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ABSTRACT From 1975 through 1982, the Damus-Stansel- 
Kaye procedure was performed on 20 patients with com- 
plete transposition of the great arteries (TGA) and on 4 
with double-outlet right ventricle (DORV) and subpulmo- 
nary ventricular septal defect (VSD). The patients ranged 
from 6 days to 20 years old (median age, 13 months). Asso- 
ciated anomalies included atria1,septal defect (24 patients), 
VSD (141, and others (25). Thirteen patients had had pallia- 
tive operations previously. Of the 14 hospital deaths (58%), 
13 occurred among the 17 patients with one or more risk 
factors: age less than 18 months, weight less than 10 kg, 
and left ventricular peak systolic pressure less than 75% of 
systemic pressure. Follow-up ranged from 12 to 87 months 
(mean, 51 months). One patient died of cardiac failure two 
years postoperatively, and 2 required conduit replacement 
at 40 and 50 months because of stenosis. All 9 survivors are 
free from major symptoms. The Damus-Stansel-Kaye re- 
pair is most suitable for patients with TGA or DORV with 
subpulmonary VSD who are older than 18 months, weigh 
more than 10 kg, and have a “prepared left ventricle,” and 
whose coronary artery anatomy precludes transplantation. 

The concept of arterial repair operation without coro- 
nary artery relocation for complete transposition of the 
great arteries (TGA) was suggested to us by Damus [l] in 
1972 and subsequently described by Stansel [2], Kaye 
[3], and Alvarez and associates [4] in 1975. This opera- 
tion was first performed at our institution by McGoon [5] 
in 1975. Later, we and others extended the concept to 
the repair of double-outlet right ventricle (DORV) with 
subpulmonary ventricular septal defect (VSD), univen- 
tricular heart with subaortic stenosis, and other complex 
cardiac anomalies. Isolated case reports describing arte- 
rial switch procedures without coronary artery reloca- 
tion have been published [4-61, but to date, no substan- 
tial long-term follow-up has been reported. Accordingly, 
we reviewed our eight years of experience with the 
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Damus-Stansel-Kaye procedure for TGA and DORV 
with subpulmonary VSD. Our experience with this pro- 
cedure for univentricular heart and other complex 
anomalies will be reported separately. 

Material and Methods 
From 1975 through 1982, 20 patients with TGA and 4 
patients with DORV and subpulmonary VSD under- 
went repair with the Damus-Stansel-Kaye procedure at 
the Mayo Clinic (Table 1). The patients ranged in age 
from 6 days to 20 years (median age, 13 months). There 
were 21 male and 3 female patients. They ranged in 
weight from 3.7 to 46.8 kg (median weight, 7.0 kg). 
All patients displayed varying degrees of cyanosis, and 
7 had heart failure. Associated cardiac anomalies are 
shown in Table 2. All patients had an atrial septal defect 
(ASD); in 5 it was natural and in the remainder it was 
created by balloon septostomy or surgical atrial septec- 
tomy. A VSD was present in 14 patients and was large in 
12 of them, thereby allowing equal ventricular pres- 
sures. 

Cardiac operations had been performed previously in 
13 patients (Table 3). All patients were catheterized prior 
to operation. In the 4 patients with DORV and subpul- 
monary VSD, the hemodynamic ‘measurements were 
typical of those in patients with transposition in which 
the pulmonary arterial oxygen saturation is greater than 
the systemic arterial oxygen saturation. 

Operative Procedure 
The technique for performing the arterial switch opera- 
tion without relocation of the coronary arteries has been 
described previously [l-61. In the first 5 patients seen at 
our institution (1975 through 1977), we employed hy- 
pothermic extracorporeal circulation with intermittent 
aortic cross-clamping to induce cardiac asystole. Since 
1977, cold cardioplegic solution has been preferred for 
induction of cardiac asystole. 

