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Abstract To review our experience of RCC with IVC
thrombus in terms of clinical presentation, principles of
surgical management in contemporary era, also an impact
of clinico-pathological factors on prognosis. Total 100
patients who underwent radical nephrectomy and IVC throm-
bectomy between 1991–2008 were included in this retrospec-
tive analysis. Data was analysed in terms of clinical
pathological factors, survivals and compared with contempo-
rary literature. The extent tumour thrombus was infrahepatic
in 58 retro hepatic in 28 and suprahepatic in 14 patients
including 6 with right atrial thrombus. The immediate post-
operative mortality was 2% and incidence of major postoper-
ative non fatal complications was 38%, which were managed
conservatively. The overall and disease free 5 year survival
was 63% and 55%. Further amongst the histological types,
patients with clear cell tumours had the best (DFS- 71.42%),
and those with papillary had the poor (DFS- 30.76%) out-
come. Grade II tumors had better survivals as compared to
grade IV (DFS 75.39% vs 23.52%, p<0.05). Loco- regional
extent wise 74% patients without perinephric fat invasion
were free from disease at 5 years as compared to 30% of those
who had perinephric fat invasion (p<0.01). Similarly 5 year
DFS was 76.11% in patients with negative nodes as compared
to 12% in positive nodes (p<0.01). In conclusion radical
nephrectomy with IVC thrombectomy still remains the most
effective therapeutic option in management in this clinical
setting. Although this is complicated surgery success with

multi disciplinary approach excellent survival outcome can
be obtained. Further pathological factors, such as loco-
regional spread and grade of tumor, rather than clinical factors
influence long term survival.
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Introduction

The tumour thrombus formation and it’s migration in to venous
system like renal vein or Inferior vena cava are unique features
of Renal Cell Carcinoma (RCC) [1, 2]. Further venous system
invasion with RCC is reported to occur in 4–10% of patients
[3] .Some of them (2–10%)may present with tumour thrombus
extending up to right atrium [4]. There has been increase in
incidence of RCC following wide spread use of non invasive
imaging techniques like sonography for non urological symp-
toms. The incidence of asymptomatic patients of RCC with
venous involvement is rising steadily as well. Further in the
past patients with IVC invasion with metastasis were not
operated because of poor survival [5], However some series
have reported that patients with solitary metastasis can be
operated with good results [6, 7],especially if one is planning
for immunotherapy.

Management of such a clinical situation is not only
diagnostic (accurate level of thrombus) and surgical chal-
lenge but has prognostic implications [2].The current review
will focus on literature of clinical presentation, principles of
surgical management in the contemporary era & report our
experience and outcome data of IVC thrombectomy in 100
patients of RCC.
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Materials & Methods

Hospital records of 100 patients of radical nephrectomy with
IVC thrombectomy done for RCC from 1991–2008 were
queried & analysed. Of them-a cohort of 63 patients has
been reported earlier [8]. Further a systematic review of
literature was performed using keywords like RCC, IVC
thrombus, clinical presentation, surgical management, com-
plications & prognosis. American Joint Committee on Cancer
Staging system (TNM) [9] was used for staging & Fuhrman
criteria [10] were used for histopathological grading. The
operative procedure was a joint venture combining urologist
& cardio- vascular surgeon & performed in cardiac theatre
with continuous arterial & central venous pressure & end
tidal carbon dioxide monitoring throughout the series.. All
patients underwent surgery by midline abdominal incision
from xiphisternum to symphysis pubis. Those with difficult
retro hepatic extension (such as gross hepatomegaly or very
obese patients) & those with supra hepatic extension had
additional midline sternotomy for control &/or temporary
occlusion of intrapericardial IVC. For patients with supra
diaphragmatic or right atrial thrombus extensions, cardiopul-
monary bypass (CPB) with deep hypothermic circulatory
arrest were used. The standard techniques were followed for
mobilisation & exposure, thrombectomy & repair [8]. The
patients were followed up every 3 monthly for first 2 years
and semi annually till 5 years and on annual basis thereafter.
Follow up studies included complete clinical examination,
biochemical studies and imaging studies like IVU and X
ray chest in earlier years and later IVU was replaced by
sonography. CAT Scans were used selectively. Data was
analysed using SPSS (Statistical Package for Social Sciences)
12 soft ware. Meticulous recording of the clinical findings,
operative details and complications was done and analysed.
Patients with only renal vein thrombus were excluded from
the analysis and data included all patients with IVC throm-
bus. Survivals were censored at 5 years and both overall
survival (OAS) and disease free survival (DFS) were calcu-
lated using Kaplan Meyers and students test

