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There is an increasing demand for the
quantitative evaluation of echocardio-
graphic left ventricular (LV) geometry and
function. From a clinical standpoint this is
sometimes unjustified1. The increasing
pressure on echocardiography laboratories
often influences the organization, proce-
dures and waiting list, but this trend sub-
stantially parallels the increasing familiari-
ty of general practitioners, cardiologists
and patients with both the feasibility of the
echocardiographic examination and the re-
liability of the information that can be ob-
tained from LV quantitative evaluation.
This common behavior tends to uncritical-
ly merge findings from epidemiological
studies with needs for clinical practice, as-
suming that the magnitude of measure-
ments performed (and the variability
found) in an epidemiological scale can be
legitimately applied to the examination of
individual patients. The increasing demand
for LV quantitative evaluation is even clear-
er in countries where public health is regu-

lated by government interventions and the
economic burden of relatively expensive
procedures does not directly affect the citi-
zen’s income2. As compared with the strict
guidelines of American institutions1, in
Italy and other European countries the indi-
cations for echocardiography are in gener-
al more flexible and, consequently, a high
number of patients with at least doubtful in-
dications overcrowd echocardiography lab-
oratories, indirectly increasing the waiting
list and thus rendering a disservice to pa-
tients for whom a class I or IIa indication1

would be indisputable.
Due to the widely available evidence of

the importance of the LV mass as the most
potent indicator of a high cardiovascular
risk3-5, which attains especially to arterial
hypertension, family doctors and cardiolo-
gists have years ago began to ask for
echocardiography almost for every patient
with arterial hypertension. This sponta-
neous extension of the primary work-up for
arterial hypertension, which in Italy dou-
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The quantitative evaluation of the echocardiographic geometry and function for non-ischemic,
symmetrically contracting left ventricles is increasingly requested, even when the request is not clin-
ically fully justified and does not take into account the feasibility and reliability of measurements. The
general opinion is that, despite a number of technical limitations, the overall information gained from
left ventricular (LV) quantitation has a crucial importance for risk stratification, mainly due to the
prognostic impact of echocardiographically evaluated LV hypertrophy. This trend tends to automat-
ically transfer epidemiological evidence into clinical application, without consideration of the conse-
quences of the transition of standard errors into single cases. Two recent studies, though differently
designed, have demonstrated that the test-retest intraobserver variability of LV mass performs well
enough to allow, in most circumstances, the identification of patients with LV hypertrophy. In con-
trast, the variability of nominal, individual values is high. Tables are available to weigh the probabil-
ity of true biological change when comparing values in the same patient. To a lesser extent, the same
conclusions as for LV mass can be applied to measures of systolic function. The technical reliability
for measures of diastolic filling is generally good or very good, but the intrapatient variability is prob-
ably higher than with measures of LV geometry and systolic function. Moreover, the utility in clinical
practice of measures of diastolic filling should be proven. In general, the accurate quantitation of LV
geometry and function implies reliable methods and appropriate learning procedures in every echo
lab, according to the procedures and the achievements recommended in the current literature. The
development of new echocardiographic techniques and the adoption of the procedure of off-line revi-
sion of echocardiographic studies might further reduce the variability in the quantitation of measures
of LV geometry and function.
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bles the cost of required lab exams, has been legitimat-
ed by the 1999 guidelines of ANMCO-SIC-SIIA6,
which explicitly suggest the quantification of LV
geometry and function in almost all hypertensive pa-
tients. Applying the suggested ANMCO-SIC-SIIA cri-
teria to the cohort of the PIUMA study, we found that
97% of patients would require an echo exam7. Al-
though performing echocardiograms in all hyperten-
sive patients would be theoretically ideal, this sugges-
tion does not take into account the technical problems,
the need for evidence-based decision-making, and the
consequent economic compatibility7-10.

This review deals with the applications of the quan-
titative evaluation of LV geometry and function in pa-
tients with symmetrically contracting left ventricles,
coping with the feasibility, utility, and limitations of the
main procedures.

