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Surgical management of renal cell carcinoma (RCC) with tumor thrombus (TT) extending
into the inferior vena cava (IVC) and up to the hepatic veins and right atrium (RA)
continues to be problematic and a challenging surgical operation. It becomes even
more complicated when performing a re-sternotomy and cardiopulmonary bypass (CPB)
in patients with previous coronary artery bypass grafting (CABG). Here, we report on
two patients with previous CABG who presented with RCC and TT extending into
the hepatic vein and above the diaphragm. These two patients underwent successful
surgical resection and TT thrombectomy without the need of CBP. Recommendations are
made for successfully accomplishing such surgical resections, including adequate prior
preparation for the possible need to perform re-sternotomy and CPB with a coordinated
team effort.

Keywords: renal cell carcinoma, tumor thrombus, right atrium, cardiopulmonary bypass, coronary artery bypass
grafting, thrombectomy

INTRODUCTION

Renal cell carcinoma (RCC) infrequently extends into the renal vein and inferior vena cava (IVC)
(1, 2), and surgical removal is the mainstay treatment of this complex tumor (3, 4). To our
knowledge, there are no surgical approaches or techniques described for surgical management
without using cardiopulmonary bypass (CPB) of large renal masses with tumor thrombus (TT)
inferior and superior to the diaphragm in patients with a previous coronary artery bypass
graft (CABG).

We herein report two patients with RCC, one with TT inferior to the diaphragm, and the
other with TT superior to the diaphragm but inferior to the right atrium. Both patients had prior
CABG, for 2 and 3 vessel coronary artery disease (CAD), respectively. Redo sternotomy due to
prior CABG is technically difficult to perform, as adhesions and risk of injury to critical structures
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closure or reconstruction of the IVC.

FIGURE 1 | Drawing showing abdominal removal of renal cell carcinoma with level llld tumor thrombus (TT) (supradiaphragmatic, infraatrial extension). (A) The
abdominal inferior vena cava (IVC) is exposed by mobilizing the liver off the retrohepatic IVC. (B) The central tendon of the diaphragm and IVC are dissected off the
posterior abdominal wall (dotted lines). The right atrium, distal IVC, porta hepatis and left renal vein are clamped. (C) If the tumor thrombus cannot be milked
downward below the major hepatic veins (MHVs), then the tumor thrombus is removed from the intrapericardial IVC to below the MHVs and the upper cava is closed.
A vascular clamp is repositioned below the MHVs, and the porta hepatis clamp is released permitting hepatic venous drainage during the removal of the TT and

TABLE 1 | Perioperative characteristics of Patient #1 and Patient #2.

Patient #1 Patient #2
Preop
Age (years) 56 68
Reason for CABG/Timing 2 Vessel CAD/1 3 Vessel CAD/8 Years
prior to presentation for Year
renal cell cancer
Clinical diameter (cm) 5 6.5
Tumor thrombus llb hepatic llld supradiaphragmatic
infra-atrial
Intraop
Pringle’s Maneuver No Yes
Blood transfusion 3U PRBCs 2U PRBCs
Estimated blood loss (cc) 1,000 1,200
Postop
Pathological diameter (cm) 7 5
Pathological staging pT3b Nx MO pT3b Nx MO

No noticeable recurrence or
metastasis during the
3-years follow-up period.

Bone metastasis
and died at 1-year
post-surgery.

Follow up

CABG, Coronary artery bypass graft; CAD, Coronary artery disease; PRBCs, Packed red
blood cells; U, unit.

Perioperative characteristics of both patients are summarized
in Table 1.

DISCUSSION

RCC that includes TT requires challenging and complex surgery
for its removal usually via a multidisciplinary team approach.

Dealing with RCC and TT either below or above the diaphragm
forced us to think how to resect them without using CBP (9, 10).
The goal was to avoid sternotomy and complications related to
CPB (11). Redo sternotomy due to prior CABG is technically
challenging, because of increased risk of adhesions and injury to
critical structures (5).

There have been reports of two other patients having RCC and
the presence of CAD (12, 13), including one RCC case with TT
extending into the RA in a patient with previous sternotomy (13),
with good outcomes observed in both patients. Our patients were
different in that we were able to remove the TT below and above
diaphragm without CPB as previously described (9, 10), and our
surgeries were also successful.

However, no advanced plans were made in case one or both
of our patients had pulmonary emboli or if the TT could not
be resected via the abdominal approach. After critical review,
we plan to follow a preparatory surgical strategy of placing a
venous cannula via the right internal jugular vein into the RA.
Once the abdomen is opened, we will place a purse string into the
distal IVC and abdominal aorta. The distal IVC will be used as
long as it is not obstructed by the TT or bland thrombus (14).
If the TT embolizes to the pulmonary artery (PA), the patient
will be immediately heparinized, and CPB will be initiated by
cannulation of the aorta, IVC, and internal jugular vein. A re-
sternotomy will then be performed, dissecting the heart, allowing
access to the PA and right atrium. If there is tumor in the RA,
then the internal jugular cannula will be removed from the RA
and then placed in the superior vena cava (SVC), snaring the
SVC. Once the RA is opened, the TT can be removed from
the abdomen. The main PA is then opened, and the tumor
emboli are removed as previously described (15). If the tumor
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is confined to the RA, an alternative to performing sternotomy
is to open the RA via a small right thoracotomy, which allows
for the TT removal. A drawback to this technique is that if the
tumor embolizes to the main PA, the use of a sternotomy may
become necessary.

Aggressive surgical management of RCC with TT extending
into the IVC and RA is currently the only treatment modality
able to achieve any long-term survival in these patients (4),
and previous CABG should not be a limiting factor in the
surgical decision.

Removal of RCC with extension of TT into the retrohepatic
IVC and up to the RA continues to be an operative challenge. We
described our organ transplant-based approach in dealing with
RCC and TT via a trans-abdominal approach using a modified
Chevron incision with avoidance of CPB (1, 9, 10). Recently,
Gill et al. described a case report of resection of RCC/TT level
IV using the robotic surgery assisted with mini-thoracotomy
(16). The two patients described here benefited from this surgical
approach, but their clinical outcomes could have been different
if there was any indication for sternotomy such as sudden onset
of uncontrollable bleeding, pulmonary tumor thrombus emboli
and/or the requirement to emergently place the patient on CPB.
Moreover, large intracardial TT thrombus may be too difficult
to be removed without sternotomy (6, 9, 10). Our approach is
always to start and remove the TT transabdominally. We will
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