Results

Table 1 gives demographic and clinical data of 100 IVC
thrombectomies performed over a period of 19 years (1991–
2008). During this period inferior vena caval extension of
tumor was seen in 11% of all patients of RCC. Mean age of
patient was 71 years-(range 23–90 year) with male outnum-
bering females-ratio 2:1.There was almost 2:1 ratio of right:
left side tumors. Majority of patients presented with one or
more features of the symptom triad- hematuria, mass or
pain, however 36 patients had symptoms and signs of para
neoplastic syndrome and were diagnosed on imaging. The

average duration of symptoms was 3–4 months. On physical
examination, majority (85.7%) had palpable mass, about a
third had varicocoele &/or oedema. Since our institution is a
tertiary referral centre and majority had investigations done
elsewhere also the long study period (19 years) hence the
imaging studies were not uniform. However level of throm-
bus on imaging was consistent with operative findings in
last decade.

Table 2 gives the operative details. Midline abdominal
incision was used only in 72 patients & additional sternot-
omy in 28 patients, of which 8 patient with deep hypother-
mic circulatory arrest needed cardiopulmonary bypass. The
mean operative time for midline abdominal approach was

Table 1 RCC with IVC thrombectomy—our data with literature
review

Our series Literature

IVC extension 11% 4–10%

Total no. 100 10–100

Male:female ratio 2:1 1:5.1–4:1

Age-23–94 year Mean 71 year 55–70 year

R:L 63:37 1:1–4:1

Paraneoplastic syndrome

Increased ESR 66.6 55.6

Hypertension 27.7 37.5

Anemia 38.8 36.3

Cachexia 22.2 34.5

PUO 13.8 17.2

Raised LFT 30.5 14.4

Hypercalcemia 5.5 4.9

IVC Thrombus-Mayo’s staging

A – –

B 58% 50%

C 28% 30%

D 14% 20%

Histopathology type

Clear cell 44% 25–30%

Clear+Granular 26% 30–40%

Granular 17% 20–25%

Papillary 13% 10–15%

Tumor grade

I – –

II 40

III 35

IV 25

Local stage

Perinephric positive 40

Lymph node positive 31

Adrenal positive 08

IVC wall positive 10
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4.1 h, 5.3 h for additional sternotomy cases & 6.8 h when
cardiopulmonary bypass (CPB) used for atrial thrombus.
The mean blood transfusion replacement was 3.1 units, 3.8
units & 5.6 units respectively for these 3 levels of approaches
& average hospital stay was 8.2,10.6 & 12.2 days for 3 levels
of approaches. Of the total 38 (38%) patients with post oper-
ative complications 2 died (2%mortality)—1 due to fulminant
hepatitis due to sepsis leading to multi organ failure (was
suffering from stable chronic hepatitis pre operatively). The
other died of CVA. Of the 34 patients with early postoperative
morbidity 17 had transient renal dysfunction, 13 had sepsis,
another 3 had CVA& 1 had prolonged fever which turned out
to be malaria. Late morbidity occurred in 2 patients had
intestinal obstruction at 6 month & 2 year requiring reopera-
tion in one (Table 3).

The histopathological report showed majority had Clear
cell histology −70% with or without granular differentiation,
where as 17 patients had pure granular type & 13 had
papillary type. Further grade II tumours were seen in 40%,
grade III in 35% and grade IV in 25% patients. The average
size of tumour was 11.1 cm (ranging from 5 to 18 cm) with
40 patients had tumour reaching up to perinephric fat and
adrenal gland was involved in 8% while wall of the IVC in
10% patients of which 3 patients with gross involvement of
IVC wall underwent partial resection of the involved seg-
ment with primary repair. Lastly 31% had positive lymph
nodes (Table 1).

Five Year Survival

Over all (OAS) and Disease free survival (DFS) was calculated
by censoring the data at 5 years. Five patients were lost to
follow up. The data showed at 5 year (censored) follow up,
overall survival was 63%, of those 55% patients were alive
without disease, and 08%were alive with metastasis. Further 2
patients died in immediate postoperative period while 30 had
died in follow up due to metastasis. Survival rates in our series
were comparable to those mentioned in literature (Table 4).