Technical variability in the assessment
of the left ventricular mass

In opposition to the argument that, due to its very
high technical variability, the echocardiographic assess-
ment of LV mass cannot be used for the clinical follow-
up of individual hypertensive (or valve) patients there is
a more optimistic opinion that, despite a number of
technical limitations, the overall information obtainable
from LV quantitation has a crucial importance for risk
stratification, due to the prognostic impact of LV hyper-
trophy, recently also supported by the evidence of the
beneficial effect of its regression11,12. The present preva-
lent trend is to take into consideration the utility of the
echocardiogram in the work-up for risk stratifica-
tion13,14. However, such an approach still leaves a num-
ber of unresolved questions. In an attempt to meet the
increasing demand for elucidations, two studies have
been implemented15,16 to try to answer two simple ques-
tions: a) is quantitative echocardiography reliable for
risk stratification in individual patients, or does its vari-
ability blunt the clinical application of epidemiological
findings? b) is quantitative echocardiography precise
enough to detect a biologically significant change in in-
dividual LV geometry and could such a change be used
as a monitor for the cardiovascular system? 

There are important differences between these
studies. In the first one15, 183 hypertensive patients
(≥ 50 years) with echocardiographically diagnosed
LV hypertrophy were enrolled in a multicenter con-
trolled clinical trial, the PRESERVE study17. In the
PRESERVE trial, sonographers from all centers partic-
ipating in the study received extensive training, includ-
ing written material and, afterwards, didactic and hands-
on training directly at the Reading Center in New York.
The procedure of data acquisition was, therefore, tenta-
tively standardized. The standardized protocol required
recording of ≥ 10 cycles of two-dimensional parasternal
long- and short-axis LV views and ≥ 10 cycles of M-

mode views with an optimal cursor beam orientation in
each view18. The same observer compared two echocar-
diograms obtained during screening and during ran-
domization, 45 ± 25 days apart. Most of the primary
measures of LV wall thickness and chamber diameter
were derived from the two-dimensional long-axis
view19 using electronic calipers, due to the orientation of
the ultrasound beam which permitted the taking of these
measures from the M-mode strip-chart tracings only in
a minority of cases. The LV mass was calculated using
the common American Society of Echocardiography-
corrected formula20,21.

In the RES trial16, 16 Italian Hypertension Units
served by echocardiography laboratories were asked to
participate in the trial. A single meeting among sonog-
raphers established that a high parasternal long-axis
view had to be first recorded in order to verify whether
the direction of ultrasound beam was perpendicular to
the septum and LV posterior wall. M-mode tracings had
to be obtained from a short-axis view at the level of the
mitral chordae. A recording of M-mode tracing was a
requirement for the study and all measurements were
performed on strip-chart paper. No further attempt was
made to standardize the procedure of acquisition.
Every center participating in the study was required to
take the primary measures of the LV wall thickness and
chamber dimensions on each M-mode tracing (2 sets of
recordings for each day), with the participation of two
different readers (a junior and a senior reader). Thus, in
addition to the intraobserver variability also studied in
the PRESERVE trial, the RES trial offered the possibil-
ity of evaluating even the interobserver variability and
intraexam variability (as the true variability due to
reader).

But the most important difference between the RES
and the PRESERVE protocols lay in the decision of
promoting peripheral reading in each echo lab, instead
of using a core lab. Thus, while the PRESERVE trial
gave a measure of the medium term variability assessed
by a worldwide leader in this field, which can be as-
sumed to be the best test-retest intraobserver variabili-
ty obtainable, the RES trial represents the reality, as
each lab assessed its internal consistency and sent the
raw data to the analysis center for elaboration.

