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Abstract
Hepatic metastases occur in up to half of all colorectal cancers, the third most common malignancy in the United 

States. Surgery provides the only chance for cure in this clinical situation and indications for resection are broadening. 
Colorectal metastases can invade the inferior vena cava, owing to its intimate association with the liver. While these 
lesions were historically classified as unresectable, surgical proficiency has progressed to the point that they can 
frequently be removed via a complex resection. Patient selection with the help of a multidisciplinary team and the 
careful use of pre-operative imaging studies is essential to maximize results. It is also critical that the operative 
surgeon is experienced with the complex anatomy, the resection techniques and the instruments available. While 
inferior vena cava invasion from colorectal cancer metastases is a poor prognostic factor, the evidence suggests that 
a combined hepatic and inferior vena cava resection can be performed with an acceptably low operative mortality and 
provides the best chance for long-term survival.
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Introduction
Colorectal cancer is the third most common malignancy in the 

United States and the second leading cause of cancer-related death [1]. 
Additionally, 30-50% of patients who develop colorectal cancer will 
develop metastases to their liver [2,3], which is more than any other 
distant site. Since first being reported in 1952 [4] surgical resection 
of metastatic disease has been offered and, with improvements in the 
understanding of hepatic anatomy as well as the development of safer 
surgical techniques, the perioperative mortality has become acceptably 
low. 

Surgical resection is the only potentially curative treatment for 
most primary and secondary liver tumors [5]. In fact, survival with 
untreated colorectal liver metastases is usually less than a year [2]. 
While current chemotherapeutic regimens have extended median 
survival to greater than 20 months [6], large series have reported that 
the surgical resection of hepatic metastases has prolonged survival 
even further, with 5-year survival rates ranging from 21% to 58% [2,7] 
Impressively, 10-year survival can be expected in at least 1/6 of these 
patients [2,8].

Unfortunately, surgery is not always feasible for patients with 
hepatic colorectal metastases. However, the proportion of patients with 
potentially resectable disease is increasing, which is at least partly due to 
improved colorectal cancer screening and post-operative surveillance. 
With improvements in chemotherapeutics, certain patients with 
unresectable or borderline resectable lesions are now being offered neo-
adjuvant chemotherapy, increasing the number of patients eligible for 
potential curative resections. Also, strategies such as staged resections, 
portal vein embolization and a combination of resection and ablative 
techniques have expanded indications for surgical treatment [2]. While 
it is acknowledged that large, bilobar and poorly located tumors have 
a worse prognosis, this burden of disease is no longer necessarily 
considered an absolute contraindications to resection [2]. 

Inferior vena cava (IVC) invasion occurs due to its intimate 
association with the liver. It has been estimated that as many as 3% of 
hepatic lesions involve this structure [9], although there may only be a 
small proportion of these requiring an IVC resection [10]. Historically, 
these lesions were considered to be unresectable [11]. The first reported 
combined hepatic and IVC resection was done for a single patient in a 
series of right trisegmentectomies, but unfortunately this patient died 
20 days post-operatively [12]. Two further, similar cases with better 

long-term outcomes were reported separately in 1988; one using a 
dacron graft and the other PTFE [13,14]. Since that time, there have 
been numerous series that have reported the success and technical 
feasibility of these combined resections [9,15-17].

Risk Factors for Liver Resections

Patient Risk Factors: As for any liver resection, patients must be 
chosen carefully to achieve optimal results and a multidisciplinary 
team is crucial in evaluating patients that are appropriate candidates 
for these operations. In order to be considered for such an extensive 
resection, the patient must not present with significant renal, hepatic 
or cardiopulmonary dysfunction and have a satisfactory performance 
status [18]. Additionally, at least 2 healthy, contiguous residual 
segments should remain, accounting for at least 20% of the pre-
operative functional liver [8]. 

Pre-operative imaging is necessary for all patients being considered 
for a hepatectomy. Imaging modalities include: triple-phase computed 
tomography (CT), magnetic resonance imaging (MRI), ultrasonography 
(US) and positron emission tomography (PET)-CT. Regardless of the 
chosen modality, evaluation of the hepatic vascular inflow and outflow, 
the biliary drainage as well as the future liver remnant is essential in 
determining resectability and for operative planning. 

In order to pre-operatively determine whether there is in fact caval 
invasion, the clinician has the aforementioned imaging modalities 
at his disposal, as well as more invasive measures such as vena 
cavography. Intracaval endovascular ultrasonography has also been 
studied for this purpose and has promising results [19] but is limited by 
its availability and invasiveness. While certain imaging characteristics 
such as intracaval protruding lesions and a well developed collateral 
vasculature may increase the likelihood of invasion, none of these 
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imaging modalities are conclusive and pre-operative assessment of 
IVC invasion remains difficult [10,20]. These investigations are limited 
by the IVC’s thin wall and low pressure, which allows a hepatic lesion 
to easily compress it [21]. 

Procedural Risk Factors (Complex Anatomy, Vascular 
Reconstruction): The resection of any tumor that invades the IVC 
is inherently challenging and, as noted earlier, it is only recently that 
these resections have become feasible through increased operative 
experience, including liver transplantation [9,22]. It was previously 
believed that IVC invasion was a contraindication for resection, 
mainly because of the risk of massive hemorrhage and air embolism 
[5]. Many different techniques are now used to accomplish these 
procedures, including total vascular exclusion, venovenous bypass and 
hypothermic perfusion of the liver [5,23-25]. 

