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ABSTRACT
Objective Areas of high signal intensity (HighT2) on
T2-weighted cardiovascular magnetic resonance (CMR)
imaging have been demonstrated in hypertrophic
cardiomyopathy (HCM). It has been hypothesised that
HighT2 may indicate active tissue injury in HCM. In this
context, we studied HighT2 in relation to cardiac
troponin.
Methods Outpatient HCM patients without a history of
coronary artery disease underwent CMR imaging at
1.5 T using T2-weighted, cine and late gadolinium
enhancement (LGE) imaging to assess HighT2, left
ventricular (LV) function, LV mass and the presence and
extent of LGE. Highly sensitive cardiac troponin T
(hs-cTnT) was assessed as a marker of injury, with
hs-cTnT ≥14 and >3 ng/L deﬁned as an elevated and
detectable troponin.
Results HighT2 was present in 28% of patients
(28/101). An elevated hs-cTnT was present in 54% of
patients with HighT2 (15/28) compared with 14% of
patients without HighT2 (10/73) ( p<0.001). Hs-cTnT
was detectable in 96% of patients with HighT2 (27/28)
compared with 66% of patients without HighT2 (48/73)
( p=0.002). In case of an undetectable hs-cTnT, HighT2
was only seen in 4% (1/26). In addition, the extent of
HighT2 was related with increasing hs-cTnT
concentrations (Spearman’s ρ: 0.42, p<0.001).
Conclusions In this CMR study of patients with HCM,
we observed HighT2 in a quarter of patients, and
demonstrated that HighT2 was associated with an
elevated hs-cTnT. This observation, combined with the
very high negative predictive value of an undetectable
hs-cTnT for HighT2, provides supportive evidence for the
hypothesis that HighT2 is indicative of recently sustained
myocyte injury.
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Hypertrophic cardiomyopathy (HCM) is the most
common inheritable cardiomyopathy, characterised
by unexplained left ventricular (LV) hypertrophy.1 2
Myocardial ischaemia is considered to play a
pivotal role in the pathophysiology of this disease,
based on previous observations of perfusion abnormalities and ﬁbrosis using various imaging
techniques.3 4
Several reports have described elevated concentrations of highly sensitive cardiac troponin T
(hs-cTnT) in about 25%–50% of patients with
HCM.5–7 In analogy to other conditions, the ﬁrst
study has been reported to suggest that hs-cTnT is

associated with adverse long-term clinical outcome
in HCM as well.6
With growing interest in cardiovascular magnetic
resonance (CMR) imaging in HCM, hs-cTnT as a
biomarker of myocardial injury has been associated
with late gadolinium enhancement (LGE) as an
imaging marker of ﬁbrosis.7 8 Previously, a few
small-sized studies of selected patients with HCM
have demonstrated areas of high signal intensity
(SI) with the use of T2-weighted CMR imaging
(HighT2).9–15 Interestingly, these areas of HighT2
were almost exclusively present in patients with
LGE, occurring within the boundaries of LGE. It
has been postulated that areas with HighT2 might
be indicative of myocardial oedema as a result of
ischaemic injury, representative of a more active
disease state in patients with HCM.9 12 Although
ischaemic injury is considered the ﬁnal common
pathway, the pathophysiology of ischaemia in
HCM distinctly differs from, for example, acute
myocardial infarction and myocarditis. This
requires additional research on CMR imaging and
the interpretation of HighT2 in HCM.
In the above-mentioned context, we aimed to
explore the association between HighT2 and
hs-cTnT in a well-deﬁned cohort of patients with a
clinical HCM.

METHODS
Study population
Enrolment of our cohort of consecutive adult
patients with HCM took place between April 2008
and January 2014 at two outpatient clinics
(Radboud University Medical Centre, Nijmegen,
The Netherlands and Albert Schweitzer Hospital,
Dordrecht, The Netherlands) that perform mutation screening, repeated echocardiography, CMR
imaging and clinical follow-up. Patients had an
echocardiographically conﬁrmed HCM,1 2 including a careful case-by-case chart review, especially in
those with a history of hypertension. In case of a
discrepancy between the treating physician and the
investigators, a third opinion of an independent
reviewer was decisive. Patients with known coronary disease, stroke, aortic stenosis, previous septal
reduction therapy, contraindication for CMR
imaging or renal impairment (deﬁned as modiﬁcation of diet in renal disease (MDRD) <30 mL/min)
were excluded.5 The study complies with the
Declaration of Helsinki and the protocol was
approved by the local ethical committees and
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conducted accordingly.
informed consent.

