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Abstract Guidelines for diagnosis and grading of diastolic
dysfunction (DD) in children have not been established. The
applicability of adult parameters of DD to children has been
questioned by recent studies. Although normal diastolic
parameters in children have been published, the data to
support application of these indices for the non-invasive
diagnosis of DD and quantifying its degree are still being
developed. Restrictive cardiomyopathy (RCM) is the only
recognized disease entity in children that presents with iso-
lated, irreversible DD as the predominant finding. The aim of
this study was to investigate the applicability of current
diastolic indices used for assessment of diastolic function in
adults as reliable indicators of DD in children with estab-
lished RCM. Retrospective review of institutional clinical
database for the period of 2002-2010 was performed to
identify patients with RCM who had had a comprehensive
echocardiographic assessment of diastolic function. The
following parameters were obtained from apical four
chamber view: mitral valve (MV) inflow Doppler early fill-
ing velocity (E), late filling velocity (A), deceleration time
(DT), color M-mode flow propagation from MV to apex
(Vp), Doppler tissue imaging derived early diastolic velocity
E' and late diastolic velocity A’ at the LV lateral wall at MV
annulus, RV at the tricuspid valve annulus, septum, and LA
area. All parameters were compared to age and gender
matched controls using student 7 test. : LA area/BSA was
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significantly larger in RCM group than the control group,
median 22.8 cm?/m? (range 16.9-28.6) versus 10.3 cm*/m?
(range 8.3-12.3), p value <0.001. MV inflow E and A were
lower, and DT was shorter in the RCM group (p = 0.04,
0.02, and 0.005, respectively). A wave was absent in 3 of 9
patients in the RCM group. Ratio of E to A (E/A) was not
different between the two groups. E' was significantly lower
at all three sites in RCM group; however, there was some
overlap between the two groups. E/septal E' ratio was sta-
tistically significantly higher in RCM group. A’ was absent
either at lateral wall or at septum in five patients. 7 of 9
patients in RCM group had L’ wave (at lateral wall or septum)
defined as negative deflection during diastasis. Vp was higher
in RCM group than in the control group 81.4 £ 44.5 versus
52.9 £ 10.9, p value <0.01. Combination of increased left
atrial size, septal E/E’, and lack of A wave and presence of
mid-diastolic L'-wave are the noted abnormalities in this
group. Individual cut-offs for Doppler indices have very poor
sensitivity in identifying restrictive physiology. These find-
ings suggest that poor LV compliance is the hallmark of
restrictive cardiomyopathy in children even in the presence
of normal early relaxation and ventricular filling. These
findings support the need for development of guidelines for
diagnosis and physiologic grading of diastolic dysfunction in
children.

Keywords Diastolic dysfunction - Children - Restrictive
cardiomyopathy

Background

Guidelines on diagnosis and grading of diastolic dysfunc-

tion (DD) in children have not been established. Applica-
tion of adult paradigms of DD to children has been
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questioned by recent studies [3]. Although normal diastolic
parameters in children have been published [4, 14], non-
invasive diagnosis of pediatric DD continues to be a
challenge. It is possible that isolated diastolic dysfunction
may be under recognized and not routinely diagnosed in
children. Restrictive cardiomyopathy (RCM) is one of very
few clinical entities in pediatric population that presents
with irreversible severe diastolic dysfunction as the pre-
dominant finding with preserved systolic function in most
cases. The aim of this study was to investigate the appli-
cability of current diastolic indices used for assessment of
diastolic function in adults as reliable indicators of irre-
versible severe DD in children with RCM.

Methods
Study Population

Retrospective review of a single institution (Mount Sinai
Medical Center, New York) clinical database from 2002 to
2010 was performed to identify pediatric patients with RCM.
Patients with a diagnosis of RCM confirmed by cardiac
catheterization and with comprehensive echocardiographic
diastolic assessment per institutional protocol were included
for analysis. They were compared to 27 age- and gender-
matched controls that had undergone echocardiographic
evaluation for various reasons including investigation of
innocent murmurs and chest pain. The cardiac catheterization
data and biopsy results of RCM patients were also reviewed.
The study was approved by the institutional review board.

