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BACKGROUND The prevalence of diastolic dysfunction has not been systematically evaluated in a large population of

survivors of childhood cancer using established guidelines and standards.

OBJECTIVES This study sought to assess the prevalence and progression of diastolic dysfunction in adult survivors of

childhood cancer exposed to cardiotoxic therapy.

METHODS Comprehensive, longitudinal echocardiographic examinations of adult survivors of childhood cancer $18

years of age and $10 years from diagnosis in SJLIFE (St. Jude Lifetime Cohort Study) were performed. Diastolic

dysfunction was defined based on 2016 American Society of Echocardiography/European Association of Cardiovascular

Imaging guidelines.

RESULTS Among 3,342 survivors, the median (25th-75th percentiles [quartile (Q)1-Q3]) age at diagnosis was 8.1 years

(Q1-Q3: 3.6-13.7 years), 30.1 years (Q1-Q3: 24.4-37.0 years) at the baseline echocardiography evaluation (Echo 1), and

36.6 years (Q1-Q3: 30.8-43.6 years) at the last follow-up echocardiography evaluation (1,435 survivors) (Echo 2). The

proportion of diastolic dysfunction was 15.2% (95% CI: 14.0%-16.4%) at Echo 1 and 15.7% (95% CI: 13.9%-17.7%) at

Echo 2, largely attributable to concurrent systolic dysfunction. Less than 5% of survivors with preserved ejection fraction

had diastolic dysfunction (2.2% at Echo 1, 3.7% at Echo 2). Using global longitudinal strain assessment in adult survivors

with preserved ejection fraction (defined with a cutpoint worse than �15.9%), the proportion of diastolic dysfunction

increased to 9.2% at baseline and 9.0% at follow-up.

CONCLUSIONS The prevalence of isolated diastolic dysfunction is low among adults who received cardiotoxic

therapies for childhood cancer. The inclusion of left ventricular global longitudinal strain significantly increased

the identification of diastolic dysfunction. (J Am Coll Cardiol CardioOnc 2023;5:377–388) © 2023 The Authors.
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ABBR EV I A T I ON S

AND ACRONYMS

ASE = American Society of

Echocardiography

EACVI = European Association

of Cardiovascular Imaging

Echo 1 = baseline

echocardiography evaluation

Echo 2 = follow-up

echocardiography evaluation

EF = ejection fraction

GLS = global longitudinal

strain

LA = atrial

LV = left ventricular

LVEF = left ventricular ejection

fraction

Q = quartile

TR = tricuspid regurgitatio
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D espite a significant improvement
in outcomes for survivors of child-
hood cancer, cardiotoxicity result-

ing from cancer treatment exposure
remains a leading cause of early mortality.1,2

Anthracycline chemotherapies and chest-
directed radiation therapy are associated
with a dose-related increased risk of
congestive heart failure.3,4 The biological
mechanisms responsible for anthracycline-
induced cardiotoxicity are multifaceted,
including oxidative stress from accumula-
tion of free radical formation, transcriptional
alterations in intracellular adenosine
triphosphate production, and mitochondrial
dysfunction.5 In addition, a higher lifetime
cumulative dose of anthracycline exposure,
female sex, younger age of initiation of can-
cer therapies, radiation exposing the heart,
and pre-existing cardiovascular disease are contribu-
tors to cardiotoxicity risk among survivors of child-
hood cancer.6 Although most echocardiographic
evaluations of cardiotoxicity have focused on left
ventricular (LV) systolic dysfunction, the role of dia-
stolic dysfunction in cardiotoxicity is being increas-
ingly studied. Diastolic dysfunction is described as
an integral component in the progression of heart
failure in the general population where it has been
associated with an increased risk for all-cause mortal-
ity.7,8 Hence, tools capable of earlier detection of car-
diotoxicity, including more precise assessment of
diastolic injury, may improve the identification of pa-
tients with dysfunction who may benefit from inter-
vention to preserve cardiac function.

Diastolic function can be assessed noninvasively
by echocardiography. Although diastolic dysfunction
and its characterization after childhood cancer ther-
apies have been the focus of a number of studies, the
reported prevalence remains equivocal because few
studies have comprehensively assessed the full
spectrum of diastolic variables, often basing the
prevalence on only 1 or 2 indicators.4,9-11 Moreover,
most reports are based on the evaluation of pop-
ulations of limited sample size selected for specific
cancer diagnoses.12-15 The current study aimed to
systematically evaluate the prevalence and
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progression of diastolic dysfunction by echocardiog-
raphy based on the hierarchical diastolic algorithm
provided by the 2016 American Society of Echocar-
diography (ASE)/European Association of Cardiovas-
cular Imaging (EACVI) guidelines in a large
population of survivors of childhood cancer.16

