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Prognostic Significance of Left Atrial Size in Patients With
Hypertrophic Cardiomyopathy (from the Italian Registry for

Hypertrophic Cardiomyopathy)†

Stefano Nistri, MDa,*, Iacopo Olivotto, MDb, Sandro Betocchi, MDa, Maria Angela Losi, MDa,
Grazia Valsecchi, MDa, Bruno Pinamonti, MDa, Maria Rosa Conte, MDa, Franco Casazza, MDa,

Maurizio Galderisi, MDa, Barry J. Maron, MDc, and Franco Cecchi, MDb,
on behalf of the Participating Centers

This study assessed left atrial (LA) dimension as a potential predictor of outcome in
hypertrophic cardiomyopathy (HC). From the Italian Registry for Hypertrophic Cardio-
myopathy, 1,491 patients (mean age 47 � 17 years; 61% men; 19% obstructive), followed
for 9.4 � 7.4 years after the initial echocardiographic evaluation, constituted the study
group. The mean LA transverse dimension was 43 � 9 mm and was larger in patients with
severe symptoms (48 � 9 mm for New York Heart Association classes III and IV vs 42 �
9 mm for classes I and II, p <0.001), atrial fibrillation (47 � 9 vs 42 � 8 mm in sinus
rhythm, p <0.001), and left ventricular outflow obstruction (46 � 9 mm for >30 mm Hg
at rest vs 42 � 9 mm for <30 mm Hg at rest, p <0.001). On univariate analysis, each 5-mm
increase in LA size was associated with a hazard ratio (HR) of 1.2 for all-cause mortality
(p <0.0001). On multivariate analysis, a LA dimension >48 mm (the 75th percentile) had
a HR of 1.9 for all-cause mortality (p � 0.008), 2.0 for cardiovascular death (p � 0.014),
and 3.1 for death related to heart failure (p � 0.008) but was unassociated with sudden
death (p � 0.81). Similar results were obtained after the exclusion of patients with atrial
fibrillation (HR 1.7, p � 0.008) or outflow obstruction (HR 1.8, p � 0.003). The predictive
power of LA dimension >48 mm was also validated in an independent HC cohort from the
United States, with similar HRs (1.8 for all-cause mortality, p � 0.019). In conclusion, in
a large cohort of patients with HC from a nationwide registry, a marked increase in LA
dimension were predictive of long-term outcome, independent of co-existent atrial fibril-
lation or outflow obstruction. LA dimension is a novel and independent marker of prognosis
in HC, particularly relevant to the identification of patients at risk for death related to heart

failure. © 2006 Elsevier Inc. All rights reserved. (Am J Cardiol 2006;98:960–965)
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ypertrophic cardiomyopathy (HC) is a genetic form of
eart disease with a diverse clinical expression and often
npredictable natural history.1–5 The prediction of clinical
utcome in HC remains incomplete, and therefore, the pur-
uit of additional prognostic markers continues to be im-
ortant.6–8 In HC, enlargement of the left atrium is com-
on, is associated with several adverse pathophysiologic

onsequences such as left ventricular outflow obstruction,9

nd is predictive of atrial fibrillation, a major determinant of
utcome.10 Despite growing recognition of the left atrium as
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marker of disease severity,11 left atrial (LA) dimension has
ot been specifically analyzed as a predictor of outcome in
large HC cohort. Therefore, in the present study, we

argeted LA dimension as a potential risk marker for an
dverse clinical course and mortality in our multicenter HC
ohort assembled throughout Italy.

ethods
The Italian Registry for Hypertrophic Cardiomyopathy:

he Italian Registry for Hypertrophic Cardiomyopathy is a
esearch initiative funded by the Italian Ministry of Health
nd the National Institute of Health (Istituto Superiore di
anità), in the context of a large epidemiologic survey
imed at cardiovascular prevention called Il Progetto Cuore
http://www.cuore.iss.it/eng/index_en.htm). The enrollment
eriod was May 2000 to May 2002. A direct invitation to
articipate was made to cardiology centers nationwide,
anging from tertiary referral institutions and transplantation
nits to community hospitals and outpatient clinics. In ad-
ition, the registry was advertised in newsletters and at

he scientific sessions of national cardiology meetings.