Exposure is obtained by a median sternotomy. In most 
instances, arterial cannulation is established through the 
ascending aorta as far distally as possible. The pulmo- 
nary artery .is divided in an oblique manner just prox- 
imal to its bifurcation so that the posterior portion of the 
transection is most distal. The left ventricular outflow 
tract is examined through the proximal main pulmonary 
artery to exclude obstruction. 

A longitudinal incision is made in the posterior wall of 
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Table 1 .  Clinical Data on Patients Who Undement 
Darnus-Stansel-Kaye Procedure, 1975 through 1982 

Weight 
Patient Ageat at Operation LV 
No. Operation (kg) Prepared Outcome 

TGA 

1 11 mo 
2 5% mo 

3 8 mo 
4 42 mo 
5 18 mo 
6 5 mo 
7 5 mo 
8 7% mo 
9 10 In0 

10 13 mo 
11 20 yr 
12 10 mo 
13 14 mo 
14 18% mo 
15 17% mo 
16 9 mo 
17 6 day 
18 101 mo 
19 13 mo 
20 14 yr 

5.4 
5.1 

6.4 
13.2 
9.4 
5.6 
4.7 
4.6 
5.1 
7.0 

46.8 
7.1 
4.0 
9.7 

11.4 
6.1 
3.7 

23.2 
6.8 

50.0 

Yes 
Yes 

Yes 
Yes 
No 
No 
No 
Yes 
Yes 
Yes 
Yes 
No 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
No 

Died 
Died late 

(two Y' 
postop) 

Died 
Alive 
Died 
Died 
Died 
Alive 
Alive 
Died 
Died 
Died 
Died 
Alive 
Alive 
Died 
Died 
Alive 
Died 
Died 

DORV WITH SUBPULMONARY VSD 

1 7% mo 6.0 Yes Died 
2 52 mo 16.7 Yes Alive 
3 16 yr 46.3 Yes Alive 
4 4% yr 14.5 Yes Alive 

LV = left ventricle; TGA = transposition of the great arteries; DORV = 
double-outlet right ventricle; VSD = Ventricular septal defect. 

the ascending aorta above the level of the coronary ostia. 
The proximal end of the pulmonary artery is led either to 
the right or left of the aorta depending on the relation- 
ship of the great arteries, and is anastomosed end-to- 
side to this aortotomy. A vertical right ventriculotomy is 
made and any VSD is closed with a prosthetic patch. A 
tissue-valved Dacron conduit is anastomosed first to the 
distal pulmonary artery segment and then to the right 
ventriculotomy (Figure). 

In 1 patient, the orifice of the aortic valve was obliter- 
ated by a patch placed below the aortic annulus. In a 
second patient who had pulmonary hypertension and 
an intermittent right-to-lft shunt, reoperation was per- 
formed to obl i te~te  the aortic valve orifice with a patch. 

Table 2. Associated Cardiac Anomalies 

Anomaly 

DORV with 

(N = 4) 
TGA Subpulmonary VSD 
(N = 20) 

Atrial septal defect 
VSD 
Patent ductus arterio- 

Anomalous coronary 

Pulmonary stenosis 
Hypoplastic pulmonary 

arteries 
Coarctation + hypo- 

plastic aortic arch 
Subaortic stenosis 
Straddling right atrio- 

ventricular valve 
Anomalous pulmonary 

venous return 

sus 

artery 

20" 4" 
lob 4 
8 0 

5 1 

3 0 
2 0 

2 0 

1 1 
1 0 

1 0 

"Includes 5 natural atrial septal defects (all with DORV), 7 prior Blalock- 
Hanlon atrial septectomies (1 in DORV), and 12 prior balloon septos- 
tomies (all in TGA). 
bTwo were small. 
TGA = transposition of the great arteries; DORV = double-outlet right 
ventricle; VSD = ventricular septal defect. 

