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Abstract

Objective: We investigated the safety and effectiveness of a modified transabdominal approach

for renal cell carcinoma (RCC) with a supradiaphragmatic inferior vena cava (IVC) tumor throm-

bus (TT).

Methods: Eight patients underwent radical nephrectomy with removal of a supradiaphragmatic

IVC-TT through an abdominal incision using a transdiaphragmatic approach in Peking University

Third Hospital from April 2015 to January 2018. We modified this technique using a Foley

catheter balloon to avoid piggyback liver mobilization.

Results: All patients underwent successful operations. The median operative time was 7 hours

23 minutes. The median estimated blood loss was 2963 mL. All patients received a blood trans-

fusion with a median blood infusion volume of 2162 mL. Two patients with Budd–Chiari syn-

drome developed postoperative ascites and hydrothorax due to non-watertight repair of the

diaphragm. During a follow-up of 11 to 44 months, only one patient died of liver metastasis and

four patients developed distant metastasis without recurrence in the IVC.
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Conclusions: The modified transabdominal approach described herein has an encouraging safety

profile and provides a surgical option for treatment of RCC with a supradiaphragmatic IVC-TT.

More evidence concerning the beneficial role of this procedure will be elucidated in further

studies.
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Introduction

Although enormous efforts have been made
in the screening and diagnosis of renal cell
carcinoma (RCC), the incidence of locally
advanced RCC remains high. A tumor
thrombus (TT) develops in up to 10% of
patients with RCC, and less than 1% of
these extend into the inferior vena cava
(IVC) above the diaphragm.
Supradiaphragmatic tumor thrombectomy
is technically challenging and fraught with
high risk and frequent complications.1

Recent studies have demonstrated that sys-
temic and molecular targeted therapies pro-
duce minimal and limited clinical effects in
reducing the tumor burden; thus, surgical
resection remains the primary therapeutic
regimen.2–4

In patients with a supradiaphragmatic
IVC-TT, cardiopulmonary bypass (CPB)
with or without deep hypothermic circula-
tory arrest (DHCA) is still the standard sur-
gical regimen. Unfortunately, these
approaches may increase the rates of peri-
operative morbidity, mortality, and certain
known complications such as coagulation
disorders and neurological complications;
the perioperative mortality rate may be as
high as 22%.1,5 Therefore, it is important to
find alternative options for patients with a
supradiaphragmatic IVC-TT to avoid the
use of CPB and DHCA.

A newer technique that uses an abdom-

inal incision has recently been described.6,7

The standard use of this technique and

avoidance of sternotomy, CPB, and

DHCA could potentially prevent major

perioperative complications by avoiding

major sternotomy and systemic hepariniza-

tion. We used this technique in patients

with RCC with a supradiaphragmatic TT

in Peking University Third Hospital, and

we modified the surgical approach by

using a Foley catheter balloon to avoid pig-

gyback liver mobilization. After retrospec-

tively analyzing these patients’ data, we

examined the safety and effectiveness of

this technique and focused on the indica-

tions for its use in patients with a supra-

diaphragmatic TT.

Methods

Patients

In this retrospective study, we analyzed the

data of patients who underwent radical

nephrectomy with removal of a level IV

TT through an abdominal incision using a

transdiaphragmatic approach from April

2015 to January 2018. Sternotomy, CBP,

and DHCA were not utilized in these

patients.
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All patients underwent preoperative com-

puted tomography or magnetic resonance

imaging. All clinical information, including
the patient demographics, operative varia-

bles, and postoperative outcomes, were retro-

spectively reviewed. Complications occurring

intraoperatively or within 90 days postoper-

atively were recorded. The clinical and radio-

logical follow-up protocol consisted of

quarterly follow-up for the first 2 years post-

operatively, semiannual follow-up for an
additional 2 years, and annual follow-up

thereafter.

Surgical technique

Intraoperative transesophageal echocardi-

ography (TEE) was used to monitor the

TT in real time. A modified Chevron inci-

sion was used; the kidney was mobilized
laterally and posteriorly, and from the

dorsal side of the kidney, the renal artery

was identified, ligated, and divided. The

infradiaphragmatic IVC was exposed and

isolated by mobilizing the liver off the dia-

phragm without piggyback liver mobiliza-

tion (in six patients) or totally mobilized

by piggyback liver mobilization (in two
patients).6 In six patients, the diaphragmat-

ic central tendon was incised annularly

around the IVC, and an extended trans-

verse incision was performed if needed,

until the supradiaphragmatic intrapericar-

dial IVC was identified. The diaphragm

was incised at the projection position of

the right atrium, and a pericardiotomy

was performed to expose the intrapericar-

dial IVC and right atrium in the other two

patients with an atrial TT (Figure 1). We

then inserted a 16-Fr Foley catheter

through the vena cava and carefully

advanced the balloon of the Foley catheter

into the cephalic portion of the TT under

TEE monitoring. We injected 15 mL of

water into the balloon and then gently

“milked” the IVC-TT downward (in five

patients) or pulled the IVC-TT down

using the balloon of the Foley catheter (in

three patients), assisted by two fingers to

control the TT. The proximal and distal

IVC to the TT, porta hepatis, and contra-

lateral renal vein were clamped (the right

renal artery was simultaneously clamped

for the left renal tumor). The TT was then

removed from the IVC. The vascular

clamps on the IVC were changed to the por-

tion below the major hepatic veins.

