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Abstract
Objective: Cardiac allograft vasculopathy is one of the leading causes of late graft failure and subsequent death in
orthotopic heart transplant. Although invasive coronary angiography is the gold standard modality for detection of
cardiac allograft vasculopathy, dobutamine stress echocardiography has been recently frequently used as an alternative.
Our aim was to evaluate the diagnostic performance of dobutamine stress echocardiography for detection of cardiac
allograft vasculopathy in transplant patients.
Methods: A retrospective analysis was conducted using a total of 150 dobutamine stress echocardiographic exams that
were performed on 99 patients in our institution, with paired coronary angiogram and no acute rejection, within a
median of 538 [interquartile range 371e816] days. Sensitivity and speciﬁcity of dobutamine echocardiography to detect
allograft vasculopathy was evaluated. Allograft vasculopathy was deﬁned as Grade 1 or higher based on ISHLT criteria.
A positive dobutamine stress echo result was deﬁned by new or worsening wall motion abnormality.
Results: Median age of the population at transplant was 34 [interquartile range 22e46] years; 76 (77%) patients were
male. Allograft vasculopathy was present in 31 (20.6%) out of 150 coronary angiograms. Only 7 (4.6%) of that number
were positive on dobutamine stress echocardiography. Sensitivity and speciﬁcity for allograft vasculopathy detection
was 3% and 94%, respectively. Out of 7 false positive dobutamine stress echocardiograms, two were in patients with
myocardial bridging. Two patients with mild acute rejection had both negative dobutamine stress echo.
Conclusions: Overall, positivity of dobutamine stress echocardiography in patients after heart transplant is low. It has
high speciﬁcity, but very low sensitivity for detection of cardiac allograft vasculopathy. Dobutamine stress echocardiography should only be cautiously used as an alternative to coronary angiography.
Keywords: Dobutamine echocardiography, Stress echocardiography, Cardiac allograft vasculopathy, Heart transplantation, Myocardial ischemia, Diagnostic imaging tools

1. Introduction

O

rthotopic heart transplant (OHT) is an established method for treating advanced heart

failure that is unresponsive to conventional therapy. Since its establishment, the technique has
continuously improved as is evident with the signiﬁcant increase in post-OHT survival, where the
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median survival after transplant is currently over 10
years [1].
However, cardiac allograft vasculopathy (CAV)
remains one of the dominant causes of late graft
failure and death [1]. CAV has an unpredictable
course and can quickly transform into diffuse
obstructive disease [2e6]. Various immunologic and
non-immunologic factors play a role in the pathophysiology of CAV. Increased CRP (C-reactive protein) is a strong predictor of CAV development after
heart transplantation, highlighting the role of
inﬂammation [6]. Signiﬁcant myocardial ischemia
and infarctions may go unnoticed due to atypical
presentations in denervated hearts. Early detection
of coronary involvement with ischemia is therefore
of paramount importance. Invasive coronary angiography is the gold standard method for the
assessment of coronary artery disease [5], but in
CAV its performance might be impaired by the
diffuse nature of coronary involvement [7]. Furthermore, repeating coronary angiography for frequent
assessment is not optimal due to its invasive nature,
contrast use and radiation exposure. Intravascular
ultrasound (IVUS) tends to be more sensitive [8],
given the diffuse longitudinal concentric hypertrophy due to ﬁbrous intimal hyperplasia that appears
in the affected coronary arteries with CAV. However, it also needs invasive coronary access.
Dobutamine stress echocardiography (DSE),
which has acceptable sensitivity and speciﬁcity, was
established in the 1990s as a feasible alternative to
invasive coronary angiography [9]. The International Society of Heart and Lung Transplantation
(ISHLT) guidelines classiﬁed DSE as Class IIa for
CAV screening in patients that cannot undergo
invasive evaluation or possibly in children [5]. DSE
is the best validated noninvasive method, with the
sensitivity of 85% as compared to angiography and
IVUS and an outstanding negative predictive value
[9,10]. Recently, however, the performance of DSE
in this setting has been questioned [3,4]. A systematic review and meta-analysis study found that DSE
had a limited sensitivity to detect early CAV, but its
speciﬁcity was much higher [11]. A few studies have
suggested using speckle tracking echocardiography
or contrast echocardiography to improve the diagnostic accuracy of DSE in detecting CAV [12,13].
We were unable to ﬁnd published literature on
this concept in the Middle Eastern population. The
purpose of this study is to evaluate the performance
of DSE as a non-invasive screening modality in
determining the presence of coronary vasculopathy
in our population of patients with OHT at our

