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This book is dedicated in memory of Tom Starzl who passed away March 04 2017.

He will remain our Hero.

Daniel Azoulay

In Memoriam
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Foreword by Thomas E. Starzl

When Professor Daniel Azoulay requested me to write a Foreword for his book on 
inferior vena cava (IVC) surgery, I responded that “… I have never seen a book 
dealing primarily (or solely) with the inferior vena cava (IVC). In my opinion, one 
is justified. If I read your email correctly, that is what you seem to have accom-
plished …” His answer was “You are right: there is no book in English devoted 
exclusively to the inferior vena cava (IVC)… There is one in French, now more 
than 25 years old, edited by Edouard Kieffer, consisting of presentations at a special 
meeting of vascular surgeons.”

After seeing the list of distinguished chapter authors, I concluded that this book 
would have a bright future. However, the quality of such multiauthor texts is ulti-
mately dependent on the editor, here Daniel Azoulay. I first met him in 1989 while 
visiting his mentor Henri Bismuth in Villejuif, France. As a trained thoracic sur-
geon, Azoulay’s activities were at first limited to the resection of lung metastases. 
Ten years later, he arrived in Pittsburgh with Professor Bismuth to present their 
seminal experience with split liver transplantation. Our next rendezvous was in 
October 2008 when we had dinner together at the 20th year liver transplant celebra-
tion of The Royal Free Hospital in London. His transition to “liver surgeon” was 
now complete.

By then, Azoulay’s achievements were sufficient to make him a prime candidate 
for the then vacant position of leader of the Pittsburgh Transplantation Institute. 
Instead, he stayed in France where he ultimately became the Departmental Chief of 
two University surgical units at the Henri-Mondor Hospital complex in the Paris 
suburb of Creteil. Over the years, and while taking on an increasingly heavy load of 
academic duties, he has personally performed more than 1500 liver resections and 
an equivalent number of liver transplantations while participating in the care of 
more than 5000 patients in each category. Observations from this experience have 
been recorded in more than 650 publications that have been cited nearly 13,000 
times (Institute for Scientific Information [ISI], Philadelphia).

All of the experience has involved the IVC in one way or the other, uniquely 
qualifying him as both contributor to and editor of this book. This book addresses 
almost all current topics of the IVC, ranging from surgical anatomy, IVC anomalies, 
imaging and radiological assessment, control of hemodynamics during surgery, 
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invasion of every type of malignancy into IVC, use of vena cava filters, and the 
contributions each to the other, of liver transplantation and nontransplant hepatic 
surgery. This text will be of interest to surgeons (hepatobiliary, vascular, and diges-
tive) and urologists, as well as radiologists and anesthesiologists. I recommend 
reading it thoroughly and referring to it if problems with IVC are encountered or 
anticipated.

Thomas E. Starzl, MD, PhD
Distinguished University Professor of Surgery

University of Pittsburgh School of Medicine
Pittsburgh, PA, USA

Foreword by Thomas E. Starzl
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My friendship with Daniel Azoulay goes back to his journey at Paul Brousse as one 
of Henri Bismuth’s brightest surgeons. When he requested me to write a small 
Foreword for this book, I was flattered as I consider him an outstanding innovating 
surgeon.

The new paradigm of precision surgery summarizes the basic needs for the cor-
rect practice of the so-called subspecialties of abdominal surgery. Of these basic 
needs, I cannot emphasize enough the absolute importance of a multidisciplinary 
approach and the creation of true referral centers.

The revolutionary idea of moving towards a super-specialization in abdominal 
surgery becomes now brilliantly apparent in this book dedicated exclusively to the 
surgery of the inferior vena cava (IVC).

After carefully reading this work, the need of a true multidisciplinary approach 
becomes evident. This includes the diagnostic and staging phases, imaging with 
several stages of sophistication, the role of oncology in the definition of a global 
therapeutic strategy and, of course, the surgical procedure, and the fundamental role 
of surgeons and anesthesiologists.

As this work is dedicated to surgery of the IVC and not only the diseases of the 
vena cava, it is no wonder that there is a significant predominance of diseases of 
other organs and systems, which despite not having origin in the IVC, will demand 
more or less complex surgical approaches to this vein. This culminates, most of the 
times, with the need of extensive venous resections associated with surgical proce-
dures in other abdominal organs.

The level of difficulty of the approach to the IVC is not the same from its origin 
up to the renal veins, in its course above the renal veins to the diaphragm, and espe-
cially in its retrohepatic course. Above the liver and up to the right atrium, its 
approach and eventual resection may be the most complex.

The primary leiomyosarcoma of the IVC is the only intrinsic disease of the vena 
cava addressed by the authors. The difficulty in its resection will depend on its loca-
tion. This is also true for the approach of the retroperitoneal tumors, which may 
invade the IVC on several levels.