METHODS

The current analysis includes adult survivors $18
years of age and $10 years from the diagnosis of
childhood cancer diagnosed and treated at St. Jude
Children’s Research Hospital and participating in
SJLIFE (St. Jude Lifetime Cohort Study). Details of
eligibility, recruitment methods, and study design
have been published previously.17 At the inception of
SJLIFE in 2007, echocardiography was risk based and
limited to participants exposed to anthracycline
chemotherapy or chest-directed radiotherapy. Sub-
sequently, in 2015, the study was modified to sys-
tematically assess all survivors regardless of exposure
status. A total of 448 cases were excluded from the
current analysis because of significant mitral annular
calcification (n ¼ 6) or they were missing echocar-
diographic parameters necessary for diastolic assess-
ment (n ¼ 442), resulting in 3,342 survivors available
for echocardiographic evaluation. This study was
approved by the St. Jude Institutional Review Board,
and survivors provided informed consent for
participation.

ECHOCARDIOGRAPHIC ASSESSMENT. Standard trans-
thoracic echocardiograms were performed using
Vivid 7 (GE Medical Systems) and since 2010 E9
(GE Medical Systems) platforms at the baseline and
follow-up visits. Echocardiographic assessment
included both standard 2-dimensional and
3-dimensional left ventricular ejection fraction
(LVEF) quantification based on the 2016 ASE
guidelines; abnormal LVEF was reported as <52%
for males and <54% for females.18 Mitral inflow
velocities were measured at leaflet tips by pulsed
wave Doppler. Tissue Doppler velocities were
measured from the apical 4-chamber view at both
the medial and lateral mitral annulus. The left
atrial (LA) maximum volumes were captured at
end-ventricular systole and indexed to participants’
es and animal welfare regulations of the authors’
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TABLE 1 Demographic, Primary Cancer Diagnosis, Treatment

Characteristics, and Echocardiographic Outcomes

Echo 1
(n ¼ 3,342)

Echo 2
(n ¼ 1,435)

Age at echocardiography, y 30.1 (24.4- 37.0) 36.6 (30.8-43.6)

Age at diagnosis 8.1 (3.6-13.7)

BSA 1.89 � 0.29 1.93 � 0.30

Female, % 1,582 (47.3) 682 (47.5)

Race/ethnicity

Non-Hispanic White 2,697 (80.7) 1,177 (82.0)

Non-Hispanic Black 490 (14.7) 192 (13.4)

Hispanic 97 (2.9) 43 (3.0)

Other 62 (1.7) 23 (1.6)

Primary cancer diagnosis

Leukemia

Acute lymphoblastic
leukemia

1,038 (31.1) 490 (34.2)

Acute myeloid leukemia 136 (4.1) 63 (4.3)

Other leukemia 3 (0.09) 0 (0)

Lymphoma

Non-Hodgkin lymphoma 239 (7.2) 125 (8.7)

Hodgkin lymphoma 428 (12.8) 228 (15.9)

CNS tumor 390 (11.7) 92 (6.4)

Bone tumor

Ewing sarcoma 107 (3.2) 55 (3.8)

Osteosarcoma 138 (4.1) 79 (5.5)

Soft tissue sarcoma

Rhabdomyosarcoma 107 (3.1) 41 (2.9)

Nonrhabdomyosarcoma 85 (2.5) 21 (1.5)

Other malignancies

Germ cell tumor 62 (1.9) 13 (0.9)

Melanoma 12 (0.4) 1 (0.1)

Neuroblastoma 153 (4.6) 64 (4.5)

Retinoblastoma 88 (2.6) 11 (0.8)

Wilms tumor 221 (6.6) 114 (7.9)

Treatment

Chemotherapy alone 1,259 (37.7) 524 (36.5)

Radiation alone 228 (6.8) 80 (5.6)

Chemotherapy and
Radiation

1,645 (49.2) 803 (56.0)

None 210 (6.3) 28 (1.9)

Anthracycline cumulative
dose, mg/m2

None 1,210 (36.2) 345 (24.0)

1-100 751 (22.5) 375 (26.1)

101-250 889 (26.6) 451 (31.4)

>250 483 (14.5) 261 (18.2)

Chest-directed RT, Gy

None 1,475 (44.1) 555 (38.7)

1-20 423 (12.7) 210 (14.6)

20-35 131 (3.9) 70 (4.9)

>35 883 (26.4) 546 (38.0)

Comorbiditiesa

Abnormal glucose metabolism

Grade 0 2,631 (78.7) 965 (67.2)

