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Abstract

Background: Limited data are available about feasibility and clinical value of left atrium (LA) quantitative evaluation obtained from real
time 3D (RT-3D) echocardiography in critically ills.

Objectives: Aims of this study were: 1) to evaluate feasibility of RT-3D echocardiography for LA evaluation in an acute care setting and in a
population including a majority of critically ills; 2) to evaluate correlation between two-dimensional (2D) and RT-3D echocardiographic LA
quantitative evaluation;3) to assess clinical consistency and prognostic value of LA measurements obtained from RT-3D images in subjects
without CV diseases and in patients with AF and CHF, evaluated in the acute phase of the disease.

Patients and Methods: In 382 subjects admitted in the emergency department (ED), we evaluated maximal (Volmax) and minimal
(Volmin) LA volumes and LA emptying fraction (LA-EF), from RT-3D images, with a semiautomated border detection program. A follow-up
was performed in order to evaluate all-cause mortality and new hospital admission for cardiovascular events.

Results: The correlation between measures obtained from 2D and 3D was good (LA Volmax: r=0.896, P < 0.001; Volmin: r=0.906,P < 0,001;
LA EF: 1 = 0.749, P < 0.001). Among 77 normal subjects, people aged > 65 years demonstrated comparable LA dimensions with younger
subjects (LA Volmax: 25 £ 11vs 20 =7 mL/m?, Volmin: 11+ 7vs 8 + 5 mL/m?). Subjects with normal left ventricular ejection fraction showed LA
Volmax significantly lower than patients with LV systolic dysfunction or congestive heart failure (23 £11vs 29 10 vs 33 12 mL/m?2, P< 0.05).
Patients in atrial fibrillation showed a significantly dilated LA compared with subjects in sinus rhytm (24 + 11 vs 37+ 22 mL/m?, P < 0.05).
LA dimensions were significantly higher in non-survivors (LA Volmax: 33 + 9 vs 25 + 9 mL/m?2), in patients with a new hospital admission
for cardiovascular disease (LA Volmax: 34 +13 vs 23 +10 mL/m?) or with a new AF episode (LA Volmax: 40 +12 vs 24 + 11 mL/m?, all P< 0.005).
Conclusions: RT-3D evaluation of LA volumes and function is feasible in a non selected series of critically ills. LA dilation was associated
with a worse outcome in terms of morbidity and mortality.
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1. Background

Enlargement of the left atrium (LA) is an independent
predictors of adverse cardiovascular (CV) events in pres-
ence of avariety of cardiac disorders like atrial fibrillation
(AF), congestive heart failure (CHF), coronary artery dis-
ease and cardiomyopathies (1-5). Although LA diameter
has been the most widely used parameter to assess LA di-
mension in epidemiologic studies (3, 4, 6), it has been re-
peatedly demonstrated that such measure is inaccurate
and yields a frequent underestimation of LA dilation (7,
8). The actually recommended measure of LA dimension
is cavity volume evaluated with biplane Simpson rule or
area-length formula: this is a time-consuming parameter,
not easy to use in an acute-care setting (9-11).

Beyond a simple evaluation of LA dimension, LA emp-
tying fraction (EF) and modality of atrial contribution
to left ventricular (LV) filling have been preliminarily

evaluated in a series of normal subjects (12) or patients
affected by CHF, where they demonstrated a significant
prognostic value (8, 13). A wider clinical employment of
such parameters requires a feasible and accurate diag-
nostic tool: real time three-dimensional (RT-3D) echo-
cardiography has been already tested in LA volume mea-
surement and it showed an optimal diagnostic accuracy
respect to a gold standard like magnetic resonance (14-
16). In a critically ill patient, RT-3D echocardiography
could offer the advantage of obtaining a complete data
set, suitable for LV and LA quantification, from a single
view; on the other hand, need for patient’s collabora-
tion could be an important limitation (17). No data exist
about RT-3D feasibility in the critically ills.

Previous papers about LA volumes and function in-
volved exclusively selected populations of outpatients
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(18,19); on the other hand, disease in which LA is heavily
involved, like atrial fibrillation (AF) and congestive heart
failure (CHF), are very frequent in an acute care clinical
scenario (20, 21). An accurate LA evaluation could signifi-
cantly improve diagnostic and prognostic stratification
of patients acutely affected by these diseases.

