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Aims We evaluated cardiac magnetic resonance imaging (CMR) as a non-invasive test for cardiac allograft rejection.

Methods
and results

We performed CMR on 50 heart-transplant recipients. Acute rejection was confirmed in 11 cases by endomyocardial
biopsy (EMB) and presumed in 8 cases with a recent fall in left-ventricular ejection fraction (LVEF) not attributable to
coronary allograft vasculopathy. Control patients had both normal LVEF and no significant rejection on EMB. Cardiac
magnetic resonance imaging evaluated myocardial function, oedema, and early and late post-Gadolinium-DTPA con-
trast enhancement. Patients with confirmed rejection demonstrated elevated early relative myocardial contrast
enhancement (4.1+0.3 vs. 2.8+0.2, P , 0.001) and a trend to higher oedema suggested by higher relative myocar-
dial intensity on T2-weighted imaging compared to controls (2.1+0.1 vs. 1.7+ 0.1, P ¼ 0.1). With rejection defined
as increased early contrast enhancement or myocardial oedema, the sensitivity and specificity of CMR compared with
EMB were 100 and 73%, respectively. Eight patients with presumed rejection also had elevated early myocardial con-
trast enhancement compared with controls, (8.7+1.9 vs. 2.8+ 0.2, P , 0.05), which reduced following increased
immunosuppression (8.7+1.9 vs. 4.6+1.2, P , 0.05). In these patients LVEF improved following increased immu-
nosuppression (32+5 vs. 46+5%, P , 0.05).

Conclusion Cardiac magnetic resonance imaging is a promising modality for non-invasive detection of cardiac allograft rejection.
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Introduction
Cardiac transplantation offers improved quality of life and survival
in patients with advanced heart failure.1,2 An ongoing challenge in
transplant medicine is the need to balance the risk of allograft
rejection against the inherent risks of immunosuppressive
therapy.3 Despite the development of more specific anti-rejection
drugs,4 regular surveillance for acute rejection with endomyocar-
dial biopsy (EMB), at least for the first 12 months post-transplant
is the current standard of care.5 While conflicting data exist on
the variability and accuracy of EMB,6 it remains the gold standard
for the diagnosis of acute cellular rejection.

Recently the International Society for Heart and Lung Transplan-
tation (ISHLT) has published revised guidelines,7 aimed at simplify-
ing the evaluation of EMB as well as improving its efficacy. The new
ISHLT grading system suggests four grades of acute cellular rejec-
tion: 0R (no rejection), 1R (mild rejection), 2R (moderate rejec-
tion), and 3R (severe rejection). While aggressive therapy with
intravenous corticosteroids or other immunomodulatory agents
is generally recommended for moderate rejection and above,
mild rejection is usually managed conservatively, as the majority
of such episodes resolve on follow-up EMB without increased
immunosuppression.8 Despite this general consensus, interpret-
ation of EMB findings can be problematic, especially in longer-term
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post-transplant patients in whom EMB is often suboptimal due to
scarring from prior EMB procedures. In addition, EMB is an invasive
procedure that has a risk of serious adverse events, including
cardiac tamponade and death.9

A reliable non-invasive test for acute cellular rejection is there-
fore desirable not only in terms of reducing potential risks from
EMB but also in its ability to complement current EMB regimes.
Two important features discriminating moderate acute cellular
rejection from lesser grades are the presence of multiple areas
of myocardial necrosis as well as myocardial oedema. Cardiac mag-
netic resonance imaging (CMR) has been demonstrated in prior
studies to identify both these features in the non-transplant popu-
lation,10,11 with at least one study also demonstrating increased
myocardial oedema in acute cardiac allograft rejection.12 Further-
more, multisequential CMR is an established non-invasive investi-
gation for the diagnosis of acute myocarditis,13 a condition that
has some histological similarity to acute cellular rejection.14

In this prospective study, we evaluated the efficacy of multise-
quential CMR in the diagnosis of acute cardiac allograft rejection.