Despite the difference in the designs, the test-retest
intraobserver variability for the calculation of the LV
mass between the PRESERVE (an average of 15%
compared to the first measurement) and the RES trial
(18%) was very consistent and so was the reliability
measure performed in both studies using the intraclass
correlation. Even more positive, the RES trial demon-
strated that the degree of test-retest intraobserver con-
cordance for the classification of patients with clear-cut
LV hypertrophy was good enough (87%) to suggest
that quantitative echocardiography can be used, in most
circumstances, to identify those patients with LV hy-
pertrophy and improve the classification of cardiovas-
cular risk, as requested by recent guidelines13,14. This
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result, however, is achieved by the categorization of LV
mass, but when the nominal value is required, for in-
stance when comparing two values in a single patient,
the variability due to chance, error, or unweighted bio-
logical changes2,22,23 is too high to be ignored. If a LV
mass of 200 g is measured initially in a single patient,
at the distance a repeated value comprised between 164
and 236 g falls within the 90% confidence limit of the
error and should be evaluated very carefully in terms of
its biological reliability. In other words, if we are look-
ing for a probability of 90% that the reduction in LV
mass is due to a true biological effect of our therapy, for
a 200 g left ventricle, we need to expect a value < 164
g. Although when biological changes are taken into ac-
count this error is reduced, the magnitude of the crude
expected difference is very high and substantially lim-
its (albeit in our opinion it does not blunt completely)
the possibility of a clinical use24.

However, not necessarily, in every circumstance,
the difference between two values of LV mass should
be expected to give a 90% probability of true biological
variation. Table I shows that if a 25% chance of error is
believed to be acceptable, variations of 10% may also
be worthy of consideration. Thus, depending on a num-
ber of considerations, a reduction in LV mass ranging
from 200 to 180 g may also be considered clinically rel-
evant.

The possibility of using the test-retest information,
even if considering a higher probability of error, sub-
stantially depends on both the ability of echo labs to
minimize their technical variability as well as on the
degree of confidence that physicians have with their
reference echo lab. Methodical errors can be further re-
duced by increasing the number of cardiac cycles to be
measured (from 3 to 6 cycles)16, but this increases the
time allotted for evaluation.

The development of new echocardiographic tech-
niques will certainly lead to a further reduction in this
variability. The use of harmonic imaging coupled with

other tools enhancing the identification of interfaces
(for instance contrast echo), helps to define structures
even in otherwise suboptimal examinations. The digital
elaboration of the ultrasound signal allows M-mode
evaluation even in conditions of inappropriate ultra-
sound alignment and, perhaps more important, it allows
a good temporal resolution using a frame-rate lower
than in traditional M-mode25. This method might re-
duce the mirror-effect due to saturation of the highly re-
flecting posterior pericardium26, without the need to re-
duce the gain at a level that affects the possibility of
precisely identifying the endocardial surface. The im-
provement in the reliability of these new tools should
be quantified in appropriate studies.

Technical variability of measures
of “systolic function”

The assessment of systolic function in symmetrical-
ly contracting left ventricles is performed by calculat-
ing the systolic fractional shortening at the level of the
endocardium, or even at the midwall, using the same
primary measures used to assess the LV mass. The tech-
nical variability, however, is lower than with the LV
mass because the parameters resulting from the prima-
ry measures of the LV diameter and wall thickness (for
midwall shortening) are not subjected to the cube func-
tion as for the computation of the LV mass27.

A subtler question concerns the method of mea-
surement of stroke volume. It is widely held that the
gold standard for the ultrasound evaluation of stroke
volume is the Doppler interrogation of LV outflow tract
matched together with the cross-sectional area of the
aortic annulus at the valve leaflets28. We still prefer to
use imaging methods, namely M-mode derived mea-
sures, when the mitral valve is continent. The reason is
that there is evidence that the technical variability of the
time-velocity integral and of the aortic cross-sectional
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Table I. Probability of true biological variation assessed using the percentiles of test-retest differences in two sequences of 6 cardiac
cycles.