Echocardiographic Examination

Echocardiography was performed on Siemens (Sequoia
C512, Mountainview, CA) and GE (Vivid 7, Milwaukee,
WI) with probe frequencies appropriate for patient size.
The following echocardiographic parameters were mea-
sured either directly from online measurements or from
EchoPAC (GE, Milwaukee, WI) from apical four chamber
view: mitral valve (MV) inflow Doppler early filling
velocity (E), late filling velocity (A), deceleration time
(DT), color M-mode flow propagation from MV to apex
(Vp), Doppler tissue imaging (DTI) derived early diastolic
velocity E' and late diastolic velocity A’ at the LV lateral
wall and septum. The ratios of E to averaged or mean of F'
of LV lateral wall and septum were also calculated.
Myocardial velocities were recorded using a standard pulse
wave Doppler technique; high frequency signals were fil-
tered by adjusting Nyquist limit to a velocity range of
15-20 cm/sec. Gain was optimized to get a clear signal.
Left atrial (LA) area was also measured from apical four
chamber view at end-systole. Myocardial performance

index (MPI) which represents both systolic and diastolic
function was calculated using mitral inflow spectral
Doppler as well as DTL

Reproducibility

Interobserver variability was assessed by comparing mea-
surements done by a senior sonographer and a clinical
fellow (NS). Variability was calculated as the mean percent
error, derived as the difference between the two sets of
measurements, divided by the mean of the observations.

Statistics

Student ¢ test was used to compare the two groups.
Spearman rank correlation coefficient was used to assess
the correlation between various diastolic parameters and
pulmonary capillary wedge pressure (PCWp) or left atrial
pressure (LAp). Statistical analysis was performed using
commercially available software (Microsoft Office Excel
2007, Microsoft Corporation, Seattle, WA and StataCorp
LP, College Station, TX). A p value <0.05 was considered
as statistically significant.

Results
Patient Demographics

Of the 12 identified patients with a diagnosis of restrictive
cardiomyopathy, two who did not have DTI data and one
patient with isolated right ventricular disease were excluded.
Nine patients aged 3-17 years (median 9.3 years) were
included in the study. These patients met the diagnostic
criteria for RCM; severe diastolic dysfunction as evidenced
by elevated left, right, or biventricular end-diastolic pres-
sures, [4] normal or near normal left ventricular systolic
function, absence of significant left ventricular hypertrophy
or dilation, and no evidence of pericardial disease [13].

Mean right atrial (RA) pressure was 11 mmHg (range
2-18), and pulmonary capillary wedge pressure (PCWP) was
22 mmHg (range 16-28). Histology of the patients’ myocar-
dium was available either from right ventricular endomyo-
cardial biopsy or from the explanted heart. Seven showed
myocyte hypertrophy and fibrosis, one showed rhabdomyo-
mata, and histology was not available in one patient. Amy-
loidosis was not present in any of the specimens.

LA Area
LA area/BSA was significantly larger in RCM group than

the control group as expected, median 22.8 cm*/m?>
(range 16.9-28.6) versus 10.3 cm*m? (range 8.3-12.3),
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Table 1 Patient demographics

