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Abstract The aim of the study is to determine the utility of

echocardiography in the assessment of diastolic function in

children and young adults with restrictive cardiomyopathy

(RCM). RCM is a rare disease with high mortality

requiring frequent surveillance. Accurate, noninvasive

echocardiographic measures of diastolic function may

reduce the need for invasive catheterization. Single-center,

prospective, observational study of pediatric and young

adult RCM patients undergoing assessment of diastolic

parameters by simultaneous transthoracic echocardiogram

(TTE) and invasive catheterization. Twenty-one studies in

15 subjects [median (IQR) = 13.8 years (7.0–19.2), 60%

female] were acquired with median left ventricular end-

diastolic pressure (LVEDP) 21 (IQR 18–25) mmHg. TTE

parameters of diastolic function, including pulmonary vein

A wave duration (rs = 0.79) and indexed left atrial volume

(rs = 0.49), demonstrated significant positive correlation,

while mitral valve A (rs = -0.44), lateral e0 (rs = -0.61)

and lateral a0 (rs = -0.61) velocities showed significant

negative correlation with LVEDP. Lateral a0 velocity

(B0.042 m/s) and pulmonary vein A wave duration

(C156 m/s) both had sensitivity and specificity C80% for

LVEDP C 20 mmHg. In pediatric and young adult patients

with RCM, lateral a0 velocity and pulmonary vein A wave

duration predicted elevated LVEDP with high sensitivity

and specificity; however, due to technical limitations the

latter was reliably measured in 12/21 patients. These

noninvasive parameters may have utility in identifying

patients that require further assessment with invasive test-

ing. These findings require validation in a multicenter

prospective cohort prior to widespread clinical

implementation.
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Abbreviations

IQR Interquartile range

LVEDP Left ventricular end-diastolic pressure

RCM Restrictive cardiomyopathy

ROC Receiver operating characteristic

RVEDP Right ventricular end-diastolic pressure

TTE Transthoracic echocardiogram

Introduction

Restrictive cardiomyopathy (RCM) is a rare and frequently

fatal disease, representing 2–5% of all cardiomyopathy

cases. Unlike other cardiomyopathies, diagnosis relies on

functional classification as opposed to anatomic or mor-

phological features [1, 2]. In the majority of cases, RCM

has no identifiable cause, and the range of potentially
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identifiable etiologies is broad. Primary amyloidosis has

been recognized as a cause of RCM, along with other

systemic diseases, while environmental exposures such as

radiation therapy and chemotherapy have also been

implicated. The genetics of RCM are only starting to be

investigated, and there can be clinical overlap with other

types of cardiomyopathy, including hypertrophic car-

diomyopathy [1].

Because the diagnostic criteria for RCM are functional

or physiologic in nature, care decisions often focus on

longitudinal changes in invasive measures of function.

Systolic performance, as measured by conventional

transthoracic echocardiography (TTE) indices such as

ejection fraction, is generally preserved throughout the

disease course. Diastolic function, on the other hand,

deteriorates progressively and often rapidly as a hallmark

of the diagnosis [1]. Unlike assessment of systolic function,

diastolic function is more difficult to assess noninvasively

and has limited evidence validating its role in most pedi-

atric disease states.

Cardiac catheterization and TTE are two important tools

in the diagnosis and monitoring of diastolic function in

patients with RCM. Given the need for serial assessment of

diastolic function in this patient population, a reliable

noninvasive approach to evaluation would reduce patient

burden while providing valid data to monitor disease pro-

gression. Although cardiac catheterization is the gold

standard for determination of diastolic parameters, TTE is

the preferred method for serial assessment of adult RCM

patients given its noninvasive nature [3–9]. Importantly,

RCM pathophysiology observed in adult-onset disease may

not be characteristic of pediatric and adolescent disease, as

the etiologies of myocardial disease may differ between

these groups [10–12]. In this prospective study, we sought

to characterize the relationship between invasive and TTE-

derived noninvasive measures of diastolic function in

pediatric and young adult patients with RCM.

Methods

Patient Enrollment

This was a single-center, prospective, observational study

of pediatric and young adult patients with RCM enrolled

from August 2012 to May 2014. Eligible patients were

those previously diagnosed with genetically determined or

familial RCM and followed in a specialty cardiomyopathy

clinic at Cincinnati Children’s Hospital Medical Center.

Patients referred for clinically indicated hemodynamic

catheterization were approached for study enrollment, and

parents and/or patients provided written informed consent

and/or assent, depending on the age of the patient. The

Cincinnati Children’s Hospital Medical Center Institutional

Review Board approved this study.

