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Abstract Pediatric patients with hypertrophic cardiomy-

opathy (HCM) and restrictive physiology (RP) with poor

outcomes have been identified, but data on their course are

limited. Our goal was to delineate the clinical features and

course of children with HCM and RP. An institutional

review of 119 patients identified between 1985 and 2010

with the diagnosis of HCM was performed. The diagnosis

of RP was based on[1 echocardiogram along with at least

one of the following: left atrial enlargement without evi-

dence of left ventricle dilation, E/E0 ratio C 10, and E/A

ratio C 3. Outcomes analysis was performed using Cox or

Poisson regression when appropriate. RP was present in 50

(42%) patients. In patients without RP, 10-year freedom-

from-death or aborted sudden cardiac death (aSCD), and

death or heart transplant (HT), were 93.6 and 98.5%,

respectively. In patients with RP, 10-year freedom-from-

death or aSCD, and death or HT, were 59.0 and 71.2%,

respectively. RP conferred a 3.5-fold increase in incidence

rate of hospitalization (P = 0.01), a 3.8-fold increase in

hazard of death or aSCD (P = 0.02), and a 5.7-fold

increase in hazard of death or HT (P = 0.04). Assessment

for RP is of paramount importance in children with HCM

because those without RP have a good prognosis, and those

with RP account for the majority of poor outcomes.
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Introduction

The prevalence of hypertrophic cardiomyopathy (HCM) in

the general population is approximately 1/500 individuals.

HCM affects approximately 600,000 people in the United

States and is the leading cause of death in young athletes in

the United States [18, 21]. Compared with those diagnosed

as adults, children and adolescents diagnosed with HCM

appear to have more rapidly progressive hypertrophy and

different modes of death [22, 23, 35]. A recent study in

children with HCM found heart failure deaths to be at least

as common as sudden deaths [10]. Risk factors for poor

outcomes in children with HCM have included extreme

left-ventricular hypertrophy (LVH) and abnormal blood-

pressure (BP) response to exercise [10]. Abnormal dias-

tology has also been shown to be an independent predictor

of death or heart transplant (HT) [25]. A subgroup of

pediatric patients with HCM and restrictive physiology

(RP) with worse outcomes has been identified, but data on

their clinical course are limited [6]. The purpose of this

study was to delineate the clinical features and course of

children with HCM and RP.
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Methods

Study Patients

A retrospective review of patients identified between Jan-

uary 1, 1985, and January 1, 2010, with the diagnosis of

HCM̄including patients reported in a previous study [10]

and patients enrolled from our institution in the National

Institutes of Health-supported PCMR (Pediatric Cardio-

myopathy Registry) database [9]̄was performed through

our institutional database. Criteria for inclusion in the study

were age B18 years old at the time of diagnosis and

echocardiographic evidence of HCM. HCM was defined as

either concentric left-ventricular hypertrophy or asym-

metric septal hypertrophy (defined as an interventricular

septum [IVS] thickness or left-ventricular free wall

(LVFW) thickness z-score C 2) on echocardiogram with-

out a possible secondary cause. Patients initially thought to

have HCM and ultimately found to have another source of

myocardial hypertrophy and those seen at our institution

once and followed-up elsewhere were excluded. Demo-

graphic data, including age, sex, weight, history of any

arrhythmia, history of ventricular arrhythmia, symptoms at

the time of diagnosis of HCM, comorbid conditions, and

associated cardiac anomalies, were recorded. Clinical end

points included hospitalization for a cardiac cause, aborted

sudden cardiac death (aSCD) since presentation, HT, and

death. This study was approved by the Baylor College of

Medicine Institutional Review Board. Individual consent

was waived.

Management Algorithm

Patients were treated according to a previously published

management algorithm [10]. Briefly, on diagnosis with

HCM, patients were managed with beta blockade medi-

cation and exercise restriction. Additional medication,

myectomy, and cardiac catheterization were reserved for

patients with left-ventricular outflow tract obstruction

(LVOTO) and refractory symptoms. Cardiac catheteriza-

tion was also performed on patients with evidence of pul-

monary hypertension or RP on echocardiogram and

refractory symptoms. Patients with evidence of ventricular

tachycardia, unexplained syncope, and/or aSCD underwent

internal cardiac defibrillator (ICD) placement. Criteria used

to list patients for HT included severe systolic or diastolic

dysfunction with intractable heart failure symptoms and/or

significant pulmonary hypertension.