2. Objectives

Aims of this study were:1) to evaluate feasibility of RT-3D
echocardiography for LA evaluation in an acute care set-
ting and in a population including a majority of critically
ills; 2) to evaluate correlation between two-dimensional
(2D) and RT-3D echocardiographic LA quantitative evalu-
ation; 3) to assess clinical consistency and prognostic val-
ue of LA measurements obtained from RT-3D images in
subjects without CV diseases and in patients with AF and
CHEF, evaluated in the acute phase of the disease.

3. Patients and Methods

3.1. Study Patients

The study was conducted in the emergency depart-
ment high dependency unit (ED-HDU) and in the ob-
servation unit. The ED-HDU is a sub-intensive care unit
equipped with advanced monitoring, managed by
emergency physicians (EP); all patients are admitted
from the emergency room. Because intensive and sub-
intensive care beds are limited in our reality, in the ED
we created an ED-HDU where patients could be man-
aged and stabilized for up to 48 hours, in order to re-
duce intensive care unit (ICU) admission.

From February to September, 2011, when one of the
authors (EI) was on-call, all echocardiographic exami-
nations performed in the ED-HDU for standard clinical
work-up, were extended to RT-3D study using a probe
that allow 2D and RT-3D image acquisition (X5-1 probe,
Philips Medical System). All 3D images were acquired
with the specific aim to obtain the best quality images
for the quantification of left atrial and ventricular cavi-
ties. In every patient we recorded the chief complaint
for ED presentation, main anamnestic data and vital
signs during the exam. We thus calculated modified
early warning score (MEWS), that is a tool for bedside
evaluation based on five physiological parameters: sys-
tolic blood pressure, pulse rate, respiratory rate, tem-
perature and GCS score; a value > 4 identifies critically
ill patients (22). We did not apply any exclusion criteria
according to images’ quality or admission diagnosis, in
order to study an unselected population, representative
of our clinical reality.

Within the entire study group we classified as normal
subjects those normotensive, non diabetic, in sinus
rhythm, with normal LV systolic function, and without
any significant cardiac valvular disease. These patients
classified as normal from a cardiovascular point of view

are frequently admitted for trauma and echocardiogra-
phy is performed to guide fluid administration.

Asymptomatic LV systolic dysfunction was defined as
presence of LV ejection fraction (LV EF) < 50% in absence
of any symptoms or sign of CHF, while such a diagnosis
was established when typical symptoms (fatigue, effort
dyspnea) and signs (pulmonary congestion, hepatomeg-
aly, peripheral oedema) were the chief complain for ad-
mission in the ED-HDU.

All patients gave their informed consent and the study
is consistent with the principles of the declaration of Hel-
sinki of clinical research involving human subjects.

3.2. Echocardiographic Data Acquisition

Transthoracic echocardiography was performed us-
ing a commercially available echocardiographic system
(iE33; Philips Medical System, Andover, MA). RT-3D im-
ages were acquired by two different probes, X3-1 and X5-1:
when RT-3D images were acquired using the X3-1 probe,
2D images were acquired with standard S5-1 cardiologic
probe, while both 2D and RT-3D images were acquired
with the same probe when X5-1 was employed. All echo-
cardiographic images were stored digitally; LA volume
measurements were systematically performed off-line
with QLAB software package (QLAB 8.1, Philips Medical
System, Andover, MA), by an independent reader, blinded
to clinical data.

3.3. LA Volumes and Function by Real-Time 3D and
2D Echocardiography

RT-3D echocardiographic LA volumes were acquired
in full-volume mode, from an apical window, over four
cardiac cycles during quiet breathing or a breath hold.
Acquisition was triggered to the electrocardiographic
R wave. Care was taken to ensure that the entire LA was
included within a pyramidal 3D data set. While retain-
ing the entire left atrium within the pyramidal volume,
depth and sector width were decreased as much as pos-
sible to improve the temporal and spatial resolution of
the image, resulting in a volume rate of > 15 volumes/
second. In patients with AF, to reduce artifacts related
to variations in the cardiac cycle duration, the echocar-
diographic system performed an automatic check of
consistency between the different sectors used to recon-
struct the 3D volume and shows the real-time 3D volume
on the screen to allow a final check by the operator. This
process, in patients with AF, could results in a acquisi-
tion of more than 4 consecutive cardiac cycles from
which the system extrapolates 4 cardiac cycles used to
reconstruct the 3D volume.

