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ABSTRACT T 

Objective:: We explored the effect of dobutamine stress and its possible clinical implications in 
differentt groups of asymptomatic patients with chronic right ventricular (RV) pressure overload 
duee to congenital heart disease. 

Patientss and Methods: Forty-seven asymptomatic and minimally symptomatic patients with 
chronicc RV pressure overload were studied: 24 patients with systemic RV (16 surgically corrected 
transpositionn of the great arteries (TGA) (Mustard or Senning), 8 congenitally corrected TGA), 
233 patients with chronic pressure overloaded subpulmonic RV, and 11 age and sex-matched 
healthyy volunteers were included. MRI was applied both at baseline and during dobutamine 
stresss to determine RV volumes and ejection fraction. 

Results:: At baseline RV ejection fraction in surgically corrected TGA was significandy lower 
thann in controls % vs 70+8%, p=0.02). During dobutamine stress RV ejection fraction 
increasedd significantly in controls and patient groups except for the patients with pressure 
overloadedd subpulmonic RV. RV stroke volume increased in controls (21 , p-0.008); RV 
strokee volume remained unchanged in congenitally corrected TGA and surgically corrected TGA 
(2+17%,, p=ns and , p=ns, respectively). In patients with subpulmonic RV a significant 
RVV stroke volume decrease was observed , p=0.0002). The changes in RV stroke 
volumee were accompanied by a significant decrease in RV end diastolic volume of , 
(p=0.001)) in subpulmonic RV, and , (p=0.0001) in surgically corrected TGA. In 
controlss and congenitally corrected TGA there was no change in RV end-diastolic volume 

,, p=ns and -5+11%, p=ns, respectively]. 

Conclusions:: There is a clear heterogeneity in response to MRI dobutamine stress between 
differentt groups of patients with chronic RV pressure overload. Our data suggest impaired fillin g 
inn surgically corrected TGA and decreased contractility in patients with chronic pressure 
overloadedd subpulmonic RV. Dobutamine stress MRI may facilitate follow-up of RV 
(dys)) function in patients with chronic RV pressure overload due to congenital heart disease. 
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INTRODUCTION N 

Magneticc resonance imaging (MRI) has shown to be an accurate, reproducible and quantitative 
methodd allowing reliable assessment of various RV functional parameters1"4. 

Dobutamine,, a relatively selective beta-1-adrenoreceptor agonist, can be used as a 
pharmacologicall  stress agent during MRI investigation5'6. Although the positive inotropic action 
off  dobutamine on RV function seems clinically evident7,8 few data are available regarding 
contractilee reserve of the RV following beta-adrenergic stimulation in patients with chronic RV 
pressuree overload912 .Ventricular failure often is first apparent during exercise, and loss of cardiac 
reservee could reasonably be expected before impairment of resting function13. The objective of 
thiss study was to assess and direcdy compare the cardiac reserve between different sub-groups of 
patientss with pressure overloaded RV and healthy volunteers. 

ClinicalClinical Characteristics of the Study Population 

Variable e 

Men/women n 

Agee (years) 

Functionall  class I/I I 

RVV systolic pressure (mmHg) 

Pulmonaryy valve regurgitation 

<< 10 ml/stroke 

10-200 ml/stroke 

20-300 ml / stroke 

Tricuspidd valve regurgitation 

<< 10 ml/stroke 

10-200 ml/stroke 

20-300 ml / stroke 

Controls s 

(nn = l l ) 

5/6 6 

28(5) ) 

11/0 0 

--

--

--

--

--

--

--

Congenitally y 
corrected d 

TGA A 

(nn = 8) 

5/3 3 

27(6) ) 

5/3 3 

100-125 5 

7 7 

1 1 

--

4 4 

3 3 

1 1 

Surgically y 
corrected d 

TGA A 

(n=16) ) 

8/8 8 

23(4) ) 

8/8 8 

90-134 4 

15 5 

1 1 

--

8 8 

5 5 

3 3 

Subpulmonic c 

RV V 

(nn = 23) 

11/12 2 

27(5) ) 

17/6 6 

35-100 0 

11 1 

4 4 

8 8 

13 3 

9 9 

1 1 

Tablee 1. Values are mean (SD) TGA, transposition of the great arteries; RV, right ventricle; n, number of patients. 
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METHODS S 

Forty-sevenn asymptomatic and minimally symptomatic patients with chronic right ventricular 
(RV)) pressure overload (RV systolic pressure > 35 mm/Hg determined by echocardiography) 
weree studied: 24 patients with systemic RV (16 surgically corrected TGA (Mustard or Senning 
procedure),, 8 congenitally corrected TGA), 23 patients with pressure overloaded subpulmonic 
RV,, and 11 age and sex-matched healthy volunteers were included. Demographic characteristics 
aree summarized in Table 1. The Institutional Ethics Committee approved the study design and 
informedd consent was obtained from all study subjects. 