Table 3 DTI parameters

RCM Control p value RCM (n =9) Control (n = 27) p value
n=9) (n=27) (mean + SD) (mean + SD)
Age (years) (mean + SD) 93 +5.7 98 £5.6 0.99 Lateral wall
Gender E' (cm/sec) 125 £ 5.7 217+ 43 <0.0001
Male (%) 4 (44) 12 (44) A’ (cm/sec) 53+33 8.17 + 2.34 0.03
Female (%) 5 (56) 15 (56) EIE 6.08 £ 34 38 +1.77 0.01
Body surface area (m?) 092 +£0.38 123 +047 0.16 MPI 0.65 £+ 0.22 0.39 £ 0.12 <0.0001
(mean + SD) Septum
RAp, mean (mmHg) (range) 11 (2-18)  N/A E' (cm/sec) 8.17 £ 4.16 155 +23 <0.0001
PCWp 22 (16-28)  N/A A'(cm/sec) 52424 7.6 £23 0.03
EIE 10.26 £+ 7.7 52+22 0.004
Table 2 Mitral valve inflow MPI 0.59 £ 0.12 0.40 £ 0.09 <0.0001
E/Mean E' 7.57 £ 4.73 4.99 £+ 1.18 0.02

RCM (n =9) Control (n = 27) p value
(mean + SD) (mean + SD)
E (cm/sec) 61 + 18 79.5 + 31.8 0.04
A (cm/sec) 227+ 19.3 414 £ 21.3 0.02
E/A 1.9 £ 0.58 1.7 £ 0.45 0.9
DT (msec) 81 +37.2 111 £ 30 0.02

p value <0.001. LA size had the least overlap with the
controls (Table 1).

MYV Inflow Doppler Indices

Comparisons of E, A and DT are shown in Table 2. E and
A were lower, and DT was shorter in the RCM group
(p < 0.04, 0.02, and 0.0001, respectively). However, there
was significant overlap between RCM and controls. A was
absent in 3 of 9 patients in the RCM group. Ratio of E to
A (E/A) was not different between the two groups. A wave
duration time was not available for analysis. MPI was
higher in RCM 0.59 + 0.17 versus 0.44 £ 0.1, p value
<0.001; however, significant overlap between the two
groups was again observed (Fig. 2).

Pulmonary Vein Doppler

Peak A wave reversal velocity was higher in the RCM
group, 0.28 £ 0.14 versus 0.20 + 0.05, p 0.02.

DTI Derived Indices

Comparisons of E' and ratio E/E’ are shown in Table 3.
Lateral annulus and septum E’ were significantly lower in
RCM group; however, there was some overlap between the
two groups (Fig. 2). LV lateral wall, septum E/E’, and the
E/mean of septal and lateral annulus E’ were all higher in
RCM group with the least overlap in the ratio noted for the
septum (Fig. 2). Unlike the adult data, a “cut-off” value for
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Fig. 1 Abnormal DTI in RCM patient. Note the L' wave in mid-
diastole and absence of A’

these ratios and indices could not be established. If the
published adult cut-off value of eight was used for E/E’ in
our population, the sensitivity and specificity would be 22
and 100 % for E/E’ lateral annulus and 44 and 96 % for
E/E'septum, respectively. A’ was absent either at lateral
wall or at septum in five patients. Additionally, seven
patients had L’ wave defined as negative deflection during
diastasis (Fig. 1). L' was absent in the control. The sensi-
tively and specificity of having L' at either at lateral wall or
at septum are 78 and 100 %, respectively. MPI at lateral
wall and septum were both higher in RCM group (Table 3).

Flow Propagation Velocity (Vp)

Vp was higher in RCM group than in the control group
81.4 &+ 44.5 versus 52.9 £+ 10.9 cm/sec, p value <0.001,
and the ratio E/Vp was lower in RCM group 0.75 + 0.34
versus 1.91 £ 0.48, p value <0.001; however, there was
significant overlap with the controls (Fig. 2).
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Fig. 2 a LA area, b E/A ratio, ¢ DT, d MPI, e E’ at LVF, f E’ at septum, g E/E’ ratio at LVF, h E/E’ ratio at septum, i E/mean E' ratio, j Vp, k

E/Vp ratio

Correlation with PCWp/LAp

There was no significant correlation between LAp and
septal E/E® (r= —0.14, p=0.71), E/E'mean (r=
—0.008, p = 0.98), Vp (r = 0.29, p = 0.46), and indexed
LA area (r = —0.008, p = 0.98) (Fig. 3).

