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Left Ventricular Volumes Determined by Two-Dimensional
Echocardiography in a Normal Adult Population
DENNIS W. WAHR, MD, YIN SHI WANG, MD, NELSON B.

SCHILLER, MD, FACC

San Francisco. California

The purpose of this study was to determine normal poprithmemployed. Left
ventricular
volumes werelarger
0.005) despite
ulation volume variables of the left ventricle as deterin men than in women (probability< [p]
for body surface
area,indicating the need for
mined by different algorithms
currentlyavailable. Two- correcting
patients
according to sex. The Simpson's rule
dimensionalechocardiography
was prospectively per- separating
algorithmresultedin smaller values for left
ventricular
formed on 52 normal volunteers to determine normal
volume than did any of the area-length algorithms and
leftventricular
volume and ejection fraction as a prerequisite to their clinical application. All echocardiothe datawere the most
reproducible
as judged by ingrams wereperformedusing a commercially availabletraobservervariation.The single planearea-length
two-dimensional phased
arraysectorscanner.Three al- methods are clinically useful because they are simple,
rapidto execute and reliable. Ejection fraction calcugorithms were applied to three views in various comlation
of the algorithm employed.
binations. Ejection fraction calculations were found
to wasindependent
be reliable,reproducible
and independent
of the algo-

Knowledge of normal
echographicmeasurements of left for participation included no previous history of cardiovascular
ventricular
volumes is aprerequisite
for the clinical appli- problems or symptoms and a normal electrocardiogram. Heart rate
cation ofquantitative
echocardiography
and these data have ranged from 45 to 100 beats/min. There were 29 men and 23
It is appropriate
to determine the normalwomen aged20 to 66 years. Five additional volunteers met all
not been reported.
criteria for inclusion in the study but were excluded because thei
volumes at this time because several studies have validated
echocardiogram
was technically
inadequate.
Three subjects claimed
the relation between
two-dimensionalechocardiographic to be trained endurance athletes, but their left ventricular volum
volume measurementsand those ofangiography,radio- did not differ significantly from those of the general population.
(1-6). Although there
nuclide and pathologic
measurements
seems to be caonsistent
underestimation
of left ventricular Equipment
volume usingtwo-dimensionalechocardiography,
these
All two-dimensional echocardiograms were performed with one
measurements have proved reliable when tested by interof two commercially available two-dimensional phased array sec
observer and
intraobserver
methods(1-6). Therefore,the
tor scanners (Vanan Associates, Palo Alto, California). The unit's
purpose of this study was to determine normal population
hand-held circular 2.25 MHz transducer measured
crrr'
2.5
and
left ventricularvolume values as calculated with various
consisted of 32 elements excited as phased array. Images were
30 at
frames/s on the oscilloscope
presented in real-time format
algorithms currently in clinical use.