Methods

Patient selection
Patients who had undergone cardiac transplantation were invited to
participate in this study performed at the Alfred Hospital, Melbourne,
Australia between June 2006 and November 2008. Patients were
excluded if they had a known contra-indication to CMR (such as non-
compatible metallic implant), claustrophobia, or were haemodynami-
cally unstable. Patients with rapid atrial fibrillation as well as severe
renal impairment (glomerular filtration rate ,30 mL/min) were also
excluded. All research was carried out with the approval of the
Alfred Hospital Ethics Committee, and informed consent was obtained
prior to patient enrolment.

Study patient groups
Nine patients had 11 cases of confirmed rejection (two patients had
two separate episodes) defined by grade 2R or greater acute cellular
rejection on EMB. One patient had two episodes of acute rejection
6 months apart; the second had two episodes of acute rejection
5 weeks apart. In both cases interval EMB showed resolution of
acute rejection in between rejection episodes. Patients with presumed
rejection (n ¼ 8) had an unexplained fall in left-ventricular ejection
fraction (LVEF) to below 40% with globally reduced function not
attributable to cardiac allograft vasculopathy (CAV). In six patients
EMB was performed but did not suggest significant rejection and in
two patients EMB was not able to be performed due to technical
factors. Patients with presumed rejection were treated with either
intravenous methylprednisolone (six patients) or anti-thymocyte gam-
maglobulin (two patients) followed by increased maintenance immu-
nosuppression. Improvement in LVEF was evaluated on follow-up
CMR and CAV was excluded as a cause of graft dysfunction in all
subjects in this group with coronary angiography. Control patients
(n ¼ 33) had a normal LVEF and all had undergone EMB, which
demonstrated either no evidence of cellular rejection on EMB (grade
0) or mild cellular rejection (grade 1R). As the vast majority of grade
1R rejections are found to resolve on follow-up EMB without any
specific intervention,8 and are therefore generally managed conserva-
tively, we included these patients in the control group to evaluate the
real world performance of CMR in the evaluation of acute rejection.

Control patients were scheduled for EMB in a routine setting for
surveillance of rejection. Similarly, with respect to patients with con-
firmed rejection, one patient had presented with reduced LV function
and EMB confirmed rejection, while the remainder had acute rejection
diagnosed on routine surveillance biopsy. Conversely, all patients in the
presumed rejection group had presented with an unexplained fall in
LVEF, although none had acute heart failure at the time of CMR
scanning.

Cardiac magnetic resonance protocol
We performed CMR on 50 heart transplant recipients on a clinical
1.5T CMR scanner (Signa HD 1.5T, GE Healthcare, Waukesha, WI,
USA). All sequences, apart from early relative enhancement, were
acquired during a breath-hold of 10–15 s. Patients in the acute rejec-
tion groups (either confirmed or presumed) all underwent CMR on
the basis of clinical suspicion of acute rejection, and were enrolled at
the time of CMR scanning. Patients in the control group underwent
CMR scanning as part of our post-transplant clinical protocol, to
monitor LVEF and record baseline CMR inflammatory measures. In
the case of confirmed rejection, the mean time between EMB
showing confirmed acute cellular rejection and CMR was 3.3+ 1.2
days. All cases of presumed rejection and 8 out of 11 cases of con-
firmed rejection also underwent follow-up CMR scanning. This was
performed following resolution of cellular rejection on repeat EMB
in patients with confirmed rejection, and at least 3 weeks following
treatment of presumed rejection. Analysis of CMR findings was per-
formed on a dedicated CMR workstation by a CMR-trained clinician
blinded to the biopsy data.