www.AJConline.org
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961Cardiomyopathy/LA Size and Outcome in HC
nformation regarding the registry, detailed instructions
or patient recruitment, and data collection forms were
ent by mail to all centers that accepted the initial invi-
ation and made available on a dedicated Web site (http://
ww.cardiomiopatiaipertrofica.it). A centralized database
as established in Florence for data storage, retrieval, and

nalysis. Of �100 institutions directly contacted, the final
umber of participating centers was 40. The general features
f the registry population have been described elsewhere.12

Diagnosis of HC and patient selection: Participating
enters included all patients with diagnoses of HC followed
t those institutions at the present time or in the past,
ncluding those already deceased at the time of this study.
he diagnosis of HC was based on 2-dimensional echocar-
iographic evidence of a hypertrophied and nondilated left
entricle (wall thickness �15 mm), in the absence of any
ther cardiac or systemic disease capable of producing the
agnitude of hypertrophy evident, such as systemic hyper-

ension or aortic stenosis.1,13

Of the 1,677 patients constituting the overall registry
opulation, 132 children (aged �16 years) were excluded
ecause the relatively smaller LA size in this subgroup
ight have biased the overall study analysis. In addition, 54

ther patients were excluded because of severe mitral re-
urgitation in the clinical context of associated primary
itral valve disease (i.e., myxomatous or calcific degener-

tion), because LA enlargement could not be attributed
olely to HC.14 Conversely, patients with mild-to-moderate
itral regurgitation secondary to mitral valve systolic ante-

ior motion in the context of outflow obstruction were in-
luded in the study.9 Therefore, the final study group was

able 1
eneral baseline features of the 1,491 patients with hypertrophic cardiom

ariable All
(n � 1,491)

0–25
�36

(n � 363

ge at initial evaluation (yrs) 47 � 17 42 �
en 917 (61%) 217 (6

ollow-up (yrs) 9.7 � 7.7 9.4 �
amily history of HC and/or sudden cardiac

death
516 (35%) 138 (3

ith symptoms 1,077 (72%) 212 (5
verage NYHA functional class at initial
evaluation

1.6 � 0.7 1.4 �

YHA functional class III/IV 174 (12%) 19 (5
ngina 288 (19%) 77 (2
yncope 134 (9%) 32 (9
trial fibrillation (paroxysmal or chronic) 252 (17%) 29 (8
eceiving medical therapy 1,004 (67%) 200 (5
V obstruction at rest (�30 mm Hg) 338 (23%) 54 (1
A size (mm) 43 � 9 32 �
V end-diastolic dimension (mm) 44 � 7 43 �
V end-systolic dimension (mm) 26 � 7 25 �
aximum LV wall thickness (mm) 21 � 5 20 �
omposed of 1,491 patients with HC. T
Study end points: The primary clinical end points used
n this study were (1) all-cause mortality; (2) cardiovascular
ortality; (3) death related to heart failure, occurring in the

ontext of cardiac decompensation and progressive disease
ourse, and including stroke-related death (patients with
eart transplantation were censored at the time of the oper-
tions and considered as equivalents to death related to heart
ailure)2,12; and (4) sudden cardiac death, defined as unex-
ected sudden collapse occurring �1 hour from the onset of
ymptoms in patients who had previously experienced rel-
tively stable or uneventful clinical courses. In addition,
otentially lethal cardiovascular events in which patients
ere either successfully resuscitated from cardiac arrest or

eceived appropriate defibrillation shocks from implanted
ardioverter-defibrillators were regarded as equivalents of
udden cardiac death in the present data analysis.2,12

Echocardiography: LA dimension was measured at
nd-systole as the anteroposterior linear diameter from the
arasternal long-axis view, using 2-dimensional echocardio-
raphic guidance to position the cursor as recommended.15

he magnitude and distribution of left ventricular (LV)
ypertrophy was assessed as previously described.16 Ob-
truction of LV outflow was considered present when a peak
nstantaneous outflow gradient of �30 mm Hg was esti-
ated with continuous-wave Doppler echocardiography un-

er basal (resting) conditions. Participating centers were
rospectively provided with detailed instructions regarding
he standard echocardiographic measurements required for
atient enrollment in the registry.12

Statistical analysis: Data are expressed as mean � SD.