with superimposed horizontal and vertical I cm calibration mark
and a simultaneously recorded electrocardiogram. The echocar
Methods
diograms were recorded on a 0.5 inch (1.27 ern) video recorder.
Measurements were subsequently made
bya commercially
USIng
Patient Selection
available light-pen computational system (Varian Associates)
(7).
The study group consisted of 52 volunteers chosen randomly
This system allows the operator to trace endocardial outlines d
and prospectively from hospital employees. Prospective critena
rectly onto the recorded echocardiographic video images and from
these outlines to calculate the volumes automatically according t
From theCardiovascular
DIvision of theDepartmentof Medicine.
the formulas discussed later.
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Previous reports have described several methods of determinin
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eral differentmodels andformulas
. All echocardiograms
were
where A is the area of the planar image of the left ve ntricle and
made with the patient inextreme
the
left lateral
recumbent
position . L is the long axis.
Simplesubstitutions
ofthese twoformulas give
1) Area-lengthmethod,two chamberview. Thi s view is the volume of the left ventn cle as:
obtained byplacingthe transducer
on the apex and aiming the
beam toward the left atrium so that the beam is parallel and posterior to the
interventricular
septum,thus excludingit from the
picture. The beam orientedto
is
maximizethe sizeof the left
ventricle byrocking the transducer
in an anteriorand posterior
ght-pencomputational syste m by
of the left where A iscalculatedby the li
direction.By our convention
, in this view the apex
simple pl
animetryand L as a direct
measurement
ofthe long axis.
of the screen, the atrium at the bottom , the
ventricle is at the top
It is apparent from this formula thatvariation
any in A will have
inferior wall to the
viewer'sleft and the free wall to viewer's
the
a major
effect on the volume
determination
and that the longer L
right (8). When tracing the Images , it is Important to visualize
the
.
measurement
s were
endocardium
. Theendocardium
can be difficult to image, but withis, thesmallerthe volume will beThese
performed
at
both
-diastole
end
(startof
the
R
wave)
and
end careful gain settings and
attentionto techniquewe were able to
o f the T wave).
visualize this
surfacein 52of57 volunteers.In this view, the free systole (end
2) Area-lengthmethod, four chamberview. This view is
wall is often the most difficult
to visualize but can usually be
obtained with the tran
sducerin the sam e cationas
lo
in the two
brought into view by having the patient
suspendrespiration
during
chamberview except that it is rotatedcounterclockwi
90°
se so that
of inspiration.
The left ve ntricular
chamberwas
the early phase
traced along the
innermostedgeoftheendocardial
echo and minor the beam transects the septum and the right and left ventricles ar
irregularitie
s of theventricularsurfacewere ignored . Papillary seen side by SIde. By our con vention , the ventricle
right
appear
s
muscles wereexcludedfrom thetracings.The mitral valve was on the left and the left ventricle on the
ofthe
rightviewer's screen.
of where
traced as a straight line acro ss the anulu s, regardle
ss the Measurementso f the left ve ntricle from ttus vie w were made in
leaflets were
located
. The long-axis length was measured from the
the same manner as m the two chamberduringboth
view
systole
of the ape x to the
midpointof the straight line and diastole . The
furthest point
alculations
c
were the same as in the two
chamber
crossingthe mitral valve anulu s.
view.
Afterrecordingthese twomeasurements
(that is, the
perimeter
3) Biplanemethodcombiningthe two chamberand four
outline and the long axis ) withlight-pen
the
computersystem , the
chamberviews. This method uses the same views
describedexvolume of the left ve ntricle was calculated using the method
of
cept that they are
combinedinto the same formula for vo lume
Dodge et aI. (9) . Thi s method
ssume
a s that the left ventricle is an
of an
determination.
Recall the previous formula for the volume
ellipse(Fig . I) , the volume of which is given by the equation:
0 1 and O2
ellip se . In the area-length method assumedthat
s we
4
L 0 O
wereequal.In thebiplanemethod the same formula is used except
V = -Tr ' - . - 1 • - 2
that0 1 and O2 are not assumed to equal.
be
0 1 is calculated from
3
2 2
2
the two chamber view and
O
from
the
four
chamberview. Each
2
where L is the long axis and
0 1 and O2 are the minor axes taken D value is substituted into the volume formula mdividuall y . The
from perpendicular
projection s. Note that in a perfect
ellipse, 0 1
L used is thelargestL and could come from
e itherthe twochamber
and O2 are equal and that
0 can becalculatedfrom theformula:
or the four ch
amberview; usually the four
chamberlong axis was
greater.
4A
0=4) Biplane methodcombiningthe twochamberand the
7rL
short-axisviews. Previous studies have utilized biplane techniques that
combinea twochamberapical view for
calculation
of
0 1 with aparasternal
short-axis view for
calculationof O2 • The
advantage was that this more closel
approximated
y
the two stan Figure 1. Geometri
c form s and their respecti ve formula s that constitute
obtained
duringangiographic
biplaneve ntn culography.
the Dodge method
o f volume (V) calcul ation . See text for further
SCUS -di dard views
For purpo ses of
comparison
, we also measured our normal subjects
sion. A = area ; D= diameter
; 2D and 3D = two- and thre
e-dunensronal ,
respect ively, L
= length .
by thistechnique.
The twochambervie w was the same asscribed
de
previously. The parasternal short-a xis view was
commonl
most y
obtained with the
transducer
m the third or fourth
intercost
al space
along the left sternal border. The beamoriented
was so that it
3D prolate ellipse
20 ellipse
passed through the left ventricle at right angles to the of
long axis
the heart. We tried to image the ventricle at the level where the
tipof the papilla ry muscle is separated from the left ventricular
wall, just apical to where mitral motion ceases.
convention
By
we
alwaysorientedthe beam so that the right ventricle was seen to
the viewer' s left and the ventncle
left
to the viewer's right on the
screen. These two views were used
to calculatevolumes at endsystole and end-diastole. A relative advanta getechnique
of this is
lTOL
4A
4
L 0 1 O2
v= -If_
.-.the
superior
endocardial
definition
obtamed
in
the
short-axis
view.
A= -4- or 0= 1rL
3
222
5) ModifiedSimpson's rule. Goerke and Carls son ( 10) deof determinin
g left ventricular volume by using
scribed a method
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a modified Simpson's rule formula, According to their method,
data, the "90% upper confidence bounds for the 95th percentile"
volume is given by the formula:
sets limits that are slightly higher than 2 standard deviations an
gives us more confidence that patients whose data fall outside th
h
F7T ..,
range truly have left
ventricul
ar volumes larger than the 95th
V = a.b.,
percentile.
4 1= 1

