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Patient history

49-year-old male with a history  

of congestive heart failure for seven 

years, managed medically, who  

self-referred for a second opinion 

regarding management of presumed 

hypertensive heart disease. About 

four months prior to referral the 

patient stopped working due to  

progressive dyspnea. One month 

prior to referral he noted acute  

worsening of his dyspnea and  

dizziness, and underwent left heart 

catheterization which was negative 

for coronary artery disease. At  

presentation the patient reports 

orthopnea and paroxysmal nocturnal 

dyspnea, with persistent dyspnea, 

lower extremity edema, and a cough. 

The patient denied recent fevers, 

chills, headaches, changes in vision, 

dizziness, weakness, or arthralgias. 

Past medical history was notable  

for hypertension, diabetes mellitus – 

type II, obstructive sleep apnea,  

obesity, and atrial fibrillation. The 

patient denies prior or current tobacco 

use or significant alcohol intake.  

Family history was negative for prema-

ture heart disease. On physical exam 

the heart rate was regular at 70 beats 

per minute with a blood pressure of 

130/80 mmHg and notable for a split 

S2, without S3 or S4. S1 was normal. 

The cardiac apex was non-displaced. 

Laboratory analysis demonstrated an 
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Native T1 and 

Gadolinium extra-

cellular volume 

(ECV) fraction maps 

from a 64-year-old 

male patient 

without diffuse 

fibrosis, demon-

strating normal 

values. Apparent 

increased signal 

along the epicardial 

anteroseptum was 

seen to represent 

volume averaging 

with the right 

ventricular blood 

pool.
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Corresponding 
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ment imaging 

demonstrates 

reduced contrast 

between the 

myocardium and 

the blood pool, 

with suggestion  

of diffuse pre- 
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and mesocardial 

scarring.
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elevated b-type natriuretic peptide  

at 817 pg/ml.

As part of his work-up to evaluate  

for an etiology of his non-ischemic 

cardiomyopathy, the patient was 

referred for cardiac MRI to evaluate 

for an infiltrative process and  

assess biventricular systolic function 

and scar.

Sequence details

All images were acquired on a  

MAGNETOM Aera 1.5T scanner with 

an 18-channel phased array body coil 

and software version syngo MR E11 

(Siemens Healthcare, Erlangen,  

Germany). T1 and T2 mapping  

was done using MyoMaps (Siemens 

Healthcare, Erlangen, Germany), 

which includes inline non-rigid 

motion correction and pixelwise 

fitting. 

Pre-contrast T1 mapping uses a  

single shot inversion recovery  

TrueFISP readout with a 5(3)3 

scheme, i.e. an inversion followed  

by 5 acquisition heartbeats, then  

3 recovery heartbeats, and a further 

inversion with 3 acquisition heart-

beats. Post-contrast T1 mapping  

uses a 4(1)3(1)2 scheme. Other 

parameters for T1 mapping include: 

TE 2.7 ms, TR 386 ms, TI start 

110 ms, TI increment 80 ms,  

FOV 380 mm, matrix size 256 × 170, 

flip angle 35 degrees, bandwidth 

1085 Hz/pixel. Pixelwise extracellular 

volume (ECV) maps were generated 

using investigational prototype  

software* with automated image co-

registration and blood segmentation.

T2 mapping uses 3 single shot  

TrueFISP images with T2 preparation 

times of 0 ms, 25 ms and 55 ms,  

and 3 recovery heartbeats between 

each acquisition. Other parameters 

for T2 mapping include: TE 2.7 ms, 

TR 250 ms, FOV 360 mm, matrix size 

192 × 146, flip angle 70 degrees, and 

bandwidth 1185 Hz/pixel.

Imaging findings

Cardiac MRI was notable for moder-

ate right atrial and severe left atrial 

enlargement without significant 

mitral or tricuspid valve disease. 

There was asymmetric septal  

hypertrophy in the basal and mid 

chamber measuring up to 1.7 cm  

in the mid-chamber inferoseptum. 