For each selected moment in the cardiac cycle, semi-
automated tracing of LA endocardium was performed
identifying 4 points in the atrial surface of the mitral
annulus (anterior, inferior, lateral and septal annuli, re-
spectively), and a fifth point at the roof of the LA. Based
on these 5 points, the endocardial border was automati-
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cally traced and LA volume was obtained; manual modi-
fication was made to correct the automatic tracing if
needed (Figure 1).

All LAvolume values were indexed for body surface area.
RT 3D echocardiographic LA volumes were measured be-
fore mitral valve opening in early diastole (Volmaxi) and
before mitral valve closure in end-diastole (Volmini).
From this values, we evaluated LA global EF (LA gEF):

\4

(1) (LAGEF) = Yol Volus o 10

Vol .

In patients in SR, we measured LA volume before P wave
onset on the EKG (Volpi) to derive passive (LA pEF) and ac-
tive LA EF (LA aEF) as follows:

(2) LApEF = 2" o 109
ol,—Vol_.
3) LAaEF = 21y 100
P

2D echocardiographic LA volumes were measured at
the same times during the cardiac cycle, using bi-plane
methods of disks. Endocardial border was traced manu-
ally, excluding the confluence of pulmonary veins and
LA appendage. LV end-diastolic and end-systolic volumes
were calculated by bi-plane methods of disks.

3.4. Follow-Up Data

Between July and September, 2012 all patients were con-
tacted by telephone to verify the occurrence of new major
events (death including cardiac and non-cardiac, non-fatal
STEM]I, new hospital admission for CHF and AF). We evalu-
ated the following end-point: all-cause mortality, new hos-
pital admission for CV disease and new AF episodes.

3.5. Statistical Analysis

Data were analyzed with SPSS program (version 19, SPSS
Inc. Chicago, IL, USA). Parametric data were reported as
mean + standard deviation. The comparison between two
groups was made by student’s test for non-coupled para-
metric data; the comparison between multiple groups
was made by ANOVA test. Non parametric data were ana-
lyzed with Fisher exact test.

Relations between measurements obtained from 2D
and 3D were determined using Pearson’s correlation. A P
value < 0.05 was considered as significant.

4.Results

We retrospectively analyzed echocardiographic images
of 382 subjects, mean age 67 + 17 years, 57% male gender.
The most frequent reasons for ED admission were chest
pain in 40% of patients, atrial fibrillation in 12% and dys-
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pnea in 10%. In 62 patients (16%) we were unable to derive
quantitative LA volume measurements from RT 3D im-
ages: compared with patients in whom a quantitative
evaluation was feasible, patients with bad image quality
demonstrated a higher RR (20 + 7 r/minute, range 11 - 45,
vs18 £ 5 r/minute, range 12 - 40, P < 0.005) and were more
frequently admitted in the ED-HDU (21 vs 8%, P < 0.001)
than in the Observation unit.

4.1. 2D-3D Measurements’ Correlation and

Reproducibility

In a subgroup of 144 patients, we compared volumes
and function evaluated by 2D and 3D echocardiography;
patients in whom we evaluated 2D-3D correlations were
similar to the whole study group in terms of age, LV EF, LA
gEFand LA Vol ..i, Vol ; iand Vol ;i (age: 66 £17vs 68 +17
years; LVEF: 56 £15 vs 53 £19%; LA EF: 47 £ 20 vs 44 £18%; LA
Vol ,,i28+15vs29 £14 mL/m?% LAVol ; i:16 +14 vs 17 £12
mL/m?; LA Vol i:17 + 8 vs 19 + 9 mL/m?, all P=NS). The cor-
relation was optimal for LA Vol .. (4 chamber view (4C):
I = 0.868; biplane evaluation (BP): r = 0.896, P < 0.001),
Vol ;.. (4C-3D: 1 = 0.895; BP: r = 0.906, P < 0.001) and LA
EF (4C: r = 0.781; BP: r = 0.749, P < 0.001). To avoid a false
high correlation driven by a single patient with a very
enlarged atrium, we repeated the analysis excluding this
outlier; the correlations remained very strong (LA Vol .
BP-3D: 1 =0.843; LAVol ; BP-3D: 1= 0.860; LA gEF BP-3D: 1
=0.742,all P<0.0001).