All

participants

provided written

Study protocol
Eligible patients were invited to the hospital to plan and
undergo CMR imaging. At baseline, symptoms and medical
therapy were recorded and risk factors for cardiovascular
disease16 and sudden cardiac death1 were scored. A blood
sample was drawn for determination of renal function and
assessment of cTnT concentration.

CMR imaging protocol
Image acquisition
CMR imaging was performed on a 1.5 T cardiac CMR system
Philips Achieva (Philips Healthcare, Best, The Netherlands) or
Siemens Avanto (Siemens Healthcare, Erlangen, Germany)
according to local protocol. All images were acquired with
ECG-gating and during repeated breath-holds of 10–15 s.
Breath-hold triple inversion-recovery T2-weighted images with
fat-saturation were acquired (short-axis stack covering the LV
from base to apex) to assess the presence of HighT2 (typical
imaging parameters: repetition time (TR): 2 RR-intervals; echo
time (ET): 100 ms; slice thickness: 10 mm; ﬁeld of view (FOV)
320×320 mm). A long-axis image was obtained to exclude artefacts.17 For the assessment of LV function, cine imaging was performed using a steady-state free precession sequence (short-axis
stack covering the LV from base to apex, typical imaging parameters: TR: 3.4 ms; TE: 1.7 ms; slice thickness: 10 mm; phases
per cardiac cycle: 35; FOV: 320×320 mm). T1-weighted
inversion-recovery imaging was performed to assess LGE 10 min
after the administration of 0.2 mmol/kg contrast medium
(Dotarem; Guerbet, Gorinchem, The Netherlands) (typical
imaging parameters: TR: 4.0 ms; TE: 1.3 ms; slice thickness:
5 mm; FOV: 330×330 mm; TI was based on TI scout).

Assessment of LV function and mass
Images were analysed with commercially available software
(QMass V.7.5, Medis, Leiden, The Netherlands) by two observers (DHFG and JB) unaware of the subjects’ clinical and biomarker information. The endocardial and epicardial borders of
the LV myocardium were manually drawn in end-diastole and
end-systole on the short-axis cine images. Volumes were derived
by summation of discs, and ejection fraction was calculated
accordingly. LV mass was calculated by subtraction of the endocardial from epicardial volume at end-diastole and multiplication by 1.05 g/cm3 and indexed to body surface area. LV
maximal wall thickness at end-diastole was automatically measured per segment of the AHA-17-segment-model, except for
the apex.

Assessment of HighT2 and LGE
The presence of HighT2 and LGE was assessed after equally
dividing the LV in basal, mid and apical slices. Then, all 17 segments of the AHA-model were analysed separately. HighT2 and
LGE were scored visually per segment as either present or
absent. In case of discrepancy between both observers on the
presence of LGE or HighT2, a third observer (H-JD) reviewed
the images for ﬁnal adjudication. The extent of LGE was scored
according to a semiquantitative score18 and expressed as a percentage of LV mass ﬁlled with LGE. Areas visually identiﬁed as
HighT2 were manually delineated for determination of the
extent of HighT2 as a percentage of the LV volume ﬁlled with
HighT2. To be incorporated in the extent of HighT2, the SI of
visually identiﬁed areas of HighT2 had to be above the mean SI
2

plus 2 standard deviations of remote non-thickened myocardium, as described previously.10

Assessment of troponin T
For the determination of cTnT the hs-cTnT assay was used and
performed on the Elecsys 2010 system (Roche Diagnostics,
Almere, The Netherlands).5 This test has a limit of blank of
3 ng/L, a 99th percentile cut-off point of 14 ng/L and a coefﬁcient of variation of <10% at 13 ng/L.

Aim of the study
We sought to assess the association between HighT2 and an elevated hs-cTnT (≥14 ng/L). In addition, we studied the association with a detectable hs-cTnT (>3 ng/L) and we explored the
association between the extent of HighT2 and hs-cTnT as a continuous variable.

