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adenosine Tc‑99m Sestamibi single‑photon emission computed 
tomography (SPECT) [myocardial perfusion scintigraphy (MPS)]. 
The secondary objective of  this study was to assess the safety of  
adenosine stress in pediatric patients after ASO.

MATERIALS AND METHODS

Patients
We conducted a prospective, single‑institutional study on 
asymptomatic group of  children post‑ASO and who were not on 
medical treatment. The postoperative cases of  d‑transposition of  
great arteries (d‑ TGA) with residual defects on echocardiography, 
abnormal electrocardiogram (bradycardia <50/min, conduction 
abnormality), hypersensitivity to adenosine, history of  bronchial 
hyperreactivity, congestive cardiac failure or left ventricular 
dysfunction at rest were not considered for the study. Fourteen 
patients who underwent arterial switch for d‑TGA and survived 
at least 6 months before initiation of  the study were counseled 
for participation in the study. Of  the 14 patients, 11 were 

Address for correspondence:  
Dr. Chetan D Patel, Room No. 36, Cardiothoracic and Neurosciences Center, All India Institute of Medical Sciences, Ansari Nagar, 
New Delhi ‑ 110 029, India. E‑mail: cdpatel09@gmail.com

INTRODUCTION

Arterial Switch Operation (ASO) has become the procedure of  
choice for transposition of  great arteries (TGA). Improvements 
in surgical techniques, myocardial protection, and postoperative 
management strategies have led to lowering of  peri‑operative 
mortality. But patients who have had an uncomplicated surgery and 
peri‑operative period may still have coronary events. Therefore, 
patients who have undergone ASO need to be evaluated for 
the adequacy of  coronary system. In this study, we evaluated 
the myocardial perfusion in post‑ASO patients using stress 
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recruited after written and informed consent was provided by 
the parents/guardians and 3 patients were not included as they 
refused to participate. The study protocol was approved by 
institutional ethics committee. The subjects fulfilling the inclusion 
criteria underwent resting and adenosine stress MPS with Tc‑99m 
methoxyisobutylisonitrile (MIBI) (1‑day protocol).

Surgical procedure
The ASO is an anatomical correction of  TGA. After both 
great arteries had been transected a few millimeters above the 
aortic sinuses of  Valsalva, the coronary buttons were excised. 
A conscious attempt was made to keep dissection to a minimum. 
Attempts were made to reimplant the coronary buttons into the 
neo‑aortic sinus rather than above the sino‑tubular junction. 
An attempt was always made to establish dual coronary system, 
even if  both the coronary ostia lied within the same sinus 
initially. Neo‑aortic anastomosis was completed after LeCompte 
maneuver in all cases. The defects in the aortic wall were closed by 
using autogenous pericardium and neo‑pulmonary anastomosis 
was carried out.

Stress adenosine MPS
A mandatory fasting period of  6 h was ensured in all patients 
prior to the test. A dose of  140 µg/kg/min of  adenosine 
was administered intravenously as continuous infusion 
using a peristaltic pump for duration of  6 min. Tc‑99m 
MIBI was injected intravenously after 3 min of  adenosine 
infusion [0.2 mCi/kg body weight (minimum 2 mCi/74 MBq)]. 
The infusion was continued for another 3 min post‑injection 
of  radiotracer. An increase in systolic blood pressure of  30% 
above baseline or a decrease of  20% below baseline, cardiac 
arrhythmias, and breathing discomfort were the indications for 
termination of  adenosine infusion. Immobilization of  patients 
during imaging was accomplished by sedation with low‑dose 
midazolam (0.1‑0.2 mg/kg) administered intravenously by the 
cardiac anesthesiologist accompanying the patient. The stress 
images were acquired about 30‑45 min after adenosine stress on 
a dual‑head SPECT system (Infinia, Hawkeye; General Electric 
Medical SystemUSA) equipped with a low‑energy all‑purpose 
collimator. Studies were performed in step‑and‑shoot mode 
with the heads at an angle of  90º (L‑mode) to each other 
using a 15% window centered at 140 keV photopeak of  
Technitium‑99m. Sixty projections of  15 sec per frame 
were acquired over 180º, with the arc spanning from 45º 
right anterior oblique to 135º left posterior oblique in a 
64 × 64 matrix. Rest images were acquired after administration 
of  6‑10 mCi (222‑370 MBq) of  Tc‑99m MIBI, 3‑4 h later with 
same acquisition parameters.