When survival was correlated with the pathological var-
iables, 71.42% patients with clear cell carcinoma were alive
without metastasis, whereas only 30% of papillary cell type
had DFS. Further grade wise 75.39% of patients with grade
II tumours were alive without metastasis which dropped
down to 23.52% in grade IV. However this difference was
not statistically significant. Pathologically when the local
extent was correlated patients with or without perinephric
fat invasion, 5 year DFS was 31% and 76% respectively
while only 8 patients out of 18 with either Adrenal or IVC
wall involvement were alive at 5 years (44.4%). Similarly in
patients with positive and negative lymph node involvement
had 12% and 76% had 5 year DFS. These all pathological
factors had statistical significance (Table 5).

Discussion

Ever since the first report of radical surgery for RCC with IVC
thrombus in 1970 [17], several authors have reported their
success and long term survivals. Thus today excision of vena-
caval thrombus excision has become a standard of care. Al-
though surgical mortality of these operations has reduced
significantly morbidity is still a challenge in spite of technical
advances. Current review focuses on some of the contemporary
issues like patient selection criteria, accuracy of imaging tech-
niques, surgical volume and role of IVC thrombectomy in
metastatic setting and adjuvant therapy. Additionally we try to
compare our results (100 cases of IVC thrombectomy) with
literature.

Patient Selection Criteria

Age above 70 year and associated comorbidites like diabetes,
cardiac, renal and liver disorders is known to be high risk for
this surgery [18]. However with proper selection & risk bal-
ancing there is beneficial impact on reduction on morbidity. In
our series we had about 10% patients above 70 years and
oldest was 94 years. Secondly patients with metastasis were
generally not operated because of poor survival rates [5] but
nowwith advent of immunotherapy those who have resectable
solitary metastasis[6, 7] or those who are symptomatic for
caval thrombi can be operated with good results. We have

Table 2 Level of thrombus vs surgical approach (n0100)

Approach Level of
thrombus

Number % of
total

Midline abdomen Intrahepatic 58 72%

Retrohepatic 14

Additional sternotomy only Retrohepatic 14 20%

Suprahepatic 6

Additional CPB & deep
hypothermia

Suprahepatic 2 8%

Right atrial 6

Table 3 Perioperative complications (n0100)

Septicemia/Mods 13(1 death) 13%

Transient renal dysfunction 17 17%

Malaria 3 3%

Intestinal obstruction 2 2%

CVA 3(1 death) 3%

Total morbidity 38 38%

Total mortality 2 2%
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operated only non metastatic patients but we believe patients
with solitary metastasis could be benefited by surgery but cost
of adjuvant therapy is an issue.

Surgical Issues

Surgeon & Hospital Volume

Over last 5 year, there has been some debate on the issue of
surgical learning curve both at personal & institutional level
vis-a-vis surgical volume [18, 19]. Although it’s a complex
subject, it is accepted where expertise & proper facilities for
major surgeries are available including Cardiopulmonary by-
pass & deep hypothermic circulatory arrest can undertake these
surgeries.

Level of Thrombus

An aggressive surgical resection is proposed when there is
IVC involvement because those patients who undergo only
nephrectomy, all die within 1 year [5, 20]. IVC involvement
is more common on right than on left because of shorter
renal vein. Identifying the extent of IVC involvement is
crucial for staging & planning. Although the extent of IVC
thrombus can be identified by abdominal sonography &
computed tomography, the sensitivity of MRI is superior
to these techniques (96–100%) & is now the gold standard
for assessing the level of thrombus [21, 22]. Currently
MRIscan is the Gold Standard for delineating the level &

extent of tumor thrombi in the IVC & staging of RCC with a
Sensitivity of 96–100%. It may even rule out caval wall
invasion so that exact surgical procedure can be planned
[21, 22]. Infrahepatic thrombi were present in about 58% of
patients & retro hepatic & suprahepatic in about 28% &
14% respectively. With the recent advance in endovascular
tools, angioscopically guided luminal intervention has be-
come an increasingly useful approach to many vascular
problems [23]. Although this appears an attractive concept
to date, no studies reported the possibility of a therapeutic
role for vascular endoscopy in IVC tumor thrombectomy.

Staging

A number of classification systems are used for the macro-
scopic vascular involvement in RCC. The Mayo classification
is commonly used. We have used Mayo classification in our
series (Fig. 1).