Pringle’s maneuver was then released, and

the hepatic blood supply and drainage

Figure 1. Intraoperative view of the diaphragmatic incision and pericardiotomy, with heart seen.
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recovered during suturing of the IVC
incision.8

Results

Eight patients underwent radical nephrecto-
my with complete extraction of the IVC-TT
through an abdominal incision without the
use of sternotomy, CBP, or DHCA. These
eight patients (five men, three women) had
a median age of 58.3 years (range, 17–73
years) and had four left and four right
renal tumors. Their mean body mass index
was 23.7 kg/m2 (range, 18.9–30.8 kg/m2).
The patients’ demographics and operative
variables are shown in Table 1.

Preoperative imaging revealed that all of
the IVC-TTs were supradiaphragmatic and
staged as level IV according to the Mayo
criteria, and two TTs extended into the
atrium. The median size of the renal mass
was 9.7 cm (range, 6.3–14.4 cm). One
patient had an 8.7-cm synchronous metas-
tasis in the right adrenal gland, and the
IVC-TT arose from the adrenal vein
rather than the renal vein. Metastasis was
present in two patients.

The median operative time was 7 hours
23 minutes (range, 5 hours 40 minutes to
8 hours 46 minutes). The median estimated
blood loss was 2963 mL (range, 800–7000
mL), and all patients received a transfusion
of packed red blood cells. The median
blood infusion volume was 2162 mL
(range, 400–5100 mL). Two patients had a
large amount of intraoperative blood loss
(7000 and 4500 mL), which might have
been related to the development of Budd–
Chiari syndrome. Histopathologic exami-
nation revealed clear cell RCC in six
patients, chromophobe cell RCC in one
patient, and a nephroblastoma in one
patient.

The median length of stay was 26 days
(range, 7–69 days). Two patients with
Budd–Chiari syndrome had massive ascites
before and during the operation and

subsequently developed postoperative
hydrothorax (Clavien–Dindo grade III). In
these patients, the division of the dia-
phragm led to a non-watertight repair,
which in the presence of an increased
amount of abdominal fluid caused the
hydrothorax to develop. Radioisotope scin-
tigraphy indicated a pleuroabdominal fistu-
la in these two patients (Figure 2). A chest
drainage tube was placed in two patients
because of hydrothorax, which prolonged
their hospital stays (61 and 69 days). Five
of the eight patients developed postopera-
tive liver function injury (Clavien–Dindo
grade II), which rapidly resolved with the
use of liver-protecting treatment.

Three patients developed progressive dis-
ease, and one patient died of liver metasta-
sis at 20 months postoperatively. One
patient developed brain metastasis 1 year
after surgery; this patient underwent
gamma knife radiosurgery and was alive
at the last follow-up at 40 months. One
patient developed lung metastasis at 5
months postoperatively and was alive at
the last follow-up at 11 months. One patient
developed lung and liver metastasis at 10
months postoperatively and was still alive
at the time of this writing (11 months post-
operatively). One patient with postopera-
tive lung metastasis was treated with
axitinib postoperatively and was alive with-
out progression at the 15-month follow-up.
For the other three patients, no metastatic
disease or death was reported after a
follow-up of 18, 27, and 44 months, respec-
tively. The prognoses of all eight patients
are shown in Table 2.

Discussion

Surgical resection remains the gold stan-
dard therapeutic method for patients with
RCC with an upper-level IVC-TT. After
curative resection, the 5-year survival rate
of patients with an IVC-TT reportedly
ranges from 34% to 72%.9–11 Once distant
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and lymph node metastases have been diag-
nosed, the 5-year survival rate of these
patients is approximately 5% to 19%.9,10

For patients with metastasis, despite the
limited survival rate, complete resection of
the tumor remains the only option to
achieve long-term survival and symptomat-
ic control of symptoms, such as gross inter-
mittent hematuria, flank pain, and repeated
hospital admissions for blood transfusion.