Assessment of left-ventricular size
and function
Left-ventricular size and function were assessed by a balanced steady
state free precession (FIESTA&, GE Healthcare, Waukesha WI, USA)
pulse sequence (TR 3.8 ms, TE 1.6 ms, 30 phases, slice thickness
8 mm). All cine CMR sequences were performed in three standard
short-axis slices (apical, mid, and basal), kept identical for each
sequence throughout the CMR examination. In addition, long-axis
slices corresponding to 2-, 3-, and 4-chamber views were acquired,
planned from the short-axis slices. Left-ventricular volume and LVEF
were calculated by the area–length method from biplane analysis
(combining 4-chamber and 2-chamber views).

Cardiac magnetic resonance assessment
of rejection
Early relative contrast enhancement was evaluated with an axial T1-

-weighted free-breathing spin echo sequence (repetition time
1R-to-R interval, echo time 20 ms, echo train length determined by
R-to-R interval) applied for 4 min following a bolus Gadolinium-DTPA
(0.1 mmol/kgBW Magnevistw, Schering, Germany). Four axial slices
through the heart were acquired, and calculation of early relative con-
trast enhancement of the myocardium compared with skeletal muscle
was performed as previously described.10 To reduce error, early rela-
tive contrast enhancement was calculated in all four axial slices and
then averaged to obtain the final relative enhancement value.

Myocardial oedema was identified by increased relative signal inten-
sity on a short inversion time inversion recovery (STIR) sequence. This
sequence consisted of a black-blood, T2-weighted triple inversion
recovery sequence (slice thickness 8 mm, repetition time 2xR-to-R
interval; echo time 65 ms; inversion time 140 ms) using the body
coil. Three standard short-axis slices identical to those described
earlier were acquired. Relative myocardial STIR intensity was
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calculated on a slice by slice basis by dividing the signal intensity of
myocardium by that of skeletal muscle, and then all three slices
were averaged to obtain the final value.

Finally, late gadolinium-DTPA enhancement (LGE) was performed in
the same short- and long-axis views as cine imaging 10 min after a
second bolus of Gadolinium-DTPA (0.1 mmol/kgBW Magnevistw,
Schering, Germany) using an inversion-recovery gradient echo tech-
nique (TR 7.1 ms; TE 3.1 ms; TI individually determined to null the
myocardial signal, range 180–250 ms, slice thickness 8 mm, matrix
256 � 192, number of acquisitions ¼ 2). The threshold for the pres-
ence of LGE was signal intensity greater than two standard deviations
above that of remote myocardium.

Endomyocardial biopsy procedure,
histological analysis, and management
of acute rejection
Right-ventricular EMB was obtained by the transvenous right internal
jugular approach. A minimum of four specimens were obtained for
each patient, immediately fixed in formalin and then stained with
haematoxylin and eosin. All specimens were reviewed by an expert
pathologist who was blinded to clinical and CMR data and biopsies
were then graded according to revised ISHLT guidelines. Routine
assessment for humeral rejection was not performed.

Treatment of acute cellular rejection was at the discretion of the
treating clinician. Typically, both confirmed and presumed rejection
was treated with either an intravenous pulse of methylprednisolone
or anti-thymocyte gammaglobulin, along with a subsequent increase
in maintenance immunosuppressive therapy.

Statistics
All continuous data are expressed as mean+ standard error unless
otherwise stated. Comparison between groups was made with Stu-
dent’s paired or unpaired t-tests or Mann Whitney rank sum test as
appropriate, and comparisons of proportions were performed with
Fisher’s exact test. Comparison between multiple groups was made
by ANOVA with post hoc analysis performed by the Student–
Newman–Keuls Method. Diagnostic performance of CMR features
of acute rejection was evaluated by calculating the area under the
receiver operating characteristic (ROC) analysis curve, with selection
of diagnostic thresholds that maximized diagnostic accuracy. For all
comparisons, a two-tailed P-value ,0.05 was considered significant.
All calculations were made using a computerized statistical package
(SPSS for Windows&, Release 15.0, SPSS, Inc.).