Echocardiography and Cardiac Catheterization

Enrolled subjects underwent routine invasive assessment

with cardiac catheterization and simultaneous TTE, per-

formed immediately following acquisition of the invasive

hemodynamic data. Care was taken not to alter the steady-

state conditions between invasive and noninvasive assess-

ments, i.e., sedation/anesthesia was not altered until all data

were acquired. Procedural sedation or anesthesia was pro-

vided according to the institutional clinical protocol and

optimized for the individual patient. Cardiac catheteriza-

tion was performed according to the standard institutional

clinical protocol. Right and left heart catheterization was

performed using fluid-filled catheters and digital trans-

ducers, without exposure to radiographic contrast. Cardiac

output was determined by Fick and thermodilution meth-

ods, utilizing either measured or assumed oxygen con-

sumption [13]. Echocardiography was performed using a

Phillips iE33 machine (Phillips Medical Systems, Best,

The Netherlands), and quantification performed according

to published guidelines [14]. The TTE measures of dias-

tolic function included: left atrial volume, indexed (ml/m2);

pulmonary vein A wave duration (m/s-1); pulmonary vein

S:D; mitral valve E velocity (m/s); mitral valve A velocity

(m/s); mitral valve E:A; mitral valve lateral e0 velocity (m/

s); mitral valve lateral a0 velocity (m/s); mitral valve septal

e0 velocity (m/s); mitral valve septal a0 velocity (m/s);

mitral valve lateral E:e0; mitral valve septal E:e0; and left

ventricular isovolumic relaxation time (m/s-1). Myocardial

tissue measurements were taken using color Doppler

imaging, while all other values were spectral Doppler.

Subjects with more than one cardiac catheterization during

the study period underwent simultaneous catheterization

and TTE studies on each occasion. Repeat studies were

separated by a minimum of 6 months in all cases.

Statistical Analysis

Two readers (PCM and RAM) analyzed all echocardio-

graphic studies, and a single reviewer (BHG) analyzed all

invasive hemodynamic studies. Reviewers were blinded to

clinical and outcome data. Descriptive statistics were pro-

vided for study characteristics. Spearman correlation

coefficients were examined between LVEDP, and each of

the echocardiographic measures detailed above. Inter-ob-

server variability in echocardiographic measurements was

assessed for measures found to have a significant correla-

tion with LVEDP. The inter-observer relationship was

presented as an intra-class correlation coefficient. Area

under the curve was examined by plotting receiver
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operating characteristic (ROC) curves between clinically

significant LVEDP elevation and echocardiographic mea-

sures that showed significant correlations with LVEDP.

Sensitivity analyses were conducted to assess whether

multiple echocardiographic parameters could be combined

to improve ROC performance. The level of significance for

all statistical tests was two-sided with p B 0.05. All anal-

yses were performed using SAS version 9.3 (Cary, NC,

USA).

Results

Patient Demographics and Study Data

Twenty-one simultaneous catheterization and TTE studies

were performed in 15 RCM subjects. Patients had a median

age of 13.8 [interquartile range (IQR) 7–19.2] years, with

60% female (Table 1). Systolic function (as measured by

shortening fraction and ejection fraction on TTE) and

cardiac index (thermodilution) were normal for all partic-

ipants (Table 2). The median LVEDP was elevated at 21

(IQR 18–25) mmHg.

Correlation of Echocardiographic Indices and Left

Ventricular End-Diastolic Pressure

The coefficients of correlation between LVEDP- and TTE-

derived measures of diastolic function are displayed in

Table 3 and Fig. 1. Among the TTE parameters, pul-

monary vein A wave duration (rs = 0.79) and indexed left

atrial volume (rs = 0.49) demonstrated significant positive

correlation with LVEDP. Due to technical limitations

including artifact and background noise contaminating the

signal, measurement of a reliable pulmonary vein A wave

duration was achieved in only 12 of the 21 patients in

which it was attempted. Mitral valve A (rs = -0.44), lat-

eral e0 (rs = -0.61) and lateral a0 (rs = -0.61) velocities

showed significant negative correlation with LVEDP.

Inter-observer correlation for each of these TTE parameters

was very strong, ranging from 0.88 to 0.99 (Supplement

Table 1). There was no significant correlation between

LVEDP and the following: mitral valve E velocity; mitral

valve E:A; mitral valve septal e0 or a0 velocity; mitral valve

E:e0; pulmonary vein S:D; or isovolumic relaxation time.