We evaluated intra- and inter-observer reproducibility
in a subgroup of 70 patients, representative of the whole
study group in terms of age, LV EF, LA Vol i, Vol . iand
Volpi (age:67+18vs 67+16 years; LVEF:53+16vs 54 +18 %; LA
EF:43+18vs 46 £19%; Vol .. i29+13vs28+15 mL/m? Vol ;.
Li:18 £13vs17+13 mL/m?; Voli:18£8vs18+9 mL/m? allP=
NS). Both intra-observer (Vol, ,.:r=0.936; Vol ; :T=0.941,
all P<0.0001) and inter-observer reproducibility (Vol  ..: T
=0.942; Vol ; :T=0.947, all P<0.0001) were optimal.

4.2. LA Dimensions and Function in Normal

Subjects

In the whole study population, we identified 77 normal
subjects and we evaluated differences in LA dimensions
and function according to age (62 subjects aged < 65 years
vsi5subjectsaged = 65years,Table1).LAdimensions (max-
imal, minimal and before P wave) were similar in both age
groups; LA gEF was also similar in the two groups, while
passive component of LA EF tended to be lower in older pa-
tients, in agreement with the increased contribution of LA
systole to cavity emptying in this age group.

We also evaluated the correlation between age and LA
dimension and function: there was a weak correlation be-
tweenLAVol . iandage(r=0.319,P=0.012)and between
LAVol,iand age (r=0.467,P=0.001), whileLAVol_; iand
age did not exhibit any significant correlation. LA gEF did
not correlate with age, while we found a mild to moder-
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ate positive correlation between age and active LA EF (r =
0.446, P = 0.001) and a moderate inverse correlation be-
tween age and LA pEF (r= —0.525,P<0.001).

4.3. LA Dimensions and Function According to LV
Function

We considered separately patients in SR (237 patients,
excluding 97 patients with AF and 48 without 3D quan-
titative evaluation) and we divided the study popula-
tion in three subgroups, respectively with normal LV
function (n = 178), with asymptomatic LV systolic dys-
function (n = 40) and with symptoms of CHF (n = 19),
(Table 2). At admission, patients with overt CHF were
all in NYHA class III-IV; only three subjects arrived with
acute pulmonary edema. The small size of this group of
patients did not allow to perform a meaningful statisti-
cal analysis of LA dimensions and function according to
CHF presentation.

Normal subjects showed LA dimensions significantly
lower than the other subgroups, with a significantly bet-
ter LA gEF. LA pEF and aEF components were also higher
in normal subjects, but reached a statistically significant
difference only compared with patients with overt CHE.

4.4. LA Dimensions and Function According to
Cardiac Rhythm

Patients with AF showed a similar 3D quantitative eval-
uation feasibility compared to patients in SR (80 vs 85%,
P=NS).

In order to evaluate AF consequences on LA dimensions
and function, we evaluated only patients with preserved
LV systolic function: we identified 218 subjects, 180 in SR
and 38 in AF. Patients in AF showed significantly dilated
LA, with reduced LA EF (Table 3). In patients aged < 65
years, AF was not frequent in presence of a preserved LV
EF and was not associated with a significant LA dilation;
older patients with AF showed increased LA dimensions
and a reduced LA function. Considering only subjects in
SR, arterial hypertension (75 vs 37%, P < 0.0001) and diabe-
tes (21 vs 6%, P < 0.0001) were more frequent in patients
aged > 65 years, compared to younger subjects; among
patients with AF prevalence of the aforementioned risk
factors were similar regardless of age (hypertension: 77
vs 60%, P=NS; diabetes: 24 vs 0%, P =NS).

