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The transplanted heart is without autonomie nervous control in the
early postsurgical period. We present here a case of cardiac
transplantation in which 123l-metaiodobenzylguanidine (MIBG)
SPECT and an exercise-loading test were used to monitor the
sympathetic reinnervation. The distribution of myocardial 123I-MIBG

uptake extended with time from 1 to 2 yr after surgery. However,
functional improvement, estimated by the heart rate response to
exercise, was not discernable during this period. The findings in this
case suggest the feasibility of 123I-MIBG SPECT imaging in the serial

monitoring of sympathetic reinnervation after transplantation and
that scintigraphic evidence of reinnervation precedes functional
recovery.
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Abe transplanted heart is recognized to be completely dener-
vated and, therefore, without autonomie nervous control in the
early postsurgical period. However, in the late period (>l yr
after transplantation), evidence indicating sympathetic reinner-
vation has been detected by neurochemical and functional
testing: coronary sinus norepinephrine release was elicited by
intracoronary tyramine administration (/), improved heart rate
response and increased coronary sinus norepinephrine release
during exercise were observed (2) and increased spectral power
of heart rate variability was found by power spectral analysis
(2-4). Recently, immunohistochemical evidence of reinnerva-

tion in the endomyocardial biopsy specimen was also reported
(5).

For the monitoring of sympathetic reinnervation, radionu-
clide norepinephrine tracers such as "C-hydroxyephedrine
(HED) PET (6) and I23l-metaiodobenzylguanidine (MIBG)

SPECT (5,7,8) may be useful as noninvasive techniques,
provided that the mechanism of neuronal norepinephrine re-
uptake is associated with reinnervation. In a PET study,
Schwaiger et al. (6) found that the myocardial uptake of HED
first occurs in the basal anterior wall of the left ventricle in
some cardiac transplant recipients more than 2 yr after surgery.
In a SPECT study. De Marco et al. (8) observed that 48% of 23
cardiac transplant recipients had visible I23I-MIBG uptake more

than I yr after surgery. The visualization of myocardial uptake
of these tracers may indicate reinnervation.

We present a case in which 123I-MIBG SPECT and an

exercise loading test, used for assessment of the sympathetic
reinnervation of the transplanted heart, demonstrated the exten
sion of myocardial I23I-MIBG distribution from I to 2 yr after

surgery.
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CASE REPORT
A 21-yr-old man underwent orthotopic cardiac transplantation

after a pretransplantation diagnosis of ischÃ©miecardiomyopathy
due to aneurysmal change of coronary artery with mucocutaneous
lymph node syndrome (MCLS). The procedure was performed at
the University of Pittsburgh Medical Center, Pittsburgh, PA, when
he was 19 yr. Because the patient returned to Japan 5 mo after
transplantation, immunosuppressive therapy with tacrolimus, aza-
thioprine and steroids was continued at our hospital. His condition
has been clinically well controlled without cardiac dysfunction, as
assessed by echocardiography and radionuclide ventriculography.

We performed myocardial perfusion SPECT, I23I-MIBG SPECT

and a treadmill exercise stress test 1 and 2 yr after the cardiac
transplantation. Myocardial perfusion SPECT imaging at rest,
performed with 111 MBq 2Â°'TI-chloridefor the first study and with
600 MBq WmTc-tetrofosmin for the second study, revealed neither

myocardial perfusion defect nor left ventricular enlargement (Fig.
1). Before I23I-MIBG SPECT, the patient had taken no medication

known to inhibit MIBG uptake, and thyroid uptake was blocked by
potassium iodine. On anterior planar and SPECT images obtained
4 hr after intravenous injection of 111 MBq I23I-MIBG, regional
uptake of 123I-MIBG was seen at the left ventricular anterior base

on the first study (Fig. 2). On the second study, the extension of the
distribution of I23I-MIBG uptake to the septal, apical and lateral

walls was found, although the inferior wall was still not visualized.
The symptom-limited maximal exercise testing with a treadmill

protocol was performed with simultaneous monitoring with stan
dard 12-lead electrocardiography and blood pressure measurement
every 1 min. On the first examination, the heart rate response to
exercise was blunted in the early stage, although the heart rate
showed a gradual increase in the late stage and reached 113 bpm at
its maximum (Fig. 3). On the second examination, the heart rate
response was similarly blunted in the early stage. Although the
heart rate-workload curves showed an upward shift and the
maximal heart rate was higher (129 bpm) on the second study, the
patterns of the curves were almost same. Thus, in the follow-up
from 1 to 2 yr after cardiac transplantation, myocardial I23I-MIBG

distribution was improved markedly, but the impaired autonomie
control of heart rate persisted.