, based on initial left atrial dimensions

Percentile of LA Size Overall
p Value

26th–50th 51st–75th 76th–100th
36–42 mm 43–48 mm �48 mm

(n � 397; 27%) (n � 374; 25%) (n � 357; 24%)

45 � 17 49 � 17 49 � 16 �0.001
254 (64%) 212 (57%) 234 (66%) NS
9.6 � 7.6 9.3 � 7.7 9.8 � 7.7 NS
167 (42%) 93 (25%) 118 (33%) �0.01

247 (62%) 291 (78%) 327 (92%) �0.001
1.5 � 0.7 1.7 � 0.7 1.9 � 0.8 �0.001

29 (7%) 50 (13%) 76 (21%) �0.001
74 (19%) 79 (21%) 58 (16%) NS
35 (9%) 32 (9%) 35 (10%) NS
50 (13%) 65 (17%) 108 (30%) �0.001

261 (66%) 252 (67%) 291 (82%) �0.001
65 (16%) 94 (25%) 125 (35%) �0.001
40 � 2 45 � 2 54 � 6 N/A
44 � 6 45 � 7 46 � 8 �0.001
26 � 6 27 � 7 28 � 8 �0.001
20 � 5 21 � 5 22 � 5 �0.001
yopathy

th
mm
; 24%)

8
0%)
6.8
8%)

8%)
0.6

%)
1%)
%)
%)
5%)
5%)
3
6
6

he unpaired Student’s t test or 1-way analysis of variance

http://www.cardiomiopatiaipertrofica.it
http://www.cardiomiopatiaipertrofica.it
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as used for the comparison of normally distributed data.
he chi-square or Fisher’s exact test was used to compare
oncontinuous variables expressed as proportions. Relative
isks and 95% confidence intervals (CIs) were calculated
sing univariate and multivariate Cox proportional-hazards
egression models. Multivariate analyses were performed
ith a stepwise forward regression model, in which each
ariable with a p value �0.05 (on the basis of univariate
nalysis) was entered into the model; all multivariate mod-
ls included age, gender, the presence of outflow obstruc-
ion, and New York Heart Association (NYHA) class at
nitial evaluation as covariates. All p values were 2 sided
nd were considered significant when �0.05. LA size was
rospectively evaluated with regard to outcome as a con-
inuous variable using the 25th, 50th, and 75th percentiles
or the cohort distribution. Moreover, a receiver-operating
haracteristic curve analysis was constructed for the retro-
pective identification of the optimal LA size threshold.

Validation of study results on an independent cohort:
he study results were compared with an independent co-
ort of 537 consecutive patients with HC6 followed for
.8 � 3.9 years at the Hypertrophic Cardiomyopathy Center
t the Minneapolis Heart Institute Foundation for the pur-
ose of validation. Mean age was 42 � 22 years, 317
atients (59%) were men, 36 (7%) were in NYHA classes
II and IV, 152 (28%) had LV outflow obstructions �30
m Hg, and 38 (16%) had paroxysmal or chronic atrial
brillation. The study was approved by the institutional
eview board at each of the participating centers.

esults
Baseline echocardiographic features: The clinical and

emographic characteristics of the 1,491 study patients are
isted in Table 1. Overall, the average LA dimension was
3 � 9 mm; the 25th, 50th, and 75th percentiles of the
ohort distribution were 36, 42, and 48 mm, respectively
Table 1). Eight hundred twenty-seven patients (55%) had

igure 1. Annual mortality rates for the study patients according to LA
ize. For the overall group comparisons, p �0.05 for all end points except
udden death (p � 0.22).
A sizes �40 mm. f
LA dimensions varied with respect to age (�25 years:
9 � 8 mm; 26 to 40 years: 43 � 9 mm; 41 to 60 years:
4 � 9 mm; �60 years: 44 � 9 mm; overall p �0.001) and
ender (43 � 9 mm in men vs 42 � 8 mm in women, p �
.009). Moreover, substantial LA enlargement was ob-
erved in those patients with severe symptoms (48 � 9 mm
or NYHA classes III and IV at baseline vs 42 � 9 mm for
YHA classes I and II, p �0.001), paroxysmal or chronic

trial fibrillation (47 � 9 vs 42 � 8 mm in sinus rhythm,
�0.001), and LV outflow obstruction at rest (46 � 9 mm

or �30 mm Hg vs 41 � 8 mm for �30 mm Hg, p �0.001).