Surgery for patients with a supradiaph-
ragmatic TT frequently requires sternot-
omy, CPB, and DHCA to ensure that
enough venous blood returns to the heart
and creates a clear operative field. However,

this approach is technically complex,
involves prolonged operation times, and
increases the morbidity and perioperative
mortality.12 CPB requires complete hepa-
rinization that significantly increases the
risk of hemorrhage and disseminated intra-
vascular coagulation. Retroperitoneal hem-
orrhage occurs in 1% to 5% of patients
who undergo an operation with CPB.
Moreover, DHCA can cause kidney dys-
function and even acute renal failure.
Although a multicenter clinical study
showed that CPB may have no significant
effect on the morbidity and perioperative
mortality in patients with a high-level
IVC-TT, we still believe that there are
many advantages to avoiding CBP and ster-
notomy, such as early recovery and reduced
complications (e.g., neurologic deficits and
hematologic deficiencies).13 A recent multi-
center retrospective study showed that
operative complications occurred in 18%
to 47% of patients with a high-level IVC-
TT and that the perioperative mortality rate
was as high as 22%.14

We have herein described eight patients
who underwent supradiaphragmatic TT
resection through dissection of the dia-
phragm or central tendon without applica-
tion of sternotomy, CPB, or DHCA. The
supradiaphragmatic intrapericardial IVC

Table 2. Patients’ prognoses.

Patient

No.

Preoperative

metastatic

site

Preoperative

therapy

Postoperative

therapy

Recurrence

or metastasis

Metastatic

site

Recurrence

time

Survival

state

Survival

time

1 None No No No None None Alive 44 months

2 Ipsilateral

adrenal

gland

Sorafenib Sorafenibþ
sunitinib

Yes Brain 12 months Alive 40 months

3 None Sunitinib Sunitinib No None None Alive 27 months

4 None No No Yes Liver 20 months Dead 20 months

5 None No Sunitinib No None None Alive 18 months

6 Lung No Axitinib No None None Alive 15 months

7 None No Sorafenib Yes Lung and liver 10 months Alive 11 months

8 None No No Yes Lung 5 months Alive 11 months

Figure 2. Radioisotope scintigraphy indicated a
left-side pleuroabdominal fistula.
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was exposed and isolated through dissec-
tion of the central tendon in six patients
and through dissection of the diaphragm
and pericardiotomy in the other two
patients with an atrial thrombus. The
latter approach required a larger incision
in the diaphragm and provided better expo-
sure to the pericardial vena cava and right
atrium to control the cephalic end of the
atrial TT. Intraoperative phrenic nerve
injury should be avoided to prevent phrenic
paralysis after surgery. For patients without
an atrial TT, the IVC could be exposed
through dissection of the central tendon
alone. Both approaches have been used
since the development of this technique in
2005.15 However, a disadvantage of this
approach is that the diaphragmatic hiatus
is technically difficult to close completely
because of its close proximity to the IVC.

The largest group of patients to undergo
this approach to date was reported by
Ciancio et al.6 in 2010. Two of the 12
patients in that study died of arrhythmia
and respiratory distress syndrome within
30 postoperative days. Major complications
were reported in 3 of the 12 patients. In our
study, no patients died within 90 postoper-
ative days. Clavien–Dindo grade IIIa oper-
ative complications were observed in two of
our eight patients, and they were treated
with thoracentesis for postoperative hydro-
thorax. No obvious cardiac complications
or postoperative hemorrhage occurred.
Compared with CPB and DHCA, this
approach can reduce the surgical trauma
and the complication-associated mortality
rate without affecting the surgical outcome.

The amount of blood loss in the present
study varied greatly among the patients,
ranging from 800 to 7000 mL. The transfu-
sion and blood loss volumes of most
patients were lower than the reported
values, which can be attributed to the use
of our modified procedure (i.e., the TT was
“milked” downward or pulled down with
the balloon of a Foley catheter) instead of

piggyback liver mobilization, which proba-
bly decreased the blood loss. Two patients
had a large amount of intraoperative blood
loss that was most likely related to Budd–
Chiari syndrome. Budd–Chiari syndrome is
a rare disorder resulting from obstruction
of the hepatic veins and the IVC, which
can damage the hepatic and coagulation
function and subsequently increase the
intraoperative blood loss.16 When it is dif-
ficult to mobilize the liver because of hepat-
ic congestion, manipulation should be very
gently performed to prevent large amounts
of blood loss.