Grade 1 408 (12.2) 272 (18.9)

Grade 2 124 (3.7) 113 (7.9)

Grade 3 171 (5.1) 85 (5.9)

Continued in the next column

TABLE 1 Continued

Echo 1
(n ¼ 3,342)

Echo 2
(n ¼ 1,435)

Hypertension

Grade 0 1,500 (44.9) 395 (27.5)

Grade 1 1,100 (32.9) 563 (39.2)

Grade 2 554 (16.6) 347 (24.2)

Grade 3 182 (5.5) 130 (9.1)

Chronic kidney disease

Grade 0 2,889 (86.5) 1,350 (94.1)

Grade 1 29 (0.9) 24 (1.7)

Grade 2 44 (1.3) 34 (2.4)

Grade 3 25 (0.7) 17 (1.2)

Medical therapy, %

b-blocker 168 (5.0) 132 (9.2)

ACE inhibitor 184 (5.5) 133 (9.2)

ARB 75 (2.2) 53 (3.7)

MRA 12 (0.4) 12 (0.8)

Values are median (Q1-Q3), mean � SD, or n (%). aBased on system-based chronic
and late- onset medical event severity grading in SJLIFE (St. Jude Lifetime Cohort
Study).22

ACE ¼ angiotensin-converting enzyme; ARB ¼ angiotensin II receptor blocker;
BSA ¼ body surface area; CNS ¼ central nervous system; Echo 1 ¼ baseline
echocardiography evaluation; Echo 2 ¼ follow-up echocardiography evaluation;
MRA ¼ Mineralocorticoid receptor antagonist; RT ¼ radiation therapy.
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body surface area. The peak tricuspid systolic ve-
locities were recorded and quantified using the
simplified Bernoulli equation. Global longitudinal
strain (GLS) was obtained using endocardial con-
tours from the apical 4-chamber, apical 2-chamber,
and apical 3-chamber views, respectively, timed at
1 complete RR interval.

Decreased LV GLS, which was defined as a value
worse than �15.9%, was used as an additional
parameter to evaluate diastolic dysfunction.19 The
2016 ASE/EACVI guidelines highlight that although
this approach has not been widely tested, it may have
specific significance in patients with preserved ejec-
tion fraction (EF) and equivocal data after evaluating
diastolic parameters.16 Although no specific reference
ranges or cutoff values were suggested, our study
used the lowest value (LV GLS ¼ �15.9%) reported in
the most recent meta-analysis of normal GLS refer-
ence ranges.19

OUTCOME DEFINITION FOR DIASTOLIC DYSFUNCTION.

Diastolic assessment following the hierarchical algo-
rithm was applied for each subject included in this
analysis.16 Any participant with echocardiography
identified to have overt myocardial disease (reduced
LVEF [<52% in men and <54% in women], regional
wall motion abnormalities, or left ventricular hyper-
trophy) was automatically evaluated based on tier B



TABLE 2 Echocardiographic Characteristics and Prevalence of Abnormal Diastolic

Dysfunction in Survivors of Childhood Cancer Evaluated Longitudinally

Echo 1
(n ¼ 3,342)

Echo 2
(n ¼ 1,435) P Valuea

E/A ratio 1.56 (1.26-2.01) 1.36 (1.10-1.74) 0.57

Septal e’ velocity, cm/s 12.0 (10.0-14.0) 10.0 (8.0-12.0) 0.002

Lateral e’ velocity, cm/s 15.0 (12.8-17.5) 14.0 (11.0-16.0) 0.17

Average E/e’ 6.64 (5.63-8.01) 7.38 (6.12-9.38) < 0.001

TR velocity, m/s 2.23 (1.99-2.46) 2.11 (1.69-2.32) < 0.001

LA volume, mL/m2 19.6 (16.0-23.5) 20.1 (16.4 -24.0) 0.96

IVSd, mm 8.7 (7.8-9.8) 8.8 (7.8-9.8) <0.001

LVIDd, mm 44.9 (41.3-48.7) 44.8 (41.4-48.5) <0.001

PWd, mm 8.5 (7.5-9.5) 8.4 (7.5-9.4) <0.001

LVEDV, mL 94.8 (76.9-115.0) 84.5 (67.7-104.0) <0.001

LVEDV index, mL/m2 51.2 (42.5-59.9) 44.8 (36.2-53.4) <0.001

LVESV, mL 35.8 (28.3-44.8) 31.6 (25.1-40.9) <0.001

LVESV index, mL/m2 19.2 (15.7-23.2) 16.6 (13.5-20.9) <0.001

SV, mL 57.8 (46.8-71.3) 51.7 (40.7-63.7) <0.001

SV index, mL/m2 31.2 (25.9-37.2) 27.4 (21.9-33.0) <0.001

LV mass, g/m2 67.0 (56.5-79.0) 65.4 (55.7-76.1) <0.001

LVEF, % 61.4 (57.2-65.3) 61.8 (57.0-65.3) <0.001

GLS, %) �18.7 � 3.4 �18.4 � 3.7 0.80

Diastolic function, %

Normal 2,835 (84.8) 1,210 (84.3)