Selection of Echocardiographic Indices that Best

Predict Elevated Left Ventricular End-Diastolic

Pressure

Receiver operating characteristic curves were created for

the echocardiographic measurements demonstrated to have

significant correlation with LVEDP (Fig. 2). Cutoff values

for echocardiographic parameters were generated to allow

for detection of LVEDP C 20 mmHg at a sensitivity of at

least 80%. Values delineated included: left atrial volume

C41 ml/m2; mitral valve A wave velocity B0.51 m/s; lat-

eral e0 wave velocity B0.083 m/s; lateral a0 wave velocity

B0.042 m/s; and pulmonary vein A wave duration

C156 m/s (Fig. 1; Table 4). Lateral a0 velocity and pul-

monary vein A wave duration cutoff values also demon-

strated a specificity C80% for LVEDP C 20 mmHg. All

parameters tested had area under the curve C0.75, with

lateral e0 velocity, lateral a0 velocity and pulmonary vein A

wave duration all[0.8 (Fig. 2; Table 4). Sensitivity anal-

yses combining pulmonary vein A wave duration and left

atrial volume did not improve the area under the curve

compared with pulmonary vein A wave duration alone

(data not shown); other combinations could not be stably

modeled.

Discussion

In the present study, we investigated the utility of TTE-

derived diastolic parameters in the assessment of diastolic

function and restrictive physiology in a cohort of children

and young adults with RCM, utilizing a prospective com-

parative TTE-catheterization approach. We identified 5

candidate TTE measures that showed a significant corre-

lation with LVEDP in the clinically predicted manner.

Pulmonary vein A wave duration and indexed left atrial

volume had significant positive correlation with LVEDP,

suggesting abnormal filling pressure in the left atrium.

Pulmonary vein A wave duration was limited by inability

to achieve a reliable signal in all patients for which it was

Table 1 Patient characteristics

Age (years) 13.8 (7.0–19.2)

Gender

Male 6 (40)

Female 9 (60)

Race

White 12 (80)

Black 3 (20)

Ethnicity

Non-Hispanic/Latino 15 (100)

Clinical measurements

Height (cm) 165 (138–170)

Weight (kg) 62 (38.1–81.2)

Systolic blood pressure (mmHg) 98 (86–106)

Diastolic blood pressure (mmHg) 55 (47–60)

Heart rate (bpm) 64 (52–80)

Continuous variables are expressed as median (interquartile range),

and discrete variables are n (%)
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attempted. Using ROC analyses, cutoff values were gen-

erated for potential use as noninvasive surrogates of

LVEDP C 20 mmHg. Mitral valve A and lateral e0 and a0

velocity showed significant negative correlation with

LVEDP, indicating abnormal ventricular filling and relax-

ation. All 5 measures demonstrated excellent inter-observer

Table 2 Echocardiogram and

invasive cardiac catheterization

study values

Echocardiogram measurements

Left atrial volume corrected (ml/m2) 20 44.5 (35–57.5)

Shortening fraction (%) 20 37 (34–41)

Ejection fraction (%) 19 64 (60–70)

Pulmonary vein S wave velocity (m/s) 14 0.52 (0.46–0.69)

Pulmonary vein D wave velocity (m/s) 14 0.37 (0.33–0.46)

Pulmonary vein A wave duration (m/s-1) 12 157 (132–187.5)

Mitral valve deceleration time (m/s-1) 21 148 (113–187)

Tricuspid regurgitant jet (m/s) 11 2.4 (2.1–2.5)

Isovolumic relaxation time (m/s-1) 16 87.5 (74–106.5)

Mitral valve E velocity (m/s) 21 0.62 (0.53–0.75)

Mitral valve A velocity (m/s) 21 0.34 (0.25–0.53)

Lateral e’ velocity (m/s) 20 0.08 (0.07–0.12)

Lateral a’ velocity (m/s) 20 0.05 (0.03–0.06)

Septal e’ velocity (m/s) 20 0.06 (0.05–0.08)

Septal a’ velocity (m/s) 20 0.04 (0.04–0.05)

Mitral valve E:A ratio 21 2.12 (1.43–2.33)

Mitral valve E:lateral e’ ratio 20 7.57 (5.77–9.89)

Mitral valve E:septal e’ ratio 20 9.67 (8.12–13.93)

Pulmonary vein S:D ratio 14 1.38 (1.28–1.61)