Outcomes: The mean follow-up was 9.4 � 7.7 years.
uring this time, 193 of the 1,491 patients died (13%),

ncluding 142 from cardiovascular causes and 51 from non-
ardiac causes. Of the 142 cardiovascular deaths, 130 were
elated to HC, including 58 sudden events and 72 due to
ongestive heart failure or stroke; the remaining 12 patients
ied of non-HC–related cardiac causes due to co-existent
therosclerotic coronary artery disease.

Relation of LA size to outcome: Annual all-cause, car-
iovascular, and heart failure related mortality increased
ignificantly with increasing LA dimensions (Figure 1). On
nivariate Cox regression analysis, each 5-mm increase in
A size was associated with a 1.2 hazard ratio (HR) for
ll-cause mortality (p �0.0001).

After adjustment for age, gender, the presence of outflow
bstruction, atrial fibrillation, and NYHA class at initial
valuation, a LA dimension �75th percentile (i.e., �48
m) was associated with an independent twofold increase

n the risk for all-cause mortality and cardiovascular death
ompared with patients with LA dimensions �48 mm and a
hreefold increase in the risk for death related to heart

igure 2. Relation of LA size to long-term survival (free of all-cause
ortality). Hazard plot based on multivariate Cox regression analysis,

ncluding age, gender, the presence of outflow obstruction, and NYHA
lass at initial evaluation as covariates.
ailure (Figure 2), whereas no association was found be-
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963Cardiomyopathy/LA Size and Outcome in HC
ween LA size and the likelihood of sudden, unexpected
eath (Table 2).

Independent predictors of all-cause mortality, other than
A size, were LV outflow obstruction at rest (�30 mm Hg)
nd atrial fibrillation (HRs 1.57 and 1.79, respectively;
�0.01). The multivariate model including these 3 vari-

bles accounted for 87% of the all-cause mortality, whereas
he remaining 13% was attributable to unmeasured con-
ounders. Of note, LA dimensions �48 mm retained their
redictive value after the exclusion of patients with chronic
r paroxysmal atrial fibrillation (HR 1.7, 95% CI 1.1 to 2.5,
� 0.0078) or LV obstruction at rest (HR 1.8, 95% CI 1.2

o 2.6, p � 0.0029). In the subgroup of 338 patients with LV
bstructions, LA dimension �48 mm strongly predicted
eath related to heart failure (independent HR 4.2, 95% CI
.4 to 12.1, p �0.017) but none of the other end points
p �0.1 for all).

Receiver-operating characteristic curve analysis identi-
ed LA sizes of 46 to 48 mm as most accurate for the

dentification of patients at risk in our cohort (Figure 3). A
ut-off value of 48 mm had 75% accuracy, 90% negative

igure 3. Receiver-operating characteristic curve of LA size values with
espect to all-cause mortality. A LA size of 47 mm was identified as the
ptimal cut-off value.

able 2
ong-term risk associated with a left atrial size �48 mm at initial evalua

ohort Death from Any Cause C

HR (95% CI) p Value HR

talian Hypertrophic Cardiomyopathy
Registry (n � 1,491)

1.9 (1.2–3.2) 0.008 2.0

nited States cohort (n � 537) 1.8 (1.1–2.9) 0.019 2.7

* Both models obtained by multivariate Cox proportional-hazards analys
ther covariates included in the model were gender, the presence of LV
valuation. Patients with HC with LA sizes �48 mm constituted the refer
redictive value, and 23% positive predictive value for d
ll-cause mortality. Negative predictive accuracy specifi-
ally for heart failure death increased to 94%.