Statistical analysis
Continuous variables are presented as means±standard deviations or medians (IQR). Comparisons between groups were
made with use of the Student’s t-test or Mann-Whitney U test,
in case of two groups, or one-way analysis of variance or
Kruskal-Wallis, in case of three. Dichotomous variables were
compared using a χ2 or Fisher’s exact test, whichever appropriate. In case of missing values we did not use data imputation
(99% of baseline data was complete).
In our primary analysis, we compared the proportions of
patients with an elevated hs-cTnT between patients with and
without HighT2. As a secondary analysis, we compared the proportions of patients with a detectable hs-cTnT. Finally,
Spearman’s ρ was calculated to study the relation between the
extent of HighT2 and the hs-cTnT concentration.
To study the association between HighT2 and hs-cTnT, we
followed the general approach to adjust for (confounding) variables by multivariate logistic regression. First, we identiﬁed variables that differed ( p<0.10) between patients with and without
HighT2. The second step was to check for relevant confounding
of each of these variables by separately adding these to HighT2
as independent variable. We deﬁned relevant confounding as a
≥10% change of the regression coefﬁcient of the association
between HighT2 and elevated hs-cTnT. Based upon previous
reports in HCM on the association between LV mass and
hs-cTnT, we planned to study the association between HighT2
and an elevated hs-cTnT, with speciﬁc focus on the relation
with LV mass, and also in relation to LGE status.5 7 8 A p value
of <0.05 was considered signiﬁcant (two-sided). Statistical analysis was performed with IBM SPSS Statistics V.20.0 (IBM,
Armonk, New York, USA).

RESULTS
Study population
Baseline clinical and imaging characteristics of the 101 included
patients with HCM are displayed in table 1, of whom 28
patients (28%) had HighT2. LGE was signiﬁcantly more often
present, and its extent was higher in patients with HighT2. A
characteristic example of a patient with HighT2 is displayed in
ﬁgure 1.
In 26 patients HighT2 was observed midwall within an area
of LGE, in the other two patients with HighT2 there were no
segments with LGE. In four of these 26 patients with colocalised HighT2 and LGE, HighT2 was also observed in a segment
without LGE. Of all the 96 segments with HighT2 87 (91%)
also demonstrated LGE. Furthermore, segments with HighT2
Gommans DHF, et al. Heart 2016;0:1–7. doi:10.1136/heartjnl-2016-309900
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Table 1 Baseline characteristics of patients with HCM with and without HighT2

Age (years)
Men
Age at diagnosis (years)
Pathogenic mutation present
Atrial fibrillation
Cardiovascular risk
Hypertension
Current smoker
Dyslipidaemia
Diabetes
Recent creatinine (μmol/L)
Systolic blood pressure (mm Hg)
Heart rate (bpm)
Framingham 10-year heart risk (%)
Risk factors for SCD
Aborted cardiac arrest/sustained VT
Family history of SCD
Syncope
Non-sustained VT (Holter)
Abnormal BP response
Maximal wall thickness ≥30 mm
Symptoms
Chest pain
Dyspnoea (NYHA class ≥II)
Therapy
β-blocker
Calciumantagonist
Echocardiography
LV outflow tract gradient at rest ≥30 mm Hg
Systolic anterior motion mitral valve
Left atrial diameter (mm)
CMR imaging
Maximal LV wall thickness (mm)
LVMI (g/m2)
LVMI≥median
LV ejection fraction (%)
LGE present (n)
LGE extent (% of LV mass)

Total
(n=101)

HighT2+
(n=28)

HighT2−
(n=73)

p Value

54±15
54 (54%)
47±16
55 (58%)
16 (16%)

52±15
19 (68%)
44±15
14 (56%)
5 (18%)

55±15
35 (48%)
49±16
41 (59%)
11 (15%)

0.38
0.07
0.23
0.82
0.77

36 (36%)
17 (17%)
25 (25%)
5 (5%)
84±16
131±22
74±13
12 (5–25)

9 (32%)
7 (25%)
6 (21%)
1 (4%)
87±17
131±19
79±15
15 (8–28)

27 (37%)
10 (14%)
19 (26%)
4 (6%)
82±15
132±23
72±12
12 (5–25)

0.65
0.23
0.63
1.0
0.21
0.86
0.01
0.68

–
11 (11%)
5 (5%)
17 (18%)
12 (12%)
3 (3%)

–
3 (11%)
2 (7%)
6 (24%)
7 (25%)
1 (4%)

–
8 (11%)
3 (4%)
11 (16%)
5 (7%)
2 (3%)

–
1.0
0.62
0.38
0.04
1.0

21 (21%)
47 (47%)