Results

Clinical and demographic characteristics
A total of 50 patients, including 17 patients with either confirmed
or presumed rejection and 33 controls, underwent 68 CMR scans
(Table 1). Patients in control and rejection groups were matched
with respect to age and sex. The mean time post-heart transplan-
tation was longer in the group with presumed rejection, perhaps
indicative of a lower diagnostic efficacy of EMB in the late post-
transplant period. As expected there was a lower mean LVEF in
the presumed rejection group.

Cardiac magnetic resonance changes in
confirmed acute cellular rejection
All patients with acute cellular rejection were grade 2R. There was
a significant difference in early relative myocardial contrast
enhancement according to biopsy grade (2.8+ 0.3 in Grade 0
vs. 2.9+0.3 in Grade 1R vs. 4.1+0.3 in Grade 2R, P ¼ 0.01 by
ANOVA; Figure 1A). Post hoc analysis revealed significant differences
between Grade 2R cases and both Grade 0 and Grade 1R cases
(P , 0.05 for both comparisons). Compared with controls
(Grades 0 and 1R), patients with confirmed rejection had signifi-
cantly elevated early relative myocardial contrast enhancement
(4.1+0.3 for confirmed rejection vs. 2.8+0.2 for controls, P ¼
0.001). As patients with confirmed rejection were almost exclu-
sively within their first 15 months post-transplantation, we com-
pared this group to a subgroup of controls (n ¼ 23) also within
15 months post-transplantation and found a similar difference in
early relative myocardial contrast enhancement (4.1+ 0.3 for con-
firmed rejection vs. 3.0+0.2 for time-matched controls, P ¼
0.007). There were no significant differences in relative STIR
signal intensity across rejection grades (1.6+0.1 vs. 1.8+0.1 vs.
2.1+ 0.2, P ¼ NS; Figure 1B) although there was a non-significant
trend to higher relative signal intensity in confirmed rejection com-
pared to controls (2.1+ 0.2 vs. 1.7+0.1, P ¼ 0.1). The patterns of
increased signal intensity on early relative enhancement and STIR
imaging, when present, were diffuse as previously described in
patients with myocarditis.10
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Table 1 Clinical and demographic data

Control (n 5 33) Confirmed rejection (n 5 9) Presumed rejection (n 5 8)

Age (years) 50+3 43+6 45+7

Male sex (%) 28/33 (85) 8/9 (89) 6/8 (75)

Days post-transplant 802+224 420+261 2725+528*

LVEF pre-treatment, % 65+1 56+4 32+5

LVEF post-treatment, % — 56+7 46+5**

LVEDVI pre-treatment, mL 85+4 87+10 109+12

LVEDVI post-treatment, mL — 82+8 107+16

P ¼ NS for all comparisons unless otherwise stated.
*P ¼ 0.007 compared with controls.
**P ¼ 0.002 compared with pre-treatment LVEF.
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Diagnostic performance of cardiac
magnetic resonance in acute
cellular rejection
For early myocardial enhancement the area under the ROC analy-
sis curve was 0.84 for the diagnosis of acute rejection (Figure 2A),
and a cut-off of 3.5 yielded a sensitivity and specificity for con-
firmed rejection of 82% and 79%, respectively. The presence of
elevated relative STIR intensity (.2.0) yielded only a modest
area under the ROC analysis curve of 0.68 (Figure 2B), with a
low sensitivity of 55% but a specificity of 90% for the diagnosis
of acute rejection. A combined CMR criteria for acute rejection,
based on the presence of either elevated early relative myocardial
contrast enhancement (.3.5) or increased relative STIR intensity
(.2.0) yielded and sensitivity and specificity for confirmed rejec-
tion of 100% and 73%, respectively. LGE was present in two out
of 11 (18%) cases of confirmed rejection and 3/33 (9%) controls
occurring in a patchy, mid-wall distribution, predominantly at the
junction of the left and right ventricles (Figure 3A). There was no
significant increase in the incidence of LGE in confirmed rejection

compared with controls (P ¼ NS, Fisher’s exact test), and adding
the presence of LGE into the CMR diagnostic criteria for acute
rejection did not improve the diagnostic performance.

