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A Persistent Left-Sided Superior Vena Cava With Agenesis
of the Right Superior Vena Cava in a Patient Who
Underwent Liver Transplantation: A Case Report
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Abstract

The persistent left-sided superior vena cava (PLS-SVC) is the most
frequent congenital anomaly of the mediastinal veins system. The
concomitant agenesis of the right-sided superior vena cava (RS-SVC)
is much less frequent. This variant is often discovered incidentally
and could be mistaken for other findings or complicated intravascu-
lar accesses. A 29-year-old Caucasian woman presented with a de-
compensated autoimmune cirrhosis and hyperbilirubinemia. After a
successful liver transplantation, a central venous catheter (CVC) was
placed through the right jugular and a chest X-ray examination dem-
onstrated its position into the left subclavian vein. After some days,
it has been replaced by another CVC positioned from the left jugular
vein. Using ultrasonography during the positioning maneuvers, we
observed the metallic guide of the CVC in what seemed to be the
dilated coronary sinus (CS). Subsequent chest X-ray examination
demonstrated the catheter’s tip in the left paramediastinal position.
In order to confirm the catheter’s exact position, we chose to inject
contrast medium through the CVC under fluoroscopic guidance; the
examination confirmed the presence of a PLS-SVC. These findings
were also visible in a computed tomography (CT) examination previ-
ously performed in another hospital, which demonstrated the agenesis
of the RS-SVC as well. We demonstrated a rare case of young patient
with a PLS-SVC and agenesis of RS-SVC who underwent major sur-
gery (liver transplantation) without any intra- or post-operative com-
plications, even if advanced venous accesses with high flow catheters
were used.
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Introduction

Persistent left-sided superior vena cava (PLS-SVC) is the most
common venous mediastinal variant with a prevalence esti-
mated approximately of 0.3-0.5% in the general population [1,
2] and of 4% in patients with congenital heart diseases [3]. In
90% of cases, the superior vena cava (SVC) is bilateral. Agen-
esis of right-sided SVC (RS-SVC) is uncommon (10-17% of
cases with PLS-SVC). PLS-SVC typically (in 90% of cases)
drains into the right atrium via coronary sinus (CS) which is
easily recognized as dilated by echocardiography. Alternative-
ly, it can drain into the inferior vena cava, a hepatic vein or
into the left atrium directly, via CS or through the left superior
pulmonary vein. Left atrial drainage and the absence of RSVC
are more frequently associated with congenital heart diseases.

Embryology

During embryonic life, the cardinal veins represent the main
venous drainage system of the embryo. The cephalic part of the
embryo is drained by the two anterior cardinal veins and the
rest of the embryo is drained by the posterior cardinal veins.
Before entering the sinus horn and, subsequently, the embry-
onic heart, the anterior and posterior veins unite to form the
short right and left common cardinal veins. During the eighth
week of gestation, the anterior cardinal veins anastomose al-
lowing blood to drain from the left anterior cardinal vein into
the right anterior cardinal vein. This anastomosis grows and
ultimately forms the left brachiocephalic (innominate) vein.
The part of the left anterior cardinal vein distal to the brachio-
cephalic anastomosis becomes the “left internal jugular vein”
and unites with the “left subclavian vein” from the develop-
ing upper limb. The caudal portion of right superior cardinal
vein forms the normal RS-SVC. The part of the left anterior
cardinal vein proximal to the anastomosis normally regresses/
atrophies to become “the ligament of Marshall” (Fig. 1b). Fail-
ure of this normal regression leads to a persistent left-sided
vascular structure (the PLS-SVC) that, in most cases, empties
into the CS. The innominate vein may or may not degenerate,
so a bridging innominate vein may or may not be present. An
absence of the innominate vein associated with PLS-SVC oc-
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Figure 1. Precardinal/anterior cardinal vein developmental process (image taken from Phlebolymphology. Vol. 19, No. 4, 2012).

curs in 65% of cases.