DISCUSSION
Currently, I23I-MIBG SPECT is used to visualize the sym

pathetic reinnervation of the transplanted heart (5,7,8). How
ever, there are few reports of serial monitoring after transplan
tation in the same patient. Uptake of '2 I-MIBG in the

myocardial region in this patient demonstrated extension from
the base of the anterior wall to the apical, septal and lateral
walls of the left ventricle during the follow-up study from 1 to
2 yr after orthotopic cardiac transplantation. However, we
detected no functional improvement, as evaluated using the
heart rate response to symptom-limited maximal exercise; thus,
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FIGURE 1. No focal perfusion defect is seen on myocardial perfusion
201TI-chloride SPECT images obtained 9 mo after surgery (left) or on
99mTc-tetrofosmin SPECT images obtained 2 yr after surgery (right).

there was a discrepancy between the scintigraphically evaluated
reinnervation and the functional recovery of sympathetic inner
vation.

Whether reinnervation occurs in the transplanted human heart
is controversial. However, recent reports suggest its occurrence
in the late period (>l yr after transplantation): coronary sinus
norepinephrine release has been elicited by intracoronary tyra-

mine administration ( / ), improved heart rate response and
increased coronary sinus norepinephrine release during exercise
was observed (2), increased spectral power of heart rate
variability was found by power spectral analysis (2-4) and
improved "C-HED myocardial uptake was revealed by PET
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FIGURE 2. On 123I-MIBG SPECT images obtained at 1 (left)and 2 yr (right)
after transplantation, distribution of myocardial 123I-MIBG uptake extends

from basal anterior region alone at 1 yr to apical, septal and lateral walls by
second year of follow-up.
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FIGURE 3. On both exercise examinations, the heart rate response to
exercise was blunted continuously. Normal response of heart rate was
derived from data on same protocol with normal subjects (10 men; mean age
18.1 Â±2.6 yr).

(6). More recently, immunohistochcmical studies of endomyo-
cardial biopsy specimens of the transplanted heart had nerve
fibers in the specimens (5). Also, I2'I-MIBG SPECT has been

recognized to be useful as a noninvasive technique for assessing
the extent of sympathetic reinnervation in the transplanted heart
(5,7.Â«Â«?).

De Marco et al. (<V) investigated the serial change of
'"â€¢M-MIBGimaging in 23 cardiac transplant recipients. They

did not found visible cardiac uptake less than 1 yr after surgery,
but in 11 (48%) patients uptake was visible after 1 yr. Our
observations correspond with the results reported by De Marco
et al. (8): the cardiac I23I-MIBG uptake, visualized 1 yr after

transplantation, showed marked extension at 2 yr. They also
reported that visible cardiac I21I-MIBG uptake occurs less

commonly in patients whose pretransplantation diagnosis was
idiopathic dilated cardiomyopathy than in those whose diagno
sis was coronary artery disease or other cardiac disease. The
pretransplantation diagnosis in this patient was MCLS, and
myocardial infarction may have contributed to the marked
improvement of I23I-MIBG uptake.

In this patient, however, we did not detect functional recov
ery of cardiac sympathetic nervous control, as reflected by the
heart rate response to symptom-limited maximal exercise dur
ing the follow-up period despite the scintigraphic evidence of
sympathetic reinnervation. The response to exercise was mark
edly blunted compared with the data observed in normal
subjects, on both the first and second examinations. The
mechanism of this discrepancy is unknown. Sinus node rein-
nervation may be delayed compared with left ventricular
reinnervation or regenerated sympathetic nerve fibers may be
functionally impaired even though the uptake- 1 mechanism is
preserved. Some studies indicate that the improvement of
resting heart rate and the heart rate response to exercise takes 1
yr or more (2,9). Thus, in our patient, further follow-up of
cardiac sympathetic function might be necessary.

