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ardiac Transplantation in Situs Inversus: Two Cases Reports

.L. Chang, J. Wei, C.-Y. Chang, Y.-C. Chuang, and S.-H. Sue

ABSTRACT

The challenge of heart transplantation in patients with situs inversus is reconstruction of
the systemic venous return. Herein we have presented 2 cases of complex congenital heart
disease with atriovisceral situs inversus. Both of the patients shared many common cardiac
anomalies, such as a single ventricle, a single AV valve with severe regurgitation, and
severe pulmonary stenosis. We completed the venous connection in 2 different ways. In the
first case, the donor inferior vena cava (IVC) was anastomosed to the recipient left-sided IVC
directly, making the heart slightly counterclockwise rotated. In the second case, the IVC

venous reconnection was accomplished by a composite conduit made of recipient right atrium.
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EART transplantation is one therapeutic option for
complex congenital heart disease. In patients with

itus inversus, the challenge of heart transplantation is
econstruction of the systemic venous return.1– 4 The left-
ided original vena cava has to be rerouted to the right-
ided donor conduit. To earn more space for the inferior
ena cavae (IVC) reconstruction, the choice of the site of
enous cannulation is important. Herein we have presented
 cases of complex congenital heart disease with atriovis-
eral situs inversus. Both patients developed heart failure in
dolescence: 1 patient was 18 and the other patient was 16
ears old. Both subjects shared many common cardiac
nomalies, such as a single ventricle, a single atrioventric-
lar valve with severe regurgitation, and severe pulmonary
tenosis. Except for the bilateral superior vena cava (SVC)
n the first patient, their diagnoses were almost the same.

e completed the venous connection in 2 different ways.

ASE REPORT 1

n 18-year-old woman had been diagnosed with situs inversus of
he viscera and atrium as well as complex congenital heart disease
ince birth. The anomalies included a single ventricle with dextro-
adia, a transposition of great arteries (d-TGA), severe valvular
ulmonary stenosis, a ltlift aortic arch, and bilateral SVC. She had
ndergone a modified Blalock-Taussig shunt created over the right
ulmonary artery when she was about 1 year old. It was not until
xertional dyspnea, cyanotic lips, and lower leg edema developed
or 3 months that she went to a local hospital for case 1care. Under
he impression of a gradually stenotic shunt and congestive heart
ailure, she was referred to our hospital for heart transplantation.

The preoperative EKG revealed normal sinus rhythm. All labo-
atory data were within normal limits except the hematocrit level
as 58% and the room air oxygen saturation was 90%. Echocar-
iography disclosed a moderate pericardial effusion, globally im-

aired ventricular function, and a complex congenital malforma- T
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ion, which included situs inversus of the atria with the apex to the
ight. Bilateral SVC individually joined into a left-sided right
trium. Both atria connected to a single morphological left ventri-
le. The aorta was located anterior and to the right of the
ulmonary artery. The main pulmonary artery displayed significant
alvular stenosis. A modified Blalock-Taussig shunt created over
he right pulmonary artery was patent with stenotic turbulence. The
orta descended in the left side of the spine. The cardiopulmonary
unction test showed MVO2/kg to be 12.7 mL/kg/min. The abdom-
nal sonogram showed visceral situs inversus, splenomegaly, bilat-
ral symmetric liver, and ascites. A suitable donor was located on
ovember 5, 2005. The patient underwent emergency orthotopic
eart transplantation.

rocurement of Donor Heart

he donor heart was excised using the standard procedure. To
btain sufficient tissue for a systemic venous reconstruction, the full

ength of SVC and innominate vein were retained with the heart.
he aortic arch was harvested along with the heart. The excessive

issue between the orifices of the 4 pulmonary veins was incised as
sual. The left atrium was cut into a proper size. The right atrium
as not opened because systemic venous reconstruction would be
ccomplished by direct vena cavae anastomoses.