The insertion of the PLS-SVC is also variable. In 90% of
cases, the PLS-SVC drains into the right atrium via the CS
without any hemodynamic consequence. In the rest 10% of in-
dividuals, it may drain into the left atrium resulting in a slight
right-to-left shunt; in that case, if other anatomical variations
are associated (such as absence of the RS-SVC), the resulting
shunt may be of greater amount. In case of PLS-SVC, azygos
veins may be reversed: the hemiazygos vein (the remnant of
the proximal part of the left posterior cardinal vein) located
on the left can be hypertrophic and drain directly into the left-
sided SVC, in the way that a normal azygos vein (the remnant
of the proximal part of the right posterior cardinal vein) would
drain into the SVC on the right side [4, 5].

Case Report

A 29-year-old woman was transferred to our hospital with de-
compensated autoimmune cirrhosis and hyperbilirubinemia
(MELD 28 ¢ Child Pugh score C12). Two weeks after hospi-
talization, the patient underwent liver transplantation. Before

Figure 2. The white arrow demonstrates the tip of the CVC apparently
in the left subclavian vein.
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the intervention, a central venous catheter (CVC) was placed
via the right jugular vein. An antero-posterior chest X-ray ob-
tained subsequently described the tip of the CVC (white ar-
row) as placed “in the left subclavian vein” (Fig. 2).

Three days after, the patient showed signs of infection at the
site of access of the CVC, thus it was replaced with another one
in contralateral position, via the left jugular vein. The difficulty
in establishing a valid central venous access prompted further
investigation. We used ultrasonographic guidance to confirm
the correct position of the metallic guide of the CVC in the left
jugular vein. During the positioning, we noticed that the CS (*)
was dilated. Furthermore, once the catheter was inserted, its tip
appeared to be directly into the CS (Fig. 3, white arrow).

A blood gas measurement directly from the CVC revealed
normal venous pCO, and pO, values. Despite the unclear po-
sitioning, the CVC was placed and we decided to control its
position radiographically. An antero-posterior chest X-ray ob-
tained subsequently revealed that “A CVC was placed via the
left jugular vein and its probe tip was projected over the left
heart chambers probably as a result of a PLS-SVC” (Fig. 4).

The differential diagnoses of a venous catheter projected
over a left paramediastinal position are the following: 1) Ve-
nous position: left-sided SVC, left internal thoracic vein, left
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Figure 3. Ultrasonographic imaging demonstrating the metallic guide
of the CVC (white arrow) in a dilated coronary sinus (*).
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Figure 4. The black arrow demonstrates the tip of the CVC, apparently
in the PLS-SVC.

superior intercostal vein, left pericardiophrenic vein. 2) Arte-
rial position: left carotid artery to descending thoracic aorta. 3)
Extravascular position: directly into the mediastinum, into the
pleural space.

We decided to inject water-soluble radiographic contrast
medium (Iohexol, OMNIPAQUE™ 350) through the CVC un-
der fluoroscopic guidance to determine in which vein the CVC
was placed. Early opacization of the pulmonary artery shortly
after the injection (white arrow) revealed that the probe’s tip
was placed in the PLS-SVC which drained into the right atri-
um (Fig. 5).

A closer look in the computed tomography (CT) exami-
nation previously performed in another hospital, not available
until then, revealed not only a PLS-SVC, but also the absence
ofthe RS-SVC (Fig. 6). In particular, the right innominate vein
(1) drained into the PLS-SVC (3) via a bridging vein (the right
brachiocephalic vein crossing the midline) (2). The PLS-SVC
drained subsequently firstly into the CS (4) and then into the
right atrium (5). Note the severe dilation of the CS (4) which

received blood from the head and the upper limbs (Fig. 6).
These findings were not mentioned in the CT report.

Another interesting finding was that the hemiazygos vein
(6) on the left side was hypertrophic and drained directly into
the PLS-SVC just like a normal azygos vein would do on the
right side in presence of an RS-SVC (Fig. 7).