Abbreviations
CAV
CHD
DCM
DSE
FCMP
HCM
ICA
ICM
ISHT
IQR
IVUS
LAD
LM
OHT
RHD
RCM

Cardiac Allograft Vasculopathy
Coronary Heart Disease
Dilated Cardiomyopathy
Dobutamine Stress Echocardiography
Familial Cardiomyopathy
Hypertrophic Cardiomyopathy
Invasive Coronary Angiography
Ischemic Cardiomyopathy
International Society of Heart and Lung
Transplantation
Interquartile range
Intravascular ultrasound
Left Anterior Descending artery
Left Main artery
Orthotopic Heart Transplant
Rheumatic Heart Disease
Restrictive Cardiomyopathy

tertiary care center, the only institution that performs OHT in the entire Middle East: King Faisal
Specialist Hospital & Research Centre (KFSH&RC).

2. Materials and methods
2.1. Population
A retrospective analysis on a consecutive set of 99
patients was performed. The main design of the
study is shown in the Figure. These patients were
evaluated in our clinic after orthotopic heart transplant. They underwent both coronary angiography
(with or without endomyocardial biopsy) and DSE.
All included heart transplants were performed at
the King Faisal Specialist Hospital, Riyadh, KSA.
Post-transplant, endomyocardial biopsy, echocardiography, chest X-ray, and laboratory evaluation
are performed on week number 3e4 depending on
whether the patient is being discharged. From the
week of discharge, the biopsies were done every
month until 6 months and then every two months
until 12 months. Echocardiogram is performed more
frequently if the patient presents pericardial effusion, or whenever it was clinically indicated. A total
of approximately 10 biopsies and 5e6 echocardiograms were performed during the ﬁrst year. Annual
HT admission at 12 months with tests is performed
(including cardiac catheterization with biopsy and
echocardiography when clinically indicated).
After 1 year, a transthoracic echocardiography is
usually performed every 6 months. Biopsy is done
annually for 5 years and then every 2e3 years as
required.

This medical chart retrospective study was
approved by the institutional ethics committee (IRB
number 2001055).
2.2. Echocardiography
Both resting echocardiography and DSE were
performed using E7 or E9 (General Electric, Milwaukee, Wisconsin, USA) or iE33 or EPIQ 7 machines (Philips, Amsterdam, The Netherlands).
Routine resting echocardiography was performed
in all patients according to current recommendations [14,15].
For the DSE, routine protocol was used as previously described [16]. Brieﬂy, standard dosing of
dobutamine was used, from 10 to 40 ug/kg/min with
10 ug/kg/min steps every 3 minutes to
achieve  85% of the maximal target heart rate. Up
to 1 mg of atropine was added if heart rate could not
be achieved using dobutamine alone. Wall motion
abnormalities, ECG changes, heart rate and blood
pressure and occurrence of symptoms were evaluated at every stage.
Positive DSE was based on the appearance of or
worsening of wall motion abnormality in at least
two myocardial segments based on the 16 segments
ASE model [15].
2.3. Invasive coronary angiography
Invasive coronary angiography and endomyocardial biopsy were performed in a routine manner
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at our institution whenever indicated as necessary
by clinical ﬁndings and routine surveillance. Coronary angiography was evaluated for CAV based on
the recommendations of the ISHLT [17]. Brieﬂy,
CAV Grade 0 was deﬁned as no detectable angiographic lesions; Grade 1 (mild) was deﬁned by
angiographic left main (LM) < 50% stenosis or primary/branch vessel with a maximum lesion of <70%
stenosis, including diffuse narrowing; Grade 2
(moderate) was angiographic LM < 50% stenosis, a
single primary vessel 70% stenosis or isolated
branch stenosis 70% in branches of two systems;
Grade 3 (severe) was angiographic LM  50% stenosis, two or more primary vessels 70% stenosis,
isolated branch stenosis 70% in all systems or graft
dysfunction/evidence of restrictive physiology.
Acute rejection was graded based on the revised
ISHLT criteria [18]. Follow up/death of patients was
obtained using patients’ charts and/or hospital
information.
2.4. Statistical analysis
Due to common non-normal distribution, continuous values are presented as median [25th-75th
percentile] or median with interquartile range (IQR)
and binary data as proportions. Due to non-normal
distributions, differences in parameters of DSE were
evaluated using ManneWhitney U or chi-square
tests, as appropriate. Results were evaluated using
contingency tables and reported as sensitivity and
speciﬁcity ± standard error (SE). Because of