Reproducibility

Interobserver variability for each parameter was; E 6.5 %,
A 12 %, DT 1.3 %, pulmonary vein peak A reversal
velocity 13.1 %, A duration 0.8 %, lateral E' 3 %, lateral A’
21.8 %, septal E' 2.9 %, and septal A’ 3.5 %.

Discussion

In this study, we sought to assess the validity of the various
parameters that have been used to assess diastolic function
in adults by testing whether they could reliably characterize
severe DD in pediatric patients with RCM. RCM is a well-
described disease process known to primarily present with
severe irreversible DD without significant systolic dys-
function. There were several interesting findings observed
in our study. (1) Left atrial size distinguished the two
groups most significantly with the least overlap. (2) Mitral
inflow Doppler did not demonstrate a typical “restrictive”
pattern. (3) E' was lower in RCM group; however, there

@ Springer



390

Pediatr Cardiol (2015) 36:386-392

o
© .
. ]
o
s
Q
[
(7] . .
o
- .
- . .
.
.
o
15 20 25 30
PCWpILA
o
<
.
3
o
s .
*
8
. .
.
.
.
3 .
15 20 25 30
PCWpILA

=<
o~
.
ed
1]
s
g = ¢
i} .
.
IS .
w s
.
o 4
15 20 25 30
PCWpLA
[=3
o .
.
&4 .
. . ¢
[
B
.
@
.
.
o
15 20 25 30
PCWpLA

Fig. 3 Correlation between PCWp/LAp (mmHg) and various diastolic parameters

were RCM patients with normal E’ values for their age. (4)
Septal E/E' was significantly different in RCM com-
pared to E/E' for MV annulus. (5) In about half of RCM
patients, late diastolic velocity or A wave and A’ was absent
in either mitral inflow Doppler or in DTI, and in the rest,
the velocity was decreased. (6) L’ wave was not seen in any
controls but observed in 7 out of 9 RCM patients sug-
gesting that there is antegrade flow across the atrioven-
tricular valve during diastasis. (7) Vp was higher in RCM
group, contrary to previously published adult and pediatric
data [1, 2, 8, 9]. (8) There was no correlation between
catheterization derived LAp and various diastolic param-
eters in this small sample of patients.

Normal pediatric LA volume values have been pub-
lished, and the indexed LA volume to body surface area
has been shown to reflect chronic LV volume overload as
well as increased LV filling pressures [15]. In our study, we
also demonstrated that increased LA size reflected the
increased filling pressure in patients with RCM.

In adults patients, stages of DD have been described
with impaired relaxation diagnosed by decreased E/A and
E' at the lateral annulus and septum in stage one, and these
patients are the least symptomatic while increased E/A ratio
or restrictive filling pattern, increased E/E' and E/Vp
characterize advanced DD [8]. Even though all of our
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patients had elevated left atrial or PCWp, they did not have
restrictive filling pattern on the MV inflow Doppler.
Although as a group, RCM patients had impaired relaxa-
tion indicated by decreased E’, there were patients (n = 6
at lateral wall and n = 4 at septum) who had normal E’ or
early relaxation. The continuum of severity of progression
of DD starting with impaired relaxation and progressing to
irreversible loss of ventricular compliance and elevated left
atrial pressures seen in adults may not be seen in children.
Leonardi et al. evaluated 24 children with transfusion
dependent thalassemia. None of the patients had heart
failure symptoms at the time of evaluation; however, all
showed restrictive filling pattern defined by E/A > 1.5 and
DT < 140 ms and normal relaxation [6]. Dragulescu et al.
assessed the adequacy of current adult diastolic dysfunc-
tion guidelines in pediatric cardiomyopathy. They defined
failure to classify diastolic dysfunction when there was
discordance between E' and LA size. The severity of dia-
stolic dysfunction could not be classified in as many as
37 % of patients with cardiomyopathy [3].

