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Abstract: Total superior vena cava (SVC) clamping for SVC replacement or repair can be used in thoracic

surgery. A bypass technique is an option to avoid hemodynamic instability and cerebral venous hypertension

and hypoperfusion. The present report describes a venous bypass technique using Anthron bypass tube

™

for total SVC clamping. Indications for this procedure include the need for a temporary bypass between the

brachiocephalic vein and atrium for complete tumor resection. This procedure allows the surgeons sufficient

time to complete replacement of SVC or partial resection of SVC without adverse effects. Further, it is a

relatively simple procedure requiring minimal time.
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Introduction

The replacement or repair of a patient’s superior vena cava
(SVC) can be challenging, as it requires the interruption
of the upper body venous return, which could lead to life-
threatening conditions if not appropriately managed.
SVC clamping and repair may be required in the context
of resections of non-small cell lung cancers (NSCLCs)
or mediastinal tumors. The procedure of SVC clamping
can cause an increase in cerebral venous pressure, a
reduction in venous return, and a reduction in cardiac
output. This can lead to hemodynamic deterioration,
airway edema, and brain damage. Prior to replacement of
the SVC, a temporary or permanent bypass from the left
brachiocephalic vein to the atrium can be performed to
avoid these issues. However, this strategy is not feasible
in cases in which the brachiocephalic vein is completely
implicated by the tumor. For these cases, a temporary
bypass between the right brachiocephalic vein and right
atrium can be used prior to SVC replacement. The present
report describes a venous bypass technique using Anthron
bypass tube ™ for total SVC clamping.
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Case presentation
Equipment

Anthron bypass tube™ (Toray Medical Co., Ltd., Tokyo,
Japan), which is made of polyurethane coated with
Anthron™', was used in this procedure. There are two types
of this catheter: straight and taper shaped. This catheter is
designed and frequently used for surgeries involving portal
vein resection or portal-venous bypass (1,2). Advantages
include avoidance of the need for systematic anticoagulant
drugs and easy access to vessels (3).

Surgical procedure

A 69-year-old man was referred to our department
with a suspected mediastinal tumor. Chest x-ray and
enhanced computed tomography showed a large tumor
with involvement of the SVC, left brachiocephalic vein,
pericardium and right upper lung lobe. In particular, the
tumor invaded more than 50% of the SVC circumference
and extended into the vessel lumen. The tumor occupied
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Figure 1 Pre-operative examinations. (A) Chest X-ray shows a
large mass in the left chest cavity; (B) chest computed tomography
shows that the tumor has invaded the lumen of right the cephalic
vein and superior vena cava; (C) positron emission tomography

reveals a strong uptake of fluorodeoxyglucose in the tumor.

the left thoracic cavity and caused left lung atelectasis
(Figure 1A4,B). Positron emission tomography (PET)
revealed strong uptake of fluorodeoxyglucose (FDG)
in the tumor (Figure 1C). Underlying renal dysfunction
was a contraindication to chemotherapy, and surgery was
performed without biopsy. Median sternotomy was done
with left cervical incision with cardiopulmonary bypass
on standby in case of hemodynamic instability during
operation. Although the large tumor occupied the entire
left cavity, the left lung was not implicated in the tumor and
remained inflated. However, the tumor had invaded the
left brachiocephalic vein and extended into the peripheral
left jugular vein and subclavian vein, thereby interfering
with bypass between the left brachiocephalic vein and the
right atrium that would otherwise have been used to reduce
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cerebral pressure prior to SVC replacement. Therefore,
total SVC clamping was necessary during replacement by
a synthetic graft. In this case, firstly, to avoid the initial
drop in cardiac output intravenous volume expansion was
performed and pharmacologic vasoconstrictors was used
before ligation of the peripheral left jugular and subclavian
veins. Secondly, the Anthron bypass tube™ (VVT-51160)
was chosen for bypass between the right brachiocephalic vein
and the right atrium to reduce cerebral pressure (Figure 2A).
Cerebral pressure was monitored by insertion of a catheter
into the right brachiocephalic vein. As shown in Figure 2B,
after total clamping of the SVC, hemodynamic status
became unstable and systolic blood pressure dropped to
75 mmHg, cardiac output decreased to 1.1 L/min and
brachiocephalic vein pressure increased up to 31 mmHg
despite establishment of a bypass using the Anthron bypass
tube™ between the right brachiocephalic vein and the right
atrium. The blood flow in the Anthron bypass tube™ may
not have been sufficient to maintain stable hemodynamics.
This issue was solved by shortening the tapered Anthron
bypass tube" by cutting it, which allowed the blood flow
to increase. The adjustment of the length of Anthron
bypass tube™ by repeated clamping and de-clamping of
the SVC required 76 minutes. Eventually, tumor resection
combined with resection of the left brachiocephalic
vein, SVC, pericardium and left phrenic nerve were
performed in this case. The SVC was replaced with a
12-mm polytetrafluoroethylene graft with rings (Figure 2C)
and the replacement of SVC required 56 minutes
in total. The tumor was diagnosed as a sarcomatoid
carcinoma originating from the thymus. There were some
postoperative complications, which were atrial fibrillation
and bilateral pleural effusion 23 days after the operation,
however this was relieved by medication and drainage
and the patient had no swelling of his extremities. The
patient was discharged from the hospital 30 days after
the operation. This patient was followed up, however,
pulmonary metastasis was detected three months after the
operation. Chemotherapy treatment was administered,
however the patient died fifteen months after the operation
due to tumor progression.