Table 3. Prior Cardiac Procedures 

Procedure 

DORV with 
TGA Subpulmonary VSD 
(N = 10) (N = 3) 

Pulmonary artery banding 9 4" 
Blalock-Hanlon procedure 5 2 
Closure of patent ductus 3 0 

Mustard procedure 1 0 
Blalock-Taussig shunt 0 1 

Coarctation repair 1 0 

arteriosus 

Potts anastomosis 1 0 

"One patient required a repeat banding after inadequate initial banding. 
TGA = transposition of the great arteries; DORV = double-outlet right 
ventricle; VSD = ventricular septal defect. 

Statistical Analysis 
Statistical analyses were performed utilizing the chi- 
square method and Fischer's exact test where appro- 
priate. 

Results 
Early Results 
Fourteen patients died within thirty days after opera- 
tion, an overall operative mortality of 58%. Causes of 
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Completed Damus-Stansel-bye repair. The proximal pulmona ry ar- 
tery has been anastomosed to the posterior wall of the aorta, and a 
valved conduit establishes continuity between the confluence of the 
right ventricle and the pulmonary artery. The pressure gradient 
across the aortic valve keeps this valve permanently closed. 

death included low cardiac output (6 patients), pulmo- 
nary vascular obstructive disease (3), technical problems 
(3), ventricular arrhythmia (l), and delayed hemorrhage 
(1). The 3 patients who died of pulmonary vascular ob- 
structive disease were found at autopsy to have grade 3 
to 6 plexogenic pulmonary arteriopathy (Heath-Edwards 
classification [7]). Of the 3 deaths related to technical 
problems, 1 was caused by retroperitoneal bleeding 
from a cannulation site in the iliac artery, 1 resulted from 
compromise of the right coronary ostium by the pulmo- 
nary artery-aorta anastomosis, and 1 was due to hemor- 
rhage from the posterior aspect of the pulmonary ar- 
tery-aorta anastomosis. The fourth operative death, 
which occurred on the fourth postoperative day, re- 
sulted from rupture of a small infarct in the right ventric- 
ular wall. The infarction, in turn, had originated from 
interruption of an anomalous branch of the right coro- 
nary artery near the conduit anastomosis. This patient 
also was found to have grade 4 plexogenic pulmonary 
arteriopathy . 

Three risk factors were associated with an increased 
hospital mortality. Two of these factors were age less 
than 18 months and weight less than 10 kg. Each was 
present in 16 patients, and the mortality associated with 
each was 75% (p < 0.02). An "unprepared" left ventricle 

also was identified as a risk factor. All 5 patients with a 
left ventricularhight ventricular peak systolic pressure 
ratio of less than 0.75 died of ventricular failure. 
Preoperative preparation of the left ventricle-whether 
on a natural basis, as with an associated large VSD, or 
surgically produced, as with pulmonary artery band- 
ing-was associated with a lower operative mortality: 9 
deaths (47%) among 19 patients (p < 0.05). 

Six patients had none of these three risk factors. In 
this group there were 1 early death (14%; p < 0.01) and 
no late deaths. 

Nonfatal complications among the 10 operative sur- 
vivors included respiratory insufficiency requiring pro- 
longed ventilatory support (3 patients), ventricular ar- 
rhythmia (l), fever of undetermined origin (l), and 
intermittent cyanosis (1). This last patient had pulmo- 
nary hypertension and pulmonary complications, and 
survived after intensive pulmonary therapy, including 
intravenous administration of tolazoline hydrochloride, 
and reoperation for patch obliteration of the aortic valve 
orifice (mentioned earlier). 

Lute Results 
Follow-up of the 10 operative survivors ranged from 12 
to 87 months (mean, 51 months). One patient died of 
right ventricular failure two years postoperatively. The 
remaining 9 patients are asymptomatic. Two patients 
required replacement of stenotic conduits, 1 at 40 
months and the other at 50 months postoperatively. An 
additional patient has conduit stenosis (peak systolic 
pressure gradient, 45 mm Hg). Two-dimensional echo- 
cardiography has shown mild pulmonary valve incom- 
petence in 1 patient three and one-half years postopera- 
tively and mild aortic valve incompetence in another 
patient five years postoperatively. 