CONCLUSION
In addition to PET with "C-HED, it is feasible to use

123I-MIBG SPECT for detecting sympathetic reinnervation in

the transplanted heart. The observations in this patient suggest
the potential benefits of '"l-MIBG SPECT in the serial

monitoring of sympathetic reinnervation after transplantation
and that reinnervation may precede functional recovery.
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Impact of Reorientation Algorithms on Quantitative
Myocardial SPECT Perfusion Imaging
Mojgan Haddad and Gerold Porenta
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In myocardial SPECT perfusion imaging, reorientation algorithms
from transaxial image planes are used to generate short- and
long-axis views of myocardial tracer uptake. We performed phan
tom experiments with 201TI to delineate how image reorienta

tion affects the results of quantitative image analysis. Methods:
Thirty consecutive patient studies were analyzed to characterize the
distribution of the angle of reorientation in a clinical setting. Short-
axis SPECT images of a cardiac phantom with and without a 180Â°
cold-spot insert were reconstructed with three different backprojec-
tion filters (ramp, Metz and Butterworth) and reoriented through
different angles ranging from 45Â°to 89Â°.Four interpolation algo

rithms were used to calculate from the transaxial Â¡magesthe pixel
values of the reoriented images: (a) a simple interpolator that
averages the pixel values of the eight neighboring pixels of the
transaxial image; (b) a three-dimensional linear interpolator; (c) a
hybrid interpolator that combines a two-dimensional linear in-plane
with a one-dimensional cubic across-plane interpolation; and (d) a
three-dimensional cubic convolution interpolator. Images were re
oriented twice with opposite angles so that the original and the
reoriented images could be directly compared. Circumferential
profile analysis was applied to determine the root mean square error
of corresponding profiles and the difference of the extent and the
severity of perfusion defects. Single and multivariate analyses of
variance (ANOVA) were used to compare the effects of the reorien
tation angle, the backprojection filter and the interpolation algorithm.
Results: In the clinicalstudies,the angle between the transaxialand
reoriented images was 75Â°Â±10Â°(s.d.). In 48 phantom experiments,

multivariate ANOVA demonstrated that the backprojection filter and
the interpolation algorithm significantly affect the circumferential
profiles and the extent and severity of a perfusion defect (p < 0.05).
In contrast, the angle of reorientation was not a significant factor
(p = ns). By univariate analysis, the three-dimensional cubic inter
polator was associated with significantly (p < 0.05) less error than
the simple and three-dimensional linear algorithms. Relative com
putation times (simple interpolator = 100%) were 119% for the
three-dimensional linear, 136% for the hybrid and 243% for the
three-dimensional cubic interpolator. Conclusion: For quantitative
analysis of myocardial SPECT perfusion images, a Metz filter for
filtered backprojection in combination with a three-dimensional
cubic convolution interpolation for image reorientation appears to
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offer improved accuracy.
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IVlyocardial SPECT perfusion scintigraphy is an established
noninvasive technique to assess presence, severity and location
of coronary artery disease. Quantitative analysis of SPECT
perfusion images based on circumferential profile analysis and
polar map display has been used to improve and standardize the
diagnostic accuracy of tomographic cardiac perfusion imaging
(1-4).

Image reconstruction by filtered backprojection generates
images of myocardial tracer activity in transaxial image planes
that are oriented perpendicular to the craniocaudal direction of
the body. However, as the axis of the heart does not necessarily
align with the body axis, standardized images of the cardiac
anatomy need to be derived by reorienting transaxial planes into
short- and long-axis views perpendicular to the axis of the heart
(5,6).

Image reorientation involves a coordinate transformation
from the coordinate system of the SPECT acquisition system
into the intrinsic coordinate system of the heart, followed by an
interpolation of tracer activities applied to the transaxial images.
Thus, the pixel values of the activity distribution depicted on
long- and short-axis views are obtained by filtered backprojec
tion and pixel interpolation. Both algorithms result in image
smoothing by low-pass filtering, which may introduce errors
and thus affect quantitative image analysis (7-10).

Although the impact of image reconstruction has been
characterized in previous studies (3), the effect of reorientation
on quantitative SPECT images has not been delineated in detail.
Descriptions of interpolation algorithms describe associated
errors in general mathematical terms (8,11,12) but do not
provide a detailed analysis tailored to SPECT perfusion imag
ing. Kuhle et al. (13) have reported the effects of image
reorientation in cardiac PET imaging and demonstrated that
reorientation algorithms differ with respect to the generation of
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