Cardiac magnetic resonance changes
in presumed rejection
Eight heart-transplant patients developed significant LV dysfunction
during routine clinical surveillance and subsequently underwent
CMR scanning. All patients underwent coronary angiography as
part of a yearly or 2 yearly surveillance programme. The mean
time between coronary angiography and CMR scanning was
244+90 days. Four patients did not have a recent (within

Figure 2 Diagnostic performance of cardiac magnetic reson-
ance. Receiver operating characteristic analysis curves represent-
ing the diagnostic performance of early relative myocardial
contrast enhancement (Relative enhancement, A) and myocardial
oedema (Relative short inversion time inversion recovery, B) in
the diagnosis of confirmed acute cellular rejection.

Figure 1 Cardiac magnetic resonance in confirmed rejection.
Box and whisker plots of early relative myocardial contrast
enhancement (Relative enhancement, A) and myocardial
oedema (Relative short inversion time inversion recovery, B) in
patients with Grade 0, 1R, and 2R rejection (*P , 0.05 compared
with Grade 0 and 1R by ANOVA).
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6 months) coronary angiogram. Of these, one had a dobutamine
stress echo that was negative for ischaemia, and one had coronary
angiography after CMR scanning that showed no significant disease.
In the remaining two patients, the LV function normalized after
increased immunosuppression, so repeat coronary angiography
was not performed. CMR confirmed significant LV dysfunction,
which was global in all cases (mean LVEF 32+5%). Relative
early myocardial contrast enhancement was elevated compared
with controls (8.7+1.9 vs. 2.8+0.2, P¼0.02; Figure 4A).

Importantly, all patients with presumed rejection had relative myo-
cardial enhancement above the threshold for acute rejection of 3.5
as defined earlier. As patients with presumed rejection were
longer-term transplant patients (mean time post transplant of
2725+ 528 days), we compared this group of patients to a
cohort of longer-term (.15 months post-transplant) control
patients (n ¼ 9, mean time post-transplant 2625+390 days) and
found a similar difference in early relative myocardial contrast
enhancement (8.7+1.9 in presumed rejection vs. 1.8+0.1 in
time-matched controls, P ¼ 0.01). Again there was only a non-
significant trend towards higher relative STIR intensity in these
patients (1.9+0.1 vs. 1.7+0.1, P ¼ 0.2; Figure 4B). There was
no correlation between STIR intensity and the degree of LVEF
reduction, nor was there any correlation between the change in
LVEF and the change in STIR intensity on repeat CMR examination.
All eight patients with presumed rejection had LGE on CMR scan-
ning, which was a significantly higher incidence than that of con-
trols (P , 0.001, Fisher’s exact test). The pattern of LGE was
predominantly involving the right ventricular aspect of the inter-
ventricular septum (Figure 3B). This is perhaps not surprising, as
multiple prior EMB procedures in these patients could be expected
to result in endocardial fibrosis in this region.

Figure 4 Cardiac magnetic resonance in presumed rejection.
Box and whisker plots of early relative myocardial contrast
enhancement (Relative enhancement, A) and myocardial
oedema (Relative short inversion time inversion recovery, B) in
patients with presumed rejection compared with controls
(*P , 0.05).

