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ABSTRACT

BACKGROUND  Cardiac magnetic resonance imaging (MRI) represents the gold standard in noninvasive
evaluation of myocardial tissue. However, some patients are unable to undergo cardiac MRI due to
a variety of reasons.

AIMS We sought to determine the diagnostic accuracy of routinely performed contrast-enhanced
computed tomography (CECT) compared with cardiac MRI in the evaluation of myocardial tissue.
METHODS  We retrospectively evaluated 96 consecutive patients (mean [SD] age, 51 [15] years; 41 women)
who underwent both CECT and cardiac MRI within 30 days. All CECT scans that visualized the entire heart
were analyzed, regardless of the indication for and protocol of the procedure. The presence of late
gadolinium enhancement on cardiac MRI was compared with the finding of myocardial hypoattenuation
on computed tomography scans.

RESULTS With cardiac MRI as the gold standard, CECT revealed a per-patient sensitivity of 66%, specificity
of 89%, positive predictive value of 75%, negative predictive value of 84%, and accuracy of 81%. Per-
-segment sensitivity was 54%; specificity, 98%; positive predictive value, 76%; negative predictive value,
94%; and accuracy, 92%.

CONCLUSIONS  Our study suggests that routinely performed CECT has high specificity, but only moderate
sensitivity, compared with cardiac MRI in the evaluation of myocardial tissue. This result supports
the recommendation that all CECT scans that visualize the entire heart should be analyzed for myocardial
tissue pathology.

INTRODUCTION Cardiac magnetic resonance
imaging (MRI) is currently considered the gold
standard for a noninvasive assessment of myo-
cardial tissue. The detection and characteriza-
tion of left ventricular (LV) myocardial abnor-
malities is of great clinical importance. The pres-
ence and type of late gadolinium enhancement
(LGE) is very useful not only in differentiation
between ischemic and nonischemic origin of LV
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impairment but also in detailed characterization
of myocardial pathology.

Recent meta-analyses have suggested that
the presence of LGE is associated with worse
clinical outcomes."? However, a significant pro-
portion of patients are unable to undergo cardi-
ac MRI because of contraindications, including
claustrophobia.’ There is increasing evidence
supporting the utility of contrast-enhanced



WHAT'S NEW?

Our study suggests that even routine contrast-enhanced computed tomography
without delayed iodine enhancement has high specificity in the evaluation of
the myocardial tissue. This result supports the recommendation to analyze all
contrast-enhanced computed tomography scans in order to screen for any
myocardial tissue pathology.

cardiac computed tomography (CT) with de-
layed scans for the detection of myocardial fi-
brosis or infiltration.*® This evidence is based
on studies using delayed iodine enhancement,
which requires a more demanding protocol in-
cluding additional CT scanning, resulting in
a slightly higher radiation dose and longer over-
all study duration. Therefore, we sought to as-
sess the utility of routine contrast-enhanced
CT (CECT) with a single scan, performed in ei-
ther the arterial or venous phase, in the detec-
tion of LV myocardial pathology, as compared
with cardiac MRI.

METHODS Study population We retrospec-
tively evaluated 135 consecutive patients who
underwent both cardiac MRI and CT between
January 2013 and January 2016. The inclusion
criteria were cardiac MRI with intravenous ad-
ministration of contrast media and evaluation
of LGE; CT scans with iodine contrast admin-
istered intravenously and with visualization of
the heart; as well as a time interval between CT
and cardiac MRI of 30 days or less (mean [SD]
time interval, 11 [9] days). The exclusion cri-
teria were myocardial infarction or any other
cardiac event between CT and cardiac MRI as
well as incomplete visualization of the heart
on CT. Of the 135 patients, 96 fulfilled the in-
clusion and exclusion criteria and were includ-
ed in further analysis. Written informed con-
sent was obtained from all patients in a stan-
dard format used at our institution. The study
conformed to the principles outlined in the Dec-
laration of Helsinki.