Magneticc resonance imaging: Study subjects were placed supine in a 1.5 Tesla MRI scanner 
withh high power gradients (25 mT/m, slew rate 83 T/m/s)(Magnetom Vision, Siemens, 
Erlangenn Germany). 

Effectss of dabataiujK stress 

Heartt rate (bpm) 

Meann blood pressure 
(itlHlHg) ) 

RVV end diastolic volume 
(ml/m2) ) 

RVV end systolic volume 
(ml/m*) ) 

RVV stroke] volume 
(ml/m1) ) 

RVV Ejection fraction (%) 

Cardiacc index (1/min/m )̂ 

Controls s 

rest t 

655 (12) 

82(8) ) 

622 (17) 

19(9) ) 

433 (10) 

70(8) ) 

2.8(0.6) ) 

stress s 

100(14) ) 

955 (12) 

633 (19) 

10(4) ) 

522 (16) 

83(6) ) 

5.3(1.7) ) 

Congemtally y 

rest t 

66(13) ) 

70(4)* * 

83(22)* * 

32(13)* * 

511 (13) 

62(9) ) 

3.3(1.0) ) 

orrectedd TGA 

stress s 

955 (21) 

877 (10) 

80(28) ) 

277 (10)t 

53(20) ) 

666 COT . 

4.8(1.4) ) 

Surgicallyy corrected TOA 

rest t 

711 (14) 

79(8) ) 

688 (16) 

28(9)* * 

400 (13) 

588 (10)* 

2.8(0.9) ) 

stress s 

120(18)t t 

99(13) ) 

51(8) ) 

17(4)T T 

34(7)T T 

66(8)t t 

4.0(0.7)t t 

Subpulmonicc RV 

rest t 

71(9) ) 

833 (10) 

811 (32)* 

33(22)* * 

48(13) ) 

63(13) ) 

;; 3.4(0.7)* 

stress s 

1111 (18) 

97(13) ) 

711 (27) 

299 (19)T 

411 (13)t 

622 (16)t 

4.5(1.5) ) 

Tablee 2. * p p < 0.05 v controls in rest; f p < 0.05 v controls during stress; RV, right ventricle; TGA, transposition of the 
greatt arteries. 

MRII  acquisition involved a standardized protocol2,3,12. An electrocardiogram-triggered, ultrafast, 
breath-holdd gradient-echo cine sequence with the following parameters: repetition time = R-R 
interval,, echo time = 4.8ms, slice thickness 10mm, imaging matrix = 256x256, field of view = 
350mm,, flip angle = 20°, was used to acquire images in the short axis plane in contiguous 10mm 
slicess encompassing the heart from the valve plane to the apex. End systolic and end diastolic 
volumess were calculated from this multislice, multiphase image set. Volumetric flow from the 
RVV was assessed by MR velocity mapping. Ultrafast gradient echo (Fast Low Angle Shot 2d) 
withh a flow encoding gradient was used for velocity mapping. Velocity maps were acquired with 
aa flip angle of 30°, echo time = 24 ms, slice thickness - 6mm, field of view = 320 mm and 
imagingg matrix = 256x256, velocity encoding = 250cm/s. The velocity maps were obtained after 
doublee angulation 1 cm above the aortic and pulmonary valve. The MRI protocol was repeated 
duringg dobutamine infusion. Total MRI examination time was approximately 90 minutes. 

Dobutaminee infusion: An intravenous line was inserted into the antecubital vein prior to the 
MRII  procedure. Dobutamine was administered by a digital infusion pump, which was placed 
outsidee the scanner. After the MRI acquisition at rest, dobutamine was infused with an initial 
dosee of 5 Jig/kg/min. After 3 minutes, the dobutamine infusion rate was increased by 5 
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Hg/kg/minn every 3 minutes to a maximum of 15 (Xg/kg/min. The MRI protocol during 
dobutaminee study started 3 minutes after the maximum dose. During each MRI measurement 
thee electrocardiogram and heart rate were monitored. Systolic and diastolic blood pressures were 
measuredd using a brachial artery sphygmomanometer cuff ever)' 3 minutes (Hewlett Packard 
54s**  Palo Alto, California, USA). Serious arrhythmias, such as ventricular tachycardia, an increase 
>> 50%, or a decrease >20% in systolic blood pressure, an increase in heart rate >50%, or 
significantt subjective discomfort of the subject were all considered as reasons to stop the test. 