Echocardiography

The relation between the E/A ratio and invasive hemody-

namic parameters has been well established [1, 2, 7, 8, 33].

Preload dependence and psuedonormalization of the E/A

ratio are well described phenomena and underscore the

need for further measurements of diastolic function,

including left atrial size and E/E0 ratio [4, 8, 27].

All echocardiogram reports of patients included in the

study were reviewed. All studies were read by a pediatric

echocardiographer at our institution. The left-ventricular

shortening fraction (LVSF), peak resting gradient across

the left-ventricular outflow tract (LVOT), tissue Doppler

indices (TDIs), transmitral E/transmitral A (E/A) ratio,

transmitral E/lateral mitral E0 (E/E0) ratio, transmitral

E/septal E0 (septal E/E0) ratio, IVS z-score, LVFW z-score,

and the presence and severity of left atrial enlargement

(LAE) were recorded when available for the initial echo-

cardiogram, the final echocardiogram, and all echocardio-

grams that demonstrated RP. If the E/A, mitral E/E0, and/or

septal E/E0 ratios were not available in the echocardiogram

report, the echocardiogram images were reviewed when

available. In the absence of E/A, mitral E/E0, and septal

E/E0 ratios, LAE was used as a surrogate for RP. Assess-

ment of left atrial size was based on imaging from the

parasternal long, parasternal short-axis, and four-chamber

views. Due to the retrospective nature and prolonged study

period, estimation of left atrial size was largely qualitative;

therefore, only patients with multiple studies with consis-

tent readings of LAE were included in the LAE group. To

test the reliability of echocardiogram reports of left atrial

size, 50 echocardiogram images available for review were

graded by a single blinded observer for assessment of left

atrial size. On review of available studies, LAE was based

on left atrium–to–aortic root ratio C1.5:1, a threshold ini-

tially used to assess the presence or absence of a patent

ductus arteriosus and used later by Russo and Webber in a

pediatric study of restrictive cardiomyopathy [5, 14, 17,

30]. LAE was then further qualitatively categorized as

mild, moderate, or severe, with the category of ‘‘severe

enlargement’’ reserved for those cases that were the size of

the left ventricle. The final echocardiogram was defined as

the last echocardiogram before death, HT, or the end of the

study. The diagnosis of RP was based on [1 echocardio-

gram with one or more of the following criteria: LAE

without mitral regurgitation greater than mild or evidence

of LV dilation (left-ventricular end diastolic dimension

[LVEDD] z-score C 2), mitral E/E0 ratio C 10, and E/A

ratio C 3.

Catheterization

All available catheterization reports of patients who were

included in the study were reviewed. All available hemo-

dynamic information̄including pulmonary capillary wedge

pressure (PCWP), left atrial pressure (LAP), left-ventricu-

lar end diastolic pressure (LVEDP), systolic pulmonary
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arterial (PA) pressure, and pulmonary vascular resistance

index (PVRI)̄was recorded. Patients were classified as

having hemodynamic parameters consistent with RP if

LVEDP was C15. If an LVEDP was unavailable, PCWP or

direct LAP was substituted.

Exercise Testing

Exercise testing was performed on a Marquette pediatric

treadmill (Marquette Electronics, Milwaukee, WI) using a

standard or modified Bruce protocol. Blood-pressure

measurements were recorded with a manual sphygmoma-

nometer in an upper extremity during testing. An abnormal

BP response to exercise was defined as either a hypotensive

response or a minimal increase in the systolic BP to

increased workload compared with baseline (\20 mmHg).

Continuous electrocardiograms were recorded in all cases.

Peak oxygen consumption was measured when possible.