Grade 1 291 (8.7) 137 (9.6)

Grade 2 17 (0.5) 20 (1.4)

Grade 3 88 (2.6) 19 (1.3)

Indeterminate 50 (1.5) 43 (3.0)

Not determined 61 (1.8) 6 (0.4)

Values are median (Q1-Q3) or n (%). aThe P values are from the age-adjusted linear mixed-effects models.

E/A ¼ E velocity divided by A velocity; e’ ¼mitral annular e’ velocity; E/e’¼ E velocity divided by mitral annular
e’ velocity; EF ¼ ejection fraction; GLS ¼ global longitudinal strain; IVSd ¼ interventricular septal end diastole;
LA ¼ left atrium; LVEDV ¼ left ventricular end-diastolic volume; LVESV ¼ left ventricular end-systolic volume;
LVIDd ¼ left ventricular internal diameter end-diastole; PWd ¼ posterior wall end diastole; SV ¼ stroke volume;
TR ¼ tricuspid regurgitation; other abbreviations as in Table 1.

Palmer et al J A C C : C A R D I O O N C O L O G Y , V O L . 5 , N O . 3 , 2 0 2 3

Diastolic Dysfunction in Survivors of Childhood Cancers J U N E 2 0 2 3 : 3 7 7 – 3 8 8

380
of the 2016 ASE algorithm for the assessment of dia-
stolic dysfunction in subjects with depressed EF.16,18

Subjects with preserved LVEF were assessed using
tier A of the hierarchical diagram of the guidelines.16

The following variables were used to assign diastolic
function classification: average E/e’ (E velocity
divided by mitral annular e’ velocity) >14, septal e’
velocity <7 cm/s, lateral e’ (mitral annular e’ velocity)
velocity <10 cm/s, tricuspid regurgitation (TR) ve-
locity >2.8 m/s, and LA volume index >34 mL/m2. As
per the “majority rules” guidelines, in the event that
1 of 4 (when 4 were available) or 1 of 3 (when 3 were
available) was positive, subjects were classified as
having normal diastolic function. When 2 of 4 were
positive, the classification was indeterminate. In
addition, in subjects with preserved LVEF, the
implementation of LV GLS (cutoff ¼ �15.9) was used.
Finally, in instances in which 3 of 4 or 2 of 3 variables
were positive, the subject was classified as diastolic
dysfunction present, and then the application of tier
B categorization followed for grading.16

DEMOGRAPHIC AND EXPOSURE VARIABLES. Survi-
vor characteristics and the cumulative anthracycline
dose were abstracted from the medical record
consistent with previous studies.20 Chest-directed
radiation therapy dose reconstruction was calcu-
lated using anthropomorphic phantoms constructed
of tissue-equivalent material as previously
described.21 Comorbidities including abnormal
glucose metabolism, hypertension, and chronic kid-
ney disease were graded based on system-based
chronic and late-onset medical event severity
grading in SJLIFE.22

STATISTICAL ANALYSIS. Categoric data are pre-
sented as the frequency with percentage, and the
comparison between groups was performed using the
chi-square or Fisher exact test. Continuous variables
are expressed as the median with 25th and 75th per-
centiles (quartile [Q]1-Q3), and the Mann-Whitney
U test was used to compare differences between
2 groups. Comparisons among 3 or more groups were
performed with 1-way analysis of variance or the
Kruskal-Wallis test. Linear mixed-effects models
were used to assess the change of echocardiographic
parameters over time (at the baseline echocardiogra-
phy evaluation [Echo 1] and at the follow-up echo-
cardiography evaluation [Echo 2]). The fixed effect
included age and time, and the random effect
included random intercept and slope, allowing
intercept and slopes of the model to vary across
subjects. An autoregressive correlation structure was
assumed for repeated measurements within in-
dividuals. Given the very low proportion of abnormal
diastolic function, the grade change over time was
not assessed. Furthermore, complete case analysis
among the 1,435 survivors with at least 2 echocardi-
ography visits was performed as a sensitivity analysis
to assess the robustness of results given that not all
survivors had follow-up echocardiography.23 Statis-
tical analyses were performed using R software,
version 4.0.3 (The R Foundation).