2:

This formula treats the ventricle as a stack of individual short
cylinders. The
ventricul
ar volume is calculated as the sum of the
Results
volumesof each individual cylinder. The calculations can be easily
s normal
made by alight-pencomputer system that assumes orthogonalLeftventricular volumes. Table Idemonstrate
five
left
ventricular
volumes
determined
as
b
y
each
of
the
long-axis views of the ventricularchamber. The apical two chamber
It should be noted techniques. The data are grouped according to sex. Men
and four chamber views fulfill this requirement.
all s . The modified
that a two chamber apical view and a short-axis viewfill
do nothad
ful a larger mean volume bymethod
this assumption because they are not oriented along the long
axis
Simpson's
rule method resulted in the following mean
even though they are orthogonal. In this formula, h is equal volumes:
to the
III and women 80 ml
at end-diastole, men
numberof individual cylinders and was equal to 20 in our particular
(p < 0.001); at end-systole, men 34 and women 29
ofand ml
computational system; a, and b, are equivalent to 2D)
O (p < 0.005). The data were corrected for body surface
(i'h) slice
the ellipse formula and are calculated for each individual
area(rrr') and the means again computed. Table 2 shows
of the ellipse. F is an enlargement factor. We used this formula
average volumes by each technique for men
women
and
to make volume measurements at both end-diastole and end-sysgrouped
together
and
adjusted
for
body
surface
area. Th
tole, as we did with the other methods.

linear regression line comparing left ventricular volume a
All five methods j ust described were repeated three times and
end-diastole
with body surface area for men and women is
their results were averaged . The variation between each mea-

shown
surement was less than 10%. Ejection fraction was determined
in in Figure 2. This regression line indicates a weak
correlation of left
ventricul
ar volume with body surface area
the usual fashion as:

in normal subjects. When the patients are separated ac
cording to sex and these volumes are normalized for body
surface area (Table 3). men still have statistically larger le
ventricular volumes. The
modified Simpson's rule method
Statistical Analysis
resulted in an end-diastolic volume index of 58 ml for men
Our data were analyzed using conventional statistical methods.
and 50 ml for women (p
< 0.005). At end-systole, no
The range, mean and standard deviation for each volume calstatistical
difference
between
the sexes was demonstrate
culation were calculated. To determine normality, we computed
Ejection
fraction.
Tables
I
to
3 demonstrate that all
the 90% upper confidence bounds for the 95th percentile (0.9UCB)
these
as opposed to the usual " 2 standard deviations." The value
for conventional methods provide very consistent value
forbeejection fraction. Mean ejection fractions ranged from
" 90% upper confidence bounds for the 95th percentile" may
63 deto 69% with a standard deviation of approximately 8%
either wider or narrower bounds than the usual " 2 standard
There
viations" from the mean depending on the sample size. For
our was no difference between men and women.
Diastolic volume - Systolic volume
Diastolic volume