Cardiac catheterization measurements

Cardiac index (L/min/m2) 21 3.33 (2.83–4.13)

Right atrial mean pressure (mmHg) 21 8 (6–11)

Right ventricular end-diastolic pressure (mmHg) 21 11 (8–16)

Pulmonary artery mean pressure (mmHg) 21 20 (18–27)

Left ventricular end-diastolic pressure (mmHg) 21 21 (18–25)

Continuous variables are expressed as median (interquartile range)

Table 3 Spearman correlation

coefficients for association

between left ventricular end-

diastolic pressure (LVEDP) and

echocardiogram measurements

Left ventricular end-diastolic pressure

rs p

Echocardiogram measurements

Left atrial volume 0.49 0.03

Mitral valve E velocity -0.36 0.11

Mitral valve A velocity -0.44 0.04

Mitral valve E:A ratio 0.19 0.41

Lateral e’ velocity -0.61 \0.001

Septal e’ velocity -0.38 0.1

Lateral a’ velocity -0.61 \0.001

Septal a’ velocity -0.15 0.52

Mitral valve E:lateral e’ ratio 0.26 0.28

Mitral valve E:septal e’ ratio -0.06 0.8

Pulmonary vein S:D ratio 0.4 0.16

Pulmonary vein A wave duration 0.79 \0.001

Isovolumic relaxation time 0.35 0.18
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correlation. To our knowledge, this is the first study in

pediatric and young adult RCM patients to demonstrate

important potential utility of TTE measures to noninva-

sively evaluate changes in LVEDP. These parameters

could be used in conjunction with other markers of disease

progression in RCM (serum biomarkers, symptoms) to

determine whether additional studies, including invasive

hemodynamics, are warranted.

Echocardiographic Indices with Utility in Pediatric

and Young Adults Patients with Restrictive

Cardiomyopathy

Weller et al. [15] previously described 18 pediatric patients

with idiopathic RCM, in which LVEDP ranged from 14 to

40 mmHg with all but 2 being C20 mmHg. Four of those

patients presented with low cardiac output and 14 devel-

oped low cardiac output during follow-up, with the average

LVEDP 27 mmHg (range 16–40 mmHg). Based on these

data, we attempted to pick a clinically important cutoff

value for LVEDP that would warrant further invasive

investigation, and thus chose a threshold set at

LVEDP C 20 mmHg for correlation studies. However, this

is not to imply that we consider LVEDP\20 mmHg to be

normal or not of concern, rather we wanted to identify

noninvasive parameters at which we might change clinical

course, e.g., obtain invasive data, in patients already known

to have RCM and restrictive physiology. Moreover, for a

patient with longstanding LVEDP[20 mmHg, meeting

these echocardiographic criteria might not carry the same

weight as in a patient previously \20 mmHg. Once inva-

sive hemodynamic data are sought, additional factors such

as pulmonary vascular resistance and cardiac index would

be combined with end-diastolic pressure data to determine

future clinical course, including whether evaluation for

heart transplant is warranted.

In a prior study correlating invasively measured hemo-

dynamics and TTE-derived diastolic parameters in pedi-

atric patients with a variety of congenital heart disease

diagnoses, Border et al. [16] demonstrated that pulsed

Doppler indices correlated with Tau but not LVEDP, while

color M-mode and Doppler tissue indices were correlated

with LVEDP, although weakly in the case of the latter. In

the current study, early diastolic filling (mitral valve E

wave) was not affected while late filling (mitral valve A

wave) was possibly explaining why the ratios of mitral E:A

and mitral E:lateral e0 were not significant. One of the

classic hemodynamic findings in RCM is a ‘‘square root

Fig. 1 Correlation of left ventricular end-diastolic pressure (LVEDP)

and select echocardiographic parameters. The intersection of the

superimposed lines represent cutoff values to detect

LVEDP C 20 mmHg at sensitivity = 80% based on data from

receiver operating characteristic curves. FN false negative, FP false

positive, TN true negative, TP true positive
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sign’’ in the LVEDP waveform, suggesting the presence of

poor ventricular compliance, which is represented by mitral

valve a wave velocity [9]. The difference between Doppler

tissue values of the septal versus lateral mitral valve was

also noted and may be a result of the fact that the right

ventricle, which for anatomic reasons affects the medial

tissue Doppler signal did not manifest the same correla-

tions, relative to RVEDP, as found on the left side. The

Fig. 2 Receiver operating characteristic curves for selected echocardiographic values to detect left ventricular end-diastolic pressure