Percentiles Day 1-day 2 Day 1-day 2 Probability of true biological
intrareader 1 intrareader 2 variation for greater changes
% difference % difference (%)

5 -14.92 -13.22 90
10 -11.72 -8.73 80
12.5 -9.95 -7.76 75
15 -8.57 -6.44 70
20 -6.51 -5.65 60
25 -5.06 -3.83 50
75 5.70 5.22 50
80 7.22 6.55 60
85 8.92 7.82 70
87.5 10.24 9.07 75
90 11.71 10.35 80
95 16.28 14.20 90



area are substantially higher than the direct measures of
the LV chamber size29,30 and that the use of a more re-
cent method to derive LV volumes from linear mea-
sures, allows the evaluation of stroke volume even in
case of dilated left ventricles30. In addition to the above
considerations, another pitfall of Doppler evaluation
has recently been proved with the demonstration of the
systematic difference in the evaluation of LV outflow
tract velocity integral in relation to the view of exami-
nation (i.e. apical 3- or 5-chamber) that should there-
fore be accounted for31.

Technical variability of measures
of “diastolic function”

While the same considerations outlined for the LV
mass might also hold for simple measures of systolic
function, what is usually termed “diastolic function”
needs different considerations.

In every meeting, seminar or grand-round based on
the pathophysiology of LV hypertrophy, most cardiolo-
gists and physicians at some point raise questions about
the “diastolic function”. The topic is hot and to date it
is recognized that Doppler ultrasound represents a
unique method for the non-invasive monitoring of LV
filling. Generally, the ratio between the E and A trans-
mitral flow velocities is taken into consideration when
defining the different degrees of abnormalities in LV
filling, and it has been very recently shown to indepen-
dently predict the cardiovascular outcome in arterial
hypertension32. However, it is also clear that other mea-
sures of Doppler velocities and times might be even
more important, since the E/A ratio is highly influenced
by preload variations and possibly generates confusion
when attempting to distinguish a normal and “pseudo-
normal” or “restrictive” diastolic filling pattern without
more information33. Just as for M-mode measurements,
the attention for the diastolic time intervals is concep-
tually justified by the fact that Doppler signals are
viewed at a very high temporal resolution which allows
accurate determinations.

On these grounds, in order to generate adequate
conditions for a useful clinical applicability of notions
from large-scale surveys, the reproducibility of the
Doppler parameters of diastolic filling has been as-
sessed in several studies.

The intraobserver variability of the Doppler mea-
sures of diastolic filling is very low. This warrants an
excellent reproducibility. As far back as in 1988, Spiri-
to et al.34 reported minimal reader-variability for the
Doppler indices of LV relaxation (isovolumic relax-
ation time, duration of the early peak flow velocity, rate
of decrease of the early peak flow velocity, maximal
early flow velocity), while the reproducibility was low-
er for the indexes assessing late diastolic events (maxi-
mal atrial flow velocity and E/A ratio) in 12 normal
subjects. Other investigations also reported similar re-

sults in limited numbers of normal subjects in clinical
settings35,36, indicating that both the image acquisition
and quantitation as well as the subject variability con-
tribute to the total variability in echocardiographic and
Doppler indices, suggesting that sequential follow-up
studies should be interpreted by the same readers using
the same sonographers. Of interest, in an ancillary as-
sessment of the interobserver reproducibility per-
formed in 20 subjects using the most conservative
Bland-Altman interval of agreement, we found that the
error is smaller for measurements of the isovolumic re-
laxation time than for the deceleration time of the E ve-
locity (a parameter often used as a surrogate index of
early LV relaxation)37.

Finally, the Framingham Heart Study proposed the
only available intra- and interobserver reproducibility
analysis, performed in a large epidemiological set-
ting38. The study population included 92 randomly se-
lected patients (12 with atrial fibrillation). A very high
reproducibility was found for measurements of the
peak velocities and time-velocity integrals while the
variability was greater for acceleration and deceleration
measurements.