Cardiac catheterization in 5 patients showed no right- 
to-left shunts and normal arterial oxygen saturation. The 
ventricular septum was intact except in 1 patient who 
had a small residual VSD. Other data and postoperative 
angiograms from 2 patients have been published previ- 
ously [5]. 

Comment 
Physiological repair by transposition of venous return at 
the atrial level, of which the Mustard and Senning pro- 
cedures are examples, continues to be the conventional 
and most widely employed method for operative correc- 
tion of TGA and of DORV with subpulmonary VSD. 
Results for TGA with intact ventricular septum show 
operative mortality ranging from 2 to 11% [8-111 and 
from 15 to 31% for TGA with VSD [12,13]. However, the 
incidence of postoperative arrhythmias, tricuspid regur- 
gitation, baffle leaks, pulmonary venous obstruction, 
and vena caval obstruction is disturbing [9, 14-19]. In 
addition, there are reports of diminished right ventricu- 
lar contractility and the implication of late right ventricu- 
lar failure [20-221. 
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Repair at the arterial level is appealing because it re- 
stores ventriculoarterial concordance and places the left 
ventricle and mitral valve in the position of supporting 
the systemic circulation. The Damus-Stansel-Kaye pro- 
cedure is one of several that accomplish correction at the 
great artery level. Other procedures that put back ven- 
triculoarterial concordance are those of Rastelli [23], 
Jatene [24], Aubert [25], and their colleagues. Although 
the Damus-Stansel-Kaye Operation has the advantage of 
restoring ventriculoarterial concordance without the 
need for transplantation of the coronary arteries, it has 
the disadvantage of requiring use of an extracardiac 
conduit. 

Our results are similar to those reported from the early 
experience with the Jatene operation when an extracar- 
diac conduit was often employed in the repair [26, 271. 
Recent advances, however, including the use of the 
Lecompte maneuver, which transposes the pulmonary 
confluence anterior to the aorta [28], permit arterial 
switch without use of an extracardiac conduit. There- 
fore, the Damus-Stansel-Kaye approach has become less 
appealing. 

The Damus-Stansel-Kaye procedure is still of value 
when transplantation of the coronary arteries is re- 
stricted by anatomical factors such as origin of the cir- 
cumflex artery from the right coronary artery or early 
branching of the left main coronary artery, which re- 
stricts mobility of the left coronary ostium. An additional 
advantage of the Damus-Stansel-Kaye procedure is that 
in some situations, such as univentricular heart, in 
which the Fontan procedure is also being performed, it 
allows relief of substantial subaortic obstruction without 
the risks associated with subaortic resection. In our ex- 
perience, the Damus-Stansel-Kaye repair is most suit- 
able for selected patients with TGA or with DORV and 
subpulmonary VSD who are older than 18 months, 
weigh more than 10 kg, and have a "prepared" left ven- 
tricle, but whose coronary artery anatomy precludes 
coronary transplantation. 

References 
1. 
2. 

3. 

4. 

5. 

6. 

7. 

Damus PS: Correspondence. Ann Thorac Surg 20:724,1975 
Stansel HC Jr: A new operation for d-loop transposition of 
the great vessels. Ann Thorac Surg 19:565, 1975 
Kaye MI': Anatomic correction of transposition of great ar- 
teries. Mayo Clin Proc 50538, 1975 
Alvarez F, Hurtado E, De Leon JP, et al: Tkcnica de correc- 
cion anatdmica de la transposici6n completa de grandes 
vasos. Rev Esp Cardiol 28:255, 1975 
Danielson GK, Tabry IF, Mair DD, et al: Great-vessel switch 
operation without coronary relocation for transposition of 
great arteries. Mayo Clin Proc 53:675, 1978 
Damus PS, Thomson NB Jr, McLoughlin TG: Arterial repair 
without coronary relocation for complete transposition of 
the great vessels with ventricular septal defect: report of a 
case. J Thorac Cardiovasc Surg 83:316, 1982 
Heath D, Edwards JE: The pathology of hypertensive pul- 
monary vascular disease: a description of six grades of 
structural changes in the pulmonary arteries with special 
reference to congenital cardiac septal defects.' Circulation 
18533, 1958 

8. 

