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Introduction
Cardiac allograft vasculopathy (CAV), a major late complication that limits long-term survival of heart transplant recipients, is typically characterized as a diffuse concentric intimal hyperplasia of the coronary artery. Invasive coronary angiography/intracoronary ultrasound (ICUS) are widely performed for CAV screening of patients with no ischemic symptoms from their denervated hearts before congestive heart failure, cardiac arrhythmia, or sudden death occurs. This vasculopathy usually accelerates left ventricular diastolic dysfunction before systolic dysfunction. Cine images on cardiac magnetic resonance (CMR) examination, the most accurate test for cardiac functional analysis in the clinical setting, easily quantify peak filling rate (PFR) as an index of left ventricular diastolic function. This measurement can noninvasively predict early-stage CAV and be useful for risk stratification and adequate patient management. On a single comprehensive CMR examination, we can also assess asymptomatic systolic dysfunction of the left ventricle from cine images and myocardial infarction or scar formation from late gadolinium-enhanced (LGE) images.

Purpose
We investigated the clinical feasibility of CMR imaging for noninvasively screening for CAV in asymptomatic recipients of heart transplants. Especially, we assessed the significance of left ventricular PFR value as a marker of early-stage CAV over several parameters of the systolic function and LGE by CMR imaging.

Methods
Between June 2006 and June 2008, 38 asymptomatic recipients of heart transplants (25 men, 13 women, aged 37.2 ± 14.9 years) underwent both CMR and ICUS 8.5 ± 4.4 years after heart transplantation. We measured PFR normalized to end-diastolic volume and several parameters for systolic function of the left ventricle, including ejection fraction (EF), stroke volume (SV), and cardiac output (CO), by steady-state free precession cine CMR imaging with 20 sampling phases during one cardiac cycle. We also evaluated intramyocardial LGE on the CMR examinations. According to Stanford classification based on intimal wall morphology assessed by ICUS [1], we classified recipients of grade 0–2 as negative and grade 3–4 as positive for CAV and compared the values of PFR, EF, SV, and CO between the 2 groups using Mann-Whitney U test. P < 0.05 was considered statistically significant. Furthermore, we calculated receiver operating characteristic (ROC) curve in the relationship between PFR value and CAV as defined by ICUS.

Results
Using ICUS, we classified 20 patients (53%) positive and 18 (47%) negative for CAV. There was no significant difference in the values for EF (58.1 ± 4.8% versus 58.8 ± 7.1%, P = 0.85); SV (43.0 ± 12.3 mL versus 49.4 ± 17.6 mL, P = 0.16); and CO (3.41 ± 0.81 L/min versus 3.83 ± 1.54 L/min, P = 0.46). No patient revealed intramyocardial LGE.
In contrast, the PFR value was significantly lower in the positive (3.63 ± 0.90 EDV/sec) than negative group (4.43 ± 0.84 EDV/sec, P = 0.01). Area under the ROC curve was 0.759 (95% confidence interval: 0.587 to 0.882). When PFR cut-off value was 3.65, CAV sensitivity was 58.2% and specificity, 79.8%. Table 1.Table 1Relationship between cardiac allograft vasculopathy and parameters for left ventricular function


	 	CAV positive
	CAV negative
	P value

	PFR (EDV/sec)
	3.63 ± 0.90
	4.43 ± 0.84
	0.01

	EF (%)
	58.1 ± 4.8
	58.8 ± 7.1
	0.85

	SV (mL)
	43.0 ± 12.3
	49.4 ± 17.6
	0.16

	CO (L/min)
	3.41 ± 0.81
	3.83 ± 1.54
	0.46





Conclusion
The presence of CAV significantly enhances diastolic dysfunction of the left ventricle. For asymptomatic recipients of heart transplants, PFR measurement with CMR provides noninvasive prediction of CAV, which precedes systolic dysfunction and myocardial infarction or scar formation, and PFR is a feasible tool for decision-making in managing those patients.
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