Figure 3 Late gadolinium-DTPA enhancement images in
cardiac transplantation. There is a small area of late gadolinium
enhancement in the region of the right and left-ventricular junc-
tion of a control patient (A, white arrow). A long-term post-
transplant patient with a non-diagnostic endomyocardial biopsy
but presumed rejection has a large amount of late gadolinium
enhancement in the right-ventricular aspect of the interventricu-
lar septum (B, black arrows). The area of bright signal intensity
adjacent to the left-ventricular wall clearly extends across the
atrioventicular groove, and is likely to represent epicardial fat.
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Follow-up cardiac magnetic resonance
scanning in confirmed and presumed
rejection
The mean time between initial and follow-up CMR scanning in
patients with confirmed rejection was 49+8 days, with all patients
demonstrating either Grade 0 or Grade 1R on EMB. Following
increased immunosuppressive therapy, these patients demon-
strated a significant reduction in early relative myocardial contrast
enhancement (4.1+0.3 pre-treatment vs. 2.9+ 0.6 post-
treatment, P , 0.05). There was a non-significant trend to
reduced myocardial oedema following treatment (relative STIR
intensity of 2.1+0.1 pre-treatment vs. 1.7+0.1 post-treatment,
P ¼ 0.3). There was no change in LVEF following treatment
(58+3% pre-treatment vs. 60+4% post-treatment, P ¼ NS).

Follow-up CMR scanning was performed in patients with pre-
sumed rejection a mean time of 91+ 21 days after the initial
CMR scan. Following increased immunosuppressive therapy
there was a significant improvement in LVEF (32+ 5 vs. 46+
5%, P ¼ 0.002). Early relative myocardial contrast enhancement
was reduced on follow-up CMR scanning (8.7+1.9 vs. 4.6+
1.2, P ¼ 0.02), but there was no change in myocardial relative myo-
cardial STIR intensity on follow-up CMR scanning (1.9+0.1
pre-treatment vs. 2.2+ 0.2 post-treatment, P ¼ NS).

Discussion
In this prospective study, we utilized multisequential CMR in the
non-invasive diagnosis of acute rejection in cardiac transplant reci-
pients. In patients with a diagnostic EMB, CMR was 100% sensitive
for the presence of acute cellular rejection, with a specificity of
73%. In patients with non-diagnostic biopsies but presumed rejec-
tion based on clinical findings, we observed similar CMR findings to
those in patients with confirmed rejection. Following increased
immunosuppression in this group, there was significant improve-
ment in LVEF, supporting the clinical diagnosis of presumed rejec-
tion. Our data therefore suggest that CMR may be of clinical
benefit not only with respect to its potential to reduce the
number of surveillance EMB procedures performed in patients fol-
lowing cardiac transplantation, but also as a diagnostic test
in patients with an unexplained fall in LVEF in whom EMB is
unavailable or non-diagnostic.

The most prominent CMR feature in those patients with con-
firmed rejection in our study was the presence of an elevated
early relative myocardial contrast enhancement. Prior studies in
acute myocarditis have demonstrated similar elevations in early
relative myocardial contrast enhancement,10 with a comparable
threshold for the diagnosis of acute myocarditis.13 While the
mechanisms of elevated early relative myocardial contrast
enhancement in myocarditis are incompletely defined, it is believed
that expansion of the extracellular space secondary to acute
necrosis and oedema, leading to contrast accumulation is a signifi-
cant factor.15 As both necrosis and oedema are histological fea-
tures of worsening degrees of acute cellular rejection on EMB,7

it is likely that the same mechanisms observed in acute myocarditis
would contribute to the CMR changes we observed in acute cel-
lular rejection. Increased myocardial uptake of contrast in the

presence of myocardial necrosis has been recognized in heart-
transplant recipients with acute rejection,16 although no study to
our knowledge has evaluated the diagnostic performance of a mul-
tisequential CMR approach for the diagnosis of acute cardiac allo-
graft rejection. On its own, an elevated early relative myocardial
contrast enhancement above 3.5 yielded a sensitivity for the diag-
nosis of acute cellular rejection of 82%; when the presence of elev-
ated relative intensity on T2-weighted (STIR) imaging was included
in the CMR-based diagnostic criteria the sensitivity improved to
100%, with a minimal reduction in specificity. This compares
favourably with other non-invasive methods for the detection of
acute cellular rejection, including signal-averaged electrocardiogra-
phy,17 echocardiography,18 and gene expression profiling,19 which
have demonstrated sensitivities for the diagnosis of acute cardiac
allograft rejection ranging from 70 to 90%.