Imagee analysis: A Unix workstation was used for analysis of the MR images. MASS (Medis, 
Leiden,, The Netherlands) image analysis software was used to display multislice, multiphase 
imagess individually and in a movie loop mode. End diastolic and end systolic volume frames 
weree determined by manual outlining of a mid-ventricular slice in all phases. On end diastolic 
andd end systolic time frames endocardial borders of the RV and the left ventricle were outlined 
manually.. Papillary muscles and the moderator band were not included in the ventricular volume. 
Thee enclosed RV and left ventricle cross-sectional areas were measured by computer, multiplied 
byy section thickness, and summed up according to Simpson's rule to provide ventricular 
volumes.. Flow® (Medis, Leiden, The Netherlands) image analysis software was used to analyze 
thee velocity maps. 

Statisticall analysis: The effects of dobutamine within groups were compared with the paired t 
test.. Differences between groups were compared with the unpaired t test. A p value < 0.05 was 
consideredd statistically significant. Quantitative variables with a normal distribution are presented 
ass mean  standard deviation. 

AA B 

—** 100-1 p=0.001 p=0.04 p=0.04 

.22 75-

p=0.0088 p=ns p=ns p-0002 

CC 50-

II Stress 

Controlss Congenitally Surgically Subpulmonic 
correctedd TGA corrected TGA RV 

T§§ 25 

Controlss Congenitally Surgically Subpulmonic 
correctedd TGA corrected TGA RV 

D D 

55 Ê 

p=nss p=0.0001 p=0.001 
"_,__ C D Baseline 

II Stress 

p=0.00011 p=0.0005 p=0.00007 p=0.00007 

Controlss Congenitally Surgically Subpubnonic 

]] Baseline 

correctedd TGA 

Controlss Congenitally Surgically Subpulmonic 
correctedd TGA corrected TGA RV 

Figuree 1. Right ventricular ejection fraction (A), right ventricular stroke volume (B), right ventricular end-diastolic volume (C) 
andd cardiac index (D), in patients and controls at rest (white bars) and during dobutamine infusion (black bars). (RV), Right 
ventricle;; (TGA), transposition of the great arteries. 
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RESULTS S 

Att baseline there was no difference in heart rate between the examined groups. Only in surgically 
correctedd TGA RV ejection fraction was significantly lower than in controls % vs 

,, p=0.02). RV end diastolic volume was significandy larger in patients with pressure 
overloadedd subpulmonic RV and congenitally corrected TGA than in healthy volunteers (Table 
2).. During dobutamine stress, heart rate increased significantly in all groups; only in surgically 
correctedd TGA patients the increase was significantly higher than in controls. RV ejection 
fractionn increased significandy in controls and patient groups except for the patients with 
pressuree overloaded subpulmonic RV (Figure la). RV stroke volume increased in controls 
(211 , p=0.008), but in patients with congenitally corrected TGA stroke volume remained 
unchangedd and in patients with surgically corrected TGA a not significant stroke volume 
decreasee was observed (Figure lb). In pressure overloaded subpulmonic RV there was a 
significantt decrease in RV stroke volume (-15+16%, p=0.0002). The RV stroke volume changes 
duringg dobutamine infusion were accompanied by a significant decrease in RV end diastolic 
volumee -13+14%, p=0.001 in subpulmonic RV and -23  16%, p=0.0001 in surgically corrected 
TGAA (Figure lc). In controls and congenitally corrected TGA no change in RV end diastolic 
volumee was observed. Low dose dobutamine was well tolerated by most patients. We did have to 
interruptt one examination due to the occasion of a supraventricular tachycardia with a heart rate 
aroundd 260 beats/min that was managed with carotid sinus massage; 3 other patients reported 
dizzinesss and nausea during the dobutamine infusion. The clinical, rest and stress MRI 
characteristicss of the study population are shown in Table 2. 