Primary TNM tumor staging for renal cell carcinoma has
also been under constant evolution. Current staging, revised
in 2010, differentiates IVC involvement below diaphragm
(T3b) and above diaphragm (T3c), or invasion into wall of
vena cava at any level as T3c, to be considered as an
important adverse factor.

Surgical Technique

Tumors with Infra hepatic involvement are approached by
midline abdominal incision. After mobilisation of bowel &

Table 4 Literature review

*CSS Cancer Specific Survival,
**PFS Progression Free Survival,
***OS Overall Survival,
****DFS Disease Free Survival

Author/reference Year No. Survival

Skinner [5] 1989 43 5-year OS 57%

Glazer [11] 1996 18 5-year OS 57%

5-year CSS 60%

Moinzadeh [12] 2004 140 10-year OS

Renal vein 66%

IVC 29%

Kim [13] 2004 81 3-year CSS

Renal vein 36%

IVC 35%

T3c 12%

Lubahn [14] 2006 44 5-year OS 56%

Ciancio [15] 2007 56 2-year PFS 53%

Wagner [16] 2007 1192 Median survival, mo

Renal vein: 52

IVC below diaphragm: 25.8

IVC above diaphragm: 18

Kulkarni et al. (Our series) 2011 100 5 year survival

OS- 63%

DFS- 55%
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caudate lobe of Liver, gentle complete dissection of Kidney is
done. Proximal& distal control of IVC&opposite renal vein is
obtained. Tourniquets snugged & IVC is opened & thrombus
is milked out. IVC repair done after flushing out air followed
by radical nephrectomy. RCC with tumor thrombi extension
into Hepatic or suprahepatic IVC requires median sternotomy
for control of suprahepatic vena cava & Pringle’s manoeuvre.
Few patients with thrombi extending into right atrium require
Cardiopulmonary bypass with hypothermic circulatory arrest
[11, 25, 26]. Some authors advocate alternative technique for
suprahepatic IVC involvement like Temporary occlusion of
Intrapericardial IVC or veno venous bypass or application of
supradiaphragmatic aortic cross clamp. But they have serious
side effects as hypotension, increased bleeding from hepatic
veins or paraplegia & intestinal gangrene respectively [15, 18,
27].We concur with the benefits of team approach of urologist,
cardiac surgeon, cardiac anaesthetist and cardiac theatre facil-
ities. In our series we successfully performed IVC thombec-
tomy as a second surgery after primary nephrectomy done
elsewhere [8].

Minimal Invasive Techniques

There has been considerable interest generated in develop-
ing surgical approach using minimal invasive either pure
laparoscopic or robotic assisted surgery for nephrectomy
with vena caval thrombectomy. Some have questioned its

benefits [28–31] while others have used laparoscopy for
IVC tumor thrombi using open incisions for tumor throm-
bectomy after laparoscopic mobilization and dissection
[32–34] or pure laparoscopy with hand assistance for the
thrombectomy only [35]. Single case reports have also been
described using hand-assisted or pure laparoscopy for short
thrombi [36, 37], recently few case reports and one case
series of robotic IVC thrombectomy has been reported in the
literature [38].We await results of larger series since robotic
and laparoscopic IVC tumor thrombectomy remain a chal-
lenging procedure and should not be embarked on lightly
and hence open surgery remains the predominant method
for addressing RCC involving the IVC.

Mortality and Morbidity

Various centres have reported mortality rates of 2.7%–13%
for IVC extension of RCC [39]. The major causes of deaths
reported to be are pulmonary embolism and myocardial
infarction or due to complications related to the bypass
procedures [3, 5, 6, 9, 20, 22, 25]. The complication rates
increase with the higher extension of the caval thrombus.

Table 5 Pathologic variable v/s disease free survival (excluding 2
postoperative deaths)

Pathologic factor No. of
patients

No. of
patients with
DFS

% DFS P value

Overall 98 55 56.12%
Tumor type

Clear cell 42 30 71.42% Not significant
Clear+Granular 26 15 57.69%

Granular 17 06 35.29%

Papillary 13 04 30.76%

Grade

II 39 30 75.39% <0.05
III 34 19 55.88%

IV 25 06 23.52%

Local stage

Perinephric negative 58 43 74.13% <0.01
Perinephric positive 40 12 30%

Node negative 67 51 76.11% <0.01
Node positive 31 04 12.8%

Adrenal positive/IVC
wall invasion positive

18 08 44.4% N. A.