The studies were uniformly processed with commercially 
available Emory Cardiac Toolbox (ECTbox; Emory University, 
Atlanta, GA, USA) software on a Xeleris nuclear medicine 
workstation (GE Medical Systems, Milwaukee, USA). SPECT 
emission image data were processed by use of  ordered‑subsets 
expectation maximization reconstruction software with two 
iterations and 10 subsets. Reconstructed stress and rest images 

were smoothed with a three‑dimensional Butterworth low‑pass 
filter with a critical frequency of  0.4 Nyquist with an order of  
10 and a critical frequency of  0.52 Nyquist with an order of  
5.0, respectively. Subsequently, the resulting transaxial image 
slices were then re‑oriented to generate the conventional short 
axis, vertical long axis, and horizontal long axis images and 
analyzed using a 20‑segment model. The study was considered 
as normal (no perfusion defects on stress and rest images) or 
abnormal [presence of  perfusion defect on the stress which 
normalized on the rest images (reversible perfusion defect) 
or presence of  perfusion defect on the stress which remain 
unchanged on the rest images (fixed perfusion defect)]. All 
SPECT images were analyzed according to the standard criteria 
and with the agreement of  two independent observers. SPECT 
images of  only 10 patients were analyzed as the myocardial 
perfusion SPECT of  one patient showed severe motion artifacts 
and was excluded from the final analysis.

Statistical analysis
All the continuous variables were summarized as mean ± standard 
deviation, or range and median. Since the sample size was 
small, non‑parametric tests were applied to deduce significance. 
Mann–Whitney test for unpaired data and Wilcoxon Rank test 
for paired samples were used. P value was considered significant 
when the value was <0.05. The statistical package used in the 
study was IBM SPSS Statistics 19.0.0.

RESULTS

Of  the 10 patients, 8 children were males and 2 were female 
children. None of  them had any preoperative adverse events 
and/or hospitalization for any other indication. The mean age 
of  children at the time of  surgery was 176 ± 212 days (median 
71 days, range 9‑560 days). The median age at surgery for 
patients (n = 7) with a diagnosis of  d‑TGA and intact ventricular 
septum (IVS) was 45 days (range 9‑550 days). All the surgeries 
were performed by a single experienced cardiac surgeon. The 
preoperative diagnosis and surgical procedure performed are 
presented in Table 1. Patients were operated under moderate 
hypothermia with aorto‑bicaval canulation and cold blood 
cardioplegia [Table 2]. The average cardiopulmonary bypass time 
in the study population was 86 ± 10 min (range 67‑99 min). The 
average cardiopulmonary bypass time in the dTGA‑IVS subgroup 
was 85 ± 10 min and in the rest of  the patients was 88 ± 9 min, 
the difference not being statistically significant (P = 0.358). 
There was no incidence of  complete heart block in any of  the 
patients. The average duration of  hospital stay after surgery was 
14 ± 8 days (range 7‑34 days). No significant abnormalities were 
recorded in postoperative echocardiograms.

Adenosine stress and myocardial perfusion imaging
The mean follow‑up duration was 2.7 ± 2.1 years (range 0.5‑5.9 years) 
between surgery and MPS. The mean age of  the patients at 
the time of  MPS was 3.3 ± 1.9 years (range 1.3‑6 years). The 
adenosine infusion was continued safely for 6 min in all patients 
with no serious adverse effects. No significant changes in 12‑lead 
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ECG recording were observed during adenosine stress. The 
average increase in heart rate over the basal heart rate after 
adenosine stress was 60 ± 17% [Figure 1]. The mean basal 
heart rate was 89 ± 14 bpm and the mean peak heart rate during 
adenosine infusion was 141 ± 17 bpm. Myocardial perfusion 
SPECT was done, both after adenosine stress and at rest. None 
of  the patients demonstrated myocardial perfusion defects, either 
on stress or on rest images [Figure 2].

DISCUSSION

There is adequate published evidence suggestive of  grossly 

preserved myocardial function in children surviving ASO.[3] 
Neonatal ASO has become the surgical procedure of  choice 
for correction of  TGA with or without Ventricular Septal 
Defect (VSD), as demonstrated by encouraging early‑ and 
mid‑term cardiac results.[4‑7]

Studies have shown a bimodal incidence of  coronary events 
after ASO. Coronary events most commonly occur in the first 
3 months after surgery and are the main cause of  death or 
morbidity, with a second peak after 6 years of  age.[8]

Over the years, with accumulation of  evidence, delayed coronary 
morbidity and mortality has decreased with a reported prevalence 
of  approximately 2%.[9‑13] The prevalence of  coronary events has 
also declined over years with evolving surgical experience.[9,14‑16] 
The surgical technique in the present study involved minimal 
mobilization of  coronary buttons and proximal coronaries 
to translocate the coronary buttons into the sinuses of  the 
neo‑aorta. The coronary ostia always lie within the sinus ridge 
for optimal physiological function. Serious reduction in coronary 
flow has been observed when coronary ostia are present outside 
the sinuses on the aortic wall as a resultant loss of  normal 
function of  the sinus.[17] Similar findings were reported in another 
study where no perfusion deficits and preserved myocardial blood 
flow were observed in a group of  patients in whom coronary 
artery ostia buttons were reimplanted into the sinus of  the 
autograft valve.[18] It has been observed that late coronary events 
could occur in patients even with no intraoperative coronary 
issues and with a smooth postoperative course.[11,19] Progressive 
fibrocellular intimal thickening or stretching of  the coronary 
artery with growth are the probable causes postulated to explain 
the same.[20] This subset could be the patients in whom the 
flow reserve could be compromised. Standard exercise testing 
can identify potential coronary lesions and ischemia, but is 
not sensitive enough to identify all cardiac lesions.[8] By means 
of  adenosine‑induced pharmacologic vasodilatation and rest 
imaging by myocardial perfusion imaging, the current study was 

