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Abstract We assessed whether cardiac MRI (CMR) and

echocardiography (echo) have significant differences mea-

suring left ventricular (LV) wall thickness (WT) in hyper-

trophic cardiomyopathy (HCM) as performed in the clinical

routine. Retrospectively identified, clinically diagnosed

HCM patients with interventricular-septal (IVS) pattern

hypertrophy who underwent CMR and echo within the same

day were included. Left Ventricular WT was measured by

CMR in two planes and compared to both echo and contrast

echo (cecho). 72 subjects,mean age 50.7 ± 16.2 years, 68 %

males. Interventricular septal WT by echo and CMR planes

showed good to excellent correlation. However, measure-

ments of the postero-lateral wall showed poor correlation.

Bland–Altman plots showed greater maximal IVS WT by

echo compared to CMR measurement [SAX = 1.7 mm

(-5.8, 9.3); LVOT = 1.1 mm(-5.6, 7.8)].Differenceswere

smaller between cecho and CMR [SAX = 0.8 mm (-9.2,

10.8); LVOT = -0.2 mm (-10.0, 9.6)]. Severity of WT by

quartiles showed greater differences between echo and SAX

CMR WT compared to cecho. Echocardiography typically

measures greater WT than CMR, with the largest differences

in moderate to severe hypertrophy. Contrast echocardiogra-

phy more closely approximates CMR measurements of WT.

These findings have potential clinical implications for risk

stratification of subjects with HCM.

Keywords Hypertrophic cardiomyopathy � Wall

thickness � Cardiac magnetic resonance imaging �
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Abbreviations

Echo Echocardiography

Cecho Contrast echocardiography

LV Left ventricle

LVED LV end-diastolic

WT Wall thickness

HCM Hypertrophic cardiomyopathy

IVS Interventricular-septal

CMR Cardiac magnetic resonance imaging

LVOT LV outflow tract plane

SAX Short axis planes

LVIDd LV internal diastolic dimension

IVSd Inter-ventricular septum dimension

PWd Posterior wall dimension
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Introduction

Hypertrophic cardiomyopathy (HCM) is the most common

genetic cardiac disorder in adults, with a prevalence of 1 in

500 persons in general population [1]. HCM is known to be

the most common cause of sudden death in young adults,

with annual mortality rate between 1 and 5 % [2].

Measurements of myocardial wall thickness have a

critical role for diagnosis, prognosis, and treatment

decisions in patients with HCM. Morphologic diagnosis

is based on the presence of LV myocardial thickness of

C15 mm in adults or a septum to posterior wall ratio of

[1.5 by echo [3, 4]. Wall thickness has prognostic

value, with the magnitude of wall thickness strongly

linked to increased risk of sudden cardiac death [5]. The

presence of massive hypertrophy [30 mm is an impor-

tant clinical high-risk marker that is used for ICD

placement decision-making. However, in some patients

echocardiography is inconclusive due to poor acoustic

windows and limited myocardial visualization [6]. In this

setting, contrast echocardiography may be used to

improve wall definition or patients may be referred to

CMR for definitive evaluation. Given its high spatial and

contrast resolution and lack of operator dependence,

CMR is considered the gold standard for morphologic

evaluation in HCM. Previous studies have shown that in

general, CMR measurements of maximal wall thickness

in HCM are similar, although in some patients MRI was

able to detect hypertrophy in the basilar anterolateral

wall missed by echo [7].

However, measurements of wall thickness by echo and

CMR are not necessarily interchangeable. CMR generally

provides better visualization of the endocardial and epi-

cardial borders of the LV which facilitates wall thickness

measurements. In our clinical experience, however, we

have encountered several cases in which echo significantly

overestimated the magnitude of septal hypertrophy com-

pared to CMR, which resulted in a change from high risk to

low risk categories and impacted the decision for ICD

placement. However, risk stratification guidelines were

formulated on the basis of echocardiographic studies that

have not yet been translated to CMR. Additionally, in

borderline cases with hypertrophy \15 mm, a septal to

posterior wall ratio of greater than 1.5 by echocardiography

is considered diagnostic of HCM. However, whether this

criterion is also true for CMR is uncertain. Further adding

to the potential for discrepancy is the fact that LV wall

thickness is often measured by different planes on CMR

and echo. At our institution and others, maximal septal wall

thickness is measured by echo on the parasternal long axis

view [8], whereas short-axis measurements are considered

the gold standard by CMR. A complete understanding of

the effect of these factors on potential measurement dif-

ferences between CMR and echo is lacking.