C20 mmHg

Table 4 Results for receiver operating characteristic curves between abnormal left ventricular end-diastolic pressure (C20 mmHg) and

echocardiographic measures

Left atrial

volume

Mitral valve

A velocity

Lateral e0

velocity

Lateral a0

velocity

Pulmonary vein

A wave duration

Cutoff values 41 ml/m2 0.51 m/s 0.083 m/s 0.042 m/s 156 m/s

Sensitivity 82% 83% 82% 82% 86%

Specificity 56% 44% 56% 89% 80%

True positive 9 10 9 9 6

True negative 5 4 5 8 4

False positive 4 5 4 1 1

False negative 2 2 2 2 1

AUC 0.75 0.79 0.83 0.85 0.81

Sensitivity was set at approximately 80% to generate echocardiographic cutoff values AUC area under curve (see Fig. 2)
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latter result contrasts with the findings by Savage and

Goldberg [10, 17], although those studies were performed

in pediatric patients following cardiac transplantation,

representing a distinct population from this RCM cohort.

Our data match prior studies of echocardiographic

parameters of diastolic function in finding that no single

TTE parameter is able to substitute for invasively measured

ventricular diastolic function. In fact, we were unable to

show significant correlation between LVEDP and

echocardiographic parameters traditionally thought to be

predictive for RCM (i.e., deceleration time, mitral valve

E:A ratio, isovolumic relaxation time and mitral valve E:e0)
[9]. However, in identifying multiple TTE measures that

predictably correlate highly with LVEDP (defined as

C20 mmHg), we believe that TTE can be utilized to triage

pediatric and young adult RCM patients, to parse out those

that may benefit from further investigation, including

invasive hemodynamic assessment, from those that may be

followed noninvasively. In particular, the cutoff values of

lateral a0 velocity B0.042 m/s and pulmonary vein A wave

duration C156 m/s both had high sensitivity and specificity

for LVEDP C 20 mmHg, making them potentially useful

measures to noninvasively identify patients with a clini-

cally significant elevation in LVEDP. Unfortunately, the

reliability of obtaining pulmonary vein A wave duration

was not complete, with only 12 of 21 studies demonstrating

a signal thought to be appropriate for analysis. The other

parameters evaluated by this method (mitral valve A

velocity, lateral e0 velocity and left atrial volume) had

lower specificity when sensitivity was maximized, and

would therefore not be as useful in a clinical setting.

Restrictive Cardiomyopathy in Pediatric and Young

Adult Patients

Pediatric and young adult patients with RCM present a

management dilemma. While natural history data demon-

strate a high 5-year mortality that is greatly improved by

transplantation [1, 2], the current predicted half-life of the

graft in pediatric and adolescent age groups is 15–20 years

depending on age at, and indication for, transplantation

[18]. Further, recent data suggest that a significant portion

of the sudden deaths experienced by the RCM population is

arrhythmic in nature and thus may be modifiable by use of

implantable cardiac defibrillators [19]. Such a therapy

might reduce the rate of sudden death and facilitate a

delayed cardiac transplantation evaluation. As such,

defining a reliable noninvasive means to track hemody-

namic progression of disease could prove useful, allowing

patients deferring transplantation an improved quality of

life with reduced burden of serial invasive catheterization

procedures while reducing the risk of missing hemody-

namically significant disease progression.

Prior Validation of Echocardiographic Diastolic

Parameters

Early validation studies of simultaneous echocardiographic

and invasive measures to assess left ventricular diastolic

function investigated left ventricular inflow pattern (mitral

valve E and A waves) in adult patients undergoing clinical

cardiac catheterization, including those with coronary

artery disease, congestive heart failure and RCM [3]. Left

ventricular inflow pattern was affected by hemodynamics

more than by any particular disease process, and typical

Doppler inflow patterns of diastolic dysfunction were

described. Subsequently, Doppler tissue imaging of the

mitral valve annulus (mitral valve e0) was shown to behave

as a preload-independent measure of diastolic function,

with the mitral E/e0 correlating with the pulmonary capil-

lary wedge pressure, a right heart surrogate of LVEDP

[4, 5]. Reports that followed over the last 15 years have

described the utility of left ventricular inflow, tissue Dop-

pler imaging of the mitral valve, left ventricular isovolumic

relaxation time, and various mathematical ratios of these

characteristics in predicting LVEDP across a variety of

disease states in adult patients [6–8, 20, 21].