Table 1: Preoperative diagnosis, coronary anatomy, and 
surgical procedure performed in patients (n=10)
Patient Sex Pre‑op 

diagnosis
Leiden 
classification[1]

Yacoub 
classification[2]

Procedure

1 M dTGA, 
IVS

1L, 2RCX Type D ASO

2 M dTGA, 
IVS

1LCX, 2R Type A ASO

3 M dTGA, 
IVS

1LCX, 2R Type A ASO

4 M dTGA, 
IVS

1LCX, 2R Type A ASO

5 M dTGA, 
IVS

1LCX, 2R Type A ASO

6 M dTGA, 
IVS

1LR, 2CX Type E ASO

7 F dTGA, 
IVS

1LCX, 2R Type A ASO

8 M dTGA, 
VSD

1LCX, 2R Type A ASO+VSD 
closure

9 M dTGA, 
VSD, 
LVOTO

1LCX, 2R Type A ASO+VSD 
closure+ 
LVOTO 
resection

10 F Taussig 
Bing

1LCX, 2R Type A ASO+VSD 
closure

dTGA: Transposition of great arteries, IVS: Intact ventricular septum, ASO: Arterial 
switch operation, LVOTO: Left ventricular outflow tract obstruction,  
VSD: Ventricular septal defect

Figure 1: Dot and line diagram showing a change of heart rate during adenosine 
infusion. There was an increase in heart rate observed in all patients (n = 10) 
which was significant (P = 0.002)

Figure 2: Stress–rest MPS images in a 4‑year‑old male patient (patient no. 9) 
showing normal perfusion in the left ventricular myocardium on both the stress 
and rest images
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aimed to unmask lesions in patients who are susceptible to late 
coronary events.

The present study is the first in literature assessing the myocardial 
perfusion with Tc‑99m Sestamibi SPECT in ASO patients post 
pharmacological stress, using adenosine. In our study, the 
age of  the patients ranged from 1.3 to 6 years, and therefore, 
physical stress testing was not possible to perform in all cases. 
Standard stress electrocardiography has been found to be 
inadequate for detecting ischemia inpatients after ASO,[18] and 
non‑specific ST–T changes due to hyperventilation may make 
the interpretation difficult.[21] Also, the exercise capacity in 
patients after ASO may be diminished, which may increase 
the false negatives on MPS.[22‑24] Adenosine has been used 
safely in a number of  studies involving patients of  pediatric 
age group suffering from different corrected and uncorrected 
congenital cardiac anomalies including dTGA.[18,25‑28] Adenosine 
has a half‑life of  6 sec which makes it a very safe drug as any 
arrhythmias can be terminated by stopping the infusion.[29‑31] In 
our study, an average of  60% increase in heart rate from baseline 
during adenosine infusion was observed. None of  them had 
any arrhythmias or respiratory disturbance during adenosine 

infusion and did not warrant premature termination of  the 
standard 6‑min adenosine stress test.

In our study, MPS did not reveal any perfusion abnormality in 
our patient group. The incidence of  abnormal MPS in studies 
compiled before 2002 has been reported to be between 11% 
and 100% [Table 3]. But in recent studies, the prevalence of  
coronary lesions and resultant perfusion abnormalities appears 
to have decreased to 3‑5%, which is likely to be due to better 
surgical expertise and techniques being employed in current 
practice that are becoming more evident with recent studies 
having larger sample size.[22,37] Both fixed and reversible perfusion 
defects have been reported in literature.[18,22,33,36] Weindling et al.[34] 
found improvement in perfusion with exercise compared to 
rest images, presumably as a result of  improved blood delivery 
through collateral vessels. The size of  the defects reported is 
generally small and does not result in visually discernible changes 
in ventricular function or regional wall motion abnormalities 
which may reflect arteriolar or capillary processes.[18,34,36] In 
the study by Rickers et al., coronary angiograms were normal 
in half  of  the patients with perfusion defects suggestive of  
non‑coronary intraoperative insult. In a case‑comparison study, 