Tablet. LeftVentricul
ar Volumes at
End-Diastole and End-Systole as Determined by Various Methods
End-Diastole
Range
Men (n = 29)
AL-2C view
AL-4C view
Blplane-2C+ 4C
Blplane-2C+ SA
Modified Simpson's rule
Women (n= 23)
AL-2C view
AL-4C view
Biplane-2C+4C
Biplane-2C+ SA
Modified SImpson's rule

EF

End-Systole

Mean:!:: SD

0.9UCB

Range

Mcan z; SD

73-201
65- 193
69- 194
64-183
62- 170

130:!:: 27
112 :!:: 27
124:!:: 26
121 :!:: 27
I l l:!:: 22

189
171
177
180
156

17- 74
- 86
13
5
1 -83
18-76
14- 76

40
:!::
35 :!::
38:!::
38 :!::
34:!::

53- 146
59- 136
60-1 42
71-118
5-101
5

92:!:: 19
89::!: 20
92 :!:: 17
89 ::!: 14
80 ::!: 12

132
131
128
117
105

11- 53
13-59
16-5 6
16-49
13- 60

31:!::
33 ::!:
32 :!::
30 ::!:
29:!::

All data are in rnilhht ers,
EF = ejection fraction, 4C
= four chamber;SA = short axis. 2C= two chamber. 9lCB
0
AL = area length;
0.9UCB = 90% upper confidence bound s for the 95th percentile

0.9UCB

Mean

0.9LCB

14
16
13
12
12

73
68
66
62
58

69
68
69
68
69

53
52
53
53
52

11
12
10
8
10

54
58
53
47
50

66
63
65
66
63

52
50
51
52
50

= 90~

lower confidence bounds for the 95th percentile:
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Table2. LeftVentricularVolumesNormalizedfor BodySurfaceArea in 52 Men andWomen
End-Diastole
Range
AL-2C view
AL-4C view
Biplane-X'+ 4C
Biplane-2C+ SA
ModifiedSimpson'srule