Therefore, the purpose of our study was to compare

standard echo measurements of estimated LV mass and

maximal septal and posterior wall thickness to CMR

measurements in both left ventricular outflow tract plane

(LVOT) and short-axis planes (SAX) in order to determine

inter-modality differences and implications for clinical

decision making in HCM. We hypothesize that CMR,

given its increased contrast resolution compared to

echocardiography and better definition of the septal wall,

will demonstrate consistently lower measurements of

maximal septal wall thickness compared to echo and that

these differences will be greater in the patients with the

most extreme wall thickness. In addition, we hypothesize

that contrast echocardiography will permit more accurate

definition of the wall and have maximal thickness values

more closely approximated to CMR.

Materials and methods

This retrospective study was approved by our internal

Institutional Review Board (IRB) and was Health Insur-

ance Portability and Accountability Act compliant. Patients

referred to the Johns Hopkins HCM Clinic for suspicion of

HCM underwent echocardiography and CMR for clinical

indications between July 2005 and July 2012. Those who

fulfilled the standard diagnostic criteria for HCM were

asked to enroll in the Johns Hopkins HCM Registry. The

diagnosis of HCM was based on the presence of unex-

plained LV hypertrophy C15 mm wall thickness in the

absence of other conditions capable of producing a similar

degree of hypertrophy (e.g. moderate-to-severe valvular

disease, hypertension). We excluded patient’s \18 years

old, those with prior septal myectomy or alcohol septal

ablation, and patients with other than septal patterns of

HCM including apical HCM cases.

Ninety-one consecutive patients with the diagnosis of

basal or mid asymmetric septal hypertrophic cardiomy-

opathy were enrolled into the HCM registry. Nineteen

patients were excluded who did not have CMR and echo on

the same day. Therefore, a total of seventy-two patients

were analyzed. Imaging analysis was blinded to clinical

data. In addition, echo images and CMR images were

independently analyzed from each other.

Echocardiography imaging

All echo images were acquired with a commercially

available Vivid 7 cardiac ultrasound machine (GE

Healthcare, Milwaukee, Wisconsin) with a 3.5-MHz

transducer. Patients underwent echo contrast imaging
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(Definity� Lantheus Medical Imaging, N. Billerica MA or

Optison� GE Healthcare, Milwaukee WI) in 65 % of cases

to provide improved visualization of the apex. For 25

patients, contrast echocardiography was not performed as

imaging quality for the apex was considered adequate.

Maximal end-diastolic WT by conventional echo and

contrast echo (cecho) were measured on parasternal long

axis plane at the basilar and mid antero-septal wall and

basilar and mid posterior wall (Fig. 1).

Cardiac magnetic resonance imaging

All CMR imaging for this study was performed on a 1.5-T

MRI (MAGNETOM Avanto, Siemens Healthcare, Erlan-

gen, Germany) system. A standard multi-sequence CMR

protocol included breath-hold cine images at 1.5-T using a

combined 6-channel torso coil and six channel embedded

spine coil. Retrospective, ECG-gated steady state free

precession cine images were acquired in the short axis and

LVOT planes. Nine to thirteen consecutive MR image

sections in the short axis were obtained from the apex to

the mitral valve plane covering the whole LV (TR/TE 2.4/

1.2 ms; slice thickness 8 mm; flip angle 80�, typical in-
plane resolution 1.2 9 1.2 mm). Thirty cardiac phases per

slice location were reconstructed with temporal resolution

of 30–40 ms.