Patients with a long lasting AF demonstrated a signifi-
cant LA dilation (< 48 hours, n =18: Vol ,..i 28 + 10 mlL/
m?, Vol ;119 +10 mL/m?; > 48 hours, n =58: Vol . i 41+
20 mL/m?, Vol ; i32 +17 mL/m? all P < 0,05), with a sig-
nificantly reduced LA function (< 48 hours: 34 + 18%; > 48
hours: 23 + 14%; P = 0,009) compared with patients with
recent onset AF (< 48 hours).

4.5. Follow-Up

During follow-up we could contact 217 patients (57%):
compared to subjects lost to follow-up, they showed simi-

lar age (66 £ 17 vs 67 * 17 years), MEWS during the exam
(13£13vs1.4+1.2)and LVEF (55 +18 vs 53 £17%, all P=NS).
Twenty-six patients died, six for CV disease; 33 patients
reported a new hospital admission for CV disease (most
frequent diagnosis: AF in 11 patients and CHF in 6); overall
16 subjects had a new AF episode.

Patients who experienced each considered end-point
(all cause mortality, new hospital admission for CV rea-
son, new AF episode) exhibited significantly higher 3D LA
dimensions (Figure 2A and B) and lower LA EF (Figure 2C).

In aregression analysis adjusted for age and LV EF (Table
4) areduced LA EF maintained an independent prognos-
tic value for all the considered end-points; increased LA
volumes were independent prognostic determinants for
new hospital admission for CV disease and new AF epi-
sodes. All-cause mortality was not associated with LA vol-
umes, a not surprising data given that a great number of
patients died for non-CV disease.

Figure 1. LA 3D Off-Line Quantitative
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A, evaluation: full-volume acquisition; B, semiautomated endocardial
border detection.
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Table 1. 3D LA Volumes and Function According to Age in Normal Subjects®P

All Subjects (n=77)

< 65 Years (n=62)

2 65 Years (n=15)

Volmaxid 2148 20+7 2541
Volminid 9+5 815 n+7
volpid 1446 B+5 1746
gEF® 58 £12 5811 5520
aEF® 36+16 35+13 46+19
pEF® 3313 35+13 25+ 11

4values are presented as mean + SD.

77 patients non hypertensive, non diabetic, in SR, with normal LV systolic function and without any significant cardiac valvular disease; all P=NS.
CDescriptions: aEF, left atrial active emptying fraction; gEF, left atrial global emptying fraction; pEFs, left atrial passive emptying fraction; Vol

Values unit is mL/m
values unit is %.

Table 2. 3D LA Volumes and Function According to LV Function and Presence of CHF Signs and Symptoms (Considering Only Patients

in SR)?
Normal LV Function (n =178) LV Systolic Dysfunction (n =40) Congestive Heart Failure (n=19)
Vol . i° 23+1%d 29410 33412
Vol iP 1+8%d 1748 20+9
Vol i 16754 249 28+13
gEFle) 551304 43417 39411
aEFe 38 +159 3313 2549
pEF® 28+13¢ 25+14 1847

Abbreviations: aEF, left atrial active emptying fraction; gEF, left atrial global emptying fraction; pEFs, left atrial passive emptying fraction; Vol

3values are presented as mean + SD.
Values unit is mL/m
P <0.05 group 1vs group 2.
P <0.05 group1vs group 3.
€values unit is %.

Table 3. Patients with Normal LV Global Systolic Function: LA Dimensions and Function According to Age and Cardiac Rhythm?

All Subjects (n=218)

Age < 65 Years (n=106)

Age 265 Years (n=112)

SR(n=180) AF(n=38) P Value SR(n=96) AF(n=10) PValue SR(n=84) AF(n=28) P Value

Volmaxib 2411 37422 0.002 20+7 21+6 NS 29+13 41£33 0.001
Vol ini 1+8 27+20 <0.001 814 12+4 0.021 1511 30+20 <0.001
gEFC 55+13 31+18 <0.001 59+10 41£17 <0.001 5015 29+18 <0.001
LV EF° 6418 61+8 0.026 6418 6319 NS 6418 60+8 0.014
Abbreviations: AF, atrial fibrillation; SR, sinus rhythm; LA gEF, left atrial global emptying fraction; LA Vol
3values are presented as mean + SD.

Values unit is mL/m
Values unit is %.