Statistical Analysis

Patient characteristics are expressed as number (%) for

categorical variables, means ± SDs, or median with

interquartile range (IQR) for continuous variables. The

following clinical end points were studied: hospitalization,

aSCD, HT, and death. Continuous variables assumed to

follow a normal distribution were compared using paired

Student t and Mann–Whitney U tests when variables were

not assumed to follow a normal distribution. Categorical

variables were compared using Chi-square test. Univariate

time-dependent analysis was performed with log-rank

analysis of Kaplan–Meier curves. Multivariable time-

dependent analysis was performed using Cox or Poisson

regression when appropriate. Covariates entered into the

multivariate analysis included sex, age at presentation,

symptoms at presentation, IVS z-score, family history of

HCM, and presence of RP. In secondary analyses of indi-

vidual measure of RP, only one measure (LA size, mitral

E/E0[ 10, or septal E/E0[ 13) was entered into the model

because these were found to be highly correlated. Results

of Cox regression analysis are expressed as hazard ratios

(HRs) with 95% CIs, and results of Poisson regression are

expressed as incidence rate ratios (IRRs). Receiver opera-

tor characteristic (ROC) curves were used to determine

optimal cut-off points for mitral and septal E/E0 ratios. To

rate the degree of agreement between a single blinded

observer and the final echocardiogram report when

assessing LAE, Cohen’s kappa coefficient was used, and

P B 0.05 was deemed statistically significant. All data

analysis was performed using SPSS software version 18.0

(SPSS, Chicago, IL).

Results

A total of 402 patients were diagnosed with possible

hypertrophic cardiomyopathy between January 1, 1985,

and January 1, 2010. There were 48 patients excluded due

to follow-up at other institutions: 42 were one-time refer-

rals for a second opinion; 5 were followed-up at other

institutions after the initial diagnosis; and 1 was diagnosed

within the last year of the study. There were 27 patients

excluded due to diseases that cause increased afterload on

the heart (systemic hypertension, aortic coarctation, or

aortic valve stenosis). There were 113 patients excluded for

possible metabolic or syndromic causes of secondary car-

diac hypertrophy. There were 74 patients who were ini-

tially thought to have possible HCM but who were

ultimately found to have resolution of their hypertrophy or

a different cardiomyopathy. There was no echocardiogram

report or insufficient information in the echocardiogram

report in 31 patients. Some patients met [1 exclusion

criteria. A total of 119 patients met inclusion criteria for

isolated HCM and were followed-up for at least 1 year at

our institution, or died, or underwent HT within 1 year of

diagnosis (Fig. 1). The median follow-up time for the

Fig. 1 Diagnosis of RP. This

flow chart describes the manner

in which diagnosis of RP was

made. *Patients without

available Doppler data

Pediatr Cardiol (2012) 33:141–149 143

123



entire cohort was 4.4 years (IQR 2.1–6.6), with a maxi-

mum follow-up time of 18.9 years. Table 1 lists the char-

acteristics of patients at diagnosis.

There were 26 patients (22%) hospitalized for a cardiac

indication at least once during the follow-up period. The

median and maximum numbers of hospitalizations were 1

and 3, respectively. Myectomy was performed in 4

patients; 9 patients had aSCD (3 at the time of diagnosis

with HCM and 6 during the study period); 6 patients were

listed for HT; 3 patients underwent HT; and 7 patients died.

The cause of death was not available for 4 patients who

died at home, 1 of whom died while listed for HT. Death

occurred in 2 patients after devastating cerebrovascular

accidents, and 1 patient died in the hospital after a cardiac

arrest due to ventricular tachycardia. Neither age at pre-

sentation with HCM or diagnosis of HCM at age \ 1 year

were associated with death, transplant, or aSCD. Of 15

patients who presented with HCM at age \ 1 year, 2 died

at 7 and 95 days after presentation, respectively.

Symptoms at Presentation

Symptoms at the time of presentation with HCM were

present in 31 (26%) patients and included C 1 of the fol-

lowing: aSCD (n = 3 [2.5%]), syncope (n = 5 [4.2%]),

respiratory distress (n = 7 [5.9%]), chest pain (n = 11

[9.2%]), dizziness (n = 5 [4.2%]), exercise intolerance

(n = 4 [3.4%]) and palpitations/tachycardia (n = 5

[4.2%]). Symptoms at the time of presentation were asso-

ciated with death or aSCD and death or HT regardless of

the presence or absence of RP. Table 2 lists the results of

time dependent multivariable analysis.