37-101
37-94
41-94
34-92
36-82

Mean ± SD
63
57
61
60
55

±
±
±
±
±

13
13
12
12
10

End-Systole
0.9UCB
86
82
84
83
74

Range
7-36
7-44
8-40
10-37
8-38

Mean± SD
20 ±
19 ±
20 ±
19 ±
18 ±

7
8
7
6
6

EF
0.9UCB

Mean

34
35
34
31
30

68
67
67
68
67

0.9LCB
54
51
53
53
52

All data are in
m l/rn Abbreviauonsa, In Table I

two variables,it appears to be
advantageous
to also normalize volumes for body surface area.
Comparisonof methods.There wasconsistentvariation in volumes among patients
dependingon whichof the
five methods was used. The
area-length
two chamberview
method
produced
the
largest
volumes.Compared
with the
End-diastolic
area - End-systolicarea
area-length four
chamberviewmethod,which used the same
End-diastolicarea
formula, volume difference mayexplained
be
by the fact
The linear regression line comparing the results of this method
that the two
chamberview frequently appearsforeshorten
to
with the ejection fraction
calculated
by theSimpson'srule
the long axis of the left
ventricle.In theellipseformulathe
methoddemonstrated
no correlation
(Fig. 3).
long axis length
( L) is in thedenominator.
Therefore,any
artifactual
decreaseof this length would lead to a falsely
large volume.Becausebiplane methods
combinethe two
Discussion
chamberand fourchamberviews, it is not
surprisingthat
Our datademonstrate
that indescribingnormal left ven- our biplane volumes were found to
between
be
the volumes
tricularvolume,patients must be
separated
according to sex. calculated by the
area-length
methods. The modified SimpCorrectionofend-diastolic
leftventricular
volume for body son'srule method
calculated
the smallest
volumes.For men,
surface area does not
completelyaccount for this
difference. the meanend-diastolic
and end-systolicvolume index was
This implies that
additionalundefined factors are also in-58 ml/rrr'
and 18ml/m",respectively.
volved thatcontributeto larger left
ventricular
volume in
The modified Simpson's rule method produced the smallmen. Nevertheless, because the regression line between est
body
range of values and the smallest standard deviation. On
surface area and heart size implies a relation between repeated
these measurements
of a singlechamber(intraobserver
variation), this method also
providedthe mostreproducible
volumes. This relative
advantage
did not prove
statistically
Figure2. Relation of left
ventncular(LV) volume to body surface area
significant
when
compared
with
single
plane
methods<(p
III 52 normal men and women.
0.05).It can be argued that even these ranges
standard
and
Slope= 72.936
180
deviations
are
rather
large.
However,
we
do
not
believe
this
Intercept=-32008
•
to
be
a
significant
consideration.
Many
investigators
(1-6),
166
R=.649
in addition to
ourselves,have found very good
reproduciN=52
152
bility of the
two-dimensional
echocardiographic
volumede138
•
termination with both
interobserver
and intraobserver
meaE
•
surements.
Therefore,
even with a rather wide normal range,
S 124
Q)
reproducibility
for a single patient is good. This suggests
E 110
• •
:J
that
serial
measurements
on the same patient may be as
'0
•
• •
>
96
valuable
as
the
absolute
volume.
Furthermore,
the inherent
>
.e.
•
....I
problems
(discussed
later)
two-dimensional
of
echocardiog82
•
• •• •
raphy that cause a systematic
underestimation
of volume
68
• •I
tend
to
cause
proportionally
a
widerstandard
d
eviation
of
•
54
•
volumemeasurements
in smallerventriclescomparedwith
40
large ventricles
(11,12).Becausenormal ventricles are gen1 32 1 42 1 52 1 62 1 72 1 83 1 93 203 2 13 2 23
erallysmallerthan abnormal
ventricles,this problem was
Body surface area in meterssquared
maximized in the study.
We also evaluated the usefulness of a short cut method
of calculating ejection fraction. Thisconsistedof measuring
the area of left ventricle as seen in
parasternal
the
shortaxis view atend-diastole
and end-systoleand calculating
ejection fraction according to the formula:

.....

.""."
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Table3. Left Ventricular Volumes in Men Compared With Women
and Normalized for Body Surface Area
Women