CMR images were analyzed using Qmass� version 7.4

(Medis, Netherlands) by consensus by 2 experienced

investigators, blinded to the echo results and clinical data

Quantification of maximal IVS and PW thickness were

measured on LVOT and SAX planes at the base and mid

LV cavity for the septum and posterior wall manually in

consensus by two readers (CPCV and SLZ). The SAX

view was selected because it is widely considered the gold

standard for wall thickness measurement. The LVOT plane

was selected because it is most similar to the parasternal

long axis echocardiographic view (Fig. 1). Short-axis plane

measurements of maximal end-diastolic wall thickness

were performed manually in segment 2 (basal antero-sep-

tal), segment 8 (mid antero-septal), segment 5 (basal

Fig. 1 Maximal wall thickness of the basal and mid cavity septum

and lateral wall as measured by CMR a left outflow tract view

(LVOT), b, c cine short-axis view (SAX), d echocardiography

(ECHO), and e contrast echocardiography (cECHO) in end-diastolic

phase. Measurements CMR LVOT Base—anterolateral 17.8 mm,

posterolateral 11.4 mm; Mid-anterolateral 19.8 mm, posterolateral

12.8 mm. CMR SAX Base—anterolateral 17.2 mm, posterolateral

11.8 mm; Mid-anterolateral 15.2 mm, posterolateral 11.8 mm. ECHO

Base—anterolateral 17 mm, posterolateral 11 mm; Mid-anterolateral

18 mm, posterolateral 15 mm. cECHO Base—anterolateral 17 mm,

posterolateral 12 mm; Mid-anterolateral 18 mm, posterolateral

12 mm
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infero-lateral) and segment 11 (mid infero-lateral)

according to the AHA 17 segment model [9] (Fig. 1).

Statistical analysis

Comparisons between echo, cecho, and CMR for LV wall

thickness were performed. For all statistical analysis a

p value of \0.05 was considered significant. Continuous

variables were expressed by mean ± standard deviation.

Two-tailed paired Student t test was used for comparisons.

Linear correlation between methods was determined by

Pearson correlation (r);\0.3, 0.3–0.5, 0.5–0.7, 0.7–0.9 and

C0.9 were considered to represent negligible (poor), low

positive (poor to fair), moderate positive (fair to good),

high positive (excellent) and very high positive (almost

perfect) agreement, respectively [10]. Bland–Altman

models were used to determine measurement agreement.

Statistical analysis was performed with STATA/IC� soft-

ware (version 12.0) and MedCalc� (Version 12.7.7.0).

Results

Seventy-two subjects were analyzed by CMR and by con-

ventional echo, and 52 subjects were analyzed by contrast

echo. Mean age for our cohort was 50.7 ± 16.2 years (range

18–88 years), with 68 % males (n = 49), 53 % Caucasians

(n = 38) Table 1.

LV wall thickness measurements

Interventricular septum

Mean septal and posterior WT by echo, LVOT CMR, and

SAX CMR are described in Table 2. Overall, mean max-

imal IVS WT was significantly greater when measured by

echo compared to CMR (1.1 ± 3.4 mm for LVOT plane

and 1.7 ± 3.8 mm for SAX plane; both p\ 0.01). On a

per segment basis, mean differences were greatest in the

mid septum (2.8 ± 4.5 mm for LVOT and 2.9 ± 4.6 mm

for SAX planes; both p\ 0.0001), whereas the basilar

septal measurements were not significantly different. There

was good to excellent linear correlation between echo and

either LVOT or SAX CMR for both maximal IVS WT and

per-segment measurements (r = 0.52–0.76; all p\ 0.001),

Table 3. Correlation was consistently better between

LVOT views and echo than SAX views for either maximal

IVS measurements or segmental IVS WT measures.

Bland–Altman plots comparing echo and CMR methods

for measurement of maximal IVS WT are shown in Fig. 2.