The tumors of the right kidney with extensive tumoral thrombosis, sometimes up 
to the right atrium, are easily approachable with the collaboration of urologists and 
hepatic surgeons, especially surgeons with expertise in transplantation. Obviously 
only transplant surgeons can perform surgery of the IVC in association to liver 

Foreword by Eduardo Barroso
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resection or to transplantation whether in cadaveric donor (classic or piggyback) or 
living donor.

The authors also approach the state of the art regarding IVC filters in the preven-
tion of pulmonary embolism.

I believe it was not the authors’ intention to support the creation of a new subspe-
cialty related to the surgery of the IVC. This work emphasizes the need of a multi-
disciplinary approach involving other specialties in the diagnosis and staging of 
diseases that might involve surgical resections of the IVC. In this setting, experi-
enced radiologists, along with a wide variety of imaging methods, are pivotal. 
Oncologists will help define, along with the use of new drugs, the survival benefit 
of such a radical strategy.

The authors recognize another multidisciplinary concept, which is the collabora-
tion between surgeons, with important expertise in several areas of abdominal sur-
gery, and anesthesiologists used to the management of IVC clamping and the 
eventual last resort need of extra-corporeal bypass.

As the majority of IVC surgery is performed in the segments above the renal 
veins, hepatobiliary and transplant surgeons have a clear advantage when dealing 
with these cases.

Daniel Azoulay, by being editor and author of this work, and the quality of the 
people he chose to co-work with him, guarantee this book to be very useful for the 
majority of abdominal general surgeons, as they must clearly know their compe-
tences and limitations when treating their patients.

Eduardo Barroso, MD, PhD
Professor of Surgery, NOVA University of Lisbon

Head, Hepato-Biliary-Pancreatic and Transplantation Centre
Curry Cabral Hospital, CHLC

Lisbon, Portugal

Foreword by Eduardo Barroso
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Combined resection of the liver and inferior vena cava (IVC) for hepatic malig-
nancy has traditionally been considered a contraindication to resection for advanced 
tumors of the liver because the surgical risks are high and the long-term prognosis 
is poor.

IVC runs through the liver and is circumferentially surrounded by the liver 
except on its posterior aspect. I always explain to my students that when we liken 
IVC to women’s body, the liver is a bra and the ligament is a bra hook. Its dissection 
from the liver requires a high degree of skill and extensive training. Even today, 
after 36 years of experience of hepatectomy, I still feel some tension every time I try 
to separate the IVC from the liver or the tumor.

The joint part of IVC and three major hepatic veins carries risk of serious hemor-
rhage in liver resection. Control of blood loss is the fundamental and most crucial 
for safe operation.

IVC control is processed by dissection and taping of the inferior and middle right 
hepatic veins, ligation and division of the IVC ligament, and dissection and taping 
of right hepatic vein and middle and left hepatic venous trunk from left side after 
division of the ductus Arantius. After these processing steps, the liver is divided 
under the intermittent occlusion, the IVC is treated by the Pringle maneuver, clamp-
ing diagonally at the cranial side of the renal vein at the lower part of the liver, then 
clamping the upper part of the inferior vena cava. By this way, the liver and IVC are 
completely blocked and bloodless area is created. All preparations are made for safe 
surgery.

By these ways, the tumor with the liver and the invaded IVC wall is removed. 
The defect of IVC is sutured directly or replaced by the autovenous wall or cryopre-
served vein, which should prepared before division of the IVC wall.

Daniel Azoulay is an outstanding surgeon and is worthy for a “right-hand man” 
of Henri Bismuth. After the age of 30, he spent most of his time in the Hepato-
Biliary Center at the Paul Brousse Hospital in Villejuif – an innovative, dedicated 
liver disease center headed by Henri Bismuth. This remarkable book reflects the 
experience in hepatic and biliary surgery compiled at the Center over nearly a quar-
ter of a century.

This book addresses almost all current topics in IVC surgery ranging from surgi-
cal anatomy, imaging and radiological assessment, control of hemodynamics during 
surgery, invasion of every type of malignancy into IVC, juxtahepatic vena cava, 

Foreword by Masatoshi Makuuchi
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liver transplantation, and vena cava filter. The authors and editors should be con-
gratulated for gathering a wealth of knowledge in this book that updates the state-
of-the-art surgery.

It will be of a great interest to surgeons (hepatobiliary, vascular, and digestive) 
and urologists, as well as radiologists and anesthesiologists. I would like to recom-
mend reading it thoroughly and referring to it each time they encounter a problem 
of IVC.

As such, the nightmare of IVC will soon be over.