Biventricular systolic function was 

severely reduced with calculated 

right and left ejection fractions of 

22% and 22%, respectively. The right 

ventricle was normal in size; the left 

ventricle was borderline enlarged 

with an end-diastolic volume index  

of 92 ml/m2. Native T1 values were 

abnormally elevated ranging from 

1200 -1230 ms indicative of myocar-

dial fibrosis. Native T2 values were 

elevated ranging from 66-67 ms con-

sistent with myocardial edema. The 

Gadolinium extracellular volume frac-

tion (ECV) was markedly elevated, at  

58% based on a measured hematocrit 

of 41.8%. Delayed enhancement 

images were of limited diagnostic 

value due to the similar myocardial 

and blood T1 values post-contrast, 

but suggested diffuse predominantly 

mesocardial scar extending to involve 

the subepicardial myocardium.  

There was relative sparing of the  

subendocardium, consistent with  

a non-vascular etiology. Cardiac MRI 

findings were consistent with ongo-

ing myocardial inflammation and 

fibrosis in a non-ischemic cardio-

myopathy. The scar pattern was  

considered atypical for amyloidosis 

given subendocardial sparing.

Additional laboratory analysis was 

performed to evaluate for a monoclo-

nal gammopathy. Although there was 

a mild hypergammaglobulinemia, 

there were no clear bands at serum 

immunofixation electrophoresis. 

The patient was referred for right 

heart catheterization and biopsy. 

Right ventricular endomyocardial 

biopsy demonstrated myocyte  

hypertrophy with interstitial fibrosis. 

The mean pulmonary arterial  

pressure was 37 mmHg, diagnostic  

of pulmonary hypertension.  

Congo red staining was negative  

for apple green birefringence. The 

diagnosis of non-specific, non-amy-

loid myocardial fibrosis was made. 

Discussion

This case demonstrates the utility  

of quantitative T1 and T2 myocardial 

imaging in the evaluation of patients 

with suspected infiltrative heart  

disease. Delayed enhancement  

imaging with phase sensitive inversion 

recovery has reduced the importance 

of careful time-to-inversion selection 

for patchy myocardial scar, such  

as that seen with focal infiltrative  

processes or myocardial infarction. 

However, delayed enhancement imag-

ing is limited in patients with diffuse 

fibrosis, where regions of normal  

myocardium are not clearly visualized. 

In these subjects, there is often little 

contrast difference between the  

T1 values of the blood pool post- 

Gadolinium administration and the 

fibrotic myocardium. Hence delayed 

enhancement images of such patients 

can appear non-diagnostic. Review of 

images from the TI scout may suggest 

altered Gadolinium kinetics with  

T1 shortening of the myocardium  

compared to the blood pool; however, 

this is not consistently identified even 

in significant myocardial fibrosis and is 

dependent on the Gadolinium kinetics 

in a particular patient.

It is increasingly recognized that  

in vivo quantitative T1 and T2 para-

metric mapping with calculation of  

the ECV is useful in the assessment  

of infiltrative and inflammatory  

myocardial disease [1-3]. Native myo-

cardial T2 values are elevated in acute 

inflammatory states, such as myocar-

ditis, and are useful to assess the 

extent of ongoing inflammation. 

Native myocardial T1 values have been 

suggested as an alternative technique 

to delayed enhancement imaging to 

evaluate for myocardial fibrosis [1]. 

Although dependent on the T1  

mapping technique utilized, elevated 

native T1 values generally greater than 

980 ms are considered abnormal at 

1.5T, although the influence of other 

parameters including myocardial iron, 

blood plasma volume, and myocardial 

edema have not been fully elucidated. 

Normal myocardial T1 ranges as well 

as the extent of elevation in different 

disease states remain to be deter-

mined. The Gadolinium ECV fraction 

uses pre- and post-contrast myocardial 

T1 values to determine the gadolinium 

* WIP, the product is currently under develop- 

 ment and is not for sale in the US and in  

 other countries. Its future availability cannot  

 be ensured. 
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distribution into the myocardium,  

generating a partition coefficient,  

with ECV values > 30% considered 

abnormal [4]. 

In our case the combination of diffuse 

myocardial T2 elevation, native T1  

elevation, and a markedly elevated 

ECV fraction was indicative of a diffuse 

fibrotic process with myocardial 

edema. As indicated by the blood  

protein analysis and concordant  

with biopsy findings, the lack of  

a T1 gradient extending from the  

subendocardium to the subepicardium 

made myocardial amyloidosis a less 

likely diagnosis.
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