Imaging protocols: computed tomography
The CT examinations were performed on 4 dif-
ferent CT machines from 3 different vendors:
1) Brilliance iCT 256 scanner, 256 slices (Phil-
ips Healthcare, Eindhoven, the Netherlands);
2) Emotion 16, 16 slices (Siemens, Erlangen, Ger-
many); 3) SOMATOM Definition AS, 64 slic-
es (Siemens); and 4) Discovery 690, 64 slices
(GE Healthcare, Milwaukee, Wisconsin, Unit-
ed States). The protocols used varied accord-
ing to the original indication for the CT exam.
The minimum amount of contrast media used
was 60 ml, and the maximum amount, 120 ml.
The contrast medium was injected with auto-
matic injectors at a minimum speed of 1 ml/s
and a maximum speed of 6.5 ml/s. Most scans
were done in the standard portal venous phase

(60 seconds after the initiation of the contrast
medium injection), but some protocols (pulmo-
nary and coronary CT angiography) included
the use of the bolus-tracking technique tailored
to the original indication.

The estimated radiation dose varied with dif-
ferent scanners and protocols used. The minimal
estimated effective dose in our study popula-
tion was 1.8 mSv (pulmonary CT angiography),
and the maximal estimated effective dose was
33.4 mSv (whole-body positron-emission tomog-
raphy/CT in an obese female patient).

Among the 96 CECT examinations, 41 were
coronary CT angiographies, 22 whole-body
positron-emission tomography/CT scans, 11 tho-
racic CTs, 8 CT angiographies of the pulmonary
arteries, 7 abdominal CTs, 6 whole-body CTs,
and 1 CT angiography of the renal arteries. In
most of the 96 CT examinations, original thin
slices (0.75-1.5 mm) were available for evalua-
tion. In 13 of the CT examinations, only recon-
structed 5-mm axial, coronal, and sagittal slic-
es were available.

Imaging protocols: cardiac magnetic reso-
nance Cardiac magnetic resonance imaging
was performed using the Philips Achieva 1.5T
scanner (Philips Healthcare). Our protocol in-
cluded a series of steady-state free precession
images in the vertical, horizontal, short-axis,
and 4-chamber views for evaluation of LV sys-
tolic function. The sequence parameters were
as follows: echo time, 1.46 ms; repetition time,
2.9 ms; flip angle, 60°; matrix, 204 x192; field of
view, 320-440 mm with the phase field of view
of 0.75-1.0; and slice thickness, 8 mm, without
any interslice gap. Late gadolinium enhance-
ment images were obtained between 5 and 15
minutes after intravenous administration of
0.2 mmol/kg of gadoterate meglumine (Dota-
rem®, Guerbet, France) with segmented inver-
sion recovery fast gradient echo sequences (echo
time, 1.19 ms; repetition time, 3.7 ms; flip angle,
15° matrix, 209 x 164; field of view, 310 mm).

Image analysis The CECT and cardiac MRI
scans were independently evaluated by a radi-
ologist and cardiologist with expertise in cardi-
acimaging (6 and 7 years of experience, respec-
tively). Both observers were blinded to the orig-
inal report and other imaging results. Any dis-
agreements were resolved by consensus. The in-
terobserver and intraobserver variability per
patient was assessed using the Cohen K coeffi-
cient.® Computed tomography scans were eval-
uated for hypodense areas in the LV myocardi-
um. For the evaluation, we used 5-mm thick slic-
es, with an average Hounsfield unit (HU) value
for the voxel displayed with a narrow window
setting (the window parameters were adjust-
ed on an individual basis, with the window lev-
el at the mean density of the myocardium and
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TABLE1 Demographic, clinical, and laboratory characteristics of the study group

(n=96)
Age,y 51(15)
Female sex, n (%) 41(43)
Height, cm 172 (9)
Weight, kg 82(19)
BMI, kg/m? 28 (6)
Renal insufficiency, n (%) 17 (18)
Arterial hypertension, n (%) 44 (46)
Diabetes mellitus, n (%) 12 (13)
Hyperlipoproteinemia, n (%) 24 (25)
Ischemic heart disease, n (%) 10 (10)
Myocardial infarction, n (%) 5(5)
Heart failure, n (%) 54 (56)
Atrial fibrillation, n (%) 5(5)
LVEF, % 48 (18)
LVEDV, ml 195 (90)
€O, I/min 6.0(1.9)

Data are expressed as mean (SD) unless otherwise indicated.