The smallest bias was between echo and LVOT CMR

Table 1 Demographics and cardiac magnetic resonance imaging

results for our cohort

Clinical characteristics HCM (n = 72)

Age in years (mean ± SD) 51 ± 16

Gender

Male 49 (68)

Female 23 (32)

Caucasian 38 (53)

African–American 34 (47)

BSA 2.1 ± 0.3

CMR measures

LV end diastolic mass index (g/m2) 87.3 ± 26.4

LV ejection fraction (%) 64.1 ± 8.7

LV stroke volume index 47.7 ± 9.8

LV cardiac index 3.3 ± 0.7

LV end diastolic volume index (ml/m2) 74.7 ± 13.9

Values are given as mean ± standard deviation; values in parentheses

are given as percentage (%)

Table 2 Mean differences for left ventricular wall thickness between conventional echocardiography (ECHO) and cardiac magnetic resonance

imaging by left ventricular outflow tract (LVOT) and short-axis (SAX) plane

ECHO CMR LVOT p value Per-patient difference CMR SAX p value Per-patient difference

Basal

Anterolateral 18.4 ± 4.8 19.0 ± 4.9 0.12 -0.7 ± 3.9 18.6 ± 4.2 0.70 -0.2 ± 4.4

Posterolateral 11.7 ± 2.7 11.2 ± 2.5 0.25 0.5 ± 3.7 11 ± 2.8 <0.0001 0.6 ± 3.5

Mid

Anterolateral 18.2 ± 5.3 15.2 ± 6.3 <0.0001 2.8 ± 4.5 15.2 ± 5.2 <0.0001 2.9 ± 4.6

Posterolateral 11.6 ± 3.6 11.8 ± 3.8 0.91 -0.2 ± 4.3 10.7 ± 3.8 <0.0001 0.8 ± 4.5

Overall

IVS 20.8 ± 4.4 19.6 ± 5 0.0088 1.1 ± 3.4 19.1 ± 4 0.0003 1.7 ± 3.8

PW 12 ± 2.9 12.6 ± 3.5 0.25 -0.5 ± 3.7 12 ± 3.5 0.85 0.1 ± 3.6

Bold values indicate p-values\0.05
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measurements (-1.1 mm; -5.6, 7.8) although SAX bias

and limits were of similar magnitude.

A total of 47 patients (65 %) underwent contrast echo

measurements. Unlike standard echo, there were no sig-

nificant differences in mean maximal IVS wall thickness

between cecho and either LVOT or SAX CMR measure-

ments (p[ 0.05), Table 4. On a per segment basis there

were small but significant differences in IVS wall thick-

ness for the basal septum between cecho and CMR in the

LVOT plane and for the mid septum in both LVOT and

SAX planes (all p\ 0.01) Table 4. Similar to conven-

tional echo, there was good to excellent linear correlation

between cecho and LVOT CMR for the basilar and mid

LV antero-septal wall thickness (r = 0.64, 95 % CI

0.45–0.79; p\ 0.0001; r = 0.75, 95 % CI 0.61–0.86;

p\ 0.0001, respectively) and for SAX CMR (r = 0.63,

95 % CI 0.44–0.77; p\ 0.0001; r = 0.74, 95 % CI

0.59–0.85; p\ 0.0001, respectively) Table 3. Unlike

conventional echo, both LVOT and SAX plane CMR

measurements had similar agreement with cecho mea-

surements (Table 3). Bland–Altman plots comparing

cecho and both LVOT and SAX planes for CMR mea-

surement of maximal wall thickness are shown in Fig. 2.

Compared to conventional echo, cecho shows smaller bias

(-0.2 mm for LVOT and 0.8 mm for SAX CMR), how-

ever, wider limits of agreement when compared to CMR

measurements.

Posterior wall

Unlike septal measurements, there were no significant

differences in mean maximal PW WT between conven-

tional echo and either LVOT or SAX CMR measures. On a

per segment basis, there were small (\ 1 mm) but

significant differences for both the basal and mid postero-

lateral wall between echo and SAX plane CMR measure-

ments, but not for LVOT plane measurements. The mean

difference for these segments was small, both less than

1 mm. Unlike septal measurements, correlation between

conventional echo and CMR segmental or overall WT

measurements in either plane were either poor or poor to

fair (Table 3). For the PW, there was slight negative bias

for CMR by LVOT demonstrated on Fig. 2. Bland–Altman

plots, however, showed relatively small bias between echo

and CMR posterior wall measurements obtained in either

LVOT or SAX CMR planes (range -0.5 to 0.1) with limits

of agreement of approximately 7 mm in magnitude, similar

to septal measurements (Fig. 2).

As with conventional echo, there were no significant

differences between cecho measurements of the posterior

wall and CMR measures on an overall or segmental basis.

