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Abstract

Background. Cardiovascular complications contribute to the high morbidity and mortality rate among children
with anorexia nervosa (AN). Advances in cardiac imaging permit a more comprehensive assessment of myocardial
performance in children that could not be previously obtained with conventional imaging. Myocardial strain analysis
is an emerging quantitative echocardiographic technique to characterize global and regional ventricular function
in children. Objective. To assess global and regional left ventricular (LVO function in children newly diagnosed with
AN with conventional and quantitative 2-dimensional speckle tracking echocardiographic (2DSTE)—derived strain
imaging. Materials. In a cross-sectional study of 30 patients with AN (DSM-5) and 14 age-, sex-, and race-matched
healthy children, markers of cardiovascular risk, conventional and 2DSTE measures of LV function, and structure
were evaluated and compared. The AN cohort was further stratified by behavioral patterns (restrict, exercise,
or purge). Results. Conventional measures and LV global strain were similar between controls and children with
AN. A subgroup of AN children with purging behavior had LV remodeling characterized by significantly decreased
LV mass index. Regional ventricular function at the apex, as measured by strain, was also decreased in all AN
patients. Percent change from ideal body weight, body mass index Z-score, electrolyte profiles, heart rate, and
blood pressure were similar. Conclusions. Subclinical regional ventricular dysfunction is present in children with AN.
Ventricular remodeling exists in a subgroup of children with AN in association with purging behavior. Future studies
may utilize strain imaging to identify those AN patients who are at an increased risk for developing significant cardiac
dysfunction.
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Introduction thorough cardiac evaluation.!” In the event that newly
diagnosed patients even receive an echocardiogram as
part of the initial cardiac evaluation, conventional
imaging may not detect subtle alterations in myocar-
dial function, which may affect the management and
prognosis of the patient.’

Cardiovascular complications significantly contribute
to the high morbidity and mortality rate in adolescents
with anorexia nervosa (AN).'” Sensitive methods for
detecting cardiac dysfunction in these patients, prior
to the appearance of overt symptoms, could be used to
influence clinical decision making and improve long-
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Two-dimensional speckle tracking echocardio-
graphic (2DSTE)—derived strain imaging is an emerging
reproducible method to quantitatively characterize left
ventricular (LV) function in children and has been
shown to have a greater sensitivity for measuring global
and regional LV performance than conventional echo-
cardiography.®’ This modality has not yet been applied
to assess cardiac function in adolescent with AN.
Therefore, the aim of this study was to measure clinical
markers of cardiovascular risk and assess and compare
LV structure and function in AN and healthy adolescents
using noninvasive quantitative echocardiography.

Methods
Study Design and Study Population

Using a cross-sectional study approach, we studied a
group of adolescents with AN (DSM-5 classification®)
referred to the Eating Disorders Program at Goryeb
Children’s Hospital (Morristown, NJ) between January
and December 2015. Patients were eligible for inclusion
if they were 12 to 18 years of age and had complete
echocardiographic and laboratory evaluations per-
formed during the study period. AN patients were fur-
ther subclassified according to the DSM-5 subtypes as
having excessive exercise, purging, and/or restrictive
behaviors.® Patients were excluded if they were preg-
nant, had heart disease, had diabetes, or had a history of
smoking and substance and/or alcohol abuse. A cohort
of 14 normal healthy, age-, sex-, and race-matched pedi-
atric cohort was used as a control group from a study
performed at Saint Louis Children’s Hospital, Saint
Louis, MO.” The institutional review boards at both
institutions approved the study.

Assessment of Cardiac Structure and
Function

LV Structure. A transthoracic M-mode, 2D and Doppler
echocardiographic examination was performed with a
commercially available ultrasound imaging system.
Using M-mode imaging in the parasternal short-axis
view, LV mass index (LVMI; Devereux formula) was
calculated, and LVMI was indexed to height*” (g/m*7)."
The 95th percentiles for LVMI for children older than
12 years of age (>40 g/height’” in females and >45 g/
height”” in males) were used as cutoff values to catego-
rize LV structure (geometry). "'

LV Function. Conventional measures (LV fractional
shortening [SF] and biplane ejection fraction [EF]) were
measured at the time of diagnosis according to the
American Society of Echocardiography guidelines.'

Myocardial mechanics were analyzed by the quantifica-
tion of LV global and segmental longitudinal strain (%
GLS and %SLYS). Strain describes the fractional changes
in the dimension of a myocardial fiber/segment. Echo-
cardiographic images of the 3 LV apical views of the
heart (apical 4-, 3-, and 2-chamber) were acquired by a
single experienced cardiac sonographer. LV SLS values
at the apical, midventricular, and basal levels were gen-
erated, and LV GLS was calculated as an average of the
segments from the 3 views of the heart using a validated
protocol'®'? (Figure 1). The higher the magnitude of
strain (%) the better the LV function. A single observer,
who was blinded to the patients’ clinical and metabolic
values, analyzed the strain imaging. Our echocardiogra-
phy laboratory has previously demonstrated high repro-
ducibility of strain measurements."

