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Abstract The American Academy of Pediatrics (AAP)
recommends that any child diagnosed with hypertension
have an echocardiogram to evaluate for the presence of
left-ventricular (LV) hypertrophy (LVH) and advocates
that LVH is an indication to initiate or intensify antihypertensive therapy. However, there is no consensus on the
ideal method of defining LVH in the pediatric population.
Many pediatric cardiologists rely on wall-thickness z-score
of the LV posterior wall and/or interventricular septum to
determine LVH. Yet, the AAP advocates using LV mass
indexed to 2.7 (LVMI2.7) C 51 g/m2.7 to diagnose LVH.
Recently, age-specific reference values for LVMI C 95 %
were developed. The objective of the study was to determine the concordance between diagnosis of LVH by wallthickness z-score and diagnosis by LVMI2.7 criteria. A
retrospective chart review was performed for subjects
diagnosed with hypertension at a single tertiary care center
(2009–2012). Echocardiogram reports were reviewed, and
assessment of LVH was recorded. Diagnosis of LVH was
assigned to each report reviewed according to three criteria: (1) LV wall-thickness z-score [ 2.00; (2) age-specific
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reference values for LVMI2.7 [ 95th percentile; and (3)
LVMI2.7 [ 51 g/m2.7. Cohen’s kappa statistic was used as
a measurement of agreement between diagnosis by wallthickness z-score and diagnosis using LVMI2.7. A total of
159 echocardiograms in 109 subjects were reviewed.
Subjects included 31 females and 77 males, age
13.2 ± 4.4 years, and 39 (42 %) with a diagnosis of secondary hypertension. LVH was diagnosed in 31 cases
(20 %) based on increased wall-thickness z-score. Using
LVMI2.7 [ 95 %, LVH was found in 75 (47 %) cases
(mean LVMI2.742.3 ± 17.2 g/m2.7 [range 11.0–111 g/
m2.7]). The wall-thickness z-score method agreed with
LVMI2.7 [ 95 % diagnosis 71 % of the time (kappa 0.4).
Using LVH criteria of LVMI2.7 C 51 g/m2.7, 33 (21 %)
subjects were diagnosed with LVH. There was 79 %
agreement in the diagnosis of LVH between the wallthickness z-score method and LVMI2.7 [ 51 g/m2.7 (kappa
0.37). There is poor concordance between the diagnosis of
LVH on echocardiogram reports using wall-thickness zscore and diagnosis of LVH using LVMI2.7 criteria. It is
important to establish a consensus method for diagnosing
LVH because of the high frequency of cardiovascular
complications in children with hypertension.
Keywords Left-ventricular hypertrophy 
Hypertension  Pediatrics

Introduction
In adult literature, it is widely recognized that left-ventricular hypertrophy (LVH) resulting from hypertension is
associated with an increased risk of myocardial infarction,
stroke, and mortality independent of traditional cardiovascular risk factors [15]. Although the degree of blood
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pressure elevation that results in end organ damage in
children has not yet been established, LVH is the most
clinically evident form of target organ damage associated
with childhood hypertension. LVH is present in 34–38 %
of children with mild, untreated hypertension [4, 26].
The American Academy of Pediatrics (AAP) Fourth
Report on the Diagnosis, Evaluation and Treatment of High
Blood Pressure in Children and Adolescents recommends
that any child diagnosed with hypertension have an echocardiogram to evaluate for the presence of LVH. The report
advocates that LVH is an indication to initiate or intensify
antihypertensive therapy [19]. However, there is controversy surrounding the measurement of LV mass and no
consensus on the ideal method of defining LVH in the
pediatric population.
The American Society of Echocardiography (ASE)
guidelines for pediatric echocardiogram include the following: recommendations for the measurement of LV size
using two-dimensional (2D) linear measurement of shortaxis diameters and wall thickness as well as 2D and M-mode
volumetric assessment of LV mass [17]. However, there is
little guidance regarding the ideal method for diagnosing
LVH and indexing of LV mass for body size in the pediatric
population. In clinical practice, many pediatric cardiologists
rely on z-scores of the thickness of the LV posterior wall
(LVPW) and/or interventricular septum (IVS) alone to
determine LVH [21]. Alternatively, the AAP Fourth Report
recommends the use of the LV mass indexed to height to the
2.7th power (LVMI2.7) in grams/meter2.7 to diagnose LVH.
The report recommends the use of LVMI2.7 [ 51 g/m2.7
([99th % for adults and children) as a conservative cut-off
point for the diagnosis of LVH [19]. Since then, age-specific
reference values for LVMI2.7 have been developed [11].
However, this is not as reliable in infants and patients with a
smaller body surface area (BSA) [8].
Clinicians often rely on the results of the echocardiogram to base their decision to treat mild to moderate
hypertension in children. Anecdotally, we have noticed that
there is often a discrepancy in the diagnosis of LVH
between the two metrics of LVMI2.7 and LV thickness zscore. The purpose of this study was to analyze the concordance of LVMI2.7 and LV mass z-score in the diagnosis
of LVH in children with hypertension in a single center.

