inflow parameters reproducible
variations with age were noted (16,20,23,30,69). The
E wave deceleration time (EDT) has been shown to
increase with age, while the E and E/A decreased with
age (17,20,23,30,69). For tissue Doppler imaging (TDI)
velocities a significant decrease in LV and RV function with
age was noted authors (16,20,23,26) with a few discordance
in particular for mitral valve a' wave. While a few studies
(16,23) described an increase with age, other reported a

© Journal of Thoracic Disease. All rights reserved.
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decrease (20,30). In contrast s' and e' decreased (16,23,30,69)
and E/e increased with age (16,20,23,26). Similar variations
were noted also for Doppler flow and TDI velocities
measured at the tricuspid valve (16,23).

Pulsed Doppler velocities were higher in women
(17,23,26) while EDT and isovolumic relaxation time
(IVRT) were higher in men (23). No gender related
difference emerged for the e' wave (16,23), while the s' and
a" were detected to be higher in men (16,20,23), and the e/
e' in women (16,23). Aortic and pulmonary valve velocities
were found to be higher in men (16).

3D echocardiograpbic parameters

Despite advances normative data on 3D echocardiography
remain limited. For LV and LA volumes (51,52,58,59,95)
the sample size employed was relatively limited for all
the studies ranging from 166 (58,59) to 440 (95) healthy
subjects. There are sufficient data for 3D RV volumes,
particularly those deriving from a study of Maffesanti and
colleagues (82), including 507 healthy subjects. Data for
the mitral valve are limited and different parameters have
been evaluated by various authors (45,47). 3D data of aortic
parameters are also very limited (54-56).

Consistencies and discrepancies in the way to measure
among authors

Data on LV and LA volumes (51,52,58,59,95) have been
published by using consistent methodologies. Data on the
other measurements are too limited to make comparison.

Correlation of cardiac measurements with age and
gender and BSA

Left ventricular 3D volumes decrease with age even after
normalisation for BSA but in a few studies these correlations
were only weak (50,52,59). The decrease in LV 3D volumes
with age was counterbalanced by an augment in LVEF
with advancing age (50,59,95) as occurred also for RV (82).
Relationships of left atrial 3D volumes were opposite to the
ones observed for the ventricles. In fact, LA 3D volumes
increased with age (52,58,81) accompanied by a reduction
of LAEF with age (58). LV volumes and mass were higher
in men even after normalisation for BSA (51,52,95). The
lower volumes in women were counterbalanced by the
higher LVEF, however, the stroke volume remained higher
in men (51,95). 3DE LA volumes were larger in men
compared to women (52,58,81) and showed moderate
positive correlations with body size parameters (i.e., height,

F Thorac Dis 2017;9(12):5404-5422
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weight, BSA, and body mass index; P<0.0001 for all) (81).
LV volumes indexed by BSA was seen to be smaller in
an Indian than a European population (50) while EF was
similar between ethnicities. RV volume showed positive

correlation with BSA, while EF decreases with an increasing
BSA (82).

Comparison of 3D with 2D echocardiography and
magnetic resonance imaging (MRI)

Comparison of measurements of atrial and ventricular
volumes and functional indices by 3D versus 2D
echocardiography provided contrasting results. Muraru
et al. (81) showed that LA volumes measured by 3DE
were 22% to 30% larger than the corresponding 2DE
measures. The difference between 3DE and 2DE volumes
was positively correlated with LA size measured by 3DE
(r=0.36; P<0.0001), (81). LA total EF and passive EF
measured by 3DE were also larger than 2DE. Conversely,
expansion index was similar in this study (81). 2D
echocardiography underestimated LV volumes (50,51)
by an average of 2 and 4.7 mL/m’ for LVED and LVES,
respectively (50). Regarding functional indices, Muraru
et al. (51) reported that LVEF stroke volume measured
with 3D echocardiography was smaller than measured
with 2D while in the study of Chalal ez /. (50) a difference
between 2D and 3D EF was very limited. No differences
instead emerged among 2D and 3D data for the sphericity
index (51), while LV mass was shown to be lower in 3D than
2D measurements (51). Only the works from the Padua
group, provided a validation cohort for RV 3D volumes
with MRI (51,82). Demonstrating that RV 3D volumes
were lower than MRI measured data (82), confirming
previous observations (3).

Deformation analysis

In the last years, normative data on new indices of STE
data have become available for the LV (60,61,63,66,67), the
RV (72,73), the LA (68-70,74,77,79), and the RA (70-78).
Some of the most recent publications evaluated 3D STE
parameters (61,72,95), while data on twist and untwist are
still limited (60).

Despite a good representation of different geographic
areas with data coming from Europe (60,61, 63,67,77,78,95),
North America (63,67,69,70,74) and Asia (79), nomograms
were constructed by using limited sample sizes with only
two studies (61,68) having >300 subjects and one having
1266 subjects (66), the latter evaluated only LV longitudinal

© Journal of Thoracic Disease. All rights reserved.
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strain (g). Data on LA € are also extremely limited with
only three studies having >100 subjects (71,84,94) and the
widest population of 329 subjects (68). To overcome the
lack of data, both for Ve (65) and for LA strain (65) meta-
analytic works have been performed, despite the known
limitations (6,10).