3 (11%)
17 (61%)

18 (25%)
30 (41%)

0.12
0.08

45 (45%)
16 (16%)

13 (46%)
3 (11%)

32 (44%)
13 (18%)

0.81
0.55

19 (19%)
36 (36%)
43 (39–49)

5 (18%)
11 (39%)
43 (40–54)

14 (19%)
25 (35%)
43 (39–48)

0.88
0.67
0.33

18 (14–21)
61 (52–83)
50 (50%)
59±7
66 (65%)
3 (0–10)

21 (19–24)
85 (63–116)
22 (79%)
55±7
26 (93%)
10 (4–19)

16 (13–19)
57 (50–73)
28 (39%)
61±6
40 (55%)
1 (0–7)

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

Data are presented as means±standard deviations, medians (IQR) or numbers (percentages).
BP, blood pressure; CMR, cardiovascular magnetic resonance; HCM, hypertrophic cardiomyopathy; HighT2, high signal intensity on T2-weighted cardiovascular MRI; LGE, late
gadolinium enhancement; LV, left ventricle; LVMI, LV mass indexed to body surface area; NYHA, New York Heart Association; SCD, sudden cardiac death; VT, ventricular tachycardia.

Figure 1 An example of a patient
with high signal intensity on
T2-weighted cardiovascular MRI
(HighT2), increased wall thickness and
late gadolinium enhancement (LGE). A
characteristic example of a patient
with HighT2. HighT2 was focally
present in the left ventricle, at the
insertion point of the right ventricle,
with increased wall thickness and a
larger area of LGE on (A) T2-weighted
and (B) LGE imaging.
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had a higher wall thickness than segments without HighT2
(17 vs 12 mm, p<0.001).

HighT2 and hs-cTnT
Hs-cTnT was elevated in 54% (15/28) of patients with HighT2
and in 14% (10/73) of patients without HighT2 ( p<0.001).
Also, a detectable hs-cTnT was more often present in patients
with HighT2 compared with those without (96% (27/28) vs
66% (48/73), p=0.002). In the 26 patients without a detectable
hs-cTnT, HighT2 was present in only one (4%) (table 2).
The median extent of HighT2 comprised 1.2% (0.6%–2.9%) of
the LV myocardial volume. The median hs-cTnT concentration increased according to the extent of HighT2; from 7 ng/L
(3–12) in patients with no HighT2 to 23 ng/L (9–33) in patients
with a HighT2 extent above the median ( p<0.001) (ﬁgure 2).
Lastly, the extent of HighT2 signiﬁcantly correlated with the
concentration of hs-cTnT (Spearman’s ρ: 0.42, p<0.001).

HighT2 and hs-cTnT: relation to LV mass and the presence
of LGE
HighT2 was univariately associated with an elevated hs-cTnT
(odds ratio (OR): 7.3; 95% CI 2.7 to 19.7) (table 3). Also left
ventricular mass indexed to body surface area (LVMI), the presence and the extent of LGE were associated with an elevated
hs-cTnT.

Figure 2 Troponin T concentrations according to extent of HighT2.
The median hs-cTnT concentrations increased according to the extent
of HighT2 (Spearman’s ρ 0.42, p<0.001). Box and whiskers display
median, IQR 10th and 90th percentile. HighT2, high signal intensity on
T2-weighted cardiovascular MRI; hs-cTnT, highly sensitive cardiac
troponin T; LV, left ventricular.

LV mass
Of the 28 patients with HighT2 there were 22 (79%) with an
LVMI greater than or equal to the median. In patients with an
LVMI greater than or equal to the median (n=50), an elevated
hs-cTnT was seen in 64% of patients with HighT2 (14/22) and
21% in patients without HighT2 (6/28) ( p=0.002). In patients
with an LVMI less than the median (n=50), an elevated
hs-cTnT was seen in one out of six patients with HighT2 (17%)
and in four out of 44 patients (9%) without HighT2 ( p=0.49).
After correction for LVMI, HighT2 remained associated with an
elevated hs-cTnT (adjusted OR: 3.6; 95% CI 1.2 to 11.1).