Echocardiographic Diastolic Indices in Pediatric

and Adolescent Patients

Despite multiple reports validating noninvasive parameters

of diastolic function in adults, there is evidence that in

certain populations the correlation between invasive and

noninvasive measures is poor. For example, in symp-

tomatic hypertrophic cardiomyopathy patients, although

there is an overall correlation between TTE parameters and

directly measured LVEDP, the noninvasive measures do

not accurately predict LVEDP in an individual patient [22].

Moreover, in contrast to the evidence from myriad studies

in adult populations, the validation of TTE diastolic mea-

sures in pediatric and adolescent populations has been

more challenging. Savage et al. [10] demonstrated mitral

valve E:e0 to be a poor predictor of pulmonary capillary

wedge pressure in pediatric patients status post-cardiac

transplantation. Meanwhile, in the same population,

Goldberg et al. [17] showed that septal E:e0 values above a

certain threshold were associated with increased pul-

monary capillary wedge pressure, as were lateral tricuspid

E:e0 values and mean right atrial pressure. In an attempt to

apply adult guidelines defining left ventricular diastolic

dysfunction to a pediatric population, Dragulescu et al. [11]

found the echocardiographic values used for adults were

not informative in following pediatric patients, and agree-

ment among multiple experienced investigators was low.

This evaluation included a number of patients with RCM.

In contrast, our study found high inter-observer correlation
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for TTE measurements found to have potential clinical use

(i.e., those with strong correlation to LVEDP), strength-

ening the argument for their inclusion in routine noninva-

sive evaluation of pediatric and young adult patients with

RCM. Sasaki et al. [12] evaluated the utility of adult

parameters in a large cohort of pediatric RCM patients and

found the echocardiographic values to have very poor

sensitivity in identifying left ventricular restrictive physi-

ology and concluded there is a need to develop pediatric

specific guidelines for evaluation by TTE. The role of TTE

in identifying right ventricular diastolic dysfunction in

pediatric patients has more support. Significant correlation

between TTE-derived right ventricular diastolic parameters

and those derived by high-fidelity micromanometer pres-

sure catheter was demonstrated in populations of pediatric

patients with pulmonary arterial hypertension and follow-

ing heart transplantation [17, 23]. It is notable that our

study showed no significant correlation between RVEDP

and the TTE parameters measured.

Limitations

Despite the prospective and protocoled nature of this

investigation, several important limitations were present.

First, the low prevalence of pediatric RCM and the single-

center nature of this study led to inclusion of a modest

sample size. Furthermore, there are some inherent technical

challenges with TTE that limit acceptable imaging win-

dows and can affect reliable acquisition of images for

accurate measurements. This was most evident with the

pulmonary vein A wave duration, with 9 studies not having

quality deemed good enough to obtain a reliable mea-

surement despite an attempt having been made to record

the tracing. Reliable measurements of pulmonary vein

tracings can be challenging in older and larger patients due

to size, artifact and background noise contaminating the

signal. Whether additional time spent obtaining the tracing

would improve capture of a clear signal is worth consid-

eration with the knowledge that it may have particular

utility. Another potential criticism is that several patients

underwent more than 1 procedure, with data from each

procedure included in this series. Given that the primary

aim of this study was to relate noninvasive TTE measures

to invasive measures of diastolic function, and not generate

a cross-sectional report of RCM patients, this inclusion

should not introduce bias. Finally, the lack of inclusion of

patients with normal diastolic function precludes extrapo-

lation of the data presented herein to a non-RCM popula-

tion. That is to say, this study provides empiric evidence

for the clinician as they approach the decision whether or

not to invasively study the patient with RCM and evolving

diastolic dysfunction; it does not provide evidence to

support this decision making in other populations,

including those with suspected but not yet proven restric-

tive physiology.

Conclusion

In the present study, we demonstrate that lateral a0 velocity

and pulmonary vein A wave duration are noninvasive

measures of diastolic function that could potentially serve

as important screening measures to identify RCM patients

at risk for an LVEDP C 20 mmHg. Those patients found

to be at risk would deserve further evaluation, including

consideration of standard catheterization techniques to

measure LVEDP as well as other parameters useful in

assessing this population such as pulmonary vascular

resistance. Using this stepwise clinical approach to follow-

up of patients with RCM could reduce cost and patient risk

while improving quality of life without adversely impact-

ing long-term outcomes. These findings require validation

in a multicenter prospective cohort prior to widespread

clinical implementation.
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