Total hepatic vascular exclusion, while having the benefit of 
minimizing blood loss, must be balanced against rendering the hepatic 
remnant ischemic and compromising post-operative hepatic recovery. 
While a normal liver may tolerate up to 90 minutes of ischemia, in 
a pathologic liver, it is accepted that it may only tolerate 60 minutes. 
Veno-veno bypass may be utilized for hemodynamic instability 
following IVC clamping [11] while hypothermic perfusion has the 
benefit of increasing the liver’s tolerance to ischemia [9]. 

IVC repair may be accomplished using different methods, depending 
on the extent of the defect as well as surgeon preference. These methods 
include direct primary repair, a patch repair (autologous vein, bovine 
pericardium or Gore-Tex) for larger defect or, for extensively involved 
lesions, graft replacement (ringed PTFE). The entire IVC should be 
replaced with a graft prosthesis if >50% of the IVC is involved, if there 
is longitudinal involvement or if there is an intracaval thrombus [9]. If 
possible, it is preferable to perform a primary or a patch repair, as these 
are safer and easier to perform, unless it is excessively narrowed [18].

Exclusion criteria for this procedure include hepatic, cardiovascular 
or renal failure, portal hypertension, or an inability to obtain an R0 
resection or an acceptable future liver remnant.[8,18] The presence 
of extra-hepatic disease has been considered a contraindication [9], 
however, in select cases may be considered for resection, especially if 
they respond favorably to systemic therapy [8].

Surgical Procedure
The description of hepatic resections dates back to the turn of the 

century [26] and continued through the early twentieth century [4,27]. 
It wasn’t until Couinaud, through his work with liver casts, described 
the liver as eight functional units [28] that a better understanding of 
intra-hepatic anatomy was achieved. This knowledge is necessary for 
any liver surgery, especially when a major hepatic resection with a 
potential vascular reconstruction is planned. 

The use of intra-operative ultrasound has become an invaluable 
tool for hepatic surgeons. It allows for a real-time analysis of the tumor 
burden prior to parenchymal transection, as well as an evaluation 
of the proximity of major vascular structures. In the case of major 
vascular invasion, it has the added advantage of confirming portal vein 
and hepatic artery inflow as well as hepatic vein outflow of the hepatic 
remnant to ensure respectability [18]. Different techniques are now 
utilized to transect the hepatic parenchyma safely, which include snap 
fracture, ultrasonic dissectors and hydro dissectors to name a few.

At surgical exploration, the surgeon must assess whether the lesion 
is in fact invading the IVC, or if it is merely close or adherent. If an 
IVC resection is required, total hepatic exclusion, which involves the 

clamping of the supra-hepatic IVC, the infra-hepatic IVC and the 
portal triad, may be performed. Veno-venous bypass can be performed 
for hemodynamic instability following the clamping of the IVC. Ex situ 
resections have also been described for these lesions and is preferred 
by some surgeons.[29] The advantages of the ex situ procedure 
include isolated hypothermic resection under the protective effects 
of liver perfusion and increased time to perform complex vascular 
anastomoses. This is balanced against the disadvantages of an increased 
number of anastamoses, longer operative times and higher mortality 
and liver failure rates [11,29].

Results
A definitive evaluation of the outcomes of these procedures is 

difficult, owing to the fact that this is a relatively rare procedure, even 
in high-volume centers. As such, these studies include a small amount 
of patients and are at higher risk for bias.

In spite of the complexity of these surgical procedures, the peri-
operative mortality rates in published reports have remained relatively 
low, even in earlier series. Most series report this as being less than 
10%,[5,9,16-18,30] but it is also noted that these kind of results can 
only be achieved through careful patient selection [9]. 

Major morbidity rates from documented series range from 25-
64% [5,9,11,16,18]. The rates of surgery-specific morbidities were 
reported in multiple studies. Graft occlusion, which can be due to 
thrombus, tumor recurrence or a regenerating liver, was noted to be 
present from 0-19% [9,11,18,23,31] although the methods used for the 
detection of this complication were heterogeneous. Graft infection was 
inconsistently reported, but appears to be a rare complication. Only 
one documented graft infection was found in a series of 29 patients [18] 
while others reported that it wasn’t seen at all [31]. 

Fulminant hepatic failure post liver resection was uncommon, 
ranging from 0-6% [9,16,18] but a transient hepatic dysfunction 
was more commonly encountered, with rates ranging from 16-32% 
[5,9,23,31].

Recurrence of disease was, not surprisingly, relatively common 
considering the advanced stage of disease. While the rates varied 
widely, ranging from 17-91% [16,17,23,31], though most series looking 
specifically at colorectal metastases were quite small. For series whose 
follow-up was sufficiently long to report it, the five-year overall survival 
rates ranged from 19.6 to 51.9% [9,15,16].

Conclusion
Surgical resection is the only evidence -based treatment strategy for 

long-term survival for colorectal liver metastases. When these lesions 
invade the IVC, while more technically challenging, this still holds true. 
Although the body of literature on this subject is relatively small, with 
improving and evolving surgical expertise and associated acceptably 
low surgical mortality, surgical resection should be considered for any 
patient with this clinical presentation.
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