Validation analysis in an independent cohort: The re-
ation of LA size to outcome was also assessed indepen-
ently in a cohort of 537 patients with HC from the United
tates.6 The average LA size was 42 � 9 mm, and the 25th,
0th, and 75th percentiles were 36, 41, and 46 mm, respec-
ively. On multivariate analysis, a LA size �48 mm was
ssociated with independent risk for all-cause mortality,
ardiovascular death, and death related to heart failure, with
R values that were very similar to those of the Italian

ohort (Table 2). Moreover, as for the Italian patients, there
as no association of LA size with the likelihood of sudden,
nexpected death (Table 2).

iscussion

he present study establishes a strong relation between LA
imension and adverse long-term outcomes in a large pop-
lation of patients with HC from a nationwide Italian reg-
stry. During a follow-up of �9 years, each 5-mm increase
n LA dimension at initial evaluation was associated with a
0% increase in all-cause mortality. LA diameter �75th
ercentile of the study group (48 mm) predicted an almost
wofold independent increase in all-cause mortality and a
hreefold increase in death related to heart failure.

This association of LA diameter with outcome retained
ts statistical power even after the exclusion of specific
atient subgroups known to be at risk for disease progres-
ion, such as those with atrial fibrillation or LV outflow
bstruction at rest. Accordingly, a LA size �48 mm had a
ery large negative predictive value for all-cause mortality
90%) and for death related to heart failure (94%). In the
ubset of patients with LV outflow obstruction at rest, a LA
ize �48 mm showed a particularly strong association with
eath related to heart failure (HR 4.2).

Overall, the present data show that the standard echocar-
iographic measurement of LA diameter is a simple and
owerful predictor of long-term disease progression and
ortality related to heart failure in patients with HC. Con-

ersely, LA dimension showed no association specifically
ith the likelihood of sudden cardiac death.
Of note, most of our 1,491 study patients had a LA

2 independent hypertrophic cardiomyopathy cohorts*

scular Death Heart Failure Related Sudden Death

I) p Value HR (95% CI) p Value HR (95% CI) p Value

5) 0.014 3.1 (1.3–7.2) 0.008 — 0.81

3) 0.003 3.8 (1.1–12.8) 0.034 — 0.22

ding age as a stratification factor (�20, 20 to 39, 40 to 60, and �60 years);
obstruction �30 mm Hg, atrial fibrillation, and NYHA class at initial

tegory for this analysis.
tion in

ardiova

(95% C

(1.1–3.

(1.4–5.

is, inclu
outflow
imension exceeding commonly used reference values
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55% �40 mm).17 Therefore, a modest degree of LA re-
odeling represents a common feature of the HC disease

rocess and cannot be considered, per se, a marker of
ncreased risk. As a consequence, only severe LA dilation
�48 mm) was predictive of outcome in our cohort.

It is noteworthy that the LA dimensions in subgroups of
atients with established clinical predictors of outcome,
uch as severe symptoms (NYHA class III or IV), parox-
smal or chronic atrial fibrillation, and LV outflow obstruc-
ion, averaged 46 to 48 mm. Our findings are consistent with
hose of a recent study reporting a LA diameter �46 mm as
he single echocardiographic variable able to predict out-
ome after surgical myectomy in obstructive HC.18

In the present study, by virtue of a particularly large
atient population and an extended follow-up period, we
ere able to establish LA dimension as a major predictor of
utcome in HC. This concept agrees with previous studies
howing the importance of LA dimension as a clinical
arker of cardiovascular risk in the general population as
ell as in patients with hypertensive heart disease or dilated

ardiomyopathy.19–22 Furthermore, we validated our princi-
al findings in an independent cohort of consecutive pa-
ients with HC from the United States, in which very similar
esults were achieved with regard to the prognostic signif-
cance of marked LA dilation. Therefore, LA dimension
epresents a clinically useful and practical marker with
eneral applicability to different populations of patients
ith HC.
We acknowledge that the large number of operators

nvolved in echocardiographic measurements in this large
ulticenter study represents an unavoidable limitation.
owever, care was taken to standardize measurements of
A and other cardiac dimensions by prospectively provid-

ng detailed technical instructions to all participating cen-
ers. Moreover, the present results are based on a conven-
ional and easily obtained measurement, the anteroposterior
A diameter, which is a customary component of any clin-

cal echocardiographic study. Finally, we believe that the
ubstantial numeric strength of the study cohort (among the
argest ever reported in this disease) offers a large measure
f compensation for this methodologic issue.