Statistical Analysis

Continuous variables of strain imaging were tested for
normality using the Kolmogorov-Smirnov test and a his-
togram illustration of the data. The ¢ test and the
Wilcoxon rank sum test were used for data with normal
and nonnormal distribution, respectively. Analysis of
variance was used to compare the changes in SLS values
at the apical, midventricular, and basal levels of the
myocardium. Bivariate analyses and backward stepwise
multiple linear regression analyses were used to deter-
mine which variables best predicted changes in LV
structure and function for the entire cohort of AN
(divided by subtype behavior) and healthy subjects. To
predict LV structure and function, body mass index
(BMI) Z-score, percentage change from ideal body
weight, heart rate, and systolic blood pressure were used
as independent variables. The maximum R* from K-fold
cross-validation was used for the multiple linear regres-
sion analyses. A P value <.05 was considered statisti-
cally significant. The statistical analysis was performed
using SPSS version 14.0 (SPSS, Inc, Chicago, IL).

Results

Thirty AN patients with a median age of 13 (interquartile
range = 12-15) were included in the study. Of the 30
patients, 23 (77%) displayed excessive exercise behavior,
5 (17%) had purging behavior, and all patients displayed
restrictive behavior. Table 1 displays the demographic
and clinical characteristics of the study populations.

Assessment of Cardiac Structure and
Function

LV Structure. The results of analyses of the measure-
ments of LV structure are shown in Table 2. A
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Figure |. Global and regional strain imaging. Two-dimensional speckle tracking echocardiography (2DSTE)—derived strain
imaging of the left ventricle apical 4-chamber view. Regional strain is graphically presented by 6 different color-coded curves in
the longitudinal direction (along the heart wall). The peak of the average curve of all the segments (the white dotted curve) is
considered the global longitudinal strain. The higher the magnitude of strain, the better the function.

Table I. Clinical and Demographic Characteristics in Patients With Anorexia Nervosa With and Without Purging Behavior®.

Pediatric Controls

Anorexia Nervosa

P Value P Value

No Purging Behavior

Purging Behavior Control Patients AN Patients: Purge

Healthy (n = 14) (n=125) (n=15) Versus AN Patients  Versus No Purge
Age (years) 15 (13, 17) 13 (12, 15) 14 (13, 15) 15 23
Gender (female) 8 (57%) 22 (88%) 3 (60%) .62 73
Race (Caucasian) 12 (86%) 23 (92%) 2 (40%) 23 25
Body mass index (mg/kg?) 20 (17, 23) 16 (15, 19) 15 (13, 18) .02 .0l
BMI Z-score -0.12 (-0.46, -0.15)  —0.44 (-1.63,-0.11) —1.0l (-1.83, -0.15) .002 .001
% Change in ideal body NA 85 (83, 03) 81 (75, 85) NA 12
weight
Systolic blood pressure 109 (98, 120) 97 (93, 101) 90 (86, 95) .09 19
(mm Hg)
Diastolic blood pressure 68 (57, 67) 60 (58, 64) 60 (57, 64) 12 .82
(mm Hg)
Amenorrhea NA 20 (80%) 1 (20%) NA A3
Potassium 4.1 (3.2,4.6) 3.8 (3.6, 4.0) 4(3.7,42) .34 22
White blood cell count 6.4 (5.6,7.2) 6.1 (4.1,7.8) 5.5 (4.6,6.1) A5 A5

Abbreviations: AN, anorexia nervosa; BMI, body mass index.
*Data presented as median (interquartile range) or n (percentage).

subgroup of AN with purging behavior (n = 5) had LV
remodeling characterized by significantly decreased
LVMI. There was no difference in age between the AN
patients with normal and abnormal cardiac geometry.
All the healthy patients had normal LV geometry.
Backward stepwise multiple linear regression analyses

retained only BMI Z-score as a predictor for LVMI
(P <.001; R* = 0.44).

Global LV function. Conventional echocardiographic
measures (EF and SF) were similar between patients
newly diagnosed with AN and healthy age-matched
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Table 2. Echocardiographic Assessment of Left Ventricular Structure and Function in Anorexia Nervosa Patients With and

Without Purging Behavior®.