Masatoshi Makuuchi, MD, PhD, FACS (Hon)
Japanese Red Cross Medical Center

Tokyo, Japan

Foreword by Masatoshi Makuuchi
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1Imaging and Radiological Assessment 
of the Inferior Vena Cava

M. Chiaradia, F. Legou, J. Arfi-Rouche, V. Tacher, 
H. Kobeiter, F. Pigneur, A. Rahmouni, and A. Luciani

1.1	 �Introduction

The inferior vena cava (IVC) is the main vein of the human body, formed by the 
confluence of the left and right common iliac veins. It ascends in the retroperito-
neum to the right of the aorta and exits the abdomen through the diaphragmatic 
hiatus to join the right atrium. It drains the left and right renal veins, the lumbar 
veins, the right adrenal vein, the right gonadal vein, and the hepatic veins. The azy-
gos venous system connects to the IVC (directly or through the renal veins). The 
IVC has four segments: the hepatic, suprarenal, renal, and infrarenal segments [1].

Formation of the IVC is the result of anastomoses and regression of embryonic 
veins including the vitelline vein and paired posterior cardinal, supracardinal, and 
subcardinal veins. The hepatic segment is composed of the vitelline vein, the supra-
renal segment is composed of a segment of the right subcardinal vein, and the renal 
segment is formed by the anastomosis between the right subcardinal and the right 
supracardinal veins; a part of the supracardinal vein constitutes the infrarenal 
segment [2].

mailto:alain.luciani@aphp.fr
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Knowledge of the IVC disease is primordial before surgery to avoid serious com-
plications. This chapter will focus on the imaging techniques, the main diagnostic 
features, and the interventional radiology of IVC disease.

1.2	 �IVC Imaging Techniques

Different imaging techniques are available for IVC assessment—ultrasound (US), 
multi-detector computed tomography (MDCT), and magnetic resonance imaging 
(MRI)—and conventional venography can also be used [3].

1.2.1	 �Conventional Venography

Conventional venography is the historical gold standard for IVC imaging. The main 
limitation of this modality is its invasiveness and the use of a high quantity of iodine 
contrast agent. It is performed using a pigtail catheter positioned just below the 
common iliac vein confluence. It has been replaced by noninvasive imaging tech-
niques, MDCT and MRI. The advantages of conventional venography are multiple: 
good spatial resolution, the possibility to analyze the flow, and collateral pathway 
visualization.

1.2.2	 �Ultrasound

Evaluation of the IVC with ultrasound is widely available. The suprarenal portion of 
the IVC, especially the retro-hepatic portion, is most of the time perfectly analyzed. 
The main advantage of US exploration is the possibility to combine Doppler assess-
ment, which provides an estimate of the direction and speed of the blood flow within 
the IVC. However, the infrarenal portion of the IVC is imperfectly seen because of 
bowel gas interposition and depth of the IVC in the abdomen especially in obese 
patients. Furthermore, vessel reconstructions are not possible on US. CT and MR 
imaging are hence usually required for staging and surgical treatment planning.

1.2.3	 �Multi-Detector Computed Tomography (MDCT)

Imaging of the IVC is most of the time performed on MDCT because of its avail-
ability. Routine abdominal CT protocol includes venous portal phase (60–70 s of 
delay). IVC evaluation is limited by flow artifacts arising from non-opacification 
from common iliac veins and admixture from renal veins. Infrarenal IVC analysis is 
not optimal in this case. Uniform enhancement is obtained on late venous phase 
(70–90  s of delay) [3, 4]. This additional sequence however increases radiation 
exposure for patients. Contrast injection is performed via an antecubital vein at a 
rate of at least 3 mL/s as much as possible.
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CT scanner allows good spatial and contrast resolution. Vessel reconstructions in 
multiplanar reformation are available and include maximum intensity projection 
(MIP) and volume rendering (VR). The optimal protocol should include non-
contrast injection scan in order to depict spontaneous high-attenuation abnormality 
(thrombus) or chronic calcifications (chronic venous occlusion) and a delayed 
venous phase described above.

1.2.4	 �Magnetic Resonance Imaging (MRI)

IVC exploration can be performed with MRI, with no X-ray exposure. Furthermore, 
the exploration can be made with or without contrast injection. MRI is particularly 
interesting in IVC thrombus evaluation. MRI availability and cost limit the use of 
this imaging technique on a routine basis. Anatomic sequences in two planes are 
generally acquired (axial and coronal T2), followed by flow sequences. Balanced 
steady-state free sequences are key sequences (True FISP, Siemens; FIESTA, GE; 
Balanced FFE, Philips) that improve flowing proton signal, which appear bright, 
allowing vessel analysis [5].

Thick-sliced two-dimensional time-of-flight (2D TOF) imaging, which is MRI 
flow sequence without contrast injection, provides useful diagnostic information 
especially for IVC thrombosis [6, 7]. Signal from protons in flowing blood is visi-
ble, whereas protons from background tissues display no signal [6].

Three-dimensional breath-hold T1-weighted MR imaging after dynamic contrast 
administration (fast low angle shot sequence) in coronal planes allows both arterial 
and venous analysis. Maximum intensity projection reformation can be used to fur-
ther improve anatomical description of abnormalities.

