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Objective: The purpose of the study was to investigate the influence of late gadolinium enhancement (LGE)
on the diastolic volume recovery of left ventricle in patients with hypertrophic cardiomyopathy (HCM).
Methods: Twenty-four HCM patients were studied through report-card 4.0. The presence or absence of
late gadolinium enhancement was recorded according to a standardized methodology with a threshold value
of six standard deviations above background. The LGE positive and negative groups were correlated to left
ventricular end diastolic volume index (EDVI), left ventricular mass, left ventricular ejection fraction (EF),
peak filling rate (PFR), peak ejecting rate (PER), normalized peak filling or ejecting rate (NPFR or NPER),
time to peak filling or ejecting rate (TPFR or TPER), and diastolic volume recovery (DVR).

Results: PFR, NPFR, SV, SVI, EF, CO, CI, FS in LGE positive group were lower than LGE negative
group, DVR 4, DVR(, end systolic volume (ESV), end systolic volume index (ESVI), ESD were higher
in LGE positive group, and the differences were statistically significant. The average LGE mass (ROI,
region of interest) was 20.78 g, about 13.67% of left ventricle mass in LGE positive HCM group. Pearson
correlation was noted between the LGE percent (ROI%) and ESV (0.692, P<0.05), ROI% and EF (-0.718,
P<0.05), ROI% and PFR (-0.534, P<0.05), DVR,,4, (0.547, 0.544, 0.906, P<0.05) etc. The correlation
between ROI% and DVR,, was best (0.906, P<0.05), and the correlation between ROI% and ESVI, ROI%
and EF were both bigger than 0.7, showed the correlation was good.

Conclusions: In addition to common quotas used to assess the structure and function of left ventricle
in HCM, volume-time curve parameters may have potential to evaluate cardiac function in HCM. The
correlation between DVR generated from volume-time curve with LGE was good, and may be a marker of

effect of enhancement/scar tissue on diastolic function.
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Introduction

Cardiac magnetic resonance (CMR) plays an important role
in the diagnosis of hypertrophic cardiomyopathy (HCM).
Besides routine evaluation of cardiac structure and function,
late gadolinium enhancement (LGE) of myocardium has the
potential to demonstrate replacement fibrosis, a potential
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marker of poor outcome LGE was considered replacement
of fibrosis (1). Pathologically, fibrotic myocardium is
believed to be the basis of re-entrant ventricular arrhythmia
as well as myocardial dysfunction. Quite a few studies (2-5)
had demonstrated prognostic value of LGE in HCM

recently. Presence and extent of LGE have been shown to
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Figure 1 DVRG60: the proportion of diastole required to recover

60% left ventricular stroke volume.

correlate with the incidence of major adverse cardiac events
(MACE), and has prognostic value which is additive to
standard clinical markers.

LGE affects the prognosis of HCM patients, but the
changes on cardiac structure and function associated with
LGE from the fibrosis (6) may affect prognosis because
of altered diastolic function. Diastolic dysfunction usually
appears before systolic function in HCM (7), but is
generally not assessed on clinical CMR. Left ventricular
volume filling curve or volume time curve is a potential
method to evaluate diastolic function, but little clinical
date is available in patients with HCM. Early data from
Kawaji et al. (8) and Motoyasu et al. (7) found the reduced
diastolic function in HCM patients compared with normal
volunteers, but the relationship of these findings to factors
that have been shown related with prognosis, such as LGE,
are unclear. Our study was to assess correlation between
diastolic function and presence or absence of LGE.

Materials and methods
Patients population

It was a retrospective study. A total of 34 consecutive
patients with HCM undergoing CMR were studied from
January 2010 to November 2012. The clinical diagnosis
of HCM was established with echocardiography, CMR,
electrocardiogram, laboratory examination, family history
and other clinical data. The patients with atrial fibrillation
and claustrophobia were excluded before examination. Ten
patients were excluded because of former alcohol ablation
(six patients) or no contrast scan (four patients). The rest
24 patients were composed of 13 obstructive HCM patients
and 11 non-obstructive HCM (three apical obstructive HCM
patients). These 24 patients were divided into two groups,
LGE positive group and LGE negative group. The study was
approved by the institutional ethics committees, and every
patient was gave informed consent before examination.
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CMR protocol

CMR images were obtained on a 1.5-T system (Signa CV/i,
GE Healthcare, Milwaukee, USA), using an eight channel
phased array coil and electrocardiographic triggering.
All patients underwent an standard examination, which
included a short axis bright-blood cine sequence (Fiesta)
covering the entire left ventricule with a slice thickness of
8 mm, gap of 2 mm, TR/TE =35/1.5 ms, FLIP angle =45°,
FOV =360 mm x 280 mm, VPS (views per segment) =14,
slice reconstructed cardiac phases =20. Myocardial delay
enhancement (MDE) images were acquired about ten
minutes after the injection of 0.2 mmol/kg of GD-DTPA
(Magnevist, Schering, Berlin, Germany), TR =6.5 ms, TE
=3.0 ms, FLIP angle =20°, FOV =360 mm x 270 mm, VPS
=24, slice thickness =8 mm, gap =2 mm, TI = 170-280 ms,
including two-chamber view, four-chamber view and axial
images (about 6-9 slices from the apex to base).