RESULTS

POPULATION CHARACTERISTICS. The median (Q1-
Q3) age at diagnosis was 8.1 years (Q1-Q3: 3.6-13.7
years) (Table 1). The median age at Echo 1 was 30.1
years (Q1-Q3: 24.4-37.0 years) and 36.6 years (Q1-Q3:
30.8-43.6 years) at Echo 2. At baseline, survivors were
more likely male (52.7%); 1,645 (49.2%) were treated



FIGURE 1 Distribution of Echocardiographic Variables

A violin plot illustrating the distribution of echocardiographic variables used to assess diastolic function over time. The shaded area describes probability density; the

white box plot denotes the median and IQR. E/A ¼ E velocity divided by A velocity; e’ ¼mitral annular e’ velocity; E/e’ ¼ E velocity divided by mitral annular e’ velocity;

LA ¼ left atrial; TR ¼ tricuspid regurgitation.
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with chest-directed radiation and anthracycline
chemotherapy, 228 (6.8%) with chest-directed radia-
tion but no anthracyclines, 1,259 (37.7%) with
anthracycline chemotherapy but no chest radiation,
and 210 (6.3%) without anthracycline chemotherapy
or chest-directed radiation therapy (Table 1).

DIASTOLIC DYSFUNCTION IN THE COHORT. Overall,
the proportion of diastolic dysfunction was 15.2%
(95% CI: 14.0%-16.4%) at baseline among 3,342
survivors and 15.7% (95% CI: 13.9%-17.7%) at follow-
up among 1,435 survivors. Table 2 provides the
prevalence of diastolic dysfunction by grade along
with the prevalence of individual measures of cardiac
function. Notably, most survivors with diastolic
dysfunction had grade I dysfunction. Figure 1 illus-
trates the distribution of the specific echocardio-
graphic variables used to assess diastolic function at
Echo 1 and Echo 2. Echocardiographic characteristics
and the prevalence of abnormal diastolic dysfunction



TABLE 3 Diastolic Echocardiographic Parameters Stratified by Therapy at Baseline

Echocardiography Evaluation

Chemotherapy Alone
(n ¼ 1,259)

Radiation Alone
(n ¼ 228)

Chemotherapy
and Radiation
(n ¼ 1645) P Valuea

E/A ratio 1.68 (1.34-2.15) 1.53 (1.21-1.88) 1.48 (1.21-1.89) <0.001

Septal e’ velocity, cm/s 12.6 (10.5-14.4) 12.0 (10.0-13.8) 11.3 (9.5-13.3) 0.10

Lateral e’ velocity, cm/s 16.1 (13.9-18.6) 14.8 (12.8-17.0) 14.2 (12.0-16.4) <0.001

Average E/e’ 6.30 (5.45-7.41) 6.62 (5.49-8.50) 7.05 (5.93-8.50) <0.001

TR velocity, m/s 2.19 (1.95-2.38) 2.21 (1.90-2.52) 2.29 (2.06-2.57) <0.001

LA volume, mL/m2 20.0 (16.4-23.8) 19.3 (15.3-22.3) 19.0 (15.1-22.8) 0.002

Diastolic function, % 0.19

Normal 1,094 (86.9) 197 (86.4) 1,346 (81.8)

Grade I 105 (8.3) 17 (7.5) 161 (9.8)

Grade II 3 (0.2) 1 (0.4) 13 (0.8)

Grade III 32 (2.6) 5 (2.2) 48 (2.9)

Indeterminate 7 (0.6) 6 (2.6) 36 (2.2)

Not determined 18 (1.4) 2 (0.9) 41 (2.5)

Values are median (Q1-Q3) or n (%). aThe P values are from the Kruskal-Wallis test.

Abbreviations as in Table 2.
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stratified by time interval (10-year mark) from cancer
diagnosis to the first echocardiogram are presented in
Supplemental Table 1. Regarding the evaluation of
diastolic dysfunction based on therapeutic expo-
sures, no significant difference in the proportion of
survivors with various grades of diastolic dysfunction
with therapy (anthracycline therapy alone, chest-
directed radiotherapy alone, or combined therapy)
was identified (P ¼ 0.19) (Table 3, Figure 2). When
comparing by treatment exposure, although certain
individual echocardiographic variables were statisti-
cally significantly different, none represented clini-
cally meaningful differences. When comparing
baseline to follow-up echocardiography measures,
septal e’ velocity (P ¼ 0.002), average E/e’ (P < 0.001),
and TR velocity (P < 0.001) significantly changed
over time but not the E/A (E velocity divided by A-
wave velocity) ratio (P ¼ 0.57), lateral
e’ velocity (P ¼ 0.17), or LA volume index
(P ¼ 0.96) (Figure 3). The echocardiographic parame-
ters used to assess diastolic dysfunction are provided,
stratified by sex, in Supplemental Table 2.