1.2.5	 �PET-CT

PET-CT is an interesting imaging modality in oncology setting, providing anatomi-
cal and metabolic information. Fluorine-18 fluorodeoxyglucose (18  F-FDG) 
PET-CT is commonly used in cancer staging (disease). It can also be used to detect 
avid fluorodeoxyglucose thrombus, reflecting malignant thrombus. FDG uptake 
increases in actively dividing cells like inflammatory cells or malignant cells. FDG 
uptake in thrombus may reflect septic or malignant thrombus and can help final 
diagnosis [8–10]. In addition, PET-CT can monitor treatment response using SUV 
variation over time. A fully diagnostic CT can also be combined with PET-CT 
imaging.

1.3	 �Main Imaging Diagnostic Feature

Recognition of IVC abnormalities is essential. IVC abnormalities are multiple, 
including congenital anomalies, neoplasms, and other postsurgical features.
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1.3.1	 �IVC Obstruction

IVC obstruction concerns in 90 % of cases of the infrarenal segment. Its causes are 
multiple (Table 1.1). The most common etiology is thrombosis arising from com-
mon iliac vein thrombus. Predisposing conditions are frequent (coagulopathy, can-
cer, sepsis, immobility, dehydration, etc.). Isolated IVC thrombus can occur after 
liver transplantation due to stenosis of caval anastomoses or filter cava placement. 
Primary tumors are rare. Leiomyosarcoma is the most common malignant primary 
tumor. Surgical resectability depends on the location of the tumor. Extension from 
adjacent organs (renal cancer, adrenal carcinoma, pheochromocytoma, liver cancer) 
or retroperitoneum (retroperitoneal fibrosis) is more common and radiologist should 
be careful in these cases.

Diagnostic imaging is easy as soon as acquisition time is correct. The key imag-
ing is based on the detection of a filling defect within the IVC. However, filling 
defect in IVC can result from multiple causes including flow-related artifacts, bland 
thrombus, benign thrombus, or malignant thrombus [11, 12]. Acute thrombus (<1 
week) classically appears as intraluminal hyperdensities within the IVC on CT prior 
to contrast injection, with homogeneous signal intensity on MR, whereas non-acute 
thrombus can remain undetected on CT prior to injection, with heterogeneous signal 
intensity on MRI [13]. Acute and non-acute thrombi usually show filling defect on 
both CT and MRI after contrast injection.

1.3.1.1  �Artifactual Filling Defect and Bland Thrombus
Artifactual filling defects are due to incomplete filling of IVC by contrast agents. 
This is usually caused by flow of enhanced blood from renal veins mixed with non-
opacified blood returning from lower limbs [11]. Delayed images as described 
above may ease the final diagnosis (Fig. 1.1).

Bland thrombus is the most common thrombus of IVC.  It often extends from 
pelvic and lower extremity deep vein thrombosis. There is no enhancement of this 
thrombus after contrast injection (Fig.  1.2). Patients with IVC thrombosis are at 
high risk of pulmonary embolism. This thrombus can be idiopathic, the conse-
quence of hypercoagulable state or induced by venous stasis (immobility, external 
compression).

Table 1.1  IVC obstruction etiologies

Intrinsic

Thrombosis
Stenosis (ex: congenital membranes)
Tumor: primary, invasion from adjacent organ/retroperitoneum
Iatrogenic (central catheter placement, cava filter)
Extrinsic

Compression by retroperitoneal mass (lymph nodes, retroperitoneal fibrosis, tumor,  
aortic aneurysm)
Enlarged liver
Pregnant uterus
Surgical ligation, clip
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1.3.1.2  �Benign Tumor Invasion Within the IVC
Benign tumor invasion within the IVC is rare and may be secondary to the vascular 
extension of renal angiomyolipoma [14], leiomyomatosis [11], or adrenal pheo-
chromocytoma [15]. The appearance is close to that of malignant tumor invasion.

1.3.1.3  �Malignant Tumor Invasion Within the IVC
Primary and secondary tumor can extend within the IVC. Both often share similar 
imaging features, characterized by a contiguous adjacent mass, expansion within 
the lumen vessel and thrombus enhancement after contrast injection [11]. However, 
neoplastic IVC invasion and bland thrombus induced by neoplastic hypercoagula-
bility state can coexist. If an adjacent mass is not found, IVC-enhancing mass may 
correspond to primary sarcoma. Extension of thrombus must be perfectly described 
by radiologist because it affects surgical procedure. Supradiaphragmatic extension 
must be carefully searched. In this case, IVC resection and cardiopulmonary bypass 
are required, increasing morbidity and mortality [11, 16].