eceipient Operation

ia a Median sternotomy 1 arterial line was built over the
scending aorta. Venous drainage was established by 2 cannulae.
he upper venous cannula was inserted into the left SVC. To earn
ore space for IVC reconstruction, the lower 1 was cannulated in
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CARDIAC TRANSPLANTATION IN SITUS INVERSUS 2849
he left femoral vein. The IVC was snared and the aorta cross-
lamped. The recipient heart was removed. The recipient’s mor-
hological right atrium was then converted into a tunnel by
uturing the free wall of right atrium to the atrial septum. With the
eart positioned like a mesocardia, transplantation was started by
onnecting the donor left atrium to the recipient left atrium. After
he atrial anastomosis was accomplished, the donor IVC was
onnected to the recipient IVC directly. The left pleura was incised
o allow the apex to rotate into the left pleural space. The patient
ad bilateral SVC. At first, we connected the donor SVC to the
ecipient right SVC and ligated the left SVC. The aortaelosses of
onor and recipient were anastomosed end-to-end, as were the
ulmonary arteries. After the aorta was declamped, engorgement
f the left SVC was noted. Due to the suspicion of poor venous
eturn, we used a 12-mm Dacron graft to create a shunt between
he left SVC and the IVC (Fig 1). Unfortunately, low cardiac
utput developed. Therefore, we inserted an extracorporeal mem-
rane oxygenation (ECMO) system and vented the left ventricular
hrough the aorta and left femoral vein. Intraaortic balloon pump-
ng (IABP) was inserted through the right femoral artery. Despite
smooth operative procedure, it took us many hours to control the
leeding.
After transplantation, the hemodynamics gradually became sta-

le. Both IABP and ECMO were removed on postoperative day 3
ollowed by extubation from the ventilator. Left ventricular ejec-
ion fraction up to 55% was observed on echocardiography. On
ostoperative day 6, the patient was ambulatory. Two days later,
he suddenly collapsed while eating. Despite reintervention of
CMO and IABP, the patient died on postoperative day 33.

ig 1. In case 1, the donor SVC was connected to the recipient
ight SVC. The donor IVC was anastomosed to recipient IVC
irectly. Then venous return from donor left SVC was rerouted by
a12-mm Dacron graft to IVC.
ASE REPORT 2

16-year-old boy was referred for intractable paroxysmal su-
raventricular tachycardia (PSVT) and ventricular dysfunction. He
as known to have situs inversus and complex congenital heart
isease since birth. The anomalies included mesocardia, d-TGA, a
ingle ventricle, a common atrio-ventricular valve with severe
egurgitation, a subpulmonary stenosis, and a right aortic arch (Fig
). The physical examination revealed clubbing of the fingers,
yanotic lips, and a loud heart murmur throughout both systole and
iastole. All laboratory data were within normal limits except the
ematocrit level was 52% and the PaO2 was 80 mm Hg. Because of
requent attacks of PSVT and poor heart function during the past
alf year, he became increasingly limited and was placed on the
ransplant waiting list.

During 1 episode of PSVT, he was sent to our emergency room
n August 15, 2006. Although the heart rhythm had been success-
ully reversed into sinus rhythm with medicine, profound shock
ccurred, followed by hepatic failure and renal failure. An ECMO
as implanted to correct the low cardiac output. Within 1 week, the
eart regained its viability and the boy’s consciousness returned.
ubsequently, we failed every time we tried to wean him off the
CMO. During this period, he developed septicemia, fungemia,

enal failure, and hepatic failure. It was not until 3 weeks later that
e located a suitable donor. The technique of donor heart pro-
urement was the same as the first case, but we implanted the heart