Images analysis

Automated segmentation of left ventricle
Automated segmentation of left ventricle was performed
using report-card 4.0 (GE Health Care, USA). Indices
obtained included end systole volume (ESV), end diastole
volume (EDV), left ventricular ejection fraction (EF), peak
ejecting rate (PER), normalized peak ejecting rate (NPER),
time to peak ejecting rate (TPER), peak filling rate (PFR),
normalized peak filling rate (NPFR), time to peak filling rate
(TPFR) and diastolic volume recovery (DVR) (9) (Figure I).
Left ventricular volume was defined as the range from the
apex to annulus of mitral valve, the papillary muscle was
excluded from the volume and included in the left ventricular
mass (10). At the base, slices were deemed to be within the
left ventricle when the volume was encircled by 50% or
more of ventricular myocardium (11), otherwise, they were
considered to be within the left atrium and excluded. The
function of LV analysis was part of report-card 4.0, it was
used for analyzing the left ventricular filling curve. The
endomyocardium was segmented automatically in all axial
images that were defined as left ventricular volume, and the
curve of left ventricular filling was generated, along with the
indexes of cardiac function.

The algorithm of EDV, ESV was on the basis of the
Simpson algorithm. EF=[(EDV-ESV)/EDV]x100%.

PFR=AV/AT, PFR is the peak rate of left ventricular
filling, calculated from the difference between two
continuous cardiac phases, then divided by the time between
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Figure 2 (A) The axial MDE image; (B) the red area shows the extent of LGE (calculated automatically through report-card 4.0).

two cardiac phases.

PER=AV/AT, PER is the peak rate of left ventricular
ejecting, calculated from the difference between two
continuous cardiac phases, then divided by the time between
two cardiac phases.

NPFR=PFR/EDV, normalized PFR.

NPER=PER/EDYV, normalized PER.

TPEFR is the time between end systole and PFR. TPER
meant the time between end diastole and PER, DVR was
defined as the percent of the time of diastolic volume
recovery that occupying the diastolic time.

DVR, is the proportion of diastole required to recover
60% left ventricular stroke volume (Figure I).

DVR,-DVR,y, was calculated through Matlab R2011a
(Mathworks, USA).

The wall thickening of left ventricle (WT%) = (wall
thickness at end systole-wall thickness at end diastole)/wall
thickness at end systole. Fractional shortening (FS) of left
ventricle = (end diastole diameter-end systole diameter)/end
diastole diameter x100%, left ventricular remodeling index
(LVRI) = left ventricular mass/EDV (12), left ventricular
mass was the mass calculated at diastole. The ratio of wall
thickness (RWT) = the thickness of hypertrophied wall/the
thickness of normal wall.

LGE analysis

Quantitative evaluation of LGE was performed with
myocardial evaluation (ME), part of report-card 4.0. A region
(about 50 mm’) of interest (ROI) was placed in each slice
of axial MDE images, and the signal intensity was acquired
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[mean + standard deviation (SD)]. The extent of LGE was
calculated automatically in each slice, as well as the mass
of LGE, and the proportion of total left ventricular mass,
according to the formula (the threshold = mean + 6SD) (13),
(Figure 2A,B). The last step was to check the extent of LGE,
and made some adjustment by an experienced radiologist
(more than five years’ experience in CMR).

Statistical analysis

All data was presented as mean = SD or percentage. #-test
of independent samples was used to analyze the continuous
data between the positive group and negative group.
Non-parametric test was used to analyze the categorical
variables. The correlation between variables was analyzed
with Pearson correlation or Spearman correlation. The
former one was for continuous data, and the latter one for
categorical variables. Statistical analysis was performed
using SPSS for windows (version 16.0; SPSS Inc., Chicago,
IL, USA). P value <0.05 was considered statistically
significant.