Our findings have potential implications for clinical
anagement. Patients with HC with marked LA dilation
ho are potentially at risk for disease progression and

omplications related to heart failure can be followed lon-
itudinally to assess the progression of LA dimension and
nticipate changes in clinical course. This may lead to a
onsideration for the more aggressive management of po-
entially treatable clinical features, such as atrial fibrillation
nd resting (or provoked) outflow tract obstruction.9,18,23,24

n contrast, by virtue of a large negative predictive value,
atients with normal or only mildly enlarged LA dimen-
ions can be cautiously reassured with regard to disease
rogression and heart failure.

We found no relation between LA diameter and the

ccurrence of sudden, unexpected death occurring largely in t
symptomatic or mildly symptomatic patients. Therefore,
hese data do not support LA dilation as a risk factor for
udden death, nor can LA dimensions within normal limits
e used to reassure patients with HC regarding this specific
isk.
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articipating Investigators and Institutions: Gianluigi
icolosi and Rita Piazza, Azienda Ospedaliera S. Maria
egli Angeli, Pordenone, Italy; Giampaolo Chiriatti, Osped-
le della Valdinievole, Pescia, Italy; Margherita Bini and
uciano De Simone, Azienda Ospedaliera Anna Meyer,
irenze, Italy; Luisella Pistis and Maurizio Porcu, Azienda
spedaliera Ospedale Brotzu; Cagliari, Italy; Ettore Lazze-

oni, Azienda Santaria Locale, Parma, Italy; Paolo Bellotti
nd Silvia Varnero, Azienda Sanitaria Locale 2 Savonese,
avona, Italy; Silva Severi and Alberto Cresti, Ospedale di
isericordia, Grosseto, Italy; Stefano Nistri, CMSR Veneto
edica, Altavilla Vicentina, Italy; Paolo Gruppillo, Arcis-

edale S. Anna, Ferrara, Italy; Aldo Sachero and Luciano
eretta, Istituto Villa Marelli ASL 37, Milano, Italy; Gian-

ranco Carnemolla, Ospedale Ascoli Tomaselli, Catania,
taly; Franco Cecchi, Iacopo Olivotto, and Daniela Vargiu,
zienda Ospedaliera Careggi, Firenze, Italy; David Anto-
iucci and Piergiovanni Buonamici, Cardiologia I, Azienda
spedaliera Careggi, Firenze, Italy; Aurelio Sgalambro, Os-
edale Civico, Codogno, Italy; Claudio Dodi, Ospedale
ivile, Guastalla, Italy; Maria Rosa Conte, Ospedale Degli

nfermi di Rivoli, Rivoli, Italy; Enrico Cecchi, Ospedale
aria Vittoria, Torino, Italy; Gianfranco Sinagra, Bruno

inamonti, and Andrea Perkan, Ospedale Maggiore, Trieste,
taly; Piero Dabizzi, Ospedale Misericordia e Dolce, Prato,
taly; Fabio Turazza and Silvio Klugmann, Ospedale Ni-
uarda Ca’ Granda, Milano, Italy; Antonello Gavazzi and
aria G. Valsecchi, Ospedale Riuniti di Bergamo, Ber-

amo, Italy; Elisabetta Zachara, Ospedale S. Camillo,
oma, Italy; Franco Casazza, Ospedale San Carlo Borro-
eo, Milano, Italy; Roberto Gistri, Ospedale Tabarracci,
iareggio, Italy; Giuliano Renosto and Paolo Stritoni, Os-
edale Ca’ Foncello ex Ospedale S. Maria dei Battuti,
reviso, Italy; Alfredo De Nardo, Ospedale Civile G. Iaz-
olino, Vibo Valentia, Italy; Flavio Bologna, Ospedale degli
nfermi, Rimini, Italy; Leonardo Bolognese and Silvia Bal-
assarre, Ospedale San Donato, Arezzo, Italy; Claudio
apezzi and Fabio Coccolo, Policlinico S. Orsola, Bologna,