Gewillig et al. reported six cases of pediatric RCM who
had increased E/A ratio to greater than four and prominent
mid-diastolic mitral L wave [5]. By cardiac catheterization,
the LV pressure curve showed a steady decline during
diastasis and concluded that restrictive hemodynamics
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were most likely result from dysfunction and delay of
active relaxation and not caused by increased intrinsic
stiffness. We did not observe prominent L wave in the
inflow Doppler; however, we did observe L' wave in DTI
tracings. Lack of atrial contribution to the filling in some
patients with RCM- absence of late diastolic velocity
supports the pathophysiology of restriction in some.

Vp has been shown to negatively correlate with time
constant of LV pressure decay (Tau) in adults with coro-
nary artery disease and cardiomyopathy [2], systolic and
diastolic dysfunction [16], and hypertrophic cardiomyop-
athy [9]. It has also been validated in pediatric population
[1]. In our patient population, Vp was higher than in the
normal group, not decreased. Increased Vp is often seen in
constrictive pericarditis [12]. One can also hypothesize that
there may be a role of increased pericardial constraint in
children with RCM; however, the fact that Vp is increased
in these children with restrictive physiology warrants more
investigation. Diastolic heart failure is a well-described
disease entity in the adult population comprising approxi-
mately half of adults with newly diagnosed heart failure,
and its prevalence has steadily increased over the past
decade [11].Because of the clinical implications of heart
failure with normal ejection fraction in adults, non-invasive
assessment of diastolic function has advanced significantly.
On the other hand, isolated diastolic heart failure is rare in
children, and applicability of the echocardiographic dia-
stolic indices in assessment of DD in children needs further
examination. Our study suggests that children may not
exhibit all stages of DD, and the mechanisms of DD may
be variable. Dilated LA and elevated E/E’ septum correlate
well with the physiology of poor LV compliance and ele-
vated LA pressures in children with RCM. The findings of
normal E', absence of A’, and presence of L' suggest that
early active relaxation may be preserved and probably
delayed with associated absence of late passive filling.
Based on these findings, we suggest that a comprehensive
diastolic function evaluation should incorporate careful
evaluation of all indices and left atrial size. Very often
incongruence is noted between MV inflow, pulmonary vein
Dopplers, and DTI indices. Additionally, significant vari-
ability within the indices is noted with respect to patient
age and size. We suggest characterizing diastolic dys-
function by either presence of impaired relaxation or
compliance or both rather than extrapolating from adult
criteria for defining different stages and degree of DD in
children.

Limitations

We were only able to enroll nine patients in our study. A
protocol mandating universal DTI acquisition was

introduced in 2000 in our echocardiography laboratory.
Thus, patients seen prior to that date did not have DTI data.
We were unable to calculate left atrial volume as most of
our RCM patients had limited orthogonal views of the left
atrium; thus, only the area of the left atrium obtained from
the apical 4 chamber view could be calculated for com-
parison to the normal control.

The interobserver variability for each parameter was
acceptable. The only exception was lateral A" where the
mean percent error was 21.8 %. This likely resulted from
measuring the L' velocity as A’ by one of the observers in
some patients who had absence of A’ (Fig. 1).

Restrictive cardiomyopathy is a rare disorder in children
accounting for only 2-5 % of all pediatric cardiomyopa-
thies [7, 10]. Future investigation in a larger patient pop-
ulation is required to study the mechanism of restrictive
physiology in children.

Conclusion

Our study demonstrates the variability in the diastolic
indices when used to grade DD in children with RCM.
Combination of increased left atrial size, increased septal
E/E" and lack of A wave and presence of mid-diastolic
L'-wave were the most significant abnormalities noted in
RCM. Individually, E/E’ and E' alone were noted to be
normal in majority of RCM patients, and presence of L' as
an individual parameter had the highest sensitivity and
specificity. Contrary to what has been noted in the adult
population, decreased LV compliance may exist even with
preserved early relaxation properties of the myocardium.
Our observations along with the previously published data
support the need for more collaborative research in order to
develop guidelines for diagnosis and physiologic grading
of diastolic dysfunction in children.
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