Results

In the 24 HCM patients, 16 patients were LGE positive,
and eight were LGE negative. The incidences of diabetes
mellitus, hypertension, family history, and NYHA class were
not significant between two groups (Zable 1). The indexes of
LGE positive group such as DVR 449, DVR,(, ESV, ESVI
and ESD were greater than LGE negative group. The
indexes of, FS, NPFR, SV, SVI, EF, CO, CI and FS were
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Table 1 Patients characteristics
LGE positive LGE negative P
Gender (m/f) 9/16 4/8 0.772

Age (y) 49.75+13.96 55.62+13.71 0.339
BSA (m?) 1.75+£0.15 1.64+0.13  0.079
Family history 1 1 0.529
Hypertension 4 8 0.525
Diabetes mellitus 1 1 0.602
Coronary heart disease 2 2 0.439
NYHA class 1.38+0.72 1.88+1.13  0.198
ECG (LV diastolic 7 5 0.386
dysfunction)

LGE, late gadolinium enhancement.

Table 2 The difference of structure and clinical function
between LGE positive and LGE negative group
LGE positive [16] LGE negative [8] P

EDV (mL) 141.89+38.61 137.26+22.16  0.758
ESV (mL) 45.79+31.61 20.78+5.16 0.039
SV (mL) 96.09+18.70 116.48+19.23  0.021
EDVI (mL/m?) 80.80+18.72 83.71+14.37  0.704
ESVI (mL/m?) 25.77+15.80 12.54+2.43 0.029
SVI (mL/m?) 55.63+10.41 71.16+13.36  0.005
EF (%) 69.47+10.48 84.75+2.71 0.001
CO (mL/min) 6.79+1.22 8.03+1.18 0.027
Cl (mL/min-m? 3.88+0.67 4.90+0.78 0.003
Mass (g) 179.67+57.39 197.59+24.65 0.411
FS (%) 39.50+8.16 43.38+3.16 0.001
WT (%) 23.32+14.90 16.63+4.83 0.118
EDD (mm) 51.19+6.69 46.38+5.32 0.091
ESD (mm) 30.94+7.20 23.23+3.07 0.010
WT (mm) 24.00+5.90 22.25+3.69 0.454
RWT 2.72+0.69 2.24+0.40 0.082
LVRI (g/mL) 1.30+0.37 1.46+0.24 0.288

LGE, late gadolinium enhancement; EDV, end diastolic
velocity; ESV, end systolic volume; EDVI, end diastolic velocity
index; EF, ejection fraction; FS, fractional shortening; RWT,
relative wall thickness.

smaller in LGE positive group, but the differences were
still statistically significant (Zables 2,3). In the LGE positive
group, the average LGE mass (ROI) was 20.78 g, the mean
LGE proportion (ROI%) was 13.67% among 16 LGE
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Table 3 The difference of indexes generated from left ventricular
filling curve between LGE positive and LGE negative group
LGE positive [16] LGE negative [8] P

PFR (mL/s) 356.90+115.58 521.87+113.66 0.003
NPFR (mL/s-mL)  4.80+1.18 6.55¢1.25  0.003
TPFR (ms) 284.31+169.07 184.50+100.70 0.085
PER (mL/s) 511.58+157.95 583.23x91.36  0.251
NPER (mL/s'mL)  7.16+1.04 6.58£0.97  0.198
TPER (ms) 649.94+76.71  626.62+75.35  0.417
DVR, 0.15+0.04 0.11+0.05  0.014
DVRy, 0.19+0.04 0.14£0.05  0.009
DVR, 0.23+0.06 0.17£0.06  0.025
DVR,, 0.28+0.07 0.19£0.06  0.011
DVR, 0.31+0.08 0.23:0.09  0.050
DVRe, 0.35+0.09 0.27+0.11 0.062
DVRy 0.42+0.08 0.33:0.13  0.051
DVRg 0.52+0.10 0.44+0.11 0.089
DVRy 0.60+0.10 0.52£0.10  0.079
DVRig0 0.70+0.10 0.60£0.10  0.031

LGE, late gadolinium enhancement; PFR, peak filling rate; NPFR,
normalized peak filling rate; TPFR, time to peak filling rate; PER,
peak ejecting rate; NPER, normalized peak ejecting rate; TPER,
time to peak ejecting rate; DVR, diastolic volume recovery.

positive patients. The correlation analysis between the
extent of LGE and structural and functional indexes showed
that LGE (ROI%) was correlated with ESV, EF, FS, PFR,
TPER, DVR,(5,, DVR, all P values <0.05 (Tzble 4).
The most correlative index was DVR,,, the correlation
coefficient was 0.906. The LGE (ROI%) correlated with
ESV, ESVI, EF well; the correlation coefficients were both
greater than 0.7 (Figures 3,4).

Discussion

Our study highlights the potential of novel MR
markers of diastolic function to provide additional,
potentially prognostic data in patients with hypertrophic
cardiomyopathy. Previous work has shown it feasible to
evaluate heart diseases through the left ventricular filling
curve (9,14,15). Currently, there is much interest in LGE
in cardiomyopathies such as HCM seen on CMR (7,8,16).
The correlation between LGE and the changes of structure
and function also were seen in recent studies (15,17,18).