The same two patients also developed
postoperative hydrothorax. Using radio-
scopic scintigraphy, we found that these
two patients had a pleuroabdominal fistula
postoperatively. The radioactive tracer
method revealed the pleuroabdominal fistu-
las, which can also be seen in patients
undergoing peritoneal dialysis with congen-
ital diaphragmatic access.17 A pleuroabdo-
minal fistula is likely to occur in patients
with ascites. These two patients also had a
large amount of ascites preoperatively
because of Budd–Chiari syndrome, and
the peritoneal drainage of these patients
exceeded 500 mL per day postoperatively
because of lymphatic leakage. Ascitic fluid
might enter the chest in such patients, caus-
ing hydrothorax through the diaphragmatic
incision because of non-watertight repair
and negative thoracic pressure. However,
neither thoracotomy nor thoracoscopy
was performed in these two patients, and
we could not directly see the leakage.
Although the ascites and hydrothorax in
these two patients recovered spontaneously,
it is possible that all patients with Budd–
Chiari syndrome will develop hydrothorax;
therefore, perhaps this method should not
be employed in such patients because it
increases their hospital stay, adversely
affects resource use, and increases morbid-
ity. Further investigation is needed through
techniques such as thoracoscopy.

Wang et al. 7



Piggyback liver mobilization was per-
formed in Patients 2 and 7. In Patient 2,
the TT entered the IVC through the right
adrenal vein, and we needed to incise the
segment of the IVC posterior to the liver
to perform the tumor thrombectomy. In
Patient 7, the bulkiness of the TT indicated
adhesion to the wall of the IVC posterior to
the liver. As a result, piggyback liver mobi-
lization fully exposed the retrohepatic IVC
and facilitated the tumor thrombectomy
and suturing of the IVC incision. Ciancio
et al.6 routinely performed piggyback liver
mobilization and circumferential dissocia-
tion of the retrohepatic IVC in patients
with a supradiaphragmatic TT. In some
cases, the authors gently pulled the TT
downward under the major hepatic vein to

avoid blocking the first hepatic porta. In
our study, piggyback liver mobilization
was not routinely performed in the other
six patients. The TT was gently “milked”
downward (in three patients) or pulled
down with the balloon of a Foley catheter
(in three patients) under the guidance
of TEE.

After removal of the TT, the IVC was re-
occluded under the liver, and we rapidly
removed the occlusion of the suprahepatic
IVC and first hepatic porta; this also
reduced the time of the first hepatic portal
blockage and protected the liver function.
After using our modified procedure, no
tumor recurrence developed in the IVC
during a median follow-up of 23.3 months
postoperatively. We do not suggest that

Figure 3. (a) The diameter of the cephalic portion of the tumor thrombus should be thinner than or equal
to the caudal portion. (b) Magnetic resonance imaging showing circulation around the tumor thrombus.
(c) Magnetic resonance imaging showing blood blots at the top of the tumor thrombus. (d) Computed
tomography scan of an inferior vena cava tumor thrombus in a patient with Budd–Chiari syndrome.
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piggyback liver mobilization is routinely

performed in all patients. First, piggyback

liver mobilization is a technically difficult

and high-risk procedure with a significant

risk of injury to the IVC, major hepatic

vein, and short hepatic vein. Second, when

patients present with Budd–Chiari syn-

drome, the IVC-TT can cause liver conges-

tion, and piggyback liver mobilization may

increase the amount of bleeding and the

risk of liver injury. However, if the TT is

adhered to the vena cava wall or is large in

size, it is not appropriate to pull the TT

downward; piggyback liver mobilization is

appropriate in such patients.
In the present study, we resected the

supradiaphragmatic TT through dissection

of the central tendon or diaphragm without

application of sternotomy, CPB, or DHCA,

which is referred to as Ciancio’s method.6

We further minimized intraoperative

damage by avoiding piggyback liver mobi-

lization. Based on our experience, the indi-

cations for avoiding piggyback liver

mobilization are as follows.
First, the diameter of the cephalic por-

tion of the TT should be thinner than or

equal to the caudal portion (Figure 3(a)).

Second, features of wall invasion should

not be observed in the hepatic segmental

IVC, including lack of circulation around

the TT (Figure 3(b)), an altered signal

within the wall (matte, non-smooth with

“burr sign”), thickening and edema bands

of the vessel wall, and expansion and

breaching of the IVC. Third, there should

be no blood blots at the top of the TT

(Figure 3(c)). Finally, patients with Budd–

Chiari syndrome, especially those with pre-

operative ascites, should be cautioned when

undergoing treatment with this method

(Figure 3(d)).
The present study had a limited sample

size and used retrospective methodology.

Additionally, the safety and efficacy of the

current modified surgical technique requires

validation. Further studies and longer

follow-up are required.

Conclusions

The present report described a single-

institution initial experience of a modified

surgical technique to remove a supradiaph-

ragmatic TT through an abdominal incision

without the use of sternotomy, CBP, or

DHCA in China. However, patients with

large amounts of ascites secondary to

Budd–Chiari syndrome should be alerted

to the possible development of hydrothorax

postoperatively with the occurrence of a

pleuroabdominal fistula. We found that

this approach has an encouraging safety

profile and provides a surgical option for

patients with RCC and a supradiaphrag-

matic IVC-TT. More evidence concerning

the beneficial role of this procedure will be

elucidated in further studies.
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