Methods
Medical records at a single tertiary care pediatric center were
retrospectively reviewed for children and adolescents
\21 years of age diagnosed with hypertension during a 4-year
period (2009–2012). Hypertension was defined as mean blood
pressure[95 % for height and sex on 24-h ambulatory blood
pressure monitoring [25]. Echocardiograms were performed
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per institutional protocol according to ASE pediatric guidelines by a pediatric cardiology ultrasound technician [17].
Height and weight were recorded at the time of the study, and
BSA was calculated. M-mode measurements were made by
the ultrasound technician performing the study, and the final
interpretation of the study was performed by 1 of 11 pediatric
cardiologists at our center. The primary method of diagnosing
LVH was by evaluation of the z-score of the LVPW or IVS
thickness. Echocardiograms performed outside of the institution were excluded.
Repeat measurements in a random sample showed excellent reproducibility with intraclass correlations of 0.97 for
left-ventricular inner dimension (LVID) and 0.73 for LVPW,
but they were suboptimal at 0.42 for IVS. In the same sample,
2D and M-mode measurements showed intraclass correlation
coefficients between 0.90 and 0.96 for the three variables.
Relative wall thickness (RWT) was calculated to assess LV
geometry using the following formula: (IVS ? LVPW)/
LVID. RWT was considered abnormal if it was C0.42 [6]. LV
geometry was defined as follows: (1) concentric hypertrophy
(LVMI [ 95 % and RWT [ 0.42), (2) concentric remodeling (LVMI \ 95 % and RWT [ 0.42), (4) eccentric hypertrophy (LVMI [ 95 % and RWT \ 0.42), and (4) normal.
The study was approved by the North Shore-LIJ Health
System Institutional Review Board.
Echocardiogram reports were assigned a diagnosis of
LVH by three methods: (1) LV wall-thickness (LVPW and
IVS) z-score [ 2.00; (2) age-specific reference values for
LVMI2.7 [ 95th percentile [11]; and (3) AAP Fourth
Report guidelines of LVMI2.7 [ 51 g/m2.7 [19]. Wall
thickness z-scores of LVPW and IVS were generated from
regression equations of LV measurements and obtained
directly from the echocardiogram report [22]. LVMI2.7 was
calculated from each echocardiogram from M-mode measurements of the IVS, LVID, and LVPW. The Devereux
formula for LV mass was used (LV mass = 0.8(1.04
[(IVS ? LVID ? LVPW)3 - LVID3] ? 0.6)) [8] and
indexed to height2.7 [7]. Cohen’s kappa statistic was performed to measure agreement in the diagnosis of LVH
between the LV mass wall-thickness z-score method and
the two cut-off points for LVMI2.7. Concordance was
graded using 0 to indicate no concordance at all and 1 to
represent complete concordance. Sensitivity and specificity
rates for the wall-thickness method were calculated for the
wall-thickness z-score method compared with the LVMI2.7
method. To determine whether minor changes in measurement of wall thickness could account for any discrepancy in LVH diagnosis using the two criteria, the number
of echocardiograms assigned a diagnosis of LVH using
LVMI2.7 criteria with wall-thickness z-scores close to 2
(1.75–1.99) were recorded. All statistical calculations and
analyses were performed using commercially available
software (SPSS version 18.0).
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Table 1 Demographics
Subjects (N)

109

Male (%)

77 (71)

Female (%)

31 (29)

Mean age (years)

13.2 ± 4.4
(range 1–21)

Secondary hypertension (%)

42 (39)

No. of echocardiogram reports

159

Mean LVMI2.7 (g/m2.7)

42.3 ± 17.2

LVMI2.7 range (g/m2.7)

11–111

No. of echocardiograms with LVH reported on
echocardiogram by wall-thickness z-score
criteria (%)

31 (20)

Concentric remodeling (%)

5 (3)

Concentric hypertrophy (%)

18 (15)

Eccentric hypertrophy (%)

47 (30)