Biological variability

There is a variability which is perhaps more impor-
tant than the technical variability, that is actually com-
mon to each biological variable: the “temporal (or day-
to-day) variability”. This type of variability depends on
the interaction of the variable of interest with other in-
fluencing variables that might or might not confound
our evaluation.

While depending on variation of biological vari-
ables a relatively long time is necessary for any appre-
ciable changes in LV geometry, the LV chamber sys-
tolic function and diastolic properties might be sensi-
tive to biological variations occurring in the medium or
even short run. When assessing LV geometry or func-
tion using a single temporal gate in a patient, one
should be aware of the stability of the evaluated mea-
sures over time. 

A substantial proportion of the LV mass longitudi-
nal variability is explained by variations of body size
and cardiac workload over time2. Even on cross-sec-
tional evaluation, the between-subject variability in the
evaluation of LV mass can be substantially explained
(up to 82% of variance) by gender, body size (height)
and loading conditions (stroke work), even in the ab-
sence of a large variability in blood pressure and body
weight values22,23. An appealing possibility to over-
come the problems related to this type of biological
variability, would be the consideration of values of LV
mass, weighted for demographic and hemodynamic de-
terminants, by using the percent deviation of the ob-
served magnitude from the ideal value predicted on the
basis of sex, body size and stroke work39,40.
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Even more complex is the greatest biological vari-
ability occurring in the parameters of diastolic fill-
ing34,36,41,42, because it involves variations that might
occur in the short run. 

Pozzoli et al.42 checked the reproducibility of
Doppler indices in patients with severe heart failure.
The authors found a low variability over a few hours of
observation, i.e. within 10% of the mean value, for
most Doppler-derived indices, but much greater varia-
tion on a day-to-day basis. Besides depending on
age43,44, which is a stable factor, the Doppler-derived
indices of diastolic filling are also sensitive to the heart
rate45,46 and respiration phase (more for right ventricu-
lar interrogation)47. Yet, the Doppler parameters of di-
astolic filling are also sensitive to variations in loading
conditions37,48-51, body weight52, atrioventricular con-
duction46, and even to hematocrit variability53.

Although obtained in a cross-sectional survey, the
recent attempt of the PIUMA study32 to generate an
equation where the observed E/A ratio is adjusted for
an individual’s age (years) and heart rate (b/min) might
be useful to remove at least two of the numerous con-
founders bearing on the evaluation of diastolic filling
on a clinical basis24.

Minimizing technical errors

As may be clearly deduced, while a chance of error
of 10% for the calculation of LV mass can be clinically
acceptable, a chance of error of 18% is not. However, a
chance of error of 10% merges an overall accuracy of
“only” 75%, which in many circumstances when there
is no demonstrated ability of the echocardiography lab-
oratory to produce reliable measures might be not suf-
ficient. Gottdiener54 showed an interesting simulation
in a textbook of echocardiography, demonstrating that
an erroneous ultrasound beam orientation is sufficient
to change the quantification of the LV mass from a cor-

rect value of 277 g to a value of 448 g. Thus, the abili-
ty of the laboratory in performing accurate measure-
ments of LV mass is a crucial factor. Results from the
RES trial suggest that the probability of error is sub-
stantially dependent on the ability of the laboratory.
The ability of laboratories participating in the RES tri-
al was not systematically assessed, although a wide
range of test-retest differences could be observed
among them. Figure 1 shows that only two laboratories
could exhibit a test-retest interobserver variability (i.e.
the difference between two studies read by different
readers in the same laboratory) that was within the 90%
confidence limit of the study population. Three labora-
tories had a very high interobserver variability, and to
different degrees 11 exceeded the lower or upper confi-
dence limit. The performance of the test-retest variabil-
ity when the procedure was performed by the same
reader was much better (Fig. 2). There are a number of
considerations that apply to these findings.