Correlation between cecho and CMR measures of the PW

were also either poor or poor to fair. Bland–Altman plots,

however, showed only small bias between cecho and

overall CMR maximal posterior WT measurements in

either plane (range -0.2 to 0.4) with similar limits of

agreement.

Measurement differences between echo and CMR

We identified four groups for which differences between

echo and CMR that could impact diagnosis or affect

management. (1) Echo WT measures \15 mm but CMR

measures are[15 mm. We did not have any such patients

in our cohort due to our entrance criteria (all patients with

[15 mm WT by echo). (2) Echo WT measurements are

[15 mm but CMR WT is\15 mm. This population may

not be diagnosed as HCM if patients undergo a CMR rather

Table 3 Pearson correlation for left ventricular wall thickness between conventional echocardiography (ECHO) and contrast echocardiography

and cardiac magnetic resonance imaging

Conventional ECHO Contrast ECHO

LVOT p value SAX p value LVOT p value SAX p value

Basal

Anterolateral 0.67 <0.001 0.52 <0.001 0.65 <0.001 0.64 <0.001

Posterolateral 0.02 0.90 0.20 0.09 -0.004 0.98 0.22 0.12

Mid

Anterolateral 0.76 <0.001 0.62 <0.001 0.76 <0.001 0.74 <0.001

Posterolateral 0.36 0.004 0.32 0.009 0.38 0.016 0.49 0.001

Overall

IVS 0.74 <0.001 0.60 <0.001 0.59 <0.001 0.50 <0.001

PW 0.23 0.044 0.27 0.015 0.30 0.04 0.38 0.009

Bold values indicate p-values\0.05

LVOT left ventricular outflow tract, SAX short-axis plane
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than echo at the time of diagnosis. In our cohort 7 cases

were discordant, classified as [15 mm by echo but

\15 mm by CMR (range 11.0–14.7 mm). (3) Echo WT

measurements are\30 mm but CMR WT is[30 mm. This

results could impact risk stratification. In our cohort there

was 1 case in this group: the WT by echo was 27 mm

versus 30 mm by CMR. (4) Echo WT measurements are

[30 mm but CMR WT is\30 mm In our group there was

one case where WT by echo was 30.0 mm compared to

22.9 by CMR.

Measurement differences according to severity

of wall thickness

We divided our cohort by quartiles to determine if there

were differences between the most extreme IVS wall

thickness measurements as described in Table 5 for con-

ventional echo and Table 6 for cecho. Subjects with in the

highest wall thickness quartile (25–32 mm) had the great-

est differences between echo and either LVOT

(2.6 ± 3.6 mm) or SAX (4.7 ± 3.6 mm) CMR measure-

ments of maximal IVS wall thickness. For cecho there were

differences in both extremes, lowest quartile CMR SAX

(-3.1 ± 3.1 mm) and LVOT (-1.9 ± 4.5 mm) and

highest quartile SAX (3.4 ± 5.5 mm) and LVOT

(0.8 ± 5.1 mm) for the IVS wall (Table 6).

Table 4 Mean differences for left ventricular wall thickness between contrast echocardiography (cECHO) and cardiac magnetic resonance

imaging by left ventricular outflow tract (LVOT) and short-axis (SAX) plane

cECHO CMR LVOT p value Per-patient difference CMR SAX p value Per-patient difference