Results
One hundred nine children were identified with a diagnosis
of hypertension at a mean age of 13.2 ± 4.4 years (median
14 [range 0.67–21]). Of these, 31 (29 %) were female, and
77 (71 %) were male. A total of 159 echocardiogram
reports of these patients were reviewed. Forty-two (39 %)
patients showed secondary hypertension. Causes for secondary hypertension included systemic lupus erythematosus, polycystic kidney disease, focal segmental
glomerulosclerosis, renal scarring, renal transplant, and
obstructive uropathy. The mean LVMI2.7 for all children
was 42.3 ± 17.2 g/m2.7 (range 11.0–111). Eccentric
hypertrophy was found in 30 % of children, of whom the
majority were transplant recipients. Concentric hypertrophy was found in 15 % and concentric remodeling in 3 %
of children. Descriptive characteristics for the patient
population are listed in Table 1.
Using wall-thickness IVS and LVPW z-score criteria,
LVH was diagnosed in 31 (20 %) echocardiograms. In
contrast, using age-specific LVMI2.7 reference values
[95 %, LVH was diagnosed in 75 (47 %) echocardiogram reports. This methodology showed a 71 % agreement and a Cohen’s kappa coefficient of 0.4 using the
wall-thickness z-score criteria diagnosis of LVH. Comparisons are listed in Table 2. Age did not appear to
impact the concordance rate (\9 years = kappa 0.4,
\9 years = kappa 0.46). Sensitivity analysis that considered an LVMI2.7 C 95 % to have LVH indicated a sensitivity of 41 % and a false-negative rate of 1.5 using the
wall-thickness z-score method. There were no diagnoses
of LVH according to the wall-thickness criteria that did
not also meet age-specific reference criteria. Of children
with abnormal LVMI2.7 but no LVH by z-score, the
z-score for LVPW and/or IVS was borderline elevated
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Table 2 LVH diagnosed by age-specific LVMI2.7 reference values
[95 %
No. of echocardiograms with LVH diagnosed
by age-specific reference values (%)

75 (47)

Percent agreement with wall-thickness z-score
diagnosis of LVH (%)

71

Cohen’s kappa statistic

0.4

Table 3 LVH diagnosed by AAP Guidelines of LVMI [ 51 g/m2.7
No. of echocardiograms with LVH
diagnosed by LVMI2.7 [ 51 g/m2.7 (%)

33 (21)

Percent agreement with wall-thickness
z-score diagnosis of LVH (%)

79

Cohen’s kappa statistic

0.37

(1.75–1.99) in 8 echocardiograms. Excluding those cases,
the kappa coefficient between the z-score and the LVMI2.7
method increased slightly to 0.47.
Based on the conservative cut-off point proposed by the
AAP guidelines of LVMI2.7 [ 51 g/m2.7, a diagnosis of
LVH was made in 33 (21 %) echocardiograms. There was
79 % agreement in the diagnosis of LVH between the wallthickness z-score method and the LVMI2.7 [ 51 g/m2.7
method. Cohen’s kappa coefficient showed a concordance
value of 0.37. Comparisons are listed in Table 3. Age did
not appear to impact the concordance rate (\9 years =
kappa 0.38, \9 years = kappa 0.34). When patients with
LVMI2.7 C 51 g/m2.7 were considered to have LVH, sensitivity analysis returned a positive z-score sensitivity of
94 % and a false-negative rate of 1.01. There were no
false-positive results.