Late gadolinium enhancement
Of the 28 patients with HighT2, only two did not have LGE
(7%) (hs-cTnT was 7 ng/L in both). Therefore, further analysis
of the association between HighT2 and hs-cTnT among patients
without LGE was not performed. Although in the total cohort
(n=101) the extent of LGE was associated with an elevated
hs-cTnT, this association was no longer observed in case only
patients with LGE (n=66) were considered. Among the 66
patients with LGE, those with HighT2 had an elevated hs-cTnT
in 58% (15/26) compared with 18% of those without HighT2

Table 2 Troponin T in patients with HCM with and without
HighT2
Total
(n=101)
Primary outcome
Hs-cTnT ≥14 ng/L
Secondary outcomes
Hs-cTnT >3 ng/L
Hs-cTnT (ng/L)

HighT2+
(n=28)

HighT2−
(n=73)

DISCUSSION
To our knowledge, this manuscript reports on the largest cohort
of patients with HCM, in which the association between
HighT2 and an elevated hs-cTnT has been addressed so far. In
this outpatient cohort of patients with HCM, we have demonstrated that HighT2 was present in about one-quarter of
patients. In the presence of HighT2 the chances of an elevated
hs-cTnT were threefold higher, and the concentration of
hs-cTnT was signiﬁcantly related with a higher extent of
HighT2. Notably, in case of an undetectable hs-cTnT we
observed a very high negative predictive value for HighT2
(>95%). These observations corroborate with the hypothesis
that HighT2 in HCM may be indicative of recently sustained
myocardial injury.
Table 3 Logistic regression analysis for the association of HighT2
with an elevated hs-cTnT

Univariate
HighT2

OR (95% CI)

p Value

7.3 (2.7 to 19.7)

<0.001

aOR (95% CI)

p Value

3.6 (1.2 to 11.1)

0.025

p Value

25 (25%)

15 (54%)

10 (14%)

<0.001

75 (74%)
8 (3–14)

27 (96%)
15 (8–26)

48 (66%)
7 (3–12)

0.002
<0.001

Data are presented as medians (IQR) or numbers (percentages).
HCM, hypertrophic cardiomyopathy; HighT2, high signal intensity on T2-weighted
cardiovascular MRI; Hs-cTnT, highly sensitive cardiac troponin T.

4

(7/40) ( p=0.001). In addition, the patients with both LGE and
HighT2 (n=26) also had the highest median hs-cTnT concentration (table 4).

Adjusted for LVMI
HighT2

Multivariable analyses revealed that other variables (sex, heart rate, dyspnoea, LV
ejection fraction) had no relevant impact on the association between HighT2 and an
elevated hs-cTnT.
aOR, adjusted odds ratio; HighT2, high signal intensity on T2-weighted cardiovascular
MRI; hs-cTnT, highly sensitive cardiac troponin T; LV, left ventricular; LVMI, left
ventricular mass indexed to body surface area; OR, odds ratio.
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Table 4 Characteristics of patients with HCM with and without LGE and/or HighT2

Age (years)
Men
CMR imaging
Maximal LV wall thickness (mm)
LV mass indexed to BSA (g/m2)
LV ejection fraction (%)
LGE extent (% of LV mass)
Highly sensitive cardiac troponin T
Cardiac troponin T (ng/L)
Cardiac troponin T >3 ng/L
Cardiac troponin T ≥14 ng/L

LGE− and HighT2−
(n=33)

LGE+ and HighT2−
(n=40)

LGE+ and HighT2+
(n=26)

56±16
12 (36%)

54±15
23 (58%)

51±15
18 (69%)

14 (13–16)
52 (46–61)
62±6
–

18 (15–21)
62 (51–75)
60±7
7 (3–10)

21 (19–24)
85 (62–115)
55±7
10 (6–21)

<0.001
<0.001
<0.001
<0.001

6 (3–11)
20 (61%)
3 (9%)

8 (3–12)
28 (70%)
7 (18%)

15 (9–28)
25 (96%)
15 (58%)

<0.001
0.007
<0.001

p Value
0.54
0.03

Data are presented as means±standard deviations, medians with IQR or numbers and percentages.
BSA, body surface area; CMR, cardiovascular magnetic resonance; HCM, hypertrophic cardiomyopathy; HighT2, high signal intensity on T2-weighted cardiovascular MRI; LGE, late
gadolinium enhancement; LV, left ventricle.