Basal

Anterolateral 17 ± 5.2 19.0 ± 4.9 0.006 -1.8 ± 4.3 18.6 ± 4.2 0.10 -0.8 ± 3.9

Posterolateral 11.5 ± 1.9 11.2 ± 2.5 0.21 1.5 ± 4.4 11 ± 2.8 0.14 1.3 ± 4.4

Mid

Anterolateral 17 ± 6.4 15.2 ± 6.3 0.02 0.6 ± 3.2 15.2 ± 5.2 0.03 0.7 ± 3.2

Posterolateral 11.9 ± 3.5 11.8 ± 3.8 0.55 0.1 ± 4.3 10.7 ± 3.8 0.18 1.4 ± 3.8

Overall

IVS 19.1 ± 5.9 19.6 ± 5 0.34 -0.6 ± 4.4 19.1 ± 4 0.60 0.4 ± 4.9

PW 12.3 ± 3.1 12.6 ± 3.5 0.64 0.3 ± 4.7 12 ± 3.5 0.51 0.4 ± 4

Bold values indicate p-values\0.05

bFig. 2 Bland–Altman plots between maximal wall thickness mea-

surements of the septal and posterior wall by a, b ECHO and CMR

LVOT, c, d ECHO and CMR SAX, e, f) contrast ECHO and CMR

LVOT and g, h contrast ECHO and CMR SAX

Table 5 Mean differences for maximal left ventricular wall thickness by quartiles between ECHO and CMR

Group 1 (n = 17) Group 2 (n = 20) Group 3 (n = 18) Group 4 (n = 17)

15–16.9 mm 17–19.9 mm 20–24.9 mm 25–32 mm

Mean Difference p value Mean Difference p value Mean Difference p value Mean Difference p value

ECHO

Overall septum 15.7 – – 18.4 – – 22.2 – – 27.1 – –

Overall LW 10.5 – – 11.9 – – 12.4 – – 13.3 – –

LVOT

Overall septum 16.1 -0.3 ± 3.3 0.7 16.9 1.5 ± 2.4 0.02 21.5 0.7 ± 3.9 0.46 24.5 2.6 ± 3.6 0.01

Overall LW 12.4 -1.8 ± 3.3 0.04 11.9 0.1 ± 2.7 0.93 11.5 0.9 ± 3.2 0.27 14.8 -1.3 ± 5.2 0.32

SAX

Overall septum 17.6 -1.8 ± 3.4 0.04 16.6 1.8 ± 2.8 0.009 20 2.3 ± 2.8 0.003 22.4 4.7 ± 3.6 <0.001

Overall LW 11.9 -1.4 ± 3.7 0.14 11.4 0.6 ± 2.6 0.35 11.2 1.1 ± 3.2 0.15 13.4 -0.1 ± 4.7 0.91

Bold values indicate p-values\0.05

ECHO echocardiography, CMR cardiac magnetic resonance, LW lateral wall, LVOT left ventricular outflow tract, SAX short-axis plane
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Discussion

Identification of patients at higher risk of sudden cardiac

death is important for prognosis and treatment in the HCM

population. Therefore, accurate assessment of themagnitude

of LV hypertrophy with echocardiography and cardiac

magnetic resonance imaging is necessary. Although CMR is

considered the gold-standard method for LV quantification

of volumes and mass [11], echocardiography is the non-in-

vasive test of choice in most centers for HCM diagnosis due

to widespread availability and low cost. In the current study,

we compared echo-derived estimates of septal wall thickness

in patients with HCM to cardiac MRI. Our primary findings

were (1) Echocardiographic measurements of myocardial

wall thickness are generally higher than CMR measures,

especially in patients with moderate to severe hypertrophy,

(2) CMR measurements obtained in the LVOT plane are

more closely correlated with echocardiographic measure-

ments than SAX plane measurements, and (3) wall thickness

differences are smaller for contrast echo compared to CMR,

although with greater variability.

Echocardiography has well known technical limitations,

such lack of optimal acoustic window in some patients that

may limit correct delineation of the endo- and epicardial

borders. Septomarginal trabeculae can be mistakenly

measured as part of the wall, resulting in artificially

increased IVS wall diameter. Finally, obliquity may result

in difficulty assessing the epicardial border of the left

ventricular free wall [12]. Comparisons of left ventricular

wall thickness and left ventricular mass measurements

obtained by echocardiography and CMR in HCM have

been published [6, 13–18]. However, previous studies have

compared echocardiographic vs. CMR images without

reference to the views or anatomical landmarks [15, 16] or

even though they standardized views for comparison the

study was based on a small sample size or old MRI tech-

niques [7, 13, 19, 20].

Our results showed that echo and cecho measurements

for the maximal IVS wall thickness are consistently higher

than CMR. The differences were smaller with cecho, likely

due to better ability to resolve the endocardium. Limits of

agreement were greater with cecho, but this may be

attributable to a smaller sample size in the current study

(47 subjects vs. 72 in the conventional echo group). As

expected, CMR measurements obtained in the LVOT

plane, similar to the standard echo parasternal long axis

view, showed closer correlation with echo measurements.