Discussion

The replacement or repair of a patient’s SVC is often
required in cases of advanced mediastinal tumor or lung
cancer (4). The standard procedure for replacement of the
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Figure 2 Operative findings. (A) Picture of setup for superior vena cava replacement. Anthron bypass tube™ is used to bypass between the

right brachiocephalic vein and right atrium to reduce cerebral pressure. Asterisk indicates the right lung, black arrow indicates the right

brachiocephalic vein, and white arrow indicates the right atrium; (B) hemodynamic status during the operation; (C) picture of superior vena

cava after reconstruction. Asterisk indicates the right lung, black arrow indicates the right brachiocephalic vein, and white arrow indicates

the right atrium.

SVC is partial clamping of the SVC for direct repair or to
establish a bypass between the left brachiocephalic vein
and the right atrium before replacement of the SVC (5).
In rare cases in which it is not possible to use the left
brachiocephalic vein for bypass, SVC replacement with
resection of the left brachiocephalic vein, using the Anthron
bypass tube™ as a temporary bypass provides an effective
option for advanced tumors. SVC reconstruction has been
performed safely in 45 minutes of total SVC clamping,
however, it is difficult to predict the exact time of total SVC
clamping (6). In this regard, a temporary bypass could be
a useful tool to reduce risk. On the other hand, unilateral
brachiocephalic ligation is acceptable and commonly
performed in the thoracic surgery because ligation of the
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unilateral brachiocephalic vein is physiologically tolerated.
However, usually we ligate left brachiocephalic vein only
because unilateral left brachiocephalic vein reconstruction is
not recommended because of the high thrombosis risk (7).

Anthron bypass tube'" was designed for portal vein
bypass, its inner and outer surfaces are coated with heparin.
Therefore, systematic heparinization is not required when
using the Anthron bypass tube™. This is helpful to reduce
the risk of intraoperative bleeding, especially as resection of
advanced tumors tends to result in more bleeding compared
to other procedures. Another advantage is that the Anthron
bypass tube ™ is easy to use, it simply requires insertion into
the vessel with a purse-string suture.

In this case, the brachiocephalic vein pressure was
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measured, which approximates intracranial venous pressure.
Immediately after insertion of the Anthron bypass tube™
and total clamping of the SVC, the brachiocephalic vein
pressure increased to approximately 40 mmHg, which is
excessive for intracranial venous pressure. After cutting
the edges of the Anthron bypass tube'™, the pressure
decreased to approximately 25 mmHg, which is a significant
improvement but still relatively high. The Anthron bypass
tube™ was designed specifically for portal vein bypass,
particularly to increase the blood flow in the portal veins
[13.45+3.20 mL/min/kg (8), which is less than the SVC
blood flow (1617 mL/min, calculated as one-third of the
venous return into right ventricle (50 mL/kg/min)] and
flow velocity is about 35.2+7.3 mL/min during systole (9).
25 mmHg in the right brachiocephalic vein is sufficient
to permit replacement of the SVC using a synthetic
graft. Cutting the edges of the Anthron bypass tube ™
was effective towards increasing blood flow. Additionally,
during this procedure, intraoperative cerebral oxygen
delivery using noninvasive cerebral oximetry was helpful for
monitoring the incidence of cerebral damage (10).

As an alternative procedure, a Swan-Ganz sheath catheter
has been used as a bypass between the right brachiocephalic
vein and the femoral vein (11). This procedure prevented
the occurrence of hemodynamic instability and upper
body venous hypertension despite the required dose of
noradrenaline increasing during the procedure.

As a last resort, if it is not possible to stabilize the
hemodynamics using SVC clamping, cardiopulmonary
bypass through the femoral artery and vein is possible. In
this case, the SVC replacement using the Anthron bypass
tube™ was performed with the cardiopulmonary bypass
procedure on standby. However, as cardiopulmonary bypass
tends to cause adverse effects such as systemic inflammatory
response, destruction of blood cells, numerous emboli
and organ dysfunction (12), the SVC clamping using
the Anthron bypass tube™ could be considered prior to
considering using a cardiopulmonary bypass.

SVC clamping may be a useful option for cases of advanced
thoracic tumors invading the SVC and, in particular, for
tumors invading the peripheral brachiocephalic vein. This
procedure provides surgeons with sufficient time to complete
replacement of SVC with a minimum of adverse effects.
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