Most echocardiography laboratories are excellently
equipped for diagnostic imaging and semiquantitative
evaluation. The quantitative evaluation of LV geometry
and function is rarely implemented with the same ac-
curacy as other procedures. Thus, even laboratories that
are reference centers for diagnosis might be unable to
accurately evaluate LV geometry unless a reliable
method and an appropriate learning procedure have
been implemented. If we assume that this is the reality,
requesting the evaluation of LV mass everywhere to
every echo lab for every patient does not make a lot of
sense. 

There are numerous requests that echocardiography
laboratories develop the ability to quantitatively mea-
sure LV geometry and suggestions for physicians to op-
timize the reliability of the information derivable from
the quantification of LV geometry. The following
“rules” might be summarized: 
• every laboratory deciding to perform the quantitative
evaluation of LV geometry should implement test-
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Figure 1. Mean test-retest interobserver difference in left ventricular mass evaluation ± 90% confidence interval in each center participating in the RES
trial16. The dotted lines represent the 90% confidence interval of the test-retest interobserver variability in the entire study population. Numbers in bold
at the bottom of the frame are the average quality score in each center (1 = poor; 2 = sufficient; 3 = optimal).



retest reproducibility analyses and generate learning
curves. The suggested objective would be to reach a
test-retest intraobserver variability of no more than 15-
18%, according to results of the PRESERVE and RES
studies. Referring physicians should request reliability
analyses before deciding to refer patients to an echo
lab. This, especially if their therapeutic approach to the
patient may depend on the results of the echocardio-
graphic exam;
• once a profitable relationship with an echo lab is es-
tablished, referring physicians should, if possible,
avoid changing laboratory. The variability between
echocardiography laboratories can be enormous. This,
due to different quality hardware, different technical
skill, a different interpretation of the endocardial inter-
faces and to the variability in gain control and the dif-
ferent impact of the temporal drift; 
• even using the same laboratory for all controls in the
same patients, referring physicians should check
whether the repeated study is performed and evaluated
by the same observer and the same machine as the base-
line echocardiogram. Ideally, echocardiography labo-
ratories should identify one principal reader, responsi-
ble for all quantitative analyses and identify the ma-
chine which was used to perform the exam on the report
sheet.

The same rules should be applied when the evalua-
tion of diastolic filling is considered necessary for clin-
ical decision-making. Recent technical suggestions
should be carefully applied when acquiring Doppler
signals33.

If necessary, the quantitative evaluation of LV
geometry and function should be performed off-line.
This is a crucial aspect which offers many different top-
ics for discussion. In countries where sonographer
technicians perform the examination, the clinical eval-
uation of echocardiograms must be carried out off-line.
In countries where cardiologists directly acquire the
imaging, the time of acquisition often coincides with

the clinical evaluation and no off-line re-reading is usu-
ally necessary. However, there are considerations sug-
gesting that the attention paid to the correct visualiza-
tion of structures and to an adequate representation of
anatomical relationships may sometimes result in an in-
adequate interpretation of signals and that a systematic
off-line re-evaluation of echocardiographic studies
might minimize the possibility of clinical errors.

Off-line revision: it’s time to start discussing

In our laboratory, off-line revision of clinical exam-
inations is routinely performed for both teaching pur-
poses and quality improvement. The process of acqui-
sition is standardized in a way that every fellow per-
forms the same procedures using the same approach,
position of the patient, machine setting and recording
criteria. During examination, fellows perform direct
measurements of LV walls and diameters (M-mode
parasternal short axis, when possible, or two-dimen-
sional parasternal long axis), as well as of the mitral in-
flow and aortic outflow Doppler signals, using on-line
electronic calipers and tape-recording the whole proce-
dure. Every fellow must fill a preliminary report form
that is thereafter examined during the revision session. 