Table 4. LA Volumes and EF Prognostic Value in a Regression Analysis Adjusted for Age and LV EF
RR 95% CI P

All-cause mortality

LA Vol . i@ 1.017 0.975-1.062 0.465

LA Volmini? 1.024 0.981-1.069 0.287

LA EFb 0.963 0.928-0,999 0.042
New admission for CVreason

LA Volmaxi® 1.074 1.035-1.115 <0.0001

LA Volmini? 1.088 1.043-1135 <0.0001

LA EFb 0.949 0.924-0.973 <0.0001
New AF episodes

LA Volmaxi® 1.079 1.033-1.280 0.001

LA Volmini? 1.074 1.030-1.230 0.001

LA EFP 0.947 0.915-0.980 0.002

Abbreviations: AF, atrial fibrillation; CV disease: cardiovascular disease; LA EF, left atrial emptying fraction; LA Volmaxi, left atrial maximal volume

index; LA Volmini, left atrial minimal volume i
3values unit is mL/m
Values unit is %.

ndex.
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Figure 2. LA Maximal Volume
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A, minimal volume, all P < 0.005; B, LA EF, all P < 0.001; C, according to all-
cause mortality, new hospital admission for cardiovascular disease and
new AF episodes, all P < 0.0001.

5. Discussion

In the present study, we evaluated a non selected series
of patients, with a majority of subjects admitted in the
ED-HDU for clinical instability and frequent vital signs
alteration. In most of our patients, we could obtain
good quality 3D images, that allowed us to make a quan-
titative evaluation of LA dimensions and function. Feasi-
bility of a quantitative 3D evaluation implies two steps:
a good quality images acquisition, that requires some
degrees of patient’s collaboration, and off-line quantita-
tive evaluation, a time-consuming process. In our study
group, we could not take the first step for granted, given
the high proportion of critically ills, who could give
only a limited collaboration. As expected, tachypnea
made 3D heart visualization significantly more difficult;
however in up to 80% of patients the evaluation could
be completed. From this point of view, we can say that
3D feasibility was satisfactory. To the best of our knowl-
edge, this is the first paper in which criticallyill patients
were evaluated with RT-3D in order to study LA volumes

and function: our results demonstrated that this tech-
nique reached a very good clinical applicability.

We observed a very good correlation between measure-
ments derived from 2D and RT-3D images, especially for
LA volumes: previous papers that evaluated this topic
demonstrated a good correlation between the two mea-
surements, with a slight underestimation by 2D in pres-
ence of LA dilation (23). For LA EF value, correlation was
slightly worse compared with volume measurements:
data on reproducibility of LA EF between 2D and 3D are
actually lacking, so that further studies are needed to
confirm our finding.

5.1. LA Volumes and Function in Normal Subjects

Among our study population we identified a small
group of normal subjects: in this subgroup we could
demonstrate that increasing age was not associated with
any LA dilation or LA emptying deterioration. In subjects
aged > 65 years, we only observed a tendentially signifi-
cant reduction of LA passive emptying. Correlation of LA
volumes and age was very weak, while it became moder-
ate for LA emptying passive and active fraction.

Previous papers (24, 25), both based on 2D and 3D imag-
ing, demonstrated that physiologic aging was not associ-
ated with LA dilation. Two recent papers (26, 27) reported
that only ultra-octogenarians showed significantly high-
er LA maximal and minimal dimensions than younger
subjects; passive emptying fraction was reduced, but
global and active emptying fractions were preserved.
These data are in agreement with the well-known age-
related reversion in E/A rate, due to reduced LV relaxation
properties; however in aged subjects LA pump function
is preserved, at least in part through the Starling mecha-
nism. In fact the reduction of passive emptying increases
LA dimensions at the beginning of the atrial systole and
allows the maintenance of a normal active emptying and
anormal contribution to overall cardiac performance.

5.2. LA Volumes and Function According to LV
Function and Cardiac Rhythm

Considering only patients in SR, patients with LV sys-
tolic dysfunction and/or overt CHF showed a significant
LA dilation, with reduced global emptying function; pa-
tients with an overt CHF, compared to normal subjects,
demonstrated also a significant impairment of the active
and passive emptying fractions. In this study population,
we were not able to find significant differences between
patients with asymptomatic LV dysfunction and overt
CHF, probably for the small size of the group.