The study of Choi ez al. (17) revealed the extent of LGE

www.jthoracdis.com

F Thorac Dis 2014;6(7):988-994



992

Table 4 The correlation between LGE and cardiac structure
and function

ROI ROI%
ESV (mL) 0.816* 0.692*
SV (mL) -0.042 -0.19
ESVI (mL/m?) 0.811* 0.709*
SVI (mL/m?) -0.165 -0.215
ESD (mm) 0.639* 0.616*
EF -0.766* -0.718*
CO (mL/min) 0.064 -0.017
ClI (mL/min-m? -0.056 -0.017
FS -0.46 -0.523*
PFR (mL/s) -0.35 -0.534*
NPFR (mL/s-mL) -0.316 -0.436
DVRy, 0.301 0.414
DVR,, 0.368 0.547*
DVR,, 0.349 0.544*
DVR,, 0.754* 0.906*
DVR g -0.009 0.206

*, means P<0.05; LGE, late gadolinium enhancement; ESV,
end systolic volume; EF, ejection fraction; FS, fractional
shortening; PFR, peak filling rate; NPFR, normalized peak
filling rate; DVR, diastolic volume recovery.

correlated with PFR, TPFR and NPFR. Another research
done by Catalano et 4/. (15) showed the extent of LGE
correlated with the size of left atrium. However, there were
few studies on the correlation between DVR and the extent
of LGE. In our study, a negative correlation between LGE
and PFR was observed, and correlation between LGE and
DVR was also found.

In contrast to the LGE negative group, indexes of the
LGE positive group, such as ESV, DVR,;4, DVR,y, ESV,
ESVI and ESD were greater, and, FS, NPFR, SV, SVI, EF,
CO and CI were smaller. It is possible that this is related
to the extent of fibrosis revealed by LGE. We believed
that the higher extent of fibrosis led to the more severely
remodeling LV structure. Though EF and FS decreased
more in the LGE positive group, the mean value of EF was
still in normal range. Our study showed that the EF and
FS was normal in LGE positive group, it was significantly
lower than LGE negative positive group. The possible
reason could be relative to the higher systolic function
in HCM patients (higher EF and FS) compared normal
individuals. The relations of LGE on diastolic function
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Figure 3 The correlation between ROI% and EF, the correlation
coefficient was 0.718.
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Figure 4 The correlation between ROI% and DVR40, the correlation
coefficient was 0.906.

was suggested by changes in PFR, NPFR, DVR,
DVR,, with a decreased or increased of these indexes
revealed the dysfunction of left ventricle. The ESV, ESVI,
ESD were greater in LGE positive group, the probable
reason may be correlated with thicker myocardium. The
SV, SVI, CO, CI and FS were indexes of systolic function,
and these indexes were smaller in LGE positive group. We
considered the changes reflect the relations with LGE (main
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reflection of myocardium fibrosis). PFR, NPFR, DVR 4,
and DVR,,, were indexes of diastolic function. PFR, NPFR
were smaller, DVR (4, and DVRy, were bigger, DVR,
represented the total diastolic procedure, the prolonged
of DVR,,, showed the diastolic restriction. Moreover, the
prolonged of DVR,4 showed early diastolic restriction.
This revealed the details of diastolic restriction.

Our results suggest that the extent of LGE is related
to underlying pathology which alters diastolic function
and structure remodeling and that the resulting altered
dysfunction can be demonstrated by MR-derived markers.
The correlation coefficients of ESV, ESVI and EF were
both bigger than 0.7, which show the correlation were
comparatively good. The decreasing of PFR generated from
the filling curve showed left ventricular diastolic restriction,
the left ventricular filling curve showed more detail of
diastolic restriction. LGE (ROI%) had positive correlation
with the indexes of DVR,, (r=0.547), DVR;, (r=0.544),
DVR,, (r=0.906), DVR;, (r=0.908), DVRg, (r=0.608),
but the differences of DVR;;and DVRg, between LGE
positive group and LGE negative group were insignificant.
This result meant diastolic restriction was represented
in rapid filling period. We considered LGE influenced
early diastolic volume recovery. The limitation and pitfalls
mainly lied in the comparatively small sample size from
a single center study. In addition, correlation of these
MR-derived parameters with clinical outcomes is needed, in
order to determine whether their use provides incremental
or additional prognostic information compared to standard
assessment of LGE on clinical CMR.

Conclusions

Our study demonstrated correlation of MR-derived
markers of diastolic dysfunction with LGE on CMR. These
parameters may provide further potential for CMR to
provide prognostic information in patients with HCM.
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