taly; Paolo Nicola Marino, Policlinico G.B. Rossi, Verona,
taly; Luigi Tavazzi, Eloisa Arbustini, and Roberto Rordorf,
oliclinico S. Matteo, IRCCS, Pavia, Italy; Ines Monte,
oliclinico Universitario, Catania, Italy; Nicola Consoli and
asquale Petrone, Presidio Ospedaliera del Mugello, Borgo
. Lorenzo, Italy; Paolo Chiocchi and Luigi Meniconi, Pre-
idio Ospedaliero, Foligno, Italy; Giacomo Levantesi, Pre-
idio Ospedaliero, Ospedale Civile, di Vasto, Chieti, Italy;
iuseppe Calcaterra, Presidio Ospedaliero dell’Aiuto Ma-
erno, Palermo, Italy; Lucia Palmerini, Presidio Ospedaliero



d
R
t
v

1

1

1

1

1

1

1

1

1

1

2

2

2

2

2

965Cardiomyopathy/LA Size and Outcome in HC
i S. Giovanni Valdarno, Italy; Ketty Savino, Spedali
iuniti, Perugia, Italy; Angelo Alfieri, Spedali Riuniti, Pis-

oia, Italy; Sandro Betocchi and Maria Angela Losi, Uni-
ersità Federico II, Napoli, Italy.

1. Maron BJ. Hypertrophic cardiomyopathy: a systematic review. JAMA
2002;287:1308–1320.

2. Maron BJ, Olivotto I, Spirito P, Casey SA, Bellone P, Gohman TE,
Graham KJ, Burton DA, Cecchi F. Epidemiology of hypertrophic
cardiomyopathy-related death: revisited in a large non-referral-based
patient population. Circulation 2000;102:858–864.

3. Cecchi F, Olivotto I, Montereggi A, Santoro G, Dolara A, Maron BJ.
Hypertrophic cardiomyopathy in Tuscany: clinical course and out-
come in an unselected regional population. J Am Coll Cardiol 1995;
26:1529–1536.

4. Maron BJ, Mathenge R, Casey SA, Poliac LC. Clinical profile of
hypertrophic cardiomyopathy identified de novo in rural communities.
J Am Coll Cardiol 1999;33:1590–1595.

5. Maron BJ, Casey SA, Poliac LC, Gohman TE, Almquist AK, Aeppli
DM. Clinical course of hypertrophic cardiomyopathy in a regional
United States cohort. JAMA 1999;281:650–655.

6. Maron MS, Olivotto I, Betocchi S, Casey SA, Lesser JR, Losi MA,
Cecchi F, Maron BJ. Effect of left ventricular outflow tract obstruction
on clinical outcome in hypertrophic cardiomyopathy. N Engl J Med
2003;348:295–303.

7. Spirito P, Bellone P, Harris KM, Bernabò P, Bruzzi P, Maron BJ.
Magnitude of left ventricular hypertrophy and risk of sudden death in
hypertrophic cardiomyopathy. N Engl J Med 2000;342:1778–1785.

8. Elliot PM, Gimeno Blanes JR, Mahon NG, Poloniecki JD, McKenna
WJ. Relation between severity of left ventricular hypertrophy and
prognosis in patients with hypertrophic cardiomyopathy. Lancet 2001;
357:420–424.

9. Yu EH, Omran AS, Wigle ED, Williams WG, Siu SC, Rakowski H.
Mitral regurgitation in hypertrophic obstructive cardiomyopathy: rela-
tionship to obstruction and relief with myectomy. J Am Coll Cardiol
2000;36:2219–2225.

0. Olivotto I, Cecchi F, Casey SA, Dolara A, Traverse JH, Maron BJ.
Impact of atrial fibrillation on the clinical course of hypertrophic
cardiomyopathy. Circulation 2001;104:2517–2524.

1. Douglas PS. The left atrium. A biomarker of chronic diastolic dys-
function and cardiovascular disease risk. J Am Coll Cardiol 2003;42:
1206–1207.

2. Cecchi F, Olivotto I, Betocchi S, Rapezzi C, Betocchi S, Conte MG,
Sinagra G, Zachara E, Gavazzi A, Rordorf R, et al. The Italian registry
for hypertrophic cardiomyopathy: a nationwide survey. Am Heart J
2005;150:947–954.