Fig 2. The original heart of case 2.
different way.
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2850 CHANG, WEI, CHANG ET AL
ecipient Operation

e instituted cardiopulmonary bypass through the ascending aorta,
eft femoral vein, and left SVC. After the IVC was snared and the
orta cross-clamped, the recipient heart was removed along the AV
roove. Both atria were cut into proper size. The morphological right
trium was trapped into a tunnel connecting the systemic venous
eturn. We took 1 piece of discarded atrial-free wall, wrapped it, and
onverted it into a conduit that was 4 cm in diameter and was used as

bridge of the donor IVC to the recipient IVC (Fig 3). Heart
mplantation was begun with a left atrial anastomosis, followed by IVC
onnection to the conduit, then the pulmonary artery anastomosis,
nd the aortic anastomosis. The donor’s innominate vein was con-
ected to the recipient SVC in an end-to-side manner. Due to the

imited length, the innominate vein lay between the aorta and the
ain pulmonary artery. We interposed a titanic ring to avoid com-

ression of the vein (Fig 4). With these anastomoses, the heart sat in
he mediastinum in the normal left-sided position.

ECMO was weaned off on the operative day. With the aid of
emodialysis and Molecular Adsorbent Recirculating System
MARS, Teraklin GmbH, Rostock, Germany), renal and hepatic
unction recovered gradually over the following days. Creatinine
evel decreased from 5.3 to 1.1 mg/dL, total bilirubin reduced from
4 to 2.3 mg/dL, ammonia decreased from 85 to 25 mg/dL. The
atient was in excellent condition. Unfortunately, on the 12th

ostoperative day, he suddenly developed a seizure and lost
onsciousness. Brain computed tomography (CT) showed a large
erritory left middle cerebral artery hemorrhagic infarction. Al-
hough we performed emergency craniotomy to remove the hema-
oma, the patient never regained consciousness. He died 2 weeks
ater with good heart function. The cause of brain hemorrhage was

ig 3. In case 2, the donor innominate vein was connected to
he recipient SVC directly. A piece of RA-free wall was enrolled
nto a conduit (pointed by the black arrow), served as a bridge
ietween donor and recipient IVCs.
septic embolus seeded during the fungemia before heart trans-
lantation. Total survival was 24 days.

ISCUSSION

econstruction of the mirror image systemic and pulmo-
ary venous pathways remains the essence of cardiac trans-
lantation in situs inversus patients. According to the
revious literature, many authors have described a variety
f extracardiac and intracardiac channels to correct the
enous return. Doty et al used an incised pericardium and
art of the diaphragm to reroute the IVC venous return
ack to the donor heart1 Rubay et al used an aortic
omograft to create a composite conduit between donor
nd recipient SVCs.4 Some authors created 2 intracardiac
affles from left-sided atrial tissue and rerouted the SVC
nd IVC back to the donor right atrium.5 In our first case,
e used the method of Cooper et al to connect the donor
nd recipient IVC directly, giving the heart a bit of a
ounterclockwise rotation,2 which was the possible reason
or the patient to develop a heart twist and the sudden onset
f shock at the first ambulation.
In our second case, we used an extended length of donor

ig 4. Due to limited length, the innominate vein lay between
he aorta and the main pulmonary vein. We put a titanic ring to
rotect the innominate vein from external compression.
nnominate vein to connect to the recipient SVC. Being
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CARDIAC TRANSPLANTATION IN SITUS INVERSUS 2851
fraid of external compression by the pulmonary artery, we
sed a titanic ring to protect the vein. In addition, we took a
iece of right atrium-free wall, rolling it into a composite
ubular graft. The autogenous conduit served as a bridge
etween donor and recipient IVC, thus allowing the heart to
e placed in a normal left-sided position. The vascular endo-
helial surface of the RA-free wall conduit was superior to a
rosthetic graft.5 Although long-term patency could not be
bserved, the autogenous conduit is still be our choice for the
ext patient.
In conclusion, situs inversus and a single ventricle in

atients with cardiac transplantation remains exceptionally
are.6 This subset of patients represents a small group of
andidates. Using a conduit made of autogenous RA-free
all may solve the problem of venous reconstruction.
areful preoperative planning may shorten the operative
ime and achieve success. m
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