Abbreviations: BMI, body mass index; CO, cardiac output; LVEDV, left ventricular end-diastolic
volume; LVEF, left ventricular ejection fraction

TABLE2 Indications for cardiac magnetic resonance imaging

Indication No. of patients

Dilated cardiomyopathy 30

Myocarditis 17

Cardiac masses 10

Hypertrophic cardiomyopathy 7

Constrictive pericarditis 7

Acute pericarditis 6

Ischemic heart disease 6

Sarcoidosis 4

Hypereosinophilia 4

Arrhythmogenic cardiomyopathy 3

Amyloidosis 2
window width of approximately 150 to 200 HU).
We evaluated the standard axial scans and heart
projections (2-chamber view, 4-chamber view,
short-axis). A hypodense area was considered
to be truly present when it could not be attrib-
uted to artefacts and it could be detected on
atleast 2 views.
Cardiac MRI scans were evaluated for the pres-
ence of LGE, which was defined as a hyper-
signal area in the LV wall on delayed scans.
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The locations of LGE on cardiac MRI and hy-
podensities on CECT were recorded using
the American Heart Association 17-segment
model. Isolated hinge-point LGE was exclud-
ed from our analysis based on its unclear clini-
cal implications.

Left ventricular volumes, ejection fraction,
and cardiac output were evaluated solely by car-
diac MRI. Left ventricular end-diastolic and end-

-systolic volumes were measured by tracing en-

docardial LV borders in end-diastole and end-
-systole in short-axis views. The tracing was
done manually with commercial software (Ex-
tended MR Work Space 2.6.3.5, Philips Medical
Systems, Eindhoven, the Netherlands).

Statistical analysis Statistical analysis was
performed using the R software, version 3.3.2
(R Foundation for Statistical Computing, Vien-
na, Austria). Data were expressed as means and
standard deviations or as counts and percent-
ages, as appropriate.

The sensitivity, specificity, positive predictive
value (PPV), negative predictive value (NPV),
and accuracy of CT were compared with those
of cardiac MRI as the gold standard. The eval-
uation was done both per patient and per myo-
cardial segment of the American Heart Associ-
ation 17-segment model.

The x? test with Yates continuity correction
was used to compare diagnostic performance of
electrocardiogram (ECG)-gated and nongated CT
examinations to cardiac MRI. Donner correction
was used when analyzing by segment to correct
for data clustering. A P value of less than 0.05
was considered significant. The agreement be-
tween CT and cardiac MRI was assessed using
the Cohen K coefficient.® The agreement was cat-
egorized as slight (0-0.2), fair (0.21-0.4), mod-
erate (0.41-0.6), substantial (0.61-0.8), and al-
most perfect (0.81-1.0).

RESULTS The demographic, clinical, and lab-
oratory characteristics of our study cohort are
listed in 18LE1. The parameters of end-diastolic
LV size, ejection fraction, and cardiac output
were evaluated only by cardiac MRI. The indica-
tions for cardiac MRI are shown in msLe2. The pat-
terns of myocardial involvement are presented
in m8LE3. The interobserver agreement for both
cardiac MRI and CT evaluation of myocardial
tissue was substantial (K = 0.8 and K = 0.75, re-
spectively). The intraobserver agreement was al-
most perfect for cardiac MRI (K = 0.85) and sub-
stantial for CT (K = 0.8).

Computed tomography versus cardiac mag-
netic resonance in the evaluation of myo-
cardial tissue The presence of hypodense ar-
eas of the LV myocardium was detected by CT
in 28 patients and not detected in 68 patients.



TABLE3 Pattern of myocardial involvement

Type of pattern Cardiac MRI CT
Ischemic?