DIASTOLIC FUNCTION IN PATIENTS AT BASELINE

AND FOLLOW-UP WITH PRESERVED AND REDUCED

EF. Overall, the majority of patients with preserved
EF had normal diastolic function (97.8% at Echo 1,
96.3% at Echo 2) (Table 4). However, when a GLS
of �15.9% was applied as a cutpoint, the proportion
with diastolic dysfunction increased to 9.2% at base-
line and 9.0% at follow-up. In addition, septal ve-
locity significantly decreased over time (P ¼ 0.002).
Similarly, the average E/e’ significantly increased
during follow-up (P < 0.001). Conversely, the lateral
e’ velocity, E/A ratio, and LA volume index did not
change (P > 0.05 for all).

The proportion of the cohort with reduced EF was
13.3% at Echo 1 and 16.0% at Echo 2 (Table 5). At Echo
1, 65.7% of survivors with reduced EF were classified
as grade I diastolic dysfunction, 1.4% as grade II,
19.2% as grade III, and grade could not be determined
in 13.8% (Table 5). At Echo 2, 73.5% of survivors with
reduced EF were classified as grade I diastolic
dysfunction, 6.1% as grade II, 12.2% as grade III, and
grade could not be determined in 8.2% (Central
Illustration). In the population with reduced EF,
echocardiographic parameters for assessing diastolic
dysfunction including septal e’ velocity and TR ve-
locity significantly changed over time. Conversely,
the E/A ratio, lateral e’ velocity, E/e’, and LA volume
index did not change during the follow-up.

SENSITIVITY ANALYSES. Results based on a com-
plete case analysis (N ¼ 1,435 at Echo 1 and Echo 2)
found a similar proportion of diastolic dysfunction
using all available data (Supplemental Tables 3 to 6).

DISCUSSION

To our knowledge, our study included the largest
population to date of adult survivors of childhood
cancer evaluated for the prevalence of diastolic
dysfunction with systematic application of ASE/EACVI
guidelines. Overall, we determined that diastolic
dysfunction in survivors, of whom 12.2% to 19.2%were
grade III, is largely attributable to concurrent systolic
function. In contrast, only 2.2% of survivors at base-
line and 4.6% with preserved EF at follow-up had ev-
idence of diastolic dysfunction. Furthermore, LV GLS
significantly improved the identification of diastolic
dysfunction in adult survivors with preserved EF
largely treated with cardiotoxic therapy.

The historical discordance in the definition and
grading of diastolic dysfunction created formidable
complexity for the clinician. Because of this, the
updated 2016 ASE/EACVI diastolic recommendations
were developed to provide a streamlined stepwise
hierological assessment using key variables in the
absence of myocardial disease (E/A ratio, e0 velocities,
E/e0 ratio, TR velocity, and LA volume index).24

https://doi.org/10.1016/j.jaccao.2022.12.010
https://doi.org/10.1016/j.jaccao.2022.12.010
https://doi.org/10.1016/j.jaccao.2022.12.010


FIGURE 2 Distribution of Specific Echocardiographic Variables Stratified by Type of Cardiotoxic Therapy

A violin plot demonstrating the distribution of specific echocardiographic variables used to assess diastolic function stratified by type of cardiotoxic therapy exposure at

baseline echocardiography evaluation. The shaded area describes probability density; the white box plot denotes the median and IQR. RT ¼ therapy; other

abbreviations as in Figure 1.
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Feasible implementation into everyday clinical prac-
tice with improved interobserver reliability across a
broad range of observer experience was the primary
driver in the updated recommendations.24 These re-
finements have mitigated discordance between vari-
ables such that classification is now simplified to
majority rules, meaning for positive classification at
least 3 of 5 available variables when all are available
or 2 of 3 available variables when only 3 are available.
These majority rules may explain the lower preva-
lence of diastolic dysfunction observed in the current
study of adult survivors of childhood cancer
compared with that previously reported in studies of
smaller populations that often limited evaluation to 1
or 2 parameters to diagnose dysfunction.25,26 In
addition, the authors believe these refinements to be
the explanation of a more modest classification of
diastolic dysfunction prevalence within a previous
study of a large population of adult cancer
survivors.20

Although LV GLS and LA longitudinal strain were
also proposed in the 2016 ASE/EACVI guidelines to
further assess myocardial function, these approaches
had not been widely tested.16 The additional use of



FIGURE 3 Changes in Left Ventricular Diastolic Function Over Time Following Childhood Cancer Therapies

