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CHAEPTER 1

INTRODUCTION

The most common abnormal anatomic relaticnship oeiween
the great arteries and the ventricles is ccrp.ate
transpositicn o¢f <tThe great arteries (TGA). Transposizion of
the great arteries literally means that the aorta and the
poib!

o place), rather misplaced across the ventricular septum 8

lmonary artery are placed across (trans = acress, ponere =

o}
that each «creat artery arises coppletely above The wWrong

N

Ventrizie : aorta Ircm The rigav ventricle, an
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The most common clinical representation cf the
transposition abnormality is understood to represent complete,
physiologically urcorrected, transposition of +the great
arteries (TGA). Functionally this <type of transpcsition is
characterized by poorly oxygenated systemic vencus blood bpeing
misdirected 1o the systemic circulation and highly oxygenated
pulmonary venous blood similarly misdirected to the pu_monary

circulation.

NATURAL HISTORY

INCIDENCE:

Transposition of the great arteries (TGA) represents

approximately ten percent of all congenital cardiac
malformaticns (Turley et al., 1878). The minimal incidence of
transposition o©f the great arteries is 1 : 4,500 birzths but it
may be as high as 1 : 2,130 births (Liebman et al., 1868). A
more recent incidence is repcrted to occur in etween 1

2,300 and 1 : 5,100 live births (Gutgesell et al., 1873).
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Epidemicicgical surveys have suggested an increased prevalence
in infants wWith prenatal exposure tc seX hormone therapy &
contraceptive pills {Nora et al., 1873). Maternal zge was not
a factor in the 1incidence, Dut there was some evidence that
the incidence increases when the mother has had three previous -
children (Liebman et al., 18638). Extracardiac congenital
anomalies are infregquent (9%) in infants with TGA compared to
incidence with ventricular septal defect (33%) or tetralogy of
Fallot (31%) (Fyler D., 1880).

A strong male preponderance of E0-70% with a male to

female ratic of 2 : 1 is always present. There are, however,
striking differences among the anatomic subgroups SO that the
simple group has a male to female ratic of 3.3 : 1 while the
complex group is 1 : 1. CI interest 1s that of the children
with VSD, the ratio is the expected Z : 1 in favor of males,

except for +the group with pulmonary vascular obstruction,
where the mrale-to-female ratic is 1 : 1. Females, therefore,
may be prone to the development of pulmonary vascular disease
(Liebman et al., 1869).

SURVIVAL:

Transpositicon of great arteries (TG&} is a common
lethal malformation where only 10% survive one year (Gutgesell
et al., 1979). For the whole group of TGA without management,
the age of death was as follows @ by 1 week, 28.7%; by 1
month, 51.6% and by 1 vyear, 839.3%. The average life
expectancy at birth was 0.65 vyears; at 1 week of age, 0.87
years; at 1 month, 1.12 years; and at ! vear, 3.92 vears.
(Liebman et al., 1869).

Assocliated lesions had a marked effect on the

prognosis:
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- Simple TGA (no V3D, no ASD) G,11 y=ars.

- TGA + vaD without increased pulronary vascuilar
resistance: .28 years.

- Conplex cases: 0.49 vears.

- TGA + ASD: 0.31 vears.

- TGA + VSD + Pulmonary vascular cbstruction: Z.0 vears.

- TRA + VSD + Pulmonic stencsis: 4.85 vyears.

- Single ventricle: 8.79 years.

Thus for the group of TGA - V3D, the average life
expectancy is 1.87 vears; wut for a child at 1 year the life
axpectancy is 5.08 vears for a child of 7 years, the life
expectancy is 9.27 years (Liebman et al., 19687.

MCDE OF DEATH:

The poor survival in patients with TGA and essentially
intact ventricular septum 1s related primarily to anoxia.
Inter- current pulmonary infections may develeopr and are
particularly lethal because they reduce effective pulmecnary

lcod flow and lead rapidly to increasing hypoxia, acidemia
and death. Death in this group may also result from
cerebrovascular events. These are usually due to the
polycythemia and increased blood viscosity secondary to severe
cvancsis, particularly in association with dehydration.
However, hypoxia plus hypochremic ricrocytic anemia have alsc
been implicated in the etiology of these events. Nonfatal
cerebrovascular events alsoc occur in about €% of patients
treated by balloon atrial septostomy and include cerebral
abscess. (Phornphutkul et al., 18733

Patients with TGA and important ventricular septal

defect {(VSD ) usually die with congestive heart failure. The

modes of death described for patients with simple
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transpositicn escometimes pertain in  this group
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include fregquent intercurrent pulrmonary infections.