9. 

10. 

11. 

12. 

13. 
14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

Trusler GA, Williams WG, Izukawa T, et al: Current results 
with the Mustard operation in isolated transposition of the 
great arteries. J Thorac Cardiovasc Surg 80381, 1980 
Marx GR, Hougen TJ, Norwood WI, et al: Transposition of 
the great arteries with intact ventricular septum: results of 
Mustard and Senning operations in 123 consecutive pa- 
tients. J Am Coll Cardiol 1:476, 1983 
Parenzan L, Locatelli G, Alfieri 0, et a1 The Senning opera- 
tion for transposition of the great arteries. J Thorac Cardio- 
vasc Surg 76:305, 1978 
Arciniegas E, Farooki ZQ, Hakimi M, et a1 Results of the 
Mustard operation for dextro-transposition of the great ar- 
teries. J Thorac Cardiovasc Surg 81:580, 1981 
Penkoske PA, Westerman GR, Marx GR, et al: Transposi- 
tion of the great arteries and ventricular septal defect: re- 
sults with the Senning operation and closure of the ventric- 
ular septal defect in infants. Ann Thorac Surg 36:281, 1983 
Penkoske PA: Discussion of Penkoske et a1 [12] 
Mahony L, Turley K, Ebert P, et al: Long-term results after 
atrial repair of transposition of the great arteries in early 
infancy. Circulation 66:253, 1982 
Bink-Boelkens MTE, Velvis H, Homan van der Heide JJ, et 
a1 Dysrhythmias after atrial surgery in children. Am Heart 
J 106:125, 1983 
Park SC, Neches WH, Mathews RA, et al: Hemodynamic 
function after the Mustard operation for transposition of 
the great arteries. Am J Cardiol 51:1514, 1983 
Hagler DJ, Ritter DG, Mair DD, et al: Clinical, angio- 
graphic, and hemodynamic assessment of late results after 
Mustard operation. Circulation 571214, 1978 
Clarkson PM, Barratt-Boyes BG, Neutze JM: Late dysrhyth- 
mias and disturbances of conduction following Mustard 
operation for complete transposition of the great arteries. 
Circulation 53:519, 1976 
Tynan M, Aberdeen E, Stark J: Tricuspid incompetence af- 
ter the Mustard operation for transposition of the great ar- 
teries. Circulation 45:Suppl 1:111, 1972 
Benson LN, Bonet J, McLaughlin P, et al: Assessment of 
right ventricular function during supine bicycle exercise 
after Mustard's operation. Circulation 65:1052, 1982 
Nixon JV, Atkins JM, Curry GC, et al: Late right ventricular 
failure after Mustard operation for transposition of the 
great arteries. Cathet Cardiovasc Diagn 4:175, 1978 
Murphy JH, Barlai-Kovach MM, Mathews RA, et al: Rest 
and exercise right and left ventricular function late after 
the Mustard operation: assessment by radionuclide ven- 
triculography. Am J Cardiol51:1520, 1983 
Rastelli GC, McGoon DC, Wallace RB Anatomic correction 
of transposition of the great arteries with ventricular septal 
defect and subpulmonary stenosis. J Thorac Cardiovasc 
Surg 58545, 1969 
Jatene AD, Fontes VF, Paulista PP, et al: Successful 
anatomic correction of transposition of the great vessels: a 
preliminary report. Arq Bras Cardiol28:461, 1975 
Aubert J, Pannetier A, Couvelly JP, et al: Transposition of 
the great arteries: new technique for anatomical correction. 
Br Heart J 40204, 1978 
Jatene AD, Fontes VF, Paulista PP, et al: Anatomic correc- 
tion of transposition of the great vessels. J Thorac Cardio- 
vasc Surg 72:364, 1976 
Jatene AD, Fontes VF, Souza LCB, et al: Anatomic correc- 
tion of transposition of the great arteries. J Thorac Cardio- 
vasc Surg 83:20, 1982 
Lecompte Y, Zannini L, Hazan E, et al: Anatomic correction 
of transposition of the great arteries: new technique with- 