Discussion
The results of this study demonstrate that there is poor
concordance between the diagnosis of LVH on echocardiogram reports using the wall-thickness z-score compared
with that using LVMI2.7 criteria in children. There was
only 71–79 % agreement between the two methods, and
kappa scores were highly discordant. When using wallthickness criteria compared with LVMI2.7 age-specific
reference criteria, sensitivity analysis suggested that fewer
than half of the patients with LVH were actually diagnosed
and that a negative diagnosis was more than half as likely
to be a misdiagnosis in this cohort. LVH may be underdiagnosed if the classification is based on ventricular wall
z-score rather than LVMI2.7. The study also shows that agespecific reference criteria for LVMI2.7 are more sensitive
than the AAP Guidelines of LVMI2.7 [ 51 g/m2.7 in the
diagnosis of LVH.
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Hypertension is a known risk factor for coronary artery
disease and mortality in adults. Numerous studies in the
adult literature have found significant correlations between
LVH and cardiovascular morbidity and mortality [7, 15,
16]. Studies of long-term cardiovascular outcomes in
children with hypertension are lacking; however, there is
evidence that childhood hypertension can lead to adult
hypertension [12, 23]. In the Bogalusa Heart Study, children with increased blood pressure were 2–3 times more
likely to develop essential hypertension as young adults
[2]. Therefore, LVH is often used as a surrogate outcome
for cardiovascular risk in children and adolescents.
It is widely accepted that accurate measurements of LV
wall thickness and LV mass are important to identify LVH
in children with hypertension; however, a standardized
definition of LVH has not been established by consensus.
In terms of volumetric assessment, cardiac magnetic resonance imaging (MRI) has increasingly become accepted
as the ‘‘gold standard’’ for quantification of ventricular
mass and volumes of both the right and left ventricle in
both adult and pediatric patients [18, 20]. However, it is
difficult and expensive to perform, and 2D and threedimensional (3D) echocardiography are considered feasible
alternatives for the evaluation of LV mass [14].
As a pediatric imaging modality, 2D echocardiography
has long had the advantage of being widely available,
inexpensive, and without risk of radiation exposure. 2D
echo LV mass measurements are derived from a mathematical formula that assumes an ellipsoid shape for the left
ventricle. In adult studies, these assumptions have been
shown to be somewhat inaccurate in deformed hearts,
including those with hypertension [24]. 3D echocardiography calculates volumes from summing areas of multiple
parallel ‘‘discs’’ without relying on geometric assumptions
and thus has been deemed more reliable in the assessment
of deformed hearts, including those with congenital heart
disease and hypertension [1]. In a group of adolescents,
Pacileo et al. [20] showed that LV mass obtained by 3D
echocardiography had the strongest correlation to MRI
compared with 2D and M-mode echocardiography.
A number of controversies surround the measurement of
LV mass. There are significant problems in standardizing
echocardiographic measurement of LV mass across echocardiography laboratories. Historically, one method for
overcoming this variability in adults is to index the LV
mass to body size, most commonly BSA, height in meters
squared, or to the 2.7th power [10]. Dividing LV mass by
height to the power of 2.7 accounts for LV mass and
scaling myocardial mass to body size. This useful application has been adapted in children to compensate for
normal growth [11]. However, this indexing method is also
limited in the pediatric population because LVMI2.7
increases with decreasing height [7]. Numerous studies
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have shown that LVMI2.7 overestimates LV mass in adults
[5]. Foster et al. [9] showed that expressing LV mass relative to BSA or height has limitations in the pediatric
population because LV mass varies in proportion to lean
body mass; however scaling LV mass to BSA in children
appears to be better than scaling to height.
Most of the literature on LVH and cardiovascular disease outcome is based on various scaling methods of
LVMI2.7 and not wall thickness. Yet, in clinical practice,
LVH is often times diagnosed based on wall thickness
alone [13]. Some argue that the most imperative parameter
to evaluate on the echocardiogram report is LVMI2.7
because LV wall thickness itself is not an accurate measure
of LVH [3]. Similar to our results, Leibowitz et al. found
that in adult hypertensive subjects, there was poor concordance (60 % agreement) between the wall-thickness and
LVMI2.7 methods. There was a tendency to underestimate
LVH in females and overestimate LVH in males using wall
thickness compared with LVMI2.7 [13]. One can speculate
that a possible reason for the discrepancy between the two
methods may be due to small measurement differences.
Any small increment in measurement of any wall thickness, even if still within normal limits, will be amplified
because LV mass is based on these measurements elevated
to the third power. We showed that a few wall-thickness
measurements in children with abnormal LVMI2.7 were
close to a z-score of 2. However, even after taking those
into consideration, there still was poor concordance
between the two methods.
The limitations of this study include the following: the
small sample size, the retrospective nature of the design,
and the lack of the true gold standard, i.e., cardiac MRI, to
assess LV mass. There were also multiple sonographers
performing the echocardiograms and measurements and
multiple physicians interpreting them. However, the findings of this study bring to light the dilemma that clinicians
often face regarding treatment decisions of children with
hypertension when they receive conflicting data.

Conclusion
We conclude that there is poor concordance of diagnosis of
LVH on echocardiogram reports using wall-thickness zscore and that using LVMI2.7 criteria. Therefore, it is
important to establish a consensus method for diagnosing
LVH, as well as the optimal standardization of LV mass for
body size, because of the high risk of cardiovascular
complications in children with long-standing hypertension.
Extrapolation of adult data to children may indicate that
long-term LVH may have significant cardiovascular risks
in children as they age. The diagnosis of LVH and early
implementation of antihypertensive agents may help limit
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the degree of progressive cardiovascular morbidity and
mortality in children.
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