HISTORICAL NOTE:

The first morpnological description of transpesition
of the great arteries (TGA) 1s attributed to Baillie in 1797.
The term "transposition of the aorta and pulmonary artery’ was
coined by Farre when he described the first known case cf this

aromaly in 1814. Transposition ( trans = cross, poners = to
place) meaning that the aorta and pulmonary artery are
dispiaced across the veniricular septum. fVan Praasgh R.,
18713 .

In subsegquent pathological description that incliuded
attempis to explain its embryoclogical Dbasis, the word
transposition was used to describe an antericr positicn of the
aorta relative to the pulmonary artery, and by the early 1503,
it had become accepted practice tc include any abnormal
position o©f the acrta, regardless of its ventricular origin,
under this headineg. This ©broad confusing definiticn was
clarified by Van Praagh and colleagues as recenily as 1871,
when they strongly advocated a return o Farre's original
definition of +transpeosition, and inircduced the useful term
"MALPCSITION" for those abnormal positions of the aorta in
which +the spatial relationship between the great arteries at
the semilunar valve level had been distributed or both great
arteries failed te be displaced across the ventricular
septum. This literal meaning of transpcsition is now accepted
by most pathclogists and surgeons. (Yan Praagh R., 1971).

The surgery of TGA commenced in 1350 when Blalock and

Hanlen at the Johns Hepkinsg Hospital described a clcosed method

of arterial septectomy designed to rrovide mixing of pulmonary
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and systemic vencus return at atrial lsvel, Tiwards ard

Bargeron modified +he Blalock-Harnlon prec
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resuturing the septum 80O &8s ts connesot the right pulmonary

veins To the rignt atrium.

The palliation of TGA was revolutionized when Rashkind
and Miller in Philadelphia introduced ballcon atrial
septostomy {(BAS) in 18966 (Rashkind & Miller, 1g86). However,
in 1871 at Great Ormand Street Hospital in London Tynan
=howed that BAS did not zllow 2ll babiea with TGA to survive
antii repair (Tynan et al.. 1871y, A modification of this
procedure  Was iptraduced in 1878 by Trar
+heir substitution of a blade vrather thar a balloon at one erd

“he catheter (Park =% al., 18825 .

H,

-~
L

Throughout the 1850 there were attempts to correct TGA
ei<her at the atrial or great artery levels. The concept of
a physiologic correcticn at the atrial level ©°¥ switching the
a+trial septum so that caval return was directed to the left
ventricle and pulmonary venous return to the right was first
propocsed by Albert at a meeting of the American follege of
Surgeons in 1854. The first successful cperaticn cf this type
was accomplished by Senning in 1958 (Sernnirg A., 1858) by

refashioning the walls of the right atrium and the atrial
septum. Mustard s procedure, in which the atrizl septum is
excised and a pericardial vaffle 1is used to redirect caval
flow, was devised in an attempt to creats larger atria then
when were produced the Senning procedure and was successfully
introduced at the Toronto Sick Children Hcepizal in 1863 and
repcrted in 1864 (Mugtard W., 1864). The Mustard vechnigue
soon was adopted in nearly all cardiac surgical cernters. The
somewhat disazppointing results of the atrial switch oparaticn

imulus for the

for TGA and large VSD continued to be a

)}
ct

o
development of an arterial switch operation, pvarticularly the

wn
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right {systemic; ventricle zomeTines fa
postoperatively in these patients. 4

had described unsuccessful attempis TO perform an arTeri
swite operaticn in BevVen patients with transfer oI the le
coronary ostium to the pulmonary artery and use o a monk
lung as the oxvegenator. Jatene and colleagues In Brazil
achieved a major breakthrough in 1975, with the first
successful use of the arterial switch procedure, applying it
in infants with TGA & VSD (Jatene et al., 1976). Soon afzer,
Tacoub reported successful cases (Yacout et ail., 187 &
1877) . An important technical modification of the criginal
Jatense procedurs Las teen the demonszration oV Leconrpte and
colleagues that direct anastomosis of both Erea
without the inzerpesiticn of & tube graft is rossible when the
prlimorary artery pifurcaticon 1s ~ransferred in front of the

di

0

tal ascending acrtic arch (Lecompte et al., 1381).