Figure. Showing main design of the study.
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clustered nature of data, a correction for clustered
observations using ratio estimator method was
performed [19]. A p value < 0.05 was considered
signiﬁcant. Analysis was done using R software
version 3.0.2 (R Foundation for Statistical
Computing, Vienna, Austria).

3. Results (ﬁgure)

characteristics of our cohort are shown in Table 1.
During follow-up period, 21 patients died.
3.2. Prevalence of CAV
There were 150 coronary angiographies done on
the 99 patients, out of which 31 (20.6%) were positive
for CAV. Out of the 31, 24 had Grade 1 CAV, 4 had
Grade 2, and 3 had Grade 3.

3.1. Baseline characteristics
For evaluation of CAV, catheterizations with
acute rejection on endomyocardial biopsy were
excluded. In total, there were 150 DSE performed on
99 patients that had paired DSE and coronary
angiography with no acute rejection. Baseline

3.3. Characteristics of DSE
Baseline characteristics by DSE are shown in
Table 2. No signiﬁcant differences were seen when
comparing positive and negative DSE, but there was
a trend towards lower baseline LVEF in the positive
patients (p ¼ 0.086).

Table 1. Baseline characteristics of the study population.
Total number
Age at transplant (years)
Male gender
Diabetes mellitus
Atrial ﬁbrillation
Creatinine (mmol/l)
Arterial Hypertension
Heart failure etiology
DCM
ICM
RHD
HCM
CHD
Peripartum
FCMP
Chemotherapy induced
RCM
Other/unknown

99
34
76
31
10
84
29

[ 22, 47]
(77%)
(31%)
(10%)
[66, 107]
(29%)

59 (60%)
25 (26%)
2 (2%)
2 (2%)
2 (2%)
2 (2%)
1 (1%)
1 (1%)
2 (2%)
3 (3%)

DCM - Dilated Cardiomyopathy, ICM - Ischemic Cardiomyopathy, RHD - Rheumatic Heart Disease, HCM - Hypertrophic
Cardiomyopathy, CHD - Coronary Heart Disease, FCMP - Familial Cardiomyopathy, RCM - Restrictive Cardiomyopathy.

3.4. Dobutamine stress echocardiography for
detection of CAV
Overall, DSE and ICA were done 538 (IQR
371e816) days apart. Cross tabulation is shown in
Table 3 and reveals sensitivity of 3.2 ± 3.3% and
speciﬁcity of 94 ± 2.9% for CAV on invasive
angiography.
We have analyzed the 23 false negative dobutamine echocardiograms and 3 of them had Grade 2
Table 3. Dobutamine stress echocardiography for detection of CAV.
Dobutamine
Echocardiography

Cardiac allograft vasculopathy
(Invasive Coronary angiography)
Negative

Positive

Total

Negative
Positive
Total

112
7
119

30
1
31

142
8
150

CAV e cardiac allograft vasculopathy.

Table 2. Characteristics of dobutamine stress echocardiography.