437 Ceithaml et a1 Damus-Stansel-Kaye Procedure for TGA and DORV 

out use of a prosthetic conduit. J Thorac Cardiovasc Surg 
82:629, 1981 

Discussion 
DR. ALBERT D. PACIFICO (Helena, AL): The authors have pre- 
sented important information regarding this type of arterial 
switch operation, and I thank them for the opportunity to re- 
view their manuscript. I enjoyed the presentation. 

Since most patients with transposition, or the Taussig-Bing 
type of DORV, are in need of operation early in life, the high 
operative mortality with this procedure in young patients is 
particularly disturbing and suggests that it has limited applica- 
tion in these malformations if primary repair is to be accom- 
plished. 

Patients with transposition and intact ventricular septum 
have a low operative mortality after primary repair by the ve- 
nous switch procedure and, in general, have a good inter- 
mediate-term result. These data have made my colleagues and 
myself reluctant to alter this policy of surgical management for 
this subset of patients. 

In contrast, patients with transposition and large VSD have a 
higher early and late mortality after VSD closure and venous 
switching. In addition, they usually have a systemic left ventric- 
ular pressure that makes them well prepared for an arterial 
switch procedure. In 1981, we began advising an arterial switch 
operation with coronary translocation for patients with trans- 
position and large VSD. 

With this policy in mind, between 1981 and 1983, we selected 
14 patients for operation. The arterial switch operation was per- 
formed in 8 with 1 death. It was not done in the remaining 
patients because of poorly suited great-vessel or coronary 
anatomy. A Senning operation with VSD closure was accom- 
plished in 5 without a hospital death, and 1 patient underwent 
an intraventricular arterial switch procedure without the need 
for an extracardiac conduit. 

In the patient having internal repair through the tricuspid 
valve, the aorta was anterior to and to the right of the pulmo- 
nary artery and the VSD; it was subarterial and very large. The 
internal tunnel connecting the VSD with the aorta is similar to a 
repair described by Dr. McGoon in 1972 except that the spiral 
patch is oriented in a clockwise direction. Recently we accom- 
plished a similar procedure after VSD enlargement in a child 
with Taussig-Bing syndrome. 

While I recognize that these types of internal conduits may 
not be applicable to the majority of these patients, they should 
be kept in mind because of their simplicity and effectiveness. 

Dr. Ceithaml, what is your current policy for the surgical 
management of this group of patients? In regard to the group 
with transposition and intact septum or small VSD, what was 
the overall experience with preparing the left ventricle to later 
accept systemic afterload? 

DR. CEITHAML: I congratulate Dr. Pacific0 on his considerable 
experience with the Jatene procedure. 

In regard to our higher mortality with the Damus-Stansel- 
Kaye procedure, it should be kept in mind that our reported 
experience goes back eight years. Therefore, this report incor- 
porates our experience at a time when the limitations and risks 
of this procedure were poorly defined. In retrospect, a number 
of earlier patients were inappropriately selected, that is, they 
had unprepared left ventricles. We now recommend that the 
patient have preoperative preparation of the left ventricle prior 
to undergoing the Damus-Stansel-Kaye procedure. This is ac- 
complished by pulmonary artery banding at the age of 3 
months followed by aortopulmonary shunting at the age of 1 
year. Final repair is done at 18 months. 

Recently we performed the Jatene procedure in neonates be- 
fore left ventricular involution. So far, results with a small num- 
ber of patients in this group are encouraging. 

[For additional discussion of this article, see page 443.1 