As the arterial switch operaticn was evolving, the use
of a valved extracardiac conduit to effect the anatomic repalr
was alsc developed. This was described simultaneously SY Kave
and Stansel and earller by Damus and cclleagues and consists
5f division of the pulmonary +tyunk and anastomcsis of 1ts
proximal end with <the posterior aspect of +the ascerding
acrta. A vaived conduit is piaced tetween the right veatricle
and distal pulmenary artery. The left ventricle thus becomes
the systemic ventricle, the acrtic valve remaining closed
pecause of the higher upstream pressure. If a VSD is present,
it is closed (Damus e% al.. 18827.
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DEFINITION

Compiete Transpositiocn of Great Arteries is a congenital
cardiac aromaly 1n which the zorta arises entirely or in large
part from the morphological right ventricle and the pulmonary
artery arises entirely or in large part from the morphological

lef+ ventricle i.e. ventriculo-arterial discordant connection.

TERMINOLOGY

The wmodifying term “complete" transposition has come to

indicate that the transposed great arteries are

Hy

physioclegically uncorrected; systemic venous blocd lows
predominantly to the acrta and pulmonary venous blood fTo the
pulmonary artery. This contrasts the term "corrected” in
corrected +transposition I1.e. physiclogically corrected. It
should, however, be recognized that both the typically
rhysiclogically uncerrected and physiclogically corrected
transposition are ‘“complete <transpositions” 1i.e. both great
arteries are completely misplaced acreoss the ventricular
septum and arising from morphologically inaprrepriate
ventricles. (Paul M.H., 1883).

An  additional modifying term, "simple’, has been applied
to exclude from consideration hearts with complete
transposition having certain complex associated malformations

such as: tricuspid atresia, mitral atresia, common AV orifice,
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and univentricular hearts with <r without small cutlet chamber
"Complex TGA". This simple type of complete *transpeosition
includes transposition with intact ventricular septum,
ventricular septal defect (VSD) patent ductus arteriocus (TDA},
astraddling tricuspid orifice- wvalve, or left ventricular
cutflow tract obstruction (LVOTO) as deslignated by most
people. However, surgical papers often use the term simple or
isolated +transpcosition of the great arteries to designate a
subgroup cof TGA patients witk intact ventricular septum (IVS)

but without any other significant asscciated lesion. Hence
excluding large VD, ilarge FDa and significant left
ventricular outflow +tract obstruction ILVOTO). {Trusler et
al., 1880).
MOREHOLOGY
RIGHT VENTRICLE

The right ventricle {RV) is ncrmally positioned,

hypertrcphied and large. Its inflow and sinus portions are

essentially normal in their architecture. In abcut 30 % of
cases, there is a subaortic conus (infundibulum), and the
aorta is rightward and anterior and ascends parallel toc the
posterior and leftward pulmonary trunk. In such hearts there
is also an infundibular (conal) septum, which in the absence
of a ventricular septal defect (VSD) joins normally with the
ventricular septum between the limbs of the trabecula
septomarginalis (TSM). The infundibulum does not deviate to
the 1left as in the nocrmal hearts but projects directly
gsupericrly from the sinus porticn of the ventricle (Kirklin.
et al., 1886).

There is less wedging of the pulmonary artery between
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mitral and tricuspid valves in T34 than of the aocrza in normal
hearts. As a result, there is a larger area of coatiguity
between mitral and tricuspid valves than normally. 7

atrio-ventricular valves may be at virtually the same level,
anid the AV septum and the membrancus interventricular sepium
are +then smaller than usual or rarely, even absent (Anderson

et al., 1883).