Table 3: Comparison of incidence of fixed perfusion defects and associated variables in different studies
Reference Radiotracer Stress Imaging Age at surgery Age at study (years) Fixed perfusion 

defects (%)
Vogel et al.[32] Tl‑201 Isoproterenol SPECT 1.7±1.8 years (8 days‑7.9 years) 4±3 (0.3‑10.2) 9/21 (43)
Hayes et al.[33] 99mTc‑MIBI Exercise SPECT 7 days‑18 months 7.5±1.77 years (5.25‑9.83) 10/10 (100)
Weindling et al.[34] 99mTc‑MIBI Exercise SPECT 2 days‑2.4 years 5.9±1.1 (4.2‑8.8) 22/23 (96)
Hauser et al.[18] 13N‑NH3 Adenosine PET 20 days‑7.8 years 12.3 (8‑16) 5/21 (24) 
Oskarsson et al.[35] 99mTc‑Tetrofosmin None SPECT 2 days‑9 months Median 6 (4‑11) 2/11 (22) 
Rickers et al.[36] 99mTc‑MIBI Bicycle exercise SPECT 10 days‑2 years 13.3±3.9 (6.5‑16.6) 4/6 (66)
Rickers et al.[36] 18F‑FDG None PET 10 days‑2 years 13.3±3.9 (6.5‑16.6) 3/6 (50); 

Non‑transmural 
MI in 2/6 (33)

Raisky et al.[37] Tl‑201 Dipyridamole SPECT 5.6±3.2 (0.3‑10.5) 2.7±2.5 (follow‑up 
after surgery)

2/18 (11)

Sterrett et al.[22] 99mTc‑Tetrofosmin Exercise SPECT Neonatal age in 39 cases 
(rest of the cases at 

8 months‑5 year)

11.7±3.1 
(follow‑up after surgery)

2/42 (5)

Reddy et al.* 99mTc‑MIBI Adenosine SPECT 176±212 days (9‑560 days) 3.3±1.9 years (1.3‑6 years) 0/10 (None)
Tl‑201: 201‑Thallium, 99mTc‑MIBI: 99mTc‑Sestamibi, SPECT: Single‑photon emission computed tomography, PET: Positron emission tomography, *Present study in 
discussion, 18F‑FDG: Fluorine 18‑fluorodeoxyglucose

Table 2: Surgery‑related variables (n=10)
Patient Age at 

surgery (days)
Cross‑clamp 

duration (min)
CPB 

duration (min)
Pre‑op 
status

Days to 
discharge

Post‑op 
events

Age at the time 
of study (years)

1 30 44 80 NPS 12 Nil 6
2 28 46 96 BAS 8 Nil 5
3 9 44 67 NPS 14 Nil 2.5
4 45 57 96 BAS 11 Nil 6
5 90 53 91 NPS 7 Nil 3
6 240 49 80 NPS 13 ECMO 1.75
7 550 56 82 NPS 11 Nil 2
8 153 55 84 BAS 34 Pneumonia 1.25
9 560 69 99 NPS 15 Nil 4
10 51 54 82 NPS 10 Nil 1.25

BAS: Balloon atrial septostomy, CPB: Cardiopulmonary bypass, ECMO: Extracorporeal membrane oxygenation, NPS: No prior surgery, Patient 6 was electively placed 
on extracorporeal membrane oxygenator (ECMO) support for 2 days in view of regressed ventricle. Patient was weaned off the ECMO support and decanulated on day 
3 postoperatively and discharged 13 days after surgery. Patient 8 developed rash, thrombocytopenia, and lower respiratory tract infection for which he was medically 
managed and discharged 34 days postoperatively
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the frequency of  perfusion defects was comparable in patients 
after ASO to those in a group of  patients evaluated after bypass 
surgery.[33] The perfusion deficits have been assumed to be 
either due to difficulties during translocation of  coronaries,[19,32] 
coronary anatomy variants,[8] intramural left coronaries,[22,37] 
inhomogeneous myocardial protection, two‑stage repair,[33,35] or 
insult of  open heart surgery itself.[18,32,33,38] In the present study, 
all the patients were operated upon by a single experienced 
surgeon as one‑stage repair and 80% of  the subjects underwent 
corrective surgery in infancy.

The notable limitations of  the present study are small sample size 
and non‑availability of  coronary angiography. While coronary 
angiography is considered the gold standard for detection of  
lesions necessitating possible interventions, it is quite an invasive 
procedure to be carried out in asymptomatic children on a regular 
basis as part of  a follow‑up protocol.

The possible explanations for absence of  perfusion defects in 
our study are one‑stage repair, implantation of  excised coronary 
buttons within neo‑aortic sinus, and minimal or no mobilization 
of  proximal coronaries, thus preserving vasa vasorum and dilator 
reserve. To conclude, MPS post‑adenosine induced vasodilatation 
is safe and feasible in patients of  ASO for TGA.
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