Men
Diastole
Mean

0.9UCB

Mean

68
58
64
63

94
84
88
87

21
18
20
20

AL-2C view
AL-4C view
Biplane-2C+ 4C
Biplane-2C+ SA
Modified Simpson's rule
All

58

EF

Systole

80

0.9UCB
35
34
32
32

18

30

Diastole

Systole

Mean

Mean

0.9UCB

Mean

69
69
69
68
69

37
56
58
56
50

81
82
80
74
66

19
20
20
19
18

0.9UCB
33
36
34
31
32

EF
Mean
67
64
66
66
64

numbers areon mllm' .Abbrevrauonsason TableI

Comparison with angiocardiographicmeasure- others (2,3) . Decrea sed volume calculation may be an obligatory
ments. We did not perform left ventricular angiograph y
on result of some of the limitation s of echocardiography.
our patients because the purpo se of this study was not Limitationsof
to
echocardiographic
method. Several
validateangiography
or two-dimen
sionalechocardiograph
y
limitations must be considered when using
-dimension
two
al
as the standard for volume
etermination
d
, but rather to assessechocardi ograph y to measure ventricular volumes. First , the
the normal range of left ventricular volume as determined
left ventricle is imaged atinnenno
the st surface of the most
by two-d
imensionalechocardiography
. Nevertheless, pub- prominent trabeculae because they are the first to reflec
lished an
giographicall y etermined
d
normal left ventricularultrasound. Two-dimensional echocardiography,
therefor
e,
volumes vary between 70 and 78 ml/rrr'
end-diastole
at
and
may exclude the volume of blood within the
ertrabe
intcular
20 and 30 ml/rrr' at end-systole (13, 14) and , compared
areas. None of the standard echocardiographic views used
with these data , our data represent a 25% systemati c underin volume calculation image the aortic outflow tract , which
estimat
ion of left ventricular volume by Simpson ' s rule and
contributes to left ventricular volume. The techni cian must
bethe
very careful to maximize the two-dimensional sector scan
a 15% underestimation using the area-length analysis of
two chamber view. This consistent volume underestimation
images or falsely low volumes could result. High gain setby two-dimen sional echo cardiograph y has been foundtings
by on the sector scan machine may widen the endocardium , thus decreasing the ventricular volume . We recommend that the gain settings be as low as possible. Impl icit
Figure 3. Relanon of ejection fraction (EF) as calculated by the Simpson'
s of these limitation s is the
in all
ssumption
a
that the endoIn area
of
rule method to the ejection fraction calculated using the
change
cardium
can
be
distinctly
cognized
re
.
In
our
study, 5 (9%)
the left ventricular chamber as seen from the parasternal short-axis (SA)
view.
of 57 normal subjects were excluded because the endo cardium was not adequately visualized.
It is probable that this
SIope= .249
percent
would
become
higher
when
applied to a clinical
Intercept=51.873
95
population
.
All
patients
should
have
their blood pressure
R=.256
recorded
before
each
echocardiographic
study because fluc90
N=51
tuations in blood pressure can directly change left ventricula
85
volume.
u,
It is to be expected that instrumentation may affect vol
W
80
ume
measurement
s. In our study. we chose a 2.25 MHz
•
~
•
::J
....
75
transducer
because
this carrier frequency can penetrate an
••
•
.CIl
image
distant
cardiac
structures. This feature is particul ar
c 70
0
~
CIl
important
for
volume
measur
ements because in the apical
Co
~
E 65
long-axis view, structures lie more than 10 em from the
i:i5
surface imaging window. Higher frequency transducers can
60
•• •
•
be expected to better resolve endocardial borders in the ne
•
55
field but not the critically important cardiac base .
Recentl y,jacobs et al. (15) presented evidence that in
50
fields of greater than 6 em depth , lateral (but not axia
45
resolution deficiencie s of imaging equipment may contribute
35 40 45 50 55 60 65 70 75 80
to undere
stimationof ventricular volumes . Because this is
SA area EF
a systematic error
of the echographic techniqu e , it is im-