In about 10 % of hearts with TGA and intact ventricular
septur {IVS) <the subaortic conus in the RV is absent c¢cr very

kypoplastic. The the aorta is either directly anterior or

T
arterloc and +o the left of the pulmonary artery origin, or
rarely, ©posterior. In a few 1instances. however, a posteriorly
claced &aorta Lis associated with & subasrtic conus. This

~cmbination may make the arterial switch operation difficult
{(Van Praagh et al., 1871).

LEFT VENTRICLE

The 1eft ventricle (LV) rarely contains an infundibulum
foonusy, +here usually being pulmonary - mitral Ifibrous
continulty comparable to the aortic - mitral continuity
present in the normal heart. In about 8 % of hearts with TGA
and most commonly in those with a V3D, a subpulmonary conus 1is
present in the left ventricle. The subpulmonary conus is
frequently stenctic. In the majority of these cases, the
acrta still 1lies anteriocrly and to the right but it may be
leftward or posterior (Van Doesburg et al.., 1983).

ATRIA

The atria are normally Zformed. Right atrial size is
tsually increased above normal, particularly when the
ventricular septum is intact in which case a patent foramen

ovale also exists.
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SPATIAL RELATIONGHIP AT
SEMILUNAR VALVE LEVEL

The possibtle positions 5f +the origin of <the great
arteries are nearly infinite around the 360 of a circle but

may be simplified as:

(1) Normal, with aorta to the right (in situs solitus) and to
the left [(in inversus) and somewhat postericr to the
pulmonary artery.

2) Asrza anterior o +he pulmonary artery. either directly or
somewhat t> the righ*t 7D- malpcsition).

[2) Acrta to the left of the pulmonary artery {L-malpositical.

&) Acrta cposterior to the pulmonary artery. Normally, the
great arteries tend to cress rather to run parallel. In
contrast, when the great arteries are malposed, their
first portions are usually parallel (De la Cruz et al.,
1876).

Almost any spatial relationship between Tthe Egreat
arteries at the semilunar valve level can be cobserved in the
patient with TGA and atrial situs solitus. The most commen
relationshi is +the aorta right- sided and anterior. The
great arteries can also be side- by- side or the acrta may be

to the left and anterior.

PULMONARY ARTERIED

The left ventricular outflow tract is gaually directed
toward the right pulmonary artery. Thus, bpeyond infancy,
there is usually asymmetric pulmonary biocd flow, with the
axis directed more toward the right lung than the left. This
octservation has Dbeen confirmed by pulmonary perfusion scans.

Aneurysmal dilation of the pulmonary arteries may be present,
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hut absence of the pulmonary valve iz rare. {Muster =1 =1
1876) .

The coronary arteries in TGA arise from the aortic
sinuses that face the pulmonary artery, irrespective of the
inter- relaticnships cf the great arteries. Thus the
noncoronary sinus is usually the anterior one. The right
coronary usually arises Ifrom the rightward posterior sinus and
the 1left coronary from the leftward postericr sinus. Both
usually have a ~ormal branching pattern, although nc*t
infrecuently the right coronary gives origin to circumflex
artery that passes *¢ the left behind the pulmonary artery.
(Rowlatt et al., 188Z;.

The variations of cororary artery anatonmy in hearts with
TGA are considerable and important to the surgecn when dcing
+the arterial switch operation. The right coronary arises from
the right sinus irn 80 % and from the left sinus in 10 % of
cases. The usual pattern of origin and distribution 1is
cresent in over €60 % of cases. Both coronary arieries arise
from +the right sinus (from a single or double ostium) in 10 %
of cases. (Goor et al., 1875). Yacocub et ai., classified the
different modes of origin and early branching of the coronary
arteries in TGA into 5 types based on his chservations during
anatomic correction. He suggested three techniques for tne
transfer of +these different types of coronary arteries during
arterial switch operation 1in order *c avoid undue tension,
torsion, or kinking of the proximal corcnary arteries or thelr
early btranches (Yacoub et al., 1878). Cf ccnsiderable

D]

potential significance in the atrial swiztch {Mustard ¥

C

Senning) operaticn is the course of the sirus ncde artery in

hearts with TGA. This artery usually arises from the right
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