Primary IVC tumors are rare, and leiomyosarcoma is the most common primary 
tumor (<1 % of all malignancies) (Fig. 1.3). Differentiation of primary leiomyosar-
coma arising from IVC to leiomyosarcoma arising from retroperitoneal space is 

a

b

Fig. 1.1  Inferior vena cava artifactual filling defect (arrow) (axial CT) on early venous phase (a) 
with homogenization on late venous phase (arrow) (b)
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crucial since surgical treatment differs. Complete surgical resection is the only cura-
tive treatment. Cavoplasty or stent graft is required [17]. Distinction between these 
two entities on imaging is challenging because both masses are predominantly 
extra-luminal and are supposed to arise from smooth retroperitoneal muscle than 
from IVC. Some authors have suggested that tumors could be considered as primary 
IVC leiomyosarcoma if a segment of IVC needs to be resected during surgery. 
When this tumor is infrarenal and collateral vessels are well developed, IVC liga-
tion is possible. In case of insufficient collateral vessels, edemas of lower limbs are 
frequent. In this case and in case of suprarenal disease, cavoplasty or stent graft is 
preferred. Distinction of primary IVC leiomyosarcoma on imaging allows surgery 
planning with vascular surgeon. The key diagnosis of IVC leiomyosarcoma is the 
imperceptible cava lumen (75 % of cases in [18]). A positive embedded sign has 
also been described. Compression of IVC by retroperitoneal mass (negative embed-
ded sign) suggests a non-cava origin.

a

b

Fig. 1.2  A 55-year-old patient with right common iliac vein thrombus (arrowhead) extending in 
the inferior vena cava (arrow) on axial (a) and coronal CT (b)
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a

c

e

d

b

Fig. 1.3  A 58-year-old patient with an inferior vena cava leiomyosarcoma. Axial and coronal T2 
(a, b), axial diffusion (c), apparent diffusion coefficient (d), and coronal contrast-enhanced 
T1-weighted MR images (e) show an inferior vena cava leiomyosarcoma (arrow) with liver inva-
sion (arrowhead)

1  Imaging and Radiological Assessment of the Inferior Vena Cava
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Secondary involvement of IVC by retroperitoneal sarcoma or neoplasm (renal 
carcinoma, hepatocellular carcinoma, or adrenocortical carcinoma for the most 
common neoplasms) is more common, and complete resection of this segment 
should be done by a surgeon.

Invasion of IVC is frequently seen in renal cell carcinoma (RCC) (4–10 % of 
cases [19]) (Fig. 1.4). In a Mayo Clinic report, complications occurred in 15 % of 
nephrectomy with thrombectomy of the IVC [20]. These complications included 
hemorrhage, pulmonary embolism (PE), acute renal failure, ileus, and wound infec-
tion. IVC extension of RCC must be screened on preoperative imaging [21, 22]. The 
Mayo classification [23] describes four levels of venous extension: level I when 
extension only concerns the renal vein and/or the IVC <2 cm, level II corresponds to 
extension within the IVC >2 cm below the hepatic veins, level III corresponds to 
retro-hepatic IVC and/or hepatic vein involvement, and level IV corresponds to 
extension above the diaphragm with or without atrial thrombus. Imaging should be 
performed no longer than 30 days and preferentially 14 days before resection for 
optimal surgical planning [24]. MRI is usually considered as the gold standard for 
thrombus evaluation, but MDCT is as accurate as MR and more available [25]. It also 
allows simultaneous thoracic screening. Furthermore, imaging features may predict 

a

c d

b

Fig. 1.4  Right renal cell carcinoma (arrow) with malignant thrombus (arrowhead) in a 64-year-
old patient. Axial (a and c) and coronal CT (b and d) show a right renal heterogeneous mass 
(arrow) with contrast enhancement, extending to IVC through the renal vein (arrowhead)
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the need for IVC resection during nephrectomy: anteroposterior IVC diameter 
>24 mm, a right-sided tumor, and complete occlusion of the IVC at the ostium of the 
right renal vein [26].

1.3.1.4  �IVC Obstruction Consequences and Therapeutic Implications
IVC obstruction can be asymptomatic or can lead to bilateral lower limbs edema, 
pulmonary embolism, the Budd-Chiari syndrome (BCS), or venous collateral for-
mation [27–30].

Budd-Chiari Syndrome
The Budd-Chiari syndrome (BCS) is a clinical and biological syndrome due to a 
lack of hepatic venous drainage. The etiology of BCS can be located at any portion 
of the hepatic venous drainage path from hepatic venules to IVC. In Europe, BCS is 
most of the time the consequence of hepatic vein thrombosis or of extrinsic com-
pression. In Asia and South Africa, IVC webs (described below) are common BCS 
etiology [31]. The rapidity and extension of venous obstruction determine the sever-
ity of clinical and biological symptoms. BCS can be fulminant, acute, subacute, and 
chronic.