DISCUSSION N 

Too our knowledge this is the first study addressing the cardiac reserve determined by MRI 
dobutaminee stress test in different asymptomatic and minimally symptomatic patient groups with 
chronicc RV pressure overload (congenitally and surgically corrected TGA, subpulmonic 
obstructionn and corrected tetralogy of Fallot). Conflicting reports using various techniques and 
inhomogeneouss groups of patients have precluded definite conclusions on the role of various 
RVV function parameters in adult patients with chronic RV pressure overload. Our data suggest 
impairedd filling  in surgically corrected TGA and decreased contractility in patients with chronic 
pressuree overloaded subpulmonic RV. During dobutamine infusion the patients with 
congenitallyy corrected TGA showed similar responses as the healthy volunteers. In addition, 
MRII  during beta-adrenergic stimulation has the potential to become an important diagnostic tool 
forr patients with RV functioning under chronic pressure overload. In our study we used routine 
MRII  techniques in an asymptomatic or slighdy symptomatic patient group with chronic RV 
pressuree overload without additional cardiac lesions or left ventricular dysfunction. 

SURGICALLYY CORRECTED TGA: 

Inn clinical practice, characterization of systolic RV function mosdy relies on assessment of RV 
ejectionn fraction and RV stroke volume. In our study, despite a significant increase of RV 
ejectionn fraction during dobutamine stress, RV stroke volume did not increase appropriately in 
patientss with surgically corrected TGA. This can be explained by the significant reduction of RV 
endd diastolic volume. A significant decrease of RV end diastolic volume and inappropriate stroke 
volumee response have previously been reported using various techniques in asymptomatic 
patientss with TGA in response to physical exercise14'15. Redington et al.16, using invasive 
techniques,, also observed increased RV ejection fraction in response to dobutamine stress test in 
patientss with surgically corrected TGA. Data from other studies, using radionuclide angiography, 
indicatedd depressed resting RV ejection fraction in patients with TGA and no increase or even a 
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decreasee in RV ejection fraction during stress17'18 .In patients with TGA, the systemic ventricle is 
morphologicallyy the RV, and it might be argued that the RV normally operates at a lower 
ejectionn fraction than the left ventricle. Derrick et al. found reduced diastolic fillin g and 
decreasedd SV during dobutamine stress test in 14 asymptomatic patients after Mustard repair. In 
contrastt to the previous studies the authors are assuming that the capacitance and conduit 
functionn of the abnormal, often calcified, intra-atrial pathways may be responsible for the failure 
off  stroke volume augmentation during exercise19. 

CONGENITATT l V CORRECTED T G A 

Att baseline our patients showed no functional differences compared to the healthy volunteers. 
Onlyy the RV end diastolic volume and RV end systolic volume were significantly larger in the 
congenitallyy corrected TGA group, pleading for enlarged RV in these patients. During 
dobutaminee infusion the congenitally corrected TGA patient group had a response most similar 
too the healthy volunteers compared to the other examined patient groups (Table 2). Benson et 
al20,, using radionuclide angiography, also found normal resting RV ejection fraction and an 
increasee of RV ejection fraction during physical stress test in asymptomatic patients with 
congenitallyy corrected TGA. In contrast, Connelly et al21 using radionuclide angiography, found 
significantlyy lower ejection fraction at rest and during exercise than in normal patients with 
congenitallyy corrected TGA. 

PRESSUREE OVERLOADED SUBPULMONIC RV 

Thee almost universal finding of a dilated RV with reduced ejection fraction has been taken as a 
manifestationn of the inadequacy of RV to perform under chronic pressure overload. 
Furthermore,, this dysfunction has been implicated in the finding of reduced exercise capacity in 
thesee often asymptomatic patients. In this study, we confirmed a failure to increase stroke 
volumee during low dose dobutamine infusion as the primary hemodynamic abnormality. There 
wass a fall in stroke volume of 15% at maximal stimulation, and the cardiac index rose because of 
thee significant heart rate increase. Although controversy still exists regarding normal ventricular 
parameterss in a RV submitted to chronic pressure overload, the abnormal dobutamine stress 
responsee in the setting of apparently normal daily exercise tolerance and its clinical implications 
havee not yet been adequately explained. 

STUDYY LIMITATIONS 

Patientss with pacemakers could not be included because of the MRI examination and patients 
withh irregular rhythms were not included because of the danger of developing life-threatening 
arrhythmiass due to administration of dobutamine. This patient selection, in our opinion, had 
onlyy moderate impact on our results. The examined populations were not homogenous in terms 
off  clinical characteristics. Some of the confounding variables include type of RV overload, the 
agee at operation, types of palliation prior to surgery, technical variation in surgery, extent and 
typess of perioperative myocardial protection and residual hemodynamic sequelae. The numbers 
aree still relatively small because of the rarity of the conditions examined. 
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