Previously, higher levels of myocardial oedema suggested by T2

weighted imaging have been demonstrated in acute rejection in
cardiac transplant recipients.12 Although we did not observe a sig-
nificant increase in overall myocardial oedema in patients with cel-
lular rejection, the diagnostic performance of CMR improved when
the presence of elevated relative STIR intensity was included in the
diagnostic criteria. From our data it would appear that the pres-
ence of myocardial oedema is a specific rather than a sensitive cri-
terion for acute cellular rejection, perhaps consistent with its
association with the most severe end of the spectrum of acute
rejection.7 The use of a multisequential approach has previously
been advocated in the CMR diagnosis of acute myocarditis,
where the diagnostic performance of CMR is improved when
oedema (STIR) and LGE imaging is added to post-contrast
imaging.13 However, in contrast to myocarditis we did not find
the presence of LGE a useful discriminator in the diagnosis of
acute rejection. This is perhaps reflective of the microscopic size
of areas of necrosis in acute cellular rejection on EMB, which
would be too small to demonstrate on LGE imaging.

A major diagnostic dilemma in patients who are several years
post-cardiac transplantation is the observation of an unexplained
fall in LVEF in combination with a non-diagnostic EMB. In this
group of patients EMB is hindered by the presence of endomyocar-
dial fibrosis from prior biopsy sites and central venous access is
often more difficult as a consequence of multiple prior cannula-
tions. In addition, diffuse myocardial fibrosis is common in longer-
term heart-transplant recipients,20 making acquisition of good
samples of myocardium difficult. The development of a non-
invasive test for acute rejection would therefore be particularly
useful in the evaluation of such patients. Furthermore, the spatial
resolution achieved with CMR cine imaging permits highly accurate
assessment of ventricular volume and function. While nuclear
cardiac gated blood pool imaging can also provide an accurate
measure of LVEF, and is often used in routine screening for
cardiac allograft dysfunction, the lack of ionizing radiation with
CMR is an additional benefit in patients on long-term immunosup-
pressive therapy.

We did not include patients with suspected humoral rejection in
our study, largely due to the difficulty in definitively diagnosing this
clinical entity, as well as its relatively low incidence.21,22 It could be
postulated that CMR might be useful in the diagnosis of humoral
rejection, as myocardial oedema can be assessed with STIR
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imaging. However in our study we observed no correlation
between the degree of LVEF reduction and STIR intensity in
patients with presumed rejection, nor was there a correlation
between the change in LVEF and change in STIR intensity on
repeat CMR examination. Our study was not designed to evaluate
changes in CMR STIR intensity in patients with humoral rejection,
and further study focusing on this specific question is warranted.
Although humoral rejection cannot be excluded as a cause for
the reduction in LVEF in our cohort with presumed rejection,
changes suggestive of humoral rejection were not present on
EMB. In patients with presumed rejection, we also do not have a
gold standard for acute rejection as such patients in our study
were defined in part by the presence of a non-diagnostic biopsy.
In addition, while all underwent surveillance coronary angiography,
in some cases no recent angiographic data was available. While a
number of factors may have contributed to the reduction in
LVEF in patients with presumed rejection, these patients observed
similar CMR changes to those with biopsy-proven cell-mediated
rejection, which subsequently improved along with LVEF following
increased immunosuppression targeted at cell-mediated rejection.
Therefore the most likely explanation is that of unrecognized cell-
mediated rejection.

Our data provide strong evidence for the utility of multisequen-
tial CMR in the non-invasive diagnosis of acute cellular rejection in
cardiac transplant recipients. While invasive EMB should retain its
place in the frontline of surveillance for cardiac allograft rejection,
the integration of CMR into this process can help to reduce patient
risk and discomfort as well as provide complementary information,
especially in circumstances where EMB may be non-diagnostic.
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