Imaging features of BCS include parenchyma abnormalities, ascites, signs of 
portal hypertension, and confirmation of venous outflow obstruction. Doppler US is 
the easiest imaging modality used for diagnostic confirmation with good sensitivity 
and specificity (approximately 85 % [32]). In acute BCS, hepatic parenchyma can 
be heterogenous, with an enlarged caudate lobe and ascites. Splenomegaly reflect-
ing portal hypertension is also described. On color Doppler US, hepatic vein or its 
confluence with the IVC is non-visualized; flow can also be diminished or reversed 
[33]. In chronic BCS, collateral veins can be seen. Portal vein flow can be slow and 
hepatofugal. On MDCT, heterogenous enhancement is present on arterial-
parenchymal phase, with regenerative nodular lesions and caudate lobe hypertro-
phy. Ascites, splenomegaly, and venous collateral pathways are seen. Thrombosis, 
stenosis, or webs in hepatic veins or in the IVC can also be seen. Liver cirrhosis may 
be present on chronic BCS. Liver analysis must be carefully done to depict hepato-
cellular carcinoma. MRI displays the same imaging features than that of 
MDCT. Regenerative nodular lesions show hyperintensity on T1-weighted images, 
isointensity on T2-weighted images, and hyperenhancement on arterial phase, per-
sisting on portal phase [34]. Specific treatment of BCS includes medical treatment 
with anticoagulation or interventional management in case of medical treatment 
failure [35].

Collateral Pathways
Chronic obstruction of IVC promotes collateral pathway development through 
deep and superficial venous collateral vessels. Four major pathways have been 
described [28]. The deep pathway, the most common, concerns the ascending lum-
bar veins, anastomosing with the azygos vein on the right side and the hemiazygos 
vein on the left side. Blood flow can also join vertebral, paraspinal, and extraverte-
bral plexus. In the intermediate pathway, blood flow returns through the 
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periureteric plexus bilaterally and the left gonadal vein to the left renal vein. The 
superficial pathway is constituted with the inferior epigastric and the abdominal 
wall veins, anastomosing with the superior epigastric veins and internal mammary 
veins to join the subclavian veins and the superior vena cava. Finally, the portal 
pathway concerns blood arising from lower extremities through the internal iliac 
veins to the hemorrhoidal plexus to join the inferior mesenteric vein and the portal 
system (Fig. 1.5).

Identification of these collateral pathways is essential before surgery to decrease 
hemorrhagic risk during procedure and to avoid pitfalls.

1.3.2	 �IVC Anatomical Variants

Anatomical variants of the IVC can be explained by aberrations of regression of 
embryologic veins described above. They are present in approximately 4 % of the 
population and are most of the time asymptomatic [1, 3]. Correct identification of 
these variants is essential before vascular interventions.

The most common variants are left IVC, double IVC, retroaortic and circumaor-
tic left renal vein, interruption of the IVC with azygos continuation, and portocaval 
shunt [1–5, 36].

1.3.2.1  �Left IVC
During embryologic development, the persistence of the left supracardinal vein 
combined with regression of the right supracardinal vein leads to the persistence of 
a left IVC. The left IVC joins the left renal vein. Then the left renal vein joins the 
right renal vein to form the IVC. Its prevalence is around 0.2–0.5 % [2] and can also 
be seen in patients with situs inversus. This variant can be mistaken with left-sided 
para-aortic adenopathy on non-contrast injection imaging. It is of primary impor-
tance during left-sided donor nephrectomy [36].

a b

Fig. 1.5  Collateral pathway. A 56-year-old patient with IVC leiomyosarcoma, who underwent 
surgery. IVC occlusion leads to portal collateral pathway development (arrow) (axial CT (a) and 
coronal CT (b))
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1.3.2.2  �Double IVC
Both of the supracardinal veins (left and right) persist, leading to a double IVC. On 
imaging, the IVC presents bilaterally. The left renal vein joins the left IVC, which 
crosses anterior to the aorta in the normal location to join the right IVC (Fig. 1.6). 
This variant is asymptomatic and its prevalence is about 0.2–3 % [2]. Its knowledge 
is important during kidney nephrectomy or vena cava filter placement to avoid pul-
monary embolism recurrence. Some authors recommend contrast injection in the 
left and the right common iliac veins during cavography before inferior vena cava 
filter placement to diagnose this anomaly. Preoperative imaging is essential to cor-
rectly plan surgery and avoid vascular complications.

1.3.2.3  �Retrocaval Ureter
The infrarenal segment develops from the right posterior cardinal vein, which lies 
anterior and lateral to the ureter instead of the right supracardinal vein, which is 
located posterior and medial to the ureter. This results in the compression of the 
ureter, leading to hydronephrosis or tract infections.

1.3.2.4  �Retroaortic and Circumaortic Left Renal Vein
Retroaortic renal vein (2.1 %) is classically asymptomatic but has been involved in 
the nutcracker syndrome with hypertension or in hematuria.