No Evidence of Restrictive Physiology

There was no evidence of RP in 69 (58%) patients. In 1

case, a patient with no evidence of RP who presented with

Table 1 Patient characteristics

at diagnosis of HCM

FH family history, VO2 oxygen

consumption

Characteristics No RP

(n = 69)

RP

(n = 50)

P

Median (IQR) age at diagnosis (year) 12.7 (6.9–14.8) 9.9 (5.2–13.4) 0.06

Age of presentation \1 year (%) 8 (12) 7 (14) 0.45

Male (%) 54 (79) 31 (62) 0.04

Symptoms at presentation (%) 17 (25) 14 (28) 0.68

FH of HCM (%) 23 (34) 23 (46) 0.26

Any arrhythmia (%) 9 (13) 9 (18) 0.61

Ventricular arrhythmia (%) 2 (3) 8 (16) 0.02

IVS z-score 4.3 ± 3.4 5.2 ± 3.0 0.18

LVFW z-score 2.0 ± 2.2 2.3 ± 2.9 0.65

LVSF (%) 45 ± 8.8 48 ± 8.8 0.18

LVEDD z-score -1.9 ± 1.9 -2.2 ± 1.6 0.32

LVOT gradient (mmHg) 42 ± 46 60 ± 46 0.20

Peak VO2 (ml/m2/min) (n = 55) 36.6 ± 14.2 29.8 ± 10.3 0.04

Abnormal BP response (%) (n = 64) 14/35 (40) 21/29 (72) 0.01

Table 2 Multivariate analysis of outcomes

Risk Factor Hazard ratio

(95% CI)

P

Hospitalization

History of arrhythmia 4.3 (1.8–10) 0.001

RP 2.8 (1.3–6.1) 0.012

Left atrial enlargement 2.2 (1.1–4.7) 0.04

Age at presentation (year) 0.99 (0.90–1.1) 0.78

Symptoms at presentation 1.7 (0.80–3.6) 0.17

Septal wall thickness z-score 0.96 (0.87–1.1) 0.41

Death or aSCD

RP 6.13 (1.5–25) 0.012

RP on presentation 9.0 (1.1–76.9) 0.049

Left atrial enlargement 3.4 (1.1–11.2) 0.038

Age at presentation (year) 0.91 (0.80–1.0) 0.14

Symptoms at presentation 9.6 (2.4–38) 0.001

Septal wall thickness z-score 1.1 (0.92–1.3) 0.37

Mitral E/E0 ratio C 10 (n = 79) 14 (1.2–167) 0.03

Septal E/E0 ratio C 13 (n = 71) 13 (1.1–143) 0.04

Death or HT

RP 5.7 (1.05–31) 0.04

RP on presentation 22 (1.05–500) 0.04

Left atrial enlargement 5.6 (1.1–29) 0.04

Age at presentation (year) 0.93 (0.80–1.1) 0.37

Symptoms at presentation 8.0 (1.66–38) 0.009

Septal wall thickness z-score 0.98 (0.82–1.15) 0.98
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severe systolic dysfunction, died 3 months after presenta-

tion. No patients without evidence of RP were listed for

HT. aSCD occurred in 3 patients without evidence of RP.

One case occurred on presentation, and the remaining 2

cases occurred at 1 and 1.9 years after diagnosis with

HCM, respectively. In patients without evidence of RP,

freedom from death or aSCD was 93.6% (Fig. 2) and

freedom from death or HT was 98.5% (Fig. 3) at 10 years

after diagnosis of HCM. RP had a negative predictive value

of 98% for predicting death or HT. The absence of RP

predicted a markedly lower likelihood of death or HT. In

patients with no evidence of RP, the mean IVS z-score was

4.3 ± 3.4 on initial echocardiogram and 4.7 ± 4.9 on final

echocardiogram (P = 0.3).

Restrictive Physiology

RP was diagnosed in 50 (42%) patients during the entire

time course of the study. The initial echocardiogram was

available in 38 (76%) of the patients diagnosed with RP.

RP was present on the initial echocardiogram in 18 (47%)

patients. The remaining 20 patients (53%) developed RP at

a median of 2.3 years (IQR 0.74–3.3) after diagnosis with

HCM. The method for diagnosis of RP is depicted in

Fig. 1. In 38 of the 43 patients with LAE, the severity of

LAE was specified. Of these, 4 (11%) had severe LAE, 15

(39%) had moderate LAE, and 19 (50%) had mild LAE. Of

the 19 patients with mild LAE, 8 had no other evidence of

RP. These 8 patients did not experience death, HT, or

aSCD during the follow-up period. Of the 11 patients with

mild LAE and other evidence of RP, 2 experienced aSCD

and 1 died during the follow-up period. The kappa statistic

to measure agreement between the echocardiogram report

of LAE and a single blinded observer was 0.69.