Discussion

PLS-SVC is the most common congenital thoracic venous
anomaly, with a prevalence of 0.3-0.5% in the general popula-
tion [6].

Commonly, the persistence of PLS-SVC results in the
presence of both left and right SVCs. In some rare cases, the
caudal right superior cardinal vein regresses, leading to an
absent RS-SVC with PLS-SVC; if this occurs, the PLS-SVC
drains all the blood from cranial part of the body.

The persistence of the left SVC may have some implica-
tions in clinical practice, warranting the need to investigate its
presence when in doubt. An increased risk of complications
during positioning of CVCs, Swan-Ganz catheters and pace
makers in the PLS-SVC has been reported. The manipulation of
a CVC in or through the dilated CS can be complicated by hy-
potension, angina, thrombosis and cardiac arrest [7]. There may
also be a higher incidence of arrhythmias in these patients [8].

Interestingly, in this case, the patient has undergone ma-
jor abdominal surgery (liver transplantation) without any
complications related to the manipulation and use of a CVC
in the PLS-SVC. A Swan-Ganz catheter was not positioned,
but a standard CVC was positioned pre-operatively in the right
jugular vein. Furthermore, a rapid infusion system (RIS) has
also been used intra-operatively through an advanced venous
access (AVA) high flow catheter also placed in the right jugular
vein, with no adverse consequences despite the high rates of
infusion.

The patient also underwent three separate attempts of po-
sitioning a valid central venous access during her stay in the in-
tensive care unit. The attempts were all marred by complicated
positioning, with chest radiography reporting progression of

Figure 5. (a) Injection of contrast medium directly from the CVC into the dilated CS. (b) Early opacization of the pulmonary artery

demonstrates that the PLS-SVC drains into the right atrium.
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Figure 6. On the left: CT axial view of the PLS-SVC and the right brachiocephalic vein crossing the midline. On the right: the

dilated coronary sinus.

the catheter from the right jugular to the left subclavian vein
in the first two attempts. The third attempt was made from the
contralateral side, using the left jugular vein as access point.
Furthermore, ultrasonography has been used in order to con-
firm correct positioning. During the maneuvers, the metallic
guide was observed in what appeared to be the CS, extremely
dilated; despite this finding, the catheter was placed and a chest
X-ray was requested to confirm the exact position.

As with this case, diagnosis of PLS-SVC is usually an
incidental finding. Positioning through the left internal jugu-
lar vein demonstrates a typical unusual course of the catheter
on the chest X-ray which often prompts further investigation.
Transthoracic echocardiography almost always reveals a dilat-
ed CS and the diagnosis is conventionally confirmed through
the use of saline contrast echocardiography (commonly known
as “bubble test”). In case of PLS-SVC, early CS opacification
(before the right atrium) is observed when a saline contrast is
injected in the left brachial vein. In our case, since the antero-
posterior chest X-ray was not enough to evaluate the exact
position of the catheter, fluoroscopy was elected to validate
the ultrasonographic finding, confirming the placement of the
catheter in the PLS-SVC.

Conclusion

An unusual course of the CVC on the chest X-ray associated
with the presence of a dilated CS on echocardiography should

alert the clinician towards the possibility of PLS-SVC. The di-
agnosis can be usually confirmed by saline contrast echocar-
diography (bubble test). The presence of a PLS-SVC certainly
presents technical difficulties, but does not usually preclude in-
sertion of catheters. The additional associated risks should be
taken in consideration and demand more attention during the
manipulation of the catheters. It must be noted that in this case
the usual preoperative screening done in potential liver trans-
plant receivers failed to detect this anomaly and the patient
underwent a very intensive surgical procedure without an ac-
curate analysis of the venous vasculature. Furthermore, alter-
native access sites should probably be considered in presence
of PLS-SVC as the possibility of complications during the
placement of catheters in that case is well documented. This
case report emphasizes the need for accurate pre-intervention
investigation in order to determine the presence of vascular
anomalies, especially in cases of major surgery such as, in our
case, a liver transplantation.
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