Considering only patients with preserved LV EF, as ex-
pected AF determined a significant LA dilation and dys-
function, that was more severe in presence of a long last-
ing arrhythmia. We observed that in patients aged > 65
years LA dilation was relevant, while younger subjects did
not show a significant increase in atrial volume, in ab-
sence of a significant difference in comorbidities. From a
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prognostic point of view, we could evidence that LART-3D
quantitative evaluation, performed in a blinded manner,
gave useful clinical information, relevant for prognos-
tic stratification: patients with a bad outcome showed
significantly enlarged atrium, with a reduced emptying
function. Several previous papers underlined a relevant
prognostic value of LA enlargement, evaluated with 2D
echocardiography, both in patients with CHF (5) and in
the general population (8, 13): compared with these pa-
pers, this is the first report in which these finding are con-
firmed in critically ill patients evaluated with 3D echocar-
diography in the acute phase.

CHF is nowadays one of the main reason for patients’
presentation to the ED and represents the diagnosis
with the highest short-term readmission rate: in order
to identify high risk patients, new adjunctive criteria are
clearly needed, beyond the well-known LV EF. A single LA
volumes and function evaluation performed in the acute
phase demonstrated a significant prognostic value: al-
though these data require further evaluation in prospec-
tive studies, LA dimensions and function could become
useful parameters for a prognostic stratification also in
the ED clinical setting. 3D echocardiography allows to ob-
tain complete information from a single image: therefore
the adjunctive time needed for measurements is counter-
balanced by a short acquisition time, that could be very
useful in a critical patient. We also hope that in a near
future technological improvement will further simplify
measurements tools, in order to render 3D echocardiog-
raphy easily applicable in a critical setting. It is plausible
that the evaluation of LA dimensions and function will
not modify immediate patients’ management; however,
it could became very useful to improve our prognostic
stratification and the ability to identify patients at higher
risk of adverse prognosis.

5.3. Limitations

The retrospective design of the study allowed us to ob-
tain a realistic picture of the kind of patients attending
an ED-HDU in a real clinical scenario, but it yielded sev-
eral limits and, in some cases, made subgroups non ho-
mogeneous in terms of number of cases.

An important limitation to a wider clinical applicability
inan acute care setting is that RT-3D LA volumes evaluation
actually requires an off-line analysis that is time-consum-
ing, hard to be employed in a daily clinical activity. In the
last few years we observed impressive improvements in 3D
technology, both in image quality and in post-processing;
the opportunity to employ RT-3D in critical patients was
inconceivable few years ago, while we actually obtained
very satisfying results. Another limitation is that we em-
ployed a semiautomated method to perform LA volumes
quantitative evaluation, but we are aware that quantifica-
tion tools actually available were designed to evaluate LV
volumes. Anatomical differences between the two cham-
bers could affect the accuracy of the semiautomated mo-
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dality; we did not record when the manual correction was
need. We wish that the recent implementation of online
3D quantification tools would represent an opportunity to
reduce time for quantification systems and to make 3D a
part of a routine echocardiographic exam.

5.4. Conclusions

In an unselected population including a significant pro-
portion of critically ills, 3D images acquisition was feasible
in the most part of the study population; in up to 80% of
patients, we obtained quantitative evaluation of LA vol-
umes and function. The disadvantage of being a time-con-
suming measure was counterbalanced by the possibility
to evaluate LA volumes and function from a single image:
a short acquisition time might represent a good opportu-
nity in critically ill patients. 3D measures demonstrated a
good correlation with values obtained from 2D. In normal
subjects we could demonstrate that an advanced age is
not associated with an LA dilation, while the passive com-
ponent of atrial emptying was significantly affected by the
aging process. LA dimensions and function deteriorated
in presence of systolic dysfunction and in presence of AF.
From a prognostic point of view, presence of LA enlarge-
ment and dysfunction was associated with a bad outcome.
These data are in agreement with previous papers where
2D echocardiography was predominantly employed in an
out-patients setting; with 3D echocardiography, we could
confirm them in an acute care setting. Quantification tools
for 3D images are actually time-consuming and require an
off-line evaluation: further technical improvements are
needed to make 3D really useful for daily clinical practice,
also in an acute care setting.
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