Total 8 5
Subendocardial 3 4
Transmural 5 1
Nonischemic

Total 24 23
Subendocardial global 3 3
Midmyocardial N 1
Subepicardial 9 2
Transmural 1 7

Data are presented as the number of patients.

a Subendocardial or transmural in the coronary artery territory

Abbreviations: CT, computed tomography; MRI, magnetic resonance imaging

Of the 28 patients, 18 had LGE on cardiac MRI
in the same myocardial segments (FIGURES1-3), and
3 had LGE in different myocardial segments. Of
the 18 patients with the same myocardial seg-
ment involvement, 14 patients (78%) also had
myocardial pathology in the identical myocar-
dial layer. There were 7 patients with LV myo-
cardial hypodensity on CT but no LGE on cardi-
ac MRI. Of the 68 patients without hypodense
areas in the myocardium of the LV on CT, 11 had
LGE on cardiac MRIL

The diagnostic performance of CT per patient
and per myocardial segment, as compared with
cardiac MRI, is summarized in 18Le4. The agree-
ment between CT and cardiac MRI in the de-
tection of myocardial abnormalities was mod-
erate per patient and per segment (K = 0.56 and

K = 0.59, respectively) (Supplementary materi-
al, Tables S1 and S2).

The diagnostic performance of ECG-gated and
nongated examinations is compared in FIGURE 4.
The diagnostic performance of CT in patients
with an ischemic pattern on cardiac MRI was as
follows: sensitivity, 86%; specificity, 97%; PPV,
67%; NPV, 90%; and accuracy, 89%. The diag-
nostic performance of CT in patients with a non-
ischemic pattern on cardiac MRI was as follows:
sensitivity, 64%; specificity, 96%; PPV, 82%; NPV,
90%; and accuracy, 89%.

DISCUSSION Detection of LGE on cardiac MRI
can accurately and reproducibly identify myocar-
dial abnormalities such as necrosis, fibrosis, or
infiltration.” This is of great clinical importance
for establishing the correct diagnosis. Moreover,
the presence of LGE is associated with worse clin-
ical outcomes, including cardiac mortality, ven-
tricular arrhythmic events, and rehospitaliza-
tion for heart failure."? However, some patients
have contraindications to cardiac MRI. The util-
ity of CT in the detection of myocardial pathol-
ogy based on the presence of delayed iodine en-
hancement has been demonstrated in several
studies.*’ However, to the best of our knowledge,
there are very limited data regarding the useful-
Iness of routine CECT for the evaluation of myo-
cardial pathology, as compared with cardiac MRI.
Sanz et al'’ compared CECT and cardiac MRI
for the detection of post-myocardial infarction
scar in 42 patients. They found that reduced myo-
cardial attenuation in early-phase CECT images
could accurately detect the presence of LGE, with
a sensitivity of 91%, specificity of 81%, NPV of
83%, and PPV of 90%. Nikolaou et al'" assessed
30 patients who underwent routine CECT and
stress-perfusion MRI of the heart. Computed

FIGURE1 A - transmural hypoattenuation in the inferolateral wall of the left ventricle (arrow) detected by computed tomography in a patient with previous
myocardial infarction; B - the same pathology (arrow) depicted by late gadolinium enhancement cardiac magnetic resonance imaging
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FIGURE2 A - diffuse subendocardial hypoattenuation involving the entire left ventricle apart from a small region of the interventricular septum, detected by
computed tomography in a patient with eosinophilic myocarditis; B — the same left ventricular involvement is shown by late gadolinium enhancement cardiac
magnetic resonance imaging. The involvement of the posteromedial papillary muscle in both panels is marked by arrows.

FIGURE3 A - midmyocardial hypoattenuation in the septum and lateral wall of the left ventricle (arrows) detected by computed tomography in a patient with
previous myocarditis; B - the same pathology (arrows) depicted by late gadolinium enhancement cardiac magnetic resonance imaging

TABLE4 Diagnostic performance of computed tomography as compared with cardiac magnetic resonance imaging

Sensitivity Specificity PPV NPV Accuracy
Per patient 66% 89% 75% 84% 81%
Per segment 54% 98% 76% 94% 92%

Abbreviations: NPV, negative predictive value; PPV, positive predictive value
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FIGURE 4 Diagnostic performance of electrocardiogram-gated and nongated computed
tomography as compared with cardiac magnetic resonance imaging: A - per patient;

B - per myocardial segment

tomography was able to detect 10 of 11 chronic
myocardial infarctions as areas with reduced at-
tenuation corresponding to LGE on MRI (sensi-
tivity, 91%; specificity, 79%; and accuracy, 83%).
A comparison of CT with stress-perfusion MRI
demonstrated that myocardial hypoattenua-
tion on CT may also represent a perfusion de-
fect. However, the sensitivity of CT for diagnos-
ing perfusion defects was only 50%, with a spec-
ificity of 92%.