Patients with RP were statistically more likely to be

female, have a history of ventricular arrhythmia, and have

an abnormal BP response to exercise compared with

patients with no evidence of RP (Table 1). Their final

echocardiograms had statistically greater IVS and LVFW

z-scores compared with patients having no evidence of RP

(Table 3). In patients with RP, the mean IVS z-score was

5.2 ± 3.0 on initial echocardiogram and 6.8 ± 4.4 on final

echocardiogram (P = 0.03).

Of the 50 patients diagnosed with RP, 6 were listed for

HT at a median of 5.2 years (IQR 3.7–8.5) after diagnosis

with HCM; 3 underwent HT at 2.4, 3.3, and 8.4 years,

respectively, and 2 patients were waiting on the HT list.

Death occurred in 6 (12%) patients at a median of

0.15 years (IQR 0.06–4.7) after diagnosis of HCM, 1 of

whom was on the HT list. At 10 years after diagnosis of

HCM, freedom from death or aSCD was 59.0% (Fig. 2)

and freedom from death or HT was 71.2% in patients with

Fig. 2 Death or aSCD. This Kaplan–Meier curve demonstrates that

patients with RP diagnosed on either catheterization or echocardio-

gram were more likely to experience death or aSCD

Fig. 3 Death or HT. This Kaplan–Meier curve demonstrates that

patients with RP diagnosed on either catheterization or echocardio-

gram were more likely to experience death or HT

Table 3 Final echocardiogram

No RP

(n = 69)

RP

(n = 50)

P

IVS z-score 4.8 ± 4.7 6.8 ± 4.7 0.03

FW z-score 1.9 ± 2.3 2.9 ± 2.7 0.05

LV shortening fraction (%) 46 ± 6.6 45 ± 10.4 0.66

LVEDD z-score -1.9 ± 1.5 -2.0 ± 2.0 0.68

LVOT gradient (mmHg) 38 ± 44 50 ± 50 0.41

Pediatr Cardiol (2012) 33:141–149 145

123



RP (Fig. 3). RP had a positive predictive value of 17% for

predicting death or HT.

Cox regression analysis demonstrated that RP was

associated with hospitalization, death or aSCD, and death

or HT. LAE on echocardiogram was also associated with

hospitalization, death or aSCD, and death or HT. Com-

pared with patients who developed evidence of RP, patients

who presented with RP were more likely to experience

death or aSCD and experience death or HT (Table 2).

Mitral E/E0 ratios were available for review in 79

patients (66%), and septal E/E0 ratios were available in 71

patients (60%). Multivariable Cox regression analysis

demonstrated that when analyzed as a continuous variable,

mitral E/E0 ratio was associated with death or transplant

and death or aSCD. Although the septal E/E0 ratio was

associated with death or transplant, the association with

death or aSCD did not reach statistical significance. When

analyzed as binary variables, mitral E/E0 C 10 and septal

E/E0 C 13 were associated with death or aSCD (Table 2).

Catheterization Data

Cardiac catheterization was performed in 17 (14%)

patients. The indication for cardiac catheterization included

one or more of the following: ICD placement (5 patients),

LVOTO (5 patients), RP on echocardiogram (3 patients),

heart failure symptoms with preserved systolic function (2

patients), family history of RP (2 patients), electrophysi-

ology study (2 patients), transplant evaluation (1 patient),

and dual-chamber pacemaker placement for atrioventricu-

lar block (1 patient). Hemodynamic parameters consistent

with RP were present in 11 of 17 (65%) patients. Of these,

5 (45%) were listed for HT at a median of 6.0 years (IQR

4.3–8.7); 2 (18%) underwent HT at 8.4 and 2.4 years,

respectively; and 3 (27%) died at 8 days, 73 days, and

4.8 years after diagnosis with HCM, respectively. One

additional patient was listed for and underwent HT

3.3 years after diagnosis. That patient had electrocardio-

graphic evidence of ischemia on rapid atrial pacing but did

not have hemodynamic parameters listed in the catheteri-

zation report, although severe diastolic dysfunction was

described. There were 6 patients with hemodynamic

parameters consistent with RP not listed for transplant. Of

these, 2 patients died at 2 weeks and 5 months after diag-

nosis, respectively. One patient was lost to follow-up at

1.5 years after catheterization, and 3 patients were transi-

tioned to other institutions on reaching adulthood at 1.9,

1.9, and 5.6 years after catheterization, respectively.