Interestingly, posterior wall measurements were very

poorly correlated between echo and CMR.

These results are important to consider for clinical

management, given that LV wall thickness is used as a risk

factor. The overall magnitude of difference between MRI

and echo is small for the cohort (1.7 ± 3.8 mm if SAX

measurements are used versus 1.1 ± 3.4 mm if LVOT

measurements are used). However, we found that when

stratified into quartiles of wall thickness, there were larger

differences in patients with extreme wall thickness groups.

In the group with the highest wall thickness ([25 mm),

echo measurements were 4.7 ± 3.6 mm thicker than SAX

CMR measurements and 2.6 ± 3.6 mm thicker than LVOT

CMR measurements. This could be sufficient to change a

patient from a high risk ([3 cm) to a low risk category,

depending on which modality is used for measurements.

Indeed, we found 1 case for which CMR WT meaurements

would have placed patients in the lower risk category

(\30 mm vs. [30 mm on echo) and another patient for

which the opposite was true. Since current risk stratifica-

tion data is based on large outcome studies using

Table 6 Mean differences for maximal left ventricular wall thickness by quartiles between contrast echocardiography and CMR

Group 1 (n = 11) Group 2 (n = 15) Group 3 (n = 15) Group 4 (n = 12)

15–16.9 mm 17–19.9 mm 20–24.9 mm 25–32 mm

Mean Difference p value Mean Difference p value Mean Difference p value Mean Difference p value

cECHO

Overall septum 13.4 – – 16.9 – – 20.7 – – 25.1 – –

Overall LW 10.9 – – 11.3 – – 13 – – 13.9 – –

LVOT

Overall septum 16.1 -1.9 ± 4.5 0.19 16.9 -0.3 ± 3.2 0.76 21.5 -1 ± 4.9 0.45 24.5 0.8 ± 5.1 0.60

Overall LW 12.4 -1.4 ± 2.1 0.09 11.9 0.3 ± 4.6 0.49 11.5 1.4 ± 4.5 0.26 14.8 0.2 ± 6.4 0.64

SAX

Overall septum 17.6 -3.1 ± 2.4 0.002 16.6 0.6 ± 4.0 0.4 20 0.6 ± 5.2 0.65 22.4 3.4 ± 5.5 0.16

Overall LW 11.9 -1.3 ± 3.1 0.24 11.4 0.1 ± 2.7 0.93 11.2 1.9 ± 4.2 0.13 13.4 0.5 ± 5.4 0.78

Bold values indicate p-values\0.05

ECHO echocardiography, CMR cardiac magnetic resonance, LW lateral wall, LVOT left ventricular outflow tract, SAX short-axis plane
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echocardiographic data, CMR based wall thickness mea-

surements should be used with caution for the purposes of

risk stratification as they will likely underestimate risk

given that echocardiographic studies were used to create

current guidelines. Similar confusion can be generated

when a patient is diagnosed with HCM based on WT by

echo and then CMR is performed and WT is\15 mm, not

an infrequent clinical scenario that was found in 7 patients

from our cohort. There is no current consensus on which

study should take diagnostic precedence. Practically, we

would consider patients to meet criteria for HCM if they

have WT[15 mm on either modality.

Our study comes with some limitations. One of the limi-

tations of our study is that we choose HCM subjects with

basilar and mid septal hypertrophy given that is the most

frequent phenotype. However, HCM is presented as diverse

patterns of wall thickening involving also the anterolateral

wall, the posterior wall and the apex. We suspect the same

differenceswould apply for those other segments, but further

research will be needed for confirmation We did not include

measurements of normal controls, therefore we do not know

if these wall thickness differences are specific to HCM or are

consistent across different groups. Not all of our patients had

both cecho and standard echo, resulting in a smaller sample

size in the cecho group.

Conclusion

Echocardiography measures higher wall thickness than

CMR in HCM patients with septal hypertrophy, especially

those with moderate to severe disease. For these reasons,

we suggest that echocardiographically based risk stratifi-

cation metrics should not be applied to CMR.
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