Circumaortic renal vein (5–7 %) is characterized by two renal veins: one anterior 
to the aorta and the other posterior to the aorta. Its clinical implication is fundamen-
tal in renal transplantation and should be known before varicocele treatment by 
radiologist (as it is technically impossible in this case).

1.3.2.5  �Interruption of the IVC and Azygos/Hemiazygos Continuation
It results from a failure to form the right subcardinal-hepatic anastomosis. The right 
subcardinal vein becomes atrophic. Blood is redirected through the retrocrural 
azygos vein or the hemiazygos vein and then the azygos vein. As a result, the azygos 
vein is enlarged and joins the superior vena cava at its normal location in the right 
paratracheal space. The hemiazygos can also drain directly in the coronary sinus or 

a b

Fig. 1.6  A 55-year-old patient with double IVC (arrow) (axial, (a); coronal CT (b))
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in the left brachiocephalic vein [37–39]. The prevalence is 0.6 %. The hepatic seg-
ment drains usually directly in the right atrium. The gonadal veins drain directly to 
the ipsilateral renal vein [1].

1.3.2.6  �Absence of the IVC
Absence of the IVC [40, 41] or only the infrarenal segment [42] is rare, and its cause 
is unknown. It may result from complete failure of embryonic vein development or 
perinatal venous thrombosis with atrophy. Collateral circulation may also be present 
on imaging, and patients are prone to develop deep venous thrombosis (DVT) [42] 
and chronic venous insufficiency (CVI) [43].

1.3.2.7  �Portocaval Shunt
Portocaval shunt (Abernethy malformation) is classified into two categories. The 
first one is characterized by absence of the portal vein with complete shunting of 
portal blood in IVC. It is associated with polysplenia and biliary atresia. The second 
one is a partial end to side anastomosis between the portal vein and IVC [44].

1.3.2.8  �IVC Webs
IVC webs are uncommon anomalies, either congenital or sequel of thrombosis. This 
entity is more frequent in Asian and South African populations [45]. Images show 
complete or fenestrated membrane in the lumen of the IVC [3]. It can lead to con-
genital Budd-Chiari syndrome and its complication (hepatocellular failure, HCC). 
Intra- and extrahepatic collateral circulations are present. Treatment depends on 
liver function and can be angioplasty, stenting, or creation of a transjugular intrahe-
patic portosystemic shunt (TIPS).

1.3.3	 �IVC Trauma

In trauma, IVC can be flattened reflecting hypovolemia or hypotension and should 
not be misdiagnosed as IVC trauma.

IVC trauma is rare and responsible of major blood loss. Multiple injuries are 
common, and most of the patients arriving at the hospital with IVC injury die [46]. 
Most IVC bleeding is compressed by adjacent structures in case of integrity of the 
retroperitoneum. Surgery is advocated in patients with persistent bleeding. Diagnosis 
is easily made on CT: retroperitoneal hematoma around the IVC, irregular vessel 
contour, and extravasation of contrast on venous phase (Fig.  1.7). Retro-hepatic 
IVC injury must be carefully searched because of its high mortality in a patient 
paradoxically stable. This injury is raised in case of liver laceration extending to the 
IVC with irregular contour of this one [47].

1.3.4	 �Postoperative Imaging

1.3.4.1  �Post-Liver Transplantation
Vascular complications involving the IVC can be seen after liver transplantation. 
Anastomosis of recipient and donor IVCs can be end to end or with the “piggy back” 
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technique. Regarding living donor transplantation, the donor hepatic vein is anasto-
mosed to the recipient IVC. Knowledge of the type of anastomosis is important as 
stenosis often concerns the anastomotic site. Liver transplantation complications of 
the IVC are thrombosis and stenosis, which concern only 1–2 % of liver transplanta-
tions. IVC stenosis is due to anastomotic narrowing or extrinsic compression by fluid, 
hematoma, or graft swelling. On US, flow velocity is increased by three- to fourfold 
when compared to normal flow, with Doppler aliasing. Hepatic veins are enlarged and 
their phasicity disappeared. Focal narrowing can be seen either on MDCT or 
MRI. Imaging features of the Budd-Chiari syndrome or portal hypertension can also 
be found [48]. This anomaly can be treated with angioplasty or stent placement.

1.3.4.2  �Post-Portocaval Shunt
Uncontrollable variceal bleeding with failure of radiological and surgical TIPS place-
ment can be treated by creation of a shunt between the superior mesenteric vein and 
the IVC. Radiologist should be aware of this atypical shunting to verify its patency.