Correlation Between Echocardiogram

and Catheterization Data

Of the 17 patients who underwent catheterization, 13 had

evidence of RP by echocardiogram, and 4 did not. Of the

11 patients with hemodynamic parameters consistent with

RP, 10 had previous echocardiographic evidence of RP.

The patients with no evidence of RP by echocardiogram

had lower PCWP and PVR compared with those having

evidence of RP (Table 4). Twelve patients had LAE by

echocardiogram, and 5 did not. The patients with no evi-

dence of LAE by echocardiogram had lower PCWP and

PVR compared with those having evidence of LAE

(Table 4).

Discussion

Our study demonstrates that in children with HCM, evi-

dence of RP is independently associated with poor out-

comes. Evidence of RP was independently associated with

hospitalization, death or aSCD, and death or HT. Con-

versely, patients with HCM and no evidence of RP have an

excellent prognosis. Previously identified risk factors for

sudden death in patients with HCM have included younger

Table 4 Correlation between

RP, left atrial enlargement, and

other markers of diastolic

dysfunction

RP No RP P

PCWP 22 ± 7 (n = 13) 13 ± 3 (n = 4) \0.01

PVRI 4.5 ± 3.2 (n = 12) 1.7 ± 0.6 (n = 4) 0.01

Mitral E/A 1.7 ± 0.73 (n = 28) 1.9 ± 0.52 (n = 40) 0.30

Mitral E/E0 11.9 ± 4.4 (n = 36) 6.3 ± 2.3 (n = 43) \0.01

Septal E/E0 17.2 ± 12.0 (n = 36) 9.9 ± 5.3 (n = 35) \0.01

LAE No LAE P

PCWP 22 ± 7 (n = 12) 13 ± 3 (n = 5) \0.01

PVRI 4.7 ± 3.1 (n = 12) 1.6 ± 0.6 (n = 5) 0.01

Mitral E/A 1.6 ± 0.63 (n = 21) 1.9 ± 0.58 (n = 47) 0.02

Mitral E/E0 11.1 ± 4.7 (n = 28) 7.6 ± 3.7 (n = 51) \0.01

Septal E/E0 17.0 ± 13.3 (n = 27) 11.4 ± 6.4 (n = 44) 0.02
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age at diagnosis, family history of HCM, syncope, massive

LVH, abnormal BP response to exercise, and previous

history of ventricular arrhythmias [10, 12, 13, 18, 20, 22,

29, 31, 32]. The current study found that patients with RP

have a greater incidence of ventricular arrhythmias, a

greater incidence of abnormal BP response, and greater

IVS and LVFW z-scores. This suggests that previously

identified risk factors may be surrogates for this high-risk

subgroup of patients.

Echocardiographic Indicators of RP

In the past, assessment of risk for death in HCM has

focused on classic adult risk factors [18]. More recently

attention has focused on echocardiographic measures of

diastolic dysfunction, primarily in adults [3, 11, 24].