Myocardial hypoattenuation on CT typically
reflects myocardial replacement such as fat de-
position or any pathology associated with ex-
panded extracellular space.”” Moreover, myocar-
dial hypoattenuation may also originate from
myocardial hypoperfusion in patients with se-
vere coronary artery stenosis. Based on the pat-
tern of myocardial involvement, ischemic (sub-
endocardial or transmural in the coronary ar-
tery territory) and nonischemic etiology can be
distinguished.”
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The CT findings of an ischemic myocardium
have been well documented. The fatty replace-
ment of the myocardium has been evaluated in
numerous studies, including Jacobi et al' and
Krueger et al,” while Higashigaito et al'® evalu-
ated myocardial hypodensities in patients with
acute myocardial infarction. Overall, compared
with nonischemic myocardial abnormalities,
ischemic myocardial scarring is usually associ-
ated with more advanced signal or density ab-
normality on cardiac MRI and CT, probably due
to a more complete fibrotic myocardial replace-
ment in affected segments.”®

Our study included mainly patients with var-
ious types of nonischemic cardiomyopathies,
in addition to those with ischemic heart dis-
ease. Therefore, the diagnostic performance of
CECT may have been slightly lower than expect-
ed. Moreover, the agreement between CT and
cardiac MRI is limited by the fact that cardiac
MRI has high tissue contrast and offers the pos-
sibility to modify scanning parameters of re-
peated sequences. In contrast, the use of ioniz-
ing radiation during each CT acquisition limits
the feasibility of an analogous modification of
scanning parameters and rescanning.

There were no significant differences in
the sensitivity, specificity, and accuracy between
ECG-gated and nongated CT. This was contrary
to our expectations, as we hypothesized that
ECG gating associated with a higher image qual-
ity could improve the diagnostic performance of
CT as compared with cardiac MRI.

The main limitation of our study is a relatively
small number of patients and the retrospective
study design. Therefore, further larger prospec-
tive studies are warranted to confirm the utility
of routine CECT in the detection of myocardial
abnormalities. Another limitation is that CT per-
formance may depend on the patient population,
and the population may differ between our ter-
tiary center and primary care centers. Our study
population was quite heterogenous, and CT ex-
aminations were done with various CT scanners
and different imaging protocols. However, due to
the small sample size, we were unable to conduct
statistical analyses for the subgroups divided ac-
cording to the scanner type. Nonetheless, this is
in line with our primary aim to evaluate the de-
tection of myocardial abnormalities as inciden-
tal findings on unselected scans performed for
other indications in real clinical practice. Due to
the limited sample size, it was not feasible to clas-
sify patients into more subgroups than ischemic
and nonischemic.

The CT-based assessment of LV volumes and
ejection fraction for comparison with cardiac
MRI" was not feasible because none of the pa-
tients had CT scans acquired in a retrospective
ECG-gating mode that would allow such a com-
parison. Moreover, apart from tissue charac-
terization of the myocardium, abnormalities in
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the myocardial morphology linked with cardiac
remodeling, such as trabeculation,?® could not
be adequately assessed on CT scans.

In conclusion, our study suggests that all
routinely performed CECT scans that visual-
ize the entire heart should be analyzed also for
myocardial tissue pathology.

SUPPLEMENTARY MATERIAL

Supplementary material is available at www.mp.pl/kardiologiapolska.

ARTICLE INFORMATION

ACKNOWLEDGMENTS  The study was supported by Progres Q28/LF1 and
Progres Q38/LF1.

CONFLICT OF INTEREST  None declared.

OPEN ACCESS This is an Open Access article distributed under the terms
of the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 In-
ternational License (CC BY-NC-ND 4.0), allowing third parties to download ar-
ticles and share them with others, provided the original work is properly cited,
not changed in any way, distributed under the same license, and used for non-
commercial purposes only. For commercial use, please contact the journal office

at kardiologiapolska@ptkardio.pl.