---<
•

--

»:•

....
i
. •••...
•
•
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portant to use
echocardiographic
data and not angiographic
References
normal data for clincial
application.
I. Eaton LW, Maughan WL, Shoukas AA, Weiss JL. Accurate volume
Reliability of ejection fraction measurements. We found
determination in the isolated ejecting canine
ventncleby
left
twoexcellentcorrelation
of ejection fraction and volume mea- dimensionalechocardiography.
Circulation1979;60:320-6.
surements,
regardless
of the technique used. This was found
2. Starling MR, Crawford MH, Sorenson SG, LeVI B, Richards KL,
for all sizes of
ventriclesand was independent of sex, Pre- O'RourkeRA. Comparative accuracy of apical biplane
cross-sectional
and gated
equilibriumradionuchde
angiography
for
vious reports(11,12)have shown the high reliability of echocardiography
estimating leftventricularsize and performance.Circulation
ejection fraction determined
as
by two-dimensional echo1981;63:1075-84.
cardiography.
Presumablythis is because any chamber size
3. Schiller NB, Acquatella H, Ports T, et at. ventricular
Left
volume
error made by any of the techniques would affect the endfrom paired biplane
two-dimensional
echocardiography.
Circulation
diastolic and
end-systolicmeasurements
proportionally
and
1979;60:547-55,
thus not alter
ejectionfraction. Ejection fraction calculated
4. Helak J, Reichek N. Quantitation of human
ventricular
left
mass and
echocardiogrgphy:
in vitroanatomic valfrom simple area
measurement
at end-diastole and end-sys- volume by two-dimensional
1981;63:
1398-407.
tole does not
correlate
with ejection fraction calculated from idanon. Circulation
5, Schiller NB, Ports TA, Silverman NH,
Quantitative
analysis of the
conventional
methods of volume
determination,
This is an
adult left heart two-dimensional
by
echocardiography.
Semin Ultraimportantobservationbecause single plane area changes sound 1981;2:178-83,
have beensuggestedas a useful method of rapid ejection6, Helak JW, Plappert T, Muhammad A, Reickek
Two-dimensional
N
echocardiographic
imaging of the left ventricle:
compansonof mefractioncalculation
applicable
to "continuousdigital print1981;48:728chanical and phased array systems in vitro, Am J Cardiol
out" systems of ejection fraction monitoring in the operating
35
room setting or
coronarycare unit.
7. Daigle R, Paineter W, Anderson SchillerNB,
W,
A light pen system
Conclusions. The purpose of this study was to determine for cross-secllonal
echocardiography.
Ultrasound Med1977;4:477-8,
normalpopulationvolume variables of the left ventricle as
8. Silverman NH, Schiller NB, Apex
echocardiography.
Circulation
determined by
different
algorithms currently in clinical use. 1978;57:503-11.
JD Jr. The use of biplane
We found that men have largerventricular
left
volumes than 9. Dodge HT, Sandler H, Ballow DW, Lord
angiocardiography
for themeasurement
of leftventricular
volume in
women even after
correctionfor body surface area, Fur- man Am Heart J1960;60:762-76.
thermore, there is significant variation in these normal variventricular
10, Goerke RJ, Carlsson E Calculation of nght and left cardiac
ablesdependingon thealgorithmused, We found that the
volumes: method usmg standard
computerequipmentand biplane angiograms Invest Radiol
1967;2:360-7.
modifiedSimpson'srule method of volume
determination
Carr KW, Eagler RL, Forsythe JR, Johnson AD, Gosink B. Meaproduces the smallest volumes and the data are the II.
most
surement of left ventricular ejection fracnon
mechanical
by
crossreproducible by inter- and
intraobserver
variation. The areasectionalechocardiography.
Circulation1979;59.1196-205,
length method using either the two chamber or the four
12 Folland ED, Parisi AF, Moynihan
as, Jones DR, Feldman CL, Tow
chamber view, although based on a simplified algorithm, is
DE. Assessment of left
ventncularejection fraction and volumes by
Circulation1979,60:
useful because it is simple and rapid. In addition, singlereal-time,two-dimensionalechocardiography.
760-6.
plane analysis especially
is
useful when technical difficulties
13, Wynne J, Green LH, Mann T, Levin GrossmanW,
D,
Estimallonof
prevent adequate
orthogonallong-axis views required by
left ventricular volumes in man from biplane
cineangiograms
filmed
1978,41
: 726-32
theSimpson'srulealgorithm.On the basis of our data, we in oblique projections Am J Cardiol
see little clinical use for the biplane area-length method
14. Kennedy JW, Baxley WA, Figley M, Dodge H, Blackman J, Quantitatrve
angiocardiography.
I. The normal left ventricle in man. Cirbecause it offers little additional accuracy over the single
culation1966;34:272-8.
plane area-length method and time-consuming
is as
to cal15, Jacobs L, Hall J,Gubemick I, Meister S, Barrett M Axial versus
culate as the biplane
Simpson'srule method, Ejection fraclateral resolution: inherent errors
two-dnnensional
m
echocardiography
1982;49:
I 020,
Imaging (abstr). Am J Cardiol
tion wasindependent
of the algorithm
employed.