Based upon the concept that myocardial injury is associated
with adverse prognosis, the impact of troponin as well as of
HighT2 have been addressed in clinical studies. Elevated
hs-cTnT has been demonstrated in up to 50% of patients with
HCM, and has been related to adverse remodelling and prognosis in HCM.6 7 HighT2 has been shown to be associated with
malignant ventricular arrhythmias.10 11 14 The present report is
the ﬁrst to demonstrate an association between HighT2 and
hs-cTnT, independent of LVMI. Moreover, in patients with an
undetectable troponin concentration, chance of HighT2 is
extremely low (<5%). As previously suggested by others,12 19 20
our results support that HighT2 is indeed indicative of recently
sustained myocardial tissue injury in HCM. For the interpretation of HighT2 contrasting theories have been postulated
varying from myocardial injury due to ischaemia,9 10 12 to
regional myocardial differences in water content and the suggestion that HighT2 merely reﬂects speciﬁc characteristics of
various collagen species.12 21 22
Currently, the possible mechanisms involved in the appearance of HighT2 at CMR imaging in patients with HCM have
not been thoroughly studied. Given the distinct differences in
pathophysiology between myocarditis, myocardial infarction
and HCM, the interpretation of HighT2 in areas of LGE may
not be interchangeable, as it may not reﬂect the similar histological process.23 24
Whereas in myocardial infarction information on the evolution of the extent and coexistence of HighT2 and LGE is available, follow-up information on HighT2 in HCM is lacking.
Importantly, patterns in myocardial infarction can be explained
by a front of (transmural) ischaemia that extends from areas
near the endocardium with HighT2 coinciding with LGE (ie,
necrotic tissue) to more epicardially located HighT2, outside
the area of LGE as indicator of salvaged myocardium. In HCM,
however, the areas of ischaemia are not deﬁned by the territory
of the supplying infarct-related artery, and thus do not result in
circumscript segments of jeopardised myocardium. In fact, the
observed pattern of injury in HCM is not endocardial to epicardial, but is characterised by focal midwall areas of LGE containing HighT2. This may be related to the distinct difference in the
aetiology of ischaemia, with diffuse microvascular disease,
myocyte disarray and sarcomere dysfunction. Interestingly, in
areas of ﬁbrosis there is histological proof of viable cardiomyocytes.25 Although the interpretation of HighT2 in areas of LGE
Gommans DHF, et al. Heart 2016;0:1–7. doi:10.1136/heartjnl-2016-309900

remains speculative, these cells could form the substrate responsible for HighT2 in areas of LGE. Our ﬁnding that an elevated
troponin level is three times more likely in patients with
HighT2 than in patients without HighT2 could be the ﬁrst clue
to support this hypothesis, but requires conﬁrmative studies and
CMR follow-up.
In HCM, HighT2 and hs-cTnT may be indicative of the
same, that is, recently sustained myocardial injury, but it needs
to be elucidated which mechanisms contribute to injury in
HCM. One of the proposed causes of injury might be an
increase in oxygen demand due to LV hypertrophy. This is supported by the fact that in both patients with HCM and the
general population, LV mass has been associated with
hs-cTnT.5 26 Moreover, in previous studies on HighT2 in HCM
it has consistently been reported that HighT2 was almost exclusively present in hypertrophic myocardium.9–14
Other causes of injury include small vessel disease, myocardial
disarray and sarcomere dysfunction,27 28 which may account for
insufﬁcient myocardial perfusion, which has been related to
areas of HighT2.10 13 Notably, in patients with an LVMI below
the median, we still observed an elevated hs-cTnT in about 10%
and HighT2 in 20%.
In short, various mechanisms may contribute to active tissue
injury in HCM, evident at some point in time as HighT2. This
may ﬁnally result in evidence of a more chronic form of injury,
visualised by LGE, which is present in the majority of patients
with HCM.9–12 Due to the cross-sectional design of our study,
this scenario remains hypothetical, and requires conﬁrmation in
larger studies with sequential CMR imaging.
In analogy to previous reports, we observed that the presence
of LGE was associated with hs-cTnT.7 8 This corroborates with
the general concept that LGE is considered to represent ﬁbrosis,
that is, advanced stage injury.
Though not the primary aim of our study, our ﬁnding that
patients with both LGE and HighT2 had the highest hs-cTnT
concentrations is interesting, and requires further study.
Hypothetically, in HCM LGE with HighT2 might indicate
active, ongoing tissue injury, as compared with a more burnt-out
phase in which active injury is no longer present and LGE
occurs without HighT2. This would imply a potential clinical
use of HighT2 in HCM for assessment of the stage of LGE
resembling the current use of HighT2 in patients with ischaemic
heart disease, in which HighT2 is able to discriminate acute
5
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from chronic myocardial infarction.23 Currently, LGE has been
demonstrated to be associated with a detrimental disease course
in HCM, but does not effectively discriminate low and high-risk
patients, due to its high prevalence in HCM.29 Hypothetically,
HighT2 may allow for better differentiation of patients with
LGE into higher and lower risk patients.
Finally, it should be appreciated that in the absence of
HighT2, hs-cTnT was still detectable in two-thirds and even elevated in about one-eighth of the patients. One might speculate
that hs-cTnT is more sensitive to injury and may serve as an
early marker of active disease.
In this study, we have provided supportive evidence for the
assumption that HighT2 is representative of recently sustained
myocyte injury in patients with HCM. Additional insights may be
provided by studies on the impact of exercise and by (CMR)
follow-up studies. It has been suggested that exercise in patients
with HCM may result in (additional) ischaemia with a troponin rise
afterwards, which can be blunted or prevented with the use of βblockers.30 With CMR follow-up we would be able to study
whether areas of HighT2—as a marker of active tissue injury—may
evolve into (larger) areas of ‘chronic injury’, as represented by (the
extent of) LGE. A ﬁrst indication of this concept has been described
in eight patients with HCM, which suggested that hs-cTnT is associated with an increase of LGE at CMR follow-up.8 Given the association of LGE with adverse prognosis,29 the next step would be to
assess and compare the predictive value of HighT2 to other (much
easier) promising markers, such as hs-cTnT for adverse clinical
events, in a study adequately powered for clinical outcome.