3. Maron BJ, McKenna W, Danielson GK, Kappenberger LJ, Kuhn HJ,

Seidmann CE, Shah PM, Spencer WH III, Spirito P, Ten Cate FJ,
Wigle ED. ACC/ESC clinical expert consensus document on
hypertrophic cardiomyopathy: a report of the American College of
Cardiology Task Force on Clinical Expert Consensus Documents and
the European Society of Cardiology Committee for Practice Guide-
lines (Committee to Develop an Expert Consensus Document on
Hypertrophic Cardiomyopathy). J Am Coll Cardiol 2003;42:1687–
1713.

4. Singh JP, Evans JC, Levy D, Larson MG, Freed LA, Fuller DL,
Lehman B, Benjamin EJ. Prevalence and clinical determinants of
mitral, tricuspid and aortic regurgitation (the Framingham Heart
Study). Am J Cardiol 1999;83:897–902.

5. Sahn DJ, DeMaria A, Kisslo J, Weyman A. Recommendations regard-
ing quantitation in M-mode echocardiography: results of a survey of
echocardiographic measurements. Circulation 1978;58:1072–1083.

6. Maron BJ, Gottdiener JS, Epstein SE. Patterns and significance of
distribution of left ventricular hypertrophy in hypertrophic cardiomy-
opathy: a wide angle, two-dimensional echocardiographic study of 125
patients. Am J Cardiol 1981;48:418–428.

7. Vasan RS, Levy D, Larson MG, Benjamin EJ. Interpretation of echo-
cardiographic measurements: a call for standardization. Am Heart J
2000;139:412–422.

8. Woo A, Williams WG, Choi R, Wigle D, Rozenblyum E, Fedwick K,
Siu S, Ralph-Edwards A, Rakowski H. Clinical and echocardio-
graphic determinants of long-term survival after surgical myectomy
in obstructive hypertrophic cardiomyopathy. Circulation 2005;111:
2033–2041.

9. Benjamin EJ, D’Agostino RB, Belanger AJ, Wolf PA, Levy D. Left
atrial size and the risk of stroke and death. The Framingham Heart
Study. Circulation 1995;92:835–841.

0. Modena MG, Muia N, Sgura FA, Molinari R, Castella A, Rossi R. Left
atrial size is the major predictor of cardiac death and overall clinical
outcome in patients with dilated cardiomyopathy: a long-term follow
up study. Clin Cardiol 1997;20:553–560.

1. Gardin JM, McClelland R, Kitzman D, Lima JA, Bommer W,
Klopfenstein HS, Wong ND, Smith VE, Gottdiener J. M-mode echo-
cardiographic predictors of six- to seven-year incidence of coronary
heart disease, stroke, congestive heart failure, and mortality in an
elderly cohort: the Cardiovascular Health Study. Am J Cardiol 2001;
87:1051–1057.

2. Kizer JR, Bella JN, Palmieri V, Liu JE, Best LG, LEE ET, Roman MJ,
Bevereux RB. Left atrial diameter as an independent predictor of first
clinical cardiovascular events in middle-aged and elderly adults: the
Strong Heart Study (SHS). Am Heart J 2006;151:412–418.

3. Olivotto I, Maron BJ, Cecchi F. Clinical significance of atrial fibril-
lation in hypertrophic cardiomyopathy. Curr Cardiol Rep 2001;3:141–
146.

4. Wigle ED, Rakowski H, Kimball BP, Williams WG. Hypertrophic
cardiomyopathy. Clinical spectrum and treatment. Circulation 1995;

92:1680–1692.


	Prognostic Significance of Left Atrial Size in Patients With Hypertrophic Cardiomyopathy (from the Italian Registry for Hypertrophic Cardiomyopathy)
	Methods
	The Italian Registry for Hypertrophic Cardiomyopathy
	Diagnosis of HC and patient selection
	Study end points
	Echocardiography
	Statistical analysis
	Validation of study results on an independent cohort

	Results
	Baseline echocardiographic features
	Outcomes
	Relation of LA size to outcome
	Validation analysis in an independent cohort

	Discussion
	Appendix
	Participating Investigators and Institutions

	References