HOWTO CITE CernyV, Kuchynka P, Marek , et al. Comparison of routine con-
trast-enhanced computed tomography with late gadolinium enhancement cardi-
ac magnetic resonance imaging in the detection of myocardial pathology. Kardiol
Pol. 2019; 77: 944-950. doi:10.33963/KP.14928

REFERENCES

1 Ganesan AN, Gunton J, Nucifora G, et al. Impact of late gadolinium enhance-
ment on mortality, sudden death and major adverse cardiovascular events in isch-
emic and nonischemic cardiomyopathy: a systematic review and meta-analysis. Int
] Cardiol. 2018; 254: 230-237.

2 Becker MAJ, Cornel JH, van de Ven PM, et al. The prognostic value of late
gadolinium-enhanced cardiac magnetic resonance imaging in nonischemic dilat-
ed cardiomyopathy: a review and meta-analysis. JACC Cardiovasc Imaging. 2018;
11:1274-1284.

3 Dewey M, Schink T, Dewey CF. Claustrophobia during magnetic resonance
imaging: cohort study in over 55000 patients. ] Magn Reson Imaging. 2007; 26:
1322-1327.

4 hao L, Ma X, Delano MC, et al. Assessment of myocardial fibrosis and cor-
onary arteries in hypertrophic cardiomyopathy using combined arterial and de-
layed enhanced CT: comparison with MR and coronary angiography. Eur Radiol.
2013; 23:1034-1043.

5 Cerny V, Kuchynka P, Marek J, et al. Utility of cardiac CT for evaluating de-
layed contrast enhancement in dilated cardiomyopathy. Herz. 2017; 42: 776-780.

6 Altman DG. Practical statistics for medical research. Boca Raton, FL: Chapman
and Hall/CRC; 1990: 403-409.

7 Moon JC, Sheppard M, Reed E, et al. The histological basis of late gadolinium
enhancement cardiovascular magnetic resonance in a patient with Anderson-Fab-
ry disease. ] Cardiovasc Magn Reson. 2006; 8: 479-482.

8 Schelbert EB, Hsu LY, Anderson SA, et al. Late gadolinium-enhancement car-
diac magnetic resonance identifies postinfarction myocardial fibrosis and the bor-
der zone at the near cellular level in ex vivo rat heart. Circ Cardiovasc Imaging.
2010; 3: 743-752.

9 Moravsky G, Ofek E, Rakowski H, et al. Myocardial fibrosis in hypertrophic car-
diomyopathy: accurate reflection of histopathological findings by CMR. JACC Car-
diovasc Imaging. 2013; 6: 587-596.

10  Sanz ), Weeks D, Nikolaou K, et al. Detection of healed myocardial infarc-
tion with multidetector-row computed tomography and comparison with cardiac
magnetic resonance delayed hyperenhancement. Am ] Cardiol. 2006; 98: 149-155.

11 Nikolaou K, Sanz}, Poon M, et al. Assessment of myocardial perfusion and vi-
ability from routine contrast-enhanced 16-detector-row computed tomography of
the heart: preliminary results. Eur Radiol. 2005; 15: 864-871.

12 Ko SM, Hwang SH, Lee HJ. Role of cardiac computed tomography in the diag-
nosis of left ventricular myocardial diseases. ] Cardiovasc Imaging. 2019; 27: 73-92.

13 Cummings KW, Bhalla S, Javidan-Nejad C, et al. A pattern-based approach to
assessment of delayed enhancement in nonischemic cardiomyopathy at MR imag-
ing. Radiographics. 2009; 29: 89-103.

14 Jacobi AH, Gohari A, Zalta B, et al. Ventricular myocardial fat: CT findings and
clinical correlates. ) Thorac Imaging. 2007; 22: 130-135.

15 Krueger M, Cronin P, Sayyouh M, et al. Significant incidental cardiac dis-
ease on thoracic CT: what the general radiologist needs to know. Insights Imag-
ing. 2019; 10:10.

16  Higashigaito K, Hinzpeter R, Baumueller S, et al. Chest pain CTin the emergen-
¢y department: watch out for the myocardium. Eur ] Radiol Open. 2018; 5: 202-208.