Limitations
Although this is, as of yet, the largest HCM cohort with systematic T2-weighted CMR imaging, our results should be considered as pilot data. Both the assessment of HighT2 and LGE are
subject to interpretation. First, T2-weighted image interpretation is often quite challenging due to a limited signal-to-noise
ratio and artefacts such as the slow ﬂow phenomenon.
Unfortunately at the start of our study T2-mapping and
T1-mapping sequences were not widely available, but these
techniques seem very promising and may lead to more objective
data. In analogy to previous studies in HCM, the presence of
HighT2 was visually assessed by two independent observers
(DHFG and JB).9 13 In 14 out of 101 patients (14%) a third
observer was necessary (Cohen’s κ: 0.61). Although ancillary SI
analysis demonstrated that there was marked contrast in SI
between areas, visually identiﬁed as HighT2, and normal nonthickened myocardium (data not shown), the interpretation of
an area of high SI remains subjective with moderate interindividual agreement. HighT2 was associated with an elevated
hs-cTnT regardless of whether we used data on the presence of
HighT2 of observer 1 or 2. Lastly, LGE extent was assessed
according to a validated semiquantitative score, but quantitative
analysis could have provided more detailed insights.18

CONCLUSIONS
In this CMR study on an outpatient cohort of patients with
HCM, we observed HighT2 in a quarter of patients, and
demonstrated that HighT2 was associated with a markedly
higher risk of an elevated hs-cTnT. This observation, combined
with the very high negative predictive value of an undetectable
troponin for HighT2, provides supportive evidence for the
hypothesis that HighT2 is indicative of recently sustained
myocyte injury. Conﬁrmative studies are warranted, as well as
additional research with regard to the potential future role of
HighT2 in HCM risk stratiﬁcation and/or treatment.
6

Key messages
What is already known on this subject?
Areas of high signal intensity on T2-weighted cardiovascular
MRI (HighT2) have been demonstrated in hypertrophic
cardiomyopathy, and might be representative of a more active
disease state.
What might this study add?
HighT2 was present in a quarter of our hypertrophic
cardiomyopathy (HCM) population, and was associated with an
elevated level of highly sensitive cardiac troponin T (hs-cTnT),
independent of left ventricular mass. The presence of HighT2
increased the chance of an elevated hs-cTnT threefold.
Moreover, in case of an undetectable hs-cTnT, we observed a
very high negative predictive value for HighT2 (>95%). These
observations support that HighT2 in HCM indicates recently
sustained myocardial injury.
How might this impact on clinical practice?
With further cardiovascular magnetic resonance follow-up
studies, HighT2 might demonstrate to be useful as a predictor of
disease progression, indicated, for example, by an increase of
late gadolinium enhancement. The next step would be to assess
the predictive value of HighT2 for adverse clinical events.
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