Consistencies and discrepancies in the way to measure
among authors

Reproducible methodologies have been employed for LV 2D
STE (60,61,66), while for atrial strain analysis differences
emerged among authors (65). For longitudinal LV € the
16 segments model excluding the apex has been generally
used (60,61,66) while in some works whether the apex was
excluded from calculation was not specified (67). The LA
was analyzed by using a single projection (i.e., 4-chamber
view, 6 segments scheme) (70,79), two projections (4- and
2-chamber views) (68,69,77,94), considering 12 segments
(68,77,94), or 14 segments (69), or even by evaluating three
projections (2- and 4-chamber view and long axis view, 15
segments scheme) (74). Notably, 2-chamber average peak
atrial longitudinal & (PALS) was significantly higher than in
4-chamber (P<0.0001) measurements, whereas there was no
difference found between 2- and 4-chamber average time to
peak longitudinal strain (P=0.93) (77).

Tacking quality was accomplished by using automated
method (i.e., the automated QT score) (67,77) or more
often subjectively (60,66,73,94). As summarised in Table S1
different vendors have been used to acquire measurements,
despite GE was mostly employed with few exception (68,79)
and usually vendor specific software has been employed
for data analysis with a few exceptions (66,70,95). Despite
no specific recommendation for RV STE, guidelines for
chamber quantification (3) recommend to calculate the
peak value of 2D longitudinal strain (Lg) as an average
over the three segments of RV free wall in 4-chamber view.
However, some authors evaluated peak and mean strain in
18 segments over three projections (4-chamber, 3-chamber
inflow and 3-chamber outflow) (73) while others compared
methods evaluating peak and mean values of 6 and
3 segments analysis in 4-chamber view with and without
apical exclusion (72).

Correlation of cardiac measurements with age, gender,
BSA and heart rate (HR)

Data on age related differences in strain values are
contrasting but a few reproducible patterns may be
observed. Longitudinal LV strain trends to decrease

F Thorac Dis 2017;9(12):5404-5422
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with age measured both by 2D STE (61,66) and 3D
STE (63) while circumferential strain increase (61,63,95).
RV longitudinal strain age-related differences instead were
small and not clinically relevant (72). Morris er al. (68)
reported that LA ejection fraction, expansion fraction and
strain were higher in younger, while systolic strain rate
slightly higher in older adults. Furthermore, a decline of LA
strain in the reservoir phase decrease with age was noted
(68,69,79), while there were no differences seen in strain in
the contractile phase.

Data on gender related differences of strain values are
limited and inconsistent. Generally longitudinal and area
strain (A€) and strain rate (60,61,66) tend to be a bit higher
in women while circumferential and radial strain showed no
differences among gender (60,61). Overall men had lower
3D Le, 3D Re, and 3D Ae than women (51,95), although
not in all age groups (51).

Regarding correlation with other confounders Marwick
et al. (67) showed that weight, blood pressure (BP),
Correlation of 2D and 3D LV strain with BP (50,51,60)
have been demonstrated while HR correlated with 2D
(50,60) but not 3D LV strain (51). For RV strain various
demographic and cardiac parameters showed weak but
significant correlations (72). No significant differences
among gender emerged were noted in LA strain (65,68,69)
and values were similar among Asian and European
people (68). A decline of LA strain in the reservoir phase
with increasing body size has been described in a recent
meta-analysis evaluating major normative studies (65).

Conclusions

A great amount of adult echocardiographic nomograms,
including data for 3D echocardiography and deformation
indices, have recently become available. These nomograms
present several strengths: cover almost all echocardiographic
parameters, used consistent methodologies (i.e., inclusion/
exclusion criteria, data acquisition and the way to perform
measurements), and cover multiple ethnic groups. However,
some limitations still remain. A few studies (particularly
those on 3D and deformation indices) used a limited sample
size, and there are also limited data for some basic cardiac
structure (i.e., for mitral and tricuspid valve, both in 2D
and 3D measurements as well as for the aortic valve 3D
dimensions), data of black persons are very limited (69,96),
and studies evaluating differences among ethnicity are
lacking. Wider, comprehensive, multi-ethnic nomograms,
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which will fully evaluate old (i.e., 2D) and new parameters
(i-e., 3D and deformation analysis parameters) are warranted.

Since the access to actual nomograms is often difficult
and time consuming, we propose a software who automatic
generate normative data for a given subject of a given age,
weight, height and descent. This software should serve as a
tool to orientate the clinician/sonographer in the difficult
world of nomograms in a fast, accurate and reproducible
way during routine clinical activity. Further researches
are required to assess if a similar tool may allow to the
clinician to save time and increase the diagnostic accuracy (as
theoretically expected) (Figure 2).
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