KARDIOLOGIA POLSKA  2019; 77 (10)

17  Fine NM, Tandon S, Kim HW, et al. Validation of sub-segmental visual scor-
ing for the quantification of ischemic and nonischemic myocardial fibrosis using
late gadolinium enhancement MRL. ] Magn Reson Imaging. 2013; 38: 1369-1376.

18  Abbas A, Sonnex E, Pereira RS, Coulden RA. Cardiac magnetic resonance as-
sessment of takotsubo cardiomyopathy. Clin Radiol. 2016; 71: €110-e119.

19  Saeed M, Van TA, Krug R, et al. Cardiac MR imaging: current status and fu-
ture direction. Cardiovasc Diagn Ther. 2015; 5: 290-310.

20 Mazurkiewicz £, Petryka ), Spiewak M, et al. Clinical and prognostic relevan-
¢y of left ventricular trabeculation assessed by cardiac magnetic resonance in pa-
tients with dilated cardiomyopathy. Kardiol Pol. 2017; 75: 794-803.


https://doi.org/10.1002/jmri.24116
https://doi.org/10.1002/jmri.24116
https://doi.org/10.1002/jmri.24116
https://doi.org/10.1016/j.crad.2015.10.020
https://doi.org/10.1016/j.crad.2015.10.020
https://doi.org/
https://doi.org/
https://doi.org/10.5603/KP.a2017.0097
https://doi.org/10.5603/KP.a2017.0097
https://doi.org/10.5603/KP.a2017.0097
https://doi.org/10.33963/KP.14928
https://doi.org/10.1016/j.ijcard.2017.10.094
https://doi.org/10.1016/j.ijcard.2017.10.094
https://doi.org/10.1016/j.ijcard.2017.10.094
https://doi.org/10.1016/j.ijcard.2017.10.094
https://doi.org/10.1016/j.jcmg.2018.03.006
https://doi.org/10.1016/j.jcmg.2018.03.006
https://doi.org/10.1016/j.jcmg.2018.03.006
https://doi.org/10.1016/j.jcmg.2018.03.006
https://doi.org/10.1002/jmri.21147
https://doi.org/10.1002/jmri.21147
https://doi.org/10.1002/jmri.21147
https://doi.org/10.1007/s00330-012-2674-0
https://doi.org/10.1007/s00330-012-2674-0
https://doi.org/10.1007/s00330-012-2674-0
https://doi.org/10.1007/s00330-012-2674-0
https://doi.org/10.1007/s00059-016-4515-4
https://doi.org/10.1007/s00059-016-4515-4
https://doi.org/Connection: close
https://doi.org/Connection: close
https://doi.org/10.1080/10976640600605002
https://doi.org/10.1080/10976640600605002
https://doi.org/10.1080/10976640600605002
https://doi.org/10.1161/CIRCIMAGING.108.835793
https://doi.org/10.1161/CIRCIMAGING.108.835793
https://doi.org/10.1161/CIRCIMAGING.108.835793
https://doi.org/10.1161/CIRCIMAGING.108.835793
https://doi.org/10.1016/j.jcmg.2012.09.018
https://doi.org/10.1016/j.jcmg.2012.09.018
https://doi.org/10.1016/j.jcmg.2012.09.018
https://doi.org/10.1016/j.amjcard.2006.01.093
https://doi.org/10.1016/j.amjcard.2006.01.093
https://doi.org/10.1016/j.amjcard.2006.01.093
https://doi.org/10.1007/s00330-005-2672-6
https://doi.org/10.1007/s00330-005-2672-6
https://doi.org/10.1007/s00330-005-2672-6
https://doi.org/10.4250/jcvi.2019.27.e17
https://doi.org/10.4250/jcvi.2019.27.e17
https://doi.org/10.1148/rg.291085052
https://doi.org/10.1148/rg.291085052
https://doi.org/10.1148/rg.291085052
https://doi.org/10.1097/01.rti.0000213576.39774.68
https://doi.org/10.1097/01.rti.0000213576.39774.68
https://doi.org/10.1186/s13244-019-0693-y
https://doi.org/10.1186/s13244-019-0693-y
https://doi.org/10.1186/s13244-019-0693-y
https://doi.org/10.1016/j.ejro.2018.10.001
https://doi.org/10.1016/j.ejro.2018.10.001