However, in 2004, McMahon et al. published a series of 80

children with HCM and age-matched controls. In that

series, children with HCM were found to have lower early

diastolic tissue Doppler velocities than age- and sex-mat-

ched controls. More importantly, greater septal E/E0 ratio

predicted children at risk for death, ventricular tachycardia,

or cardiac arrest [25]. The current study expands on the

previous study by demonstrating cut-off points for mitral

and septal E/E0 ratios and correlates with catheterization

data. In a 2007 series of 96 Greek adult patients with HCM,

Efthmiadis et al. [11] reported a powerful effect of septal

E/E0 ratio in adults with HCM. In that series, no patient

with a septal E/E0 ratio \15 had an adverse clinical out-

come, whereas our cohort demonstrated cut-off points of

10 for mitral E/E0 and 13 for septal E/E0. In 2009, Biagini

et al. published a series of 239 adult patients with HCM

and found that RP, as assessed by mitral valve inflow, was

associated with both SCD and heart failure-related death

[3]. In our study, there was no difference in the average

mitral E/A ratio between patients with and without RP. In

fact, those with LAE had lower E/A ratios than those

without LAE (Table 4). All patients with E/A ratio C 3

had additional echocardiographic evidence of RP, whereas

many patients with RP had an E/A ratio \ 3. This is most

likely due to pseudonormalization of the E/A ratio in the

RP group. A study by Menon et al. demonstrated the

association between left atrial size and other measures of

abnormal diastology in children with HCM [26]. They also

found that left atrial size correlates with symptoms and

decreased exercise capacity. Only recently have normative

values for left atrial volume in children been published

[34]. Left atrial size in adults correlates with decreased

exercise capacity and symptomatic heart failure [16, 28].

These studies suggest that those with worse diastolic dys-

function are at greater risk. Our study is the first to dem-

onstrate that the worst end of the diastolic dysfunction

spectrum, RP, is associated with ventricular tachycardia,

abnormal BP response to exercise, and degree of septal

hypertrophy; all commonly associated risk factors in HCM.

Furthermore, our study demonstrates the importance of

LAE in risk stratification of children with HCM. In those

patients who underwent cardiac catheterization, LAE by

echocardiogram was associated with greater PCWP and

PVR, which are other markers of RP. Because normative

values for left atrial volume have now been defined, further

study of the impact of left atrial volume on long-term

outcomes in children with HCM is warranted.

Progression of Disease

In primarily adult patients with HCM reported from non-

tertiary referral centers, life expectancy is relatively nor-

mal, and the disease is generally not progressive [20]. Our

study also demonstrates an excellent prognosis in children

with HCM who do not have RP, even though our center is a

tertiary referral center. In adults, LV thickness is largely

stable and does not progress [12, 19, 32]. In our cohort,

children with RP demonstrated progressive IVS hypertro-

phy. Furthermore, approximately half of the patients with

RP developed it during the follow-up period. Our data

suggest that children and adolescents who present with

symptoms or signs of RP are at highest risk; however, at

least some of the remainder are still at risk of developing

RP and falling into the greater-risk subgroup. Identifying

these patients is of utmost importance.

Despite the increased risk in patients with RP, they

continue to have a relatively low rate of death and/or HT.

International Society for Heart and Lung Transplantation

registry data indicate that during the current era, the

10-year pediatric heart transplant survival is likely [60%,

which is comparable with the 71% 10-year freedom from

death and/or transplant in patients with HCM and RP in our

study [15]. Patients with consistent evidence of RP on

echocardiogram and symptoms should undergo hemody-

namic assessment by cardiac catheterization. Referral of

these patients for HT should be made on a careful case-by-

case basis.

Study Limitations

A main limitation to this study is its retrospective nature.

Echocardiogram readers could not be blinded to the pres-

ence of disease. However, long-term outcomes were not

known at the time of observation. During the study period,

left atrial size in our center was measured subjectively.

Therefore, at least two echocardiograms with evidence of

RP were necessary for inclusion in the RP group. In

addition, the echocardiogram reports had satisfactory

agreement with a single blinded observer in measuring

LAE. Although currently the most commonly used and
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validated measure of assessing for LAE involves measur-

ing left atrial volumes, this was not possible in the majority

of our patients because a two-chamber view had not con-

sistently been obtained. Because the study period spanned

26 years, the frequency with which mitral inflow velocities

and TDIs were measured increased throughout the study

period. Those patients who did not have mitral E/A or E/E0

ratios measured, and who had normal left atrial size on

echocardiogram, were placed in the category of patients

without RP. There is evidence that LAE in patients with

HCM correlates with other measures of diastolic dysfunc-

tion [26]. This may bias the study toward overstating the

importance of RP. Because the presence of RP is one

component of the evaluation for HT in patients with HCM

at our center, the use of HT as an end point may cause

some selection bias. However, the number of patient

actually listed for HT was relatively low. Finally, because

our institution is a teritary center, there may have been a

referral bias, skewing our patients toward those with more

severe disease. However, the excellent long-term outcomes

in the patients without evidence of RP suggest this is not

the case.
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