Septal velocity, average E/e’, and TR velocity significantly changed over time. Conversely, the E/A ratio, lateral e’ velocity, and LA volume index did not change. The P

values are from the age-adjusted linear mixed-effects model. Echo 1 ¼ baseline echocardiography evaluation; Echo 2 ¼ follow-up echocardiography evaluation; other

abbreviations as in Figure 1.
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LV GLS within our cohort of adult survivors signifi-
cantly increased the prevalence of diastolic dysfunc-
tion. The lack of a recommended LV GLS cutoff value
may lead to reluctance to draw conclusions. However,
the current study used the most conservative cutoff
value for LV GLS reported in the most recent meta-
analysis of normal GLS reference ranges.19 Because
the SJLIFE echocardiography evaluation did not
analyze LA longitudinal strain, no association be-
tween this metric and diastolic dysfunction could be
reported.
Additionally, adult survivors with reduced EF were
more likely to have grade I diastolic dysfunction rather
than higher-grade dysfunction. The appropriate
grading of diastolic function carries significant
prognostic implications; advanced stages of diastolic
dysfunction irrespective of LVEF imply worse out-
comes in the general population.27,28 Hence, the
observation of predominantly grade I diastolic
dysfunction when the EF was reduced was quite
remarkable. The observation of a low rate of dia-
stolic dysfunction in a large cohort of prospectively



TABLE 4 Diastolic Echocardiographic Parameters in the Survivors With Preserved

LVEF Group

Preserved LVEF

Echo 1
(n ¼ 2,899)

Echo 2
(n ¼ 1,205) P Valuea

E/A ratio 1.58 (1.28-2.02) 1.38 (1.11-1.74) 0.44

E/A #0.8, % 56 (1.9) 52 (4.3)

0.8 < E/A <2, % 2,075 (71.6) 964 (80.0)

E/A $2, % 756 (26.1) 181 (15.0)

Septal e’ velocity, cm/s 12.0 (10.0-14.0) 10.2 (7.9-12.1) 0.003

Lateral e’ velocity, cm/s 15.2 (13.0-17.7) 13.9 (11.8-16.1) 0.10

Abnormal septal or lateral e’ velocity, % 205 (7.1) 185 (15.4)

Average E/e’ 6.58 (5.61-7.92) 7.22 (6.08-9.07) <0.001

Abnormal average E/e’ >14, % 43 (1.5) 54 (4.5)

TR velocity, m/s 2.23 (1.99-2.46) 2.10 (1.65-2.31) <0.001

Abnormal TR velocity >2.8, % 203 (7.0) 33 (2.7)

LA volume, mL/m2 19.6 (16.0-23.5) 20.1 (16.3-23.8) 0.38

Abnormal LA volume >34, % 36 (1.2) 28 (2.3)

Diastolic function, %

Normal 2,835 (97.8) 1,161 (96.3)

Grade I 0 (0) 0 (0)

Grade II 11 (0.4) 10 (0.8)

Grade III 3 (0.1) 2 (0.2)

Indeterminate 50 (1.7) 32 (2.7)

Values are median (Q1-Q3) or n (%). aThe P values are from the age-adjusted linear mixed-effects model; the
stratification into preserved LVEF and reduced LVEF for grading diastolic function based on the first
echocardiography.

LVEF ¼ left ventricular ejection fraction; other abbreviations as in Table 2.

TABLE 5 Diastolic Echocardiographic Parameters in the Reduced LVEF Group

Reduced LVEF

Echo 1
(n ¼ 443)

Echo 2
(n ¼ 230) P Valuea

E/A ratio 1.46 (1.16-1.93) 1.29 (0.98-1.53) 0.08

E/A #0.8, % 24 (5.4) 27 (11.7)

0.8 < E/A <2, % 321 (72.5) 182 (79.1)

E/A $2, % 90 (20.3) 21 (9.1)

Septal e’ velocity, cm/s 10.4 (8.4-12.1) 8.3 (6.2-8.8) <0.001

Lateral e’ velocity, cm/s 13.9 (11.2-16.1) 11.2 (9.1-14.2) 0.32

Abnormal septal or lateral e’ velocity, % 87 (19.6) 95 (41.3)

Average E/e’ 7.10 (6.01-9.22) 9.17 (6.85-12.53) 0.10

Abnormal average E/e’, % 31 (7.0) 48 (20.9)

TR velocity, m/s 2.25 (1.99-2.49) 2.10 (1.89-2.32) < 0.001

Abnormal TR velocity, % 37 (8.4) 19 (8.3)

LA volume, mL/m2 19.6 (15.3-23.7) 22.1 (18.1-27.5) 0.15

Abnormal LA volume, % 3 (0.7) 13 (7.2)

Diastolic function, %

Grade I 291 (65.7) 169 (73.5)

Grade II 6 (1.4) 14 (6.1)

Grade III 85 (19.2) 28 (12.2)

Not determined 61 (13.8) 19 (8.2)

Values are median (Q1-Q3) or median and quartile 1-quartile 3 for non-normal distribution. Categoric variables are
presented as n (%). aThe P values are from the age-adjusted linear mixed-effects model; the stratification into
preserved LVEF and reduced LVEF for grading diastolic function based on the first echocardiography.