Pediatric Controls

Anorexia Nervosa

P Value P Value

No Purging  Purging Behavior Control Patients AN Patients: Purge
Healthy (n = 14) Behavior (n = 25) (n=5) Versus AN Patients Versus No Purge
LV morphology
LV mass index (g/height”) 23.6 (18.9,29.3) 24.2(21.2,28.7) 18(l6.2,23.4) .32 .003
Pericardial effusions (yes) NA 4 (8%) I (20%) NA .35
LV function
Conventional
Ejection fraction (%) 62 (58, 70) 68 (63, 69) 65 (61, 68) .65 .56
Shortening fraction (%) 37 (32, 40) 38 (34,40) 37 (34,41) .82 91
Quantitative
Global longitudinal strain (%) —22 (18, -24) -23(-22,-26) -22(-20, -26) 23 .34
Segmental longitudinal strain (%)
Basal =22 (-19,-23) -22(-19,-24) -22(-17,-23) 23 .57
Midventricular -23 (20, -26) —24 (-21,-27) -22(-20, -26) .65 72
Apical =26 (-22,-29) -26(-23,-32) -21(-19,-29) 12 .001

Abbreviations: AN, anorexia nervosa; LV, left ventricular.
*Data presented as median (interquartile range) or n (percentage).

controls (Table 2), irrespective of their subtype behav-
iors. Similarly, GLS was similar between all AN patients
and the controls, irrespective of their subtype
behaviors.

Regional LV function. Healthy controls displayed an apex-
to-base (highest to lowest) SLS gradient (P <.001). AN
patients with excessive exercise behavior (n = 23) also
displayed a similar apex-to-base SLS gradient (P <.001)
when compared with AN patients without excessive
exercise behavior. Patients with purging behavior (n=5)
had significant decreased apical SLS values (Table 2
and Figure 2) and did not exhibit the same apex-to-base
SLS gradient. There were no differences in electrolyte
profiles between the AN patients with purging behavior
and those without purging behavior. Backward stepwise
multiple linear regression analyses for the cohort of AN
who had purging behavior, AN without purging behav-
ior, and control patients retained BMI Z-score as the
only predictor for apical LS and altered SLS gradient (P
<.01; R*=0.25).

Discussion

In this retrospective pilot study, LV performance was
assessed in patients with AN using conventional and
emerging quantitative echocardiography. The main find-
ings of this study are the following: (1) ventricular
remodeling is present in a subgroup of AN adolescents
in association with purging behavior and (2) apical seg-
mental strain, a quantitative measure of regional LV
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Figure 2. Regional strain imaging in AN patients with
purging behavior. Comparison of regional LV regional
longitudinal strain between pediatric control values (black
diamond), anorexia nervosa (AN) patients who do not
exhibit purging behavior (grey circle), and AN patients who
have purging behavior (white square). *In adolescents newly
diagnosed AN and have purging behavior, the apical strain
(white squares) are significantly lower (P = .001) than those
AN patients who did not have a purging behavior (gray
circles), altering the physiological apex-to-base gradient.

function, was also decreased in patients with new-onset
AN and purging behavior.

There is a growing awareness of the cardiac manifes-
tations associated with AN,'>'* but clinicians lack lon-
gitudinal markers of myocardial adaptation to eating
disorders. This is the first study to characterize LV
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function in patients with AN, or any eating disorder,
with 2DSTE-derived strain imaging. Previous studies
have only focused on conventional echocardiography,
which often only assess global function and may not
detect subtle alterations in regional myocardial func-
tion."** In this study, we did not observe any differences
in the global measures of LV function, conventional or
quantitative, between the patients newly diagnosed with
AN and healthy controls, irrespective of their subtype
behaviors. Interestingly, the patients with specific purg-
ing behaviors had decreased regional apical SLS that
altered the physiological apex-to-base gradient (highest
to lowest strain gradient).'” The mechanism is not com-
pletely clear, but purging behavior may alter the tor-
sional mechanisms and decrease the electric excitation
of cardiac motion that begins at the apex and has a
slower transit time to the base.'” This observation has
the potential to discern subclinical changes in myocar-
dial function in patients with specific behaviors earlier
than convectional measures, vital signs changes, or even
changes in electrolyte profile.

The major limitation of this pilot study is its retro-
spective statistical analysis interpretation imposed
by small sample and effect size comparisons. Nonetheless,
the preliminary observations and associated limitations
are less as important as the recognition that strain imag-
ing is an emerging reproducible modality that is feasi-
ble in patients newly diagnosed with AN, may be more
sensitive than conventional measures, and should be
considered in the assessment of clinical changes in
myocardial function in this population and those with
other eating disorders. Future work in a large full-scale
prospective study is needed to understand the effect that
strain imaging will have on patient management strate-
gies for cardiac health in this population.

Conclusion

Two-dimensional speckle tracking echocardiography—
derived strain imaging represents an emerging modality
that may be clinically useful in the assessment of global
and regional LV function in adolescents newly diag-
nosed with AN. Ventricular remodeling and altered
regional function is present in a subgroup of adolescents
with AN in association with purging behavior. Future
studies may utilize these novel methods to identify those
AN patients who are at an increased risk for developing
significant cardiac dysfunction.
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