IVC thrombus level

A – – – –

B 58 34 57.75 Not significant
C 28 16 57.14

D 12 05 40.08

Fig. 1 The Mayo classification of venous invasion in renal cell carci-
noma [24]. Level I: Tumor thrombus is either at the entry of the renal
vein or within the inferior vena cava (IVC)<2 cm from the confluence
of the renal vein and the IVC. Level II: Thrombus extends within the
IVC>2 cm above the confluence of the renal vein and IVC but still
remains below the hepatic veins. Level III: Thrombus involves the
intrahepatic IVC. The size of the thrombus ranges from a narrow tail
that extends into the IVC to one that fills the lumen and enlarges the
IVC. Level IV: Thrombus extends above the diaphragm or into the
right atrium
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The most common complication is significant blood loss.
Reported transfusion amounts vary between 3and 70 units
[5, 22]. The average blood loss is higher in patients with
left-sided tumors and with higher however, with better peri-
operative management and standardization of the surgical
techniques, the mortality rates can be decreased considerably
[4]. In our series in spite of the best efforts 30% non fatal
complications were seen and required longer hospitalization.
Since our series expands nearly two decades the complication
were higher in earlier period. Minimal invasive techniques are
being propagated as an effective alternative in reducing mor-
bidity [32–38].

Five Year Survival and Pathological Variables

Several pathologic prognostic factors are mentioned in the
literature [6, 11, 40–43], including mainly the local stage of
the tumor, histological type and grade of tumor and presence of
vascular invasion, vessel wall invasion, adrenal and pelvicaly-
ceal involvement.

Comparing the pathologic prognostic factors with survival
we noted that Clear cell tumors had the best prognosis, those
with papillary had the worst prognosis (DFS of 71.4% vs
30.76%) and those with granular and mixed had intermediate
prognosis. Moreover as in literature [10, 41] grade II tumors
had better prognosis as compared to grade IV (75.39% vs
23.52%, P<0.05, statistically significant). Local stage is prob-
ablymost important prognostic factor; (40, 41, 42) in our series,
74.13% patient without perinephric fat involvement were free
from disease as compared to 30% with perinephric fat involve-
ment.(P<0.01, statistically significant). In addition, 76.11%
without LN involvement were free from disease as against
12.8% those with LN invasion. (P<0.01, statistically signifi-
cant). Another important prognostic factor is involvement of
IVC wall or adrenal. Hatcher et al. noted that vessel wall is
more important than the level of thrombus, and resection of
IVC wall improved survival [40, 44]. In our series ten patients
had invasion of either renal vein or IVC wall, which was
resected, of which six were alive at follow up. And out of
8 patients with adrenal involvement only 2 were alive. It may
be difficult to draw the conclusion from the study as the number
of patients with vessel wall or adrenal involvement was small.

Adjuvant Therapy

Adjuvant therapy for RCC with IVC thrombus is still in
evolving phase, but cost remains an important issue. Ran-
domized trials of adjuvant radiation, hormonal therapy
and, more recently, immunotherapy has shown no clinical
benefit. Autologous tumor vaccines may decrease recur-
rence rates for patients with Locally Advanced RCC, but
additional prospective, randomized studies need to be
undertaken [45].

Prognosis

The prognostic significance of IVC thrombi in RCC patients
is still evolving because factors predicting the prognosis
have not been well defined and unpredictable clinical be-
haviour [46, 47]. Some have reported increased risk of
metastasis with more cranial extent of the thrombus [5]
while others doubt extent of thrombus as prognostic factor.
[10, 38].Absence of local spread to perinephric tissue and
negative nodes are favourable factors with cures of 45–70%
with surgery alone [48]. Patients with incomplete resections
(excluding patients with metastatic disease) have a signifi-
cantly worse prognosis, a finding that reflects the impor-
tance of surgical eradication of disease [4]. Hatcher noted
that the prognosis was determined by the ability to perform a
complete resection of the tumor, not by the level of tumor
thrombus [40, 49].

Conclusion

In conclusion, all patients with RCC and IVC tumor thrombi
(even those with distant metastasis) should be considered for
operation (as there is no other therapeutic modality). Further
these tumors can be totally resected by an aggressive approach
with an acceptable morbidity and mortality, and satisfactory
long-term survival rates [46]. Our series spanning over nearly
2 decades endorses the view of aggressive approach of radical
surgery with acceptable morbidity in this clinical setting.
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