Years from heart transplant
LV EF (%)
Mitral regurgitation Grade  2
Maximal dobutamine dose (mg/kg/min)
Atropine used
At Baseline
Heartrate (s1)
SBP (mmHg)
DBP (mmHg)
At max dobutamine
Heartrate (s1)
SBP (mmHg)
DBP (mmHg)

Total (n ¼ 150)

Positive for
RWMA (n ¼ 8)

Negative for
RWMA (n ¼ 142)

p-value

4.26 [2.87, 6.68]
63 [59, 70]
3 (2%)
40 [30,40]
14 (9.3%)

6.00 [4.10, 6.72]
61 [57, 63]
0 (0%)
40 [38, 40]
1 (12%)

4.19 [2.87,6.67]
63 [60,71]
3 (2.1%)
40 [30, 40]
13 (9.2%)

0.57
0.086
1
0.39
1

87 [80, 96]
124 [116, 135]
78 [70, 86]

89 [88, 92]
122 [114,132]
82 [78, 85]

85 [79, 96]
124 [116, 135]
78 [69, 86]

0.24
0.81
0.32

145 [135, 154]
154 [138, 170]
75 [62, 82]

148 [143, 158]
142 [114, 163]
64 [57, 90]

145 [134, 154]
154 [140, 170]
75 [63, 82]

0.32
0.8
0.39

DBP e diastolic blood pressure, LV EF e left ventricular ejection fraction, RWMA e regional wall motion abnormality, SBP e systolic
blood pressure.

CAV while the remaining had Grade 1. There were
7 false positive DSE, two of them were from one
patient who did have a myocardial bridge in the mid
left anterior descending artery (LAD).
3.5. Dobutamine stress echocardiography in
patients with acute cellular rejection
There were 2 patients with DSE that were
excluded from the main analysis of our cohort of 99
patients because they had shown acute cellular
rejection, both of them Grade 1R. There were 3
DSEs performed on these patients, 1883 days before,
617 days before and 798 days after their ICA. All of
the DSE were negative.

4. Discussion
DSE remains used and recommended for noninvasive detection of CAV [5]; however, recent studies
have questioned its validity and predictive value
[3,4]. Our data seem to support this conclusion. We
have found low sensitivity of DSE to detect CAV.
This can be explained by a relatively low prevalence
of signiﬁcant CAV in our population and/or a mild
degree of CAV. Indeed, our data are in agreement
with recent publications where sensitivity was as
low as 7% when patients with Grade 1 CAV were
included and has risen to 28% after only patients
with Grade 2 or higher were considered [3]. In
another study, a sensitivity as low as 0% has been
reported [4]. We have shown a relatively high
speciﬁcity that is comparable to previous reports [2].
The speciﬁcity can be probably even higher, since
one of our patients without signiﬁcant CAV had
myocardial bridge in mid LAD which might have
reasonably caused the positivity of DSE [20].
Recently, it has also been shown that DSE might
not be predictive of outcome in patients after OHT
[3], while other studies have shown prognostic signiﬁcance [9,21]. Unfortunately, our data is too small
to draw any deﬁnitive conclusions.
Other improvements for echocardiographic
detection of allograft vasculopathy have been proposed. Coronary blood ﬂow assessment can be used
alone or in conjunction with dobutamine stress
echocardiography to improve detection [13,22].
Other studies have evaluated myocardial deformation imaging during stress echocardiography have
found signiﬁcant association with CAV [12]. However, these methods are not yet reﬂected in current
guidelines and it remains to be seen whether they

283

will be able to improve echocardiographic detection
of CAV in clinical practice.
The incidence of CAV based on invasive coronary
angiography was comparable to some previous
studies [22] while others have reported somewhat
higher prevalence [23]. However, local differences in
our population might be accountable for that.
Interestingly, all our patients with acute cellular
rejection had negative DSE. This can be probably
explained by large time differences between DSE
and ICA as well as the mild degree of cellular
rejection (Grade 1R) in both patients.
4.1. Limitations
The main limitation remains the retrospective
nature of our study where indication for DSE and
coronary angiography was driven by clinical need,
making a systematic assessment difﬁcult. Furthermore, low prevalence of signiﬁcant CAV in our
young patient population, and large interval time
between DSE and ICA reduces the statistical power
of the study. We have not used intravascular ultrasound as that was not the routine practice at our
institution, therefore the true prevalence of CAV on
ICA might be underestimated [8,9].

5. Conclusion and clinical perspectives
This study indicates that DSE has a very low
sensitivity and excellent speciﬁcity for the detection
of CAV in the OHT patient population. Based on our
ﬁndings, which are in agreement with previous series, the routine clinical use of DSE as a diagnostic
tool for the assessment of CAV could not be the
most suitable technique. Therefore, other imaging
modalities should be considered for the evaluation
of CAV post OHT.
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