The revision session is performed on videotapes us-
ing off-line working stations equipped with frame-
grabbers and appropriate software for the quantitative
measurements of the imaging and Doppler signals. The
session is guided by a senior cardiologist in the pres-
ence of fellows participating in the acquisition sessions.
The senior cardiologist checks the electronic marks
identifying interfaces, and every other quantitative
measurement taken on-line, discuss discrepancies in
the interpretation of interfaces, velocities or times, and
correct, when necessary, the errors, by using new off-
line markers or tracers. Figure 3 shows the percent of
off-line corrections needed over a 4-year period, in the
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Figure 2. Mean test-retest interobserver difference in left ventricular mass evaluation ± 90% confidence interval in each center. The dotted lines repre-
sent the 90% confidence interval of the test-retest intraobserver variability in the entire study population. Numbers in bold at the bottom of the frame
are the average quality score in each center (1 = poor; 2 = sufficient; 3 = optimal).



measures taken on-line and reported on the preliminary
report form by the same fellow. The learning curve is
exponential and shows an improvement in the perfor-
mance of the overall quantitative measurements (also
including Doppler mapping) dropping from 65 to 10%
of errors (i.e. disagreement with the senior cardiolo-
gist).

The improvement in the learning curve is not the
sole effect of the off-line evaluation. When considering
the entire echocardiographic examination, other pre-
liminary conclusions might be changed, including the
evaluation of wall motion, wall thickness, and LV di-
ameter. Most on-line preliminary evaluations are cor-
rected by the same fellows participating in the reading
sessions, without the need of the intervention of the se-
nior cardiologist. We have calculated that expert fel-
lows autonomously adjust up to 83% of the incorrect
measures of LV wall thickness and diameter or of wall
motion abnormalities taken on-line, with the approval
of the senior cardiologist. 

Although these data should be considered only as
the consequence of an empirical experience, there is
enough to believe that some systematic study should be
conducted in order to verify whether or not off-line re-
vision of echocardiograms can improve the quality of
the service offered to citizens, thus counterbalancing
the unavoidable increased costs of the procedure. By
using last generation echocardiographic machines, a
better alternative to videotape revision could be the off-
line review of the imaging memorized in digital format.
This kind of revision could be less time-consuming and
has many advantages in terms of storage and classifica-
tion.

Conclusive remarks

The quantitation of the parameters of LV geometry
and function represents an important application of
echocardiography that might help decision-making.
However, most measures detectable on imaging or

Doppler present a quite high degree of inaccuracy,
when used on single individuals. Whilst, on the one
hand, the error applied on an epidemiological scale is
minimized because it is divided by the square root of
the number of observations, on the other in the single
observation its effect is maximized. Physicians should
keep the high variability of the quantitation of LV
geometry and function in mind when referring patients
for echocardiographic evaluation, by paying due atten-
tion to the reliability that laboratories can offer. There
is no possibility of establishing clear-cut margins of the
possibility of error, because this depends on the quality
control and experience of the echocardiography labora-
tory. Together with the availability of measures of test-
retest reproducibility, the style of the report55, the
amount of technical information and a clear signature
identifying the cardiologist who clinically evaluated
the examination are markers of quality. If these condi-
tions are not met, the information on LV geometry and
function cannot be confidently used in every clinical
circumstance. The technical improvements in last gen-
eration ultrasound machines, in particular the stable use
of harmonic imaging, could further minimize the tech-
nical variability.

Some Doppler measures of diastolic LV filling are
likely to be less sensitive to technical variability than
parameters of LV anatomy, but in terms of biological
variability they are probably less stable. In addition,
their utility for clinical decision-making needs to be
proven and there is no evidence that reporting on the
E/A ratio, the deceleration time of the E-velocity, the
isovolumic relaxation time or the pulmonary vein flow
can change the management of patients56.
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Figure 3. Percent of total corrections done by senior readers (> 20 000 echocardiograms evaluated) on preliminary reports prepared by fellows during
the on-line evaluation of patients. The rate of disagreement with the senior reader evaluation is 65% during the first year and drops down to < 10% af-
ter 4 years of collegial off-line evaluation.
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