Abbreviations as in Tables 2 and 4.
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followed adult survivors of childhood cancer is
significant. Future research using guideline-based
assessment of diastolic dysfunction in the interim
between cancer diagnosis and treatments and that
of long-term survivorship is pivotal.

STUDY LIMITATIONS. There are several study limi-
tations to be considered. First, although this the
largest cohort to date of adult survivors of child-
hood cancers, it only includes individuals >10 years
from the initial cancer diagnosis and does not cap-
ture early changes after therapy. Although late-
occurring cardiotoxicity may not become clinically
evident until 10 to 20 years after the initial cancer
treatment, diastolic dysfunction could have
occurred during or immediately after therapy and
subsequently improved.28-30 In the current study,
there were no data available to assess diastolic
dysfunction at the short-term follow-up proximal to
therapy (1-2 years post–cancer therapy). Second,
diastolic function in our study was not validated by
invasive direct measurement of LV filling pressures
or circulating biomarkers, and the lack of this vali-
dated benchmark may lead to a type II error. Third,
specific echocardiographic variables can be vastly
underestimated secondary to inherent limitations of
echocardiography. TR velocity is susceptible to un-
derestimation when a complete jet envelope is not
available; agitated saline administration was not
routinely used within our study to enhance TR ve-
locity and may explain the low prevalence of TR jet
velocity >2.8 m/s. In addition, pulmonary vein ve-
locities were not routinely reported within our
cohort. Furthermore, given the low proportion of
diastolic dysfunction in adult survivors with pre-
served EF, a multivariable model to identify asso-
ciations with diastolic dysfunction was not feasible.
Multivariable risk factor assessment for survivors
with reduced EF has been previously performed by
our group and many others.20 Of note, in this cur-
rent study, interobservability of LV strain analysis
was not performed. In addition, this current study
could not fully elucidate whether the low propor-
tion of diastolic dysfunction demonstrated was
resultant from cancer treatment and/or associated
changes seen later in life such as hypertension,
diabetes, and obesity. Further consideration should
be given to the fact that an optimal cutpoint for
abnormal GLS has not been defined; hence, the
prevalence of diastolic dysfunction would be varied
with different GLS cutpoints. Finally, the presence
of missing values, unavoidable in longitudinal
studies, may introduce bias. However, a sensitivity
analysis using a complete case analysis approach



CENTRAL ILLUSTRATION Diastolic Dysfunction Distribution in St. Jude Lifetime Cohort Study

Palmer C, et al. J Am Coll Cardiol CardioOnc. 2023;5(3):377–388.

Tier A displays adult survivors with preserved ejection fraction that could be assigned diastolic grading based on 4 key echocardiographic diastolic variables followed

by global longitudinal strain worse than �15.9%. Tier B displays adult survivors with reduced ejection fraction that could be assigned diastolic grading.

ASE ¼ American Society of Echocardiography; EACVI ¼ European Association of Cardiovascular Imaging; GLS ¼ global longitudinal strain; LVEF ¼ left ventricular

ejection fraction; SJLIFE ¼ St. Jude Lifetime Cohort Study.
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was also performed that confirmed the robustness
of the results.23

CONCLUSIONS

The use of the hierarchical 2016 ASE/EACVI diastolic
algorithm in adult survivors of childhood cancers
revealed a low prevalence of diastolic dysfunction
after cardiotoxic cancer therapies regardless of
therapeutic type. LV GLS with a cutoff of �15.9%
significantly improved the identification of diastolic
dysfunction within the same cohort.
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PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE: Applica-

tion of the hierarchical 2016 ASE/EACVI diastolic algo-

rithm in a large population of adult survivors of childhood

cancers after cardiotoxic cancer therapies demonstrated a

low prevalence of diastolic dysfunction in the setting of

preserved systolic function. Notably, LV GLS significantly

improved the identification of diastolic dysfunction.

TRANSLATIONAL OUTLOOK: Future research

assessing the role of LV GLS in diastolic function and

grading is pivotal in patients after cancer therapies and

the risk of cardiovascular events.
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