1.4	 �Interventional Imaging of the IVC

1.4.1	 �Inferior Vena Cava Filter

Surgical ligation of the IVC was the first technique for IVC interruption in preven-
tion of PE. IVC thrombosis and lower limb edema were frequent complications of 
surgical ligation. IVC interruption by endovascular approach was possible in 1967, 

a

c

b

Fig. 1.7  Inferior vena cava trauma: a 25-year-old patient injured in a motor vehicle accident. 
Arterial and portal contrast-enhanced axial CT (a, b) show hepatic contusion involving the IVC 
(arrow) with contrast extravasation on delayed venous phase (c)
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thanks to the Mobbin-Udin filter. Vena cava filter indications are listed in Table 1.2. 
It prevents passage of emboli from systemic to pulmonary circulation by trapping 
venous emboli. Vena cava filter does not treat or prevent DVT [49–51].

Vena cava filters are either permanent or retrievable. They are classically MRI 
compatible. The length and diameter of the infrarenal IVC, location and number of 
renal veins, IVC variants, IVC thrombus, or extrinsic compression must be evaluated.

Percutaneous placement is performed through the common femoral vein, the 
right internal jugular vein, or the right antecubital vein. The location of IVC filters 
is infrarenal; the apex should be immediately inferior to the level of renal veins 
(Fig. 1.8). In certain cases, the location can be suprarenal: IVC thrombus in the 
infrarenal segment, pregnancy or women in childbearing age, intrinsic narrowing or 
extrinsic compression of the infrarenal IVC, gonadal vein thrombosis, extending 
thrombus above previously infrarenal vena cava filter, agenesis, or duplicated IVC.

Relative contraindications to vena cava filter placement are rare: uncorrectable 
severe coagulopathy and bacteremia or untreated infection.

Procedural complications include insertion problems resulting in an incomplete fil-
ter opening, filter tilting (>15° from IVC axis), misplacement of filter outside of the 
infrarenal IVC (in the iliac vein), and access site complications (e.g., thrombosis, hema-
toma, arteriovenous fistula). Complications of vena cava filter (<0.5 % [52]) include 
recurrent PE, IVC thrombotic occlusion (Fig. 1.8), penetration of the vein wall by an 
anchor device with transmural incorporation, filter movement, and filter fracture.

1.4.2	 �IVC Obstruction and Endovascular Management

Chronic venous disease (CVD) is a common disease leading to chronic venous 
insufficiency (CVI). CVI concerns approximately 1–5 % of the adult population. 

Table 1.2  Society of Interventional Radiology guidelines for use of inferior vena cava filter

Therapeutic: Documented thromboembolic disease

Contraindication to anticoagulation

Complication or failure of anticoagulation

Recurrent PE despite anticoagulation, massive PE with residual DVT in a patient at high risk 
for further PE

Propagation/progression of DVT despite adequate therapy

Inhability to achieve, maintain adequate anticoagulation

Free floating iliofemoral or IVC thrombus

Severe cardiopulmonary disease and DVT

Prophylactic

Severe trauma without documented PE or DVT

Closed head and spinal cord injury

Multiple long bone or pelvic fracture

Patients at high risk (ie in an intensive care unit, immobilized patients)

PE pulmonary embolism, DVT deep venous thrombosis
From Caplin et al. [49]
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CVD has different etiologies: no thrombotic etiology (primary or idiopathic) or 
thrombotic etiology due to prior DVT. Iliocaval obstruction is most commonly sec-
ondary to insufficient deep vein recanalization after DVT. The May-Thurner syn-
drome (also called the Cockett syndrome) is a non-thrombotic cause of iliocaval 
obstruction involving preferentially the left common iliac vein, where it is crossed 
and compressed by the right common iliac artery against the 5th lumbar vertebrae. 
Treatment can be surgical or endovascular with balloon angioplasty and stenting. 
Interventional treatment indications concern patients with CEAP clinical class 3–6 
(Annex 1) and chronic venous outflow obstruction [53].

Ipsilateral popliteal or femoral vein access, depending on thrombus extension, is 
performed using ultrasound guidance if necessary. A 5 Fr sheath is introduced, and 
venography is performed to locate obstruction. Hydrophilic wires are used to cross 
obstruction. Recanalization is controlled with contrast injection to avoid extra-
anatomic way. In case of extra-anatomic recanalization, the use of a stent graft 
should be considered. Angioplasty with balloon is performed before stent place-
ment. In case of persistent thrombus, thromboaspiration and catheter-directed 
thrombolysis could be performed [54]. The proximal and distal end of stent lies in a 
healthy venous segment. When multiple stents are used, overlapping is mandatory 
(15  mm of overlap). Large self-expanding stents are preferred in iliofemoral 
occlusion whereas self-expandable or balloon-expendable stents can be used in the 
IVC [53].

Technical success of venous stenting is high (84–88 % of cases [55, 56]) but 
decreased to 66 % in post-thrombotic lesions with complete IVC obstruction [57]. 
Long-term patency rate is high (86 % at 6 years [58] and 93 % at 10 years [59] in 
two large series). Symptomatology improvement (ulcer healing) is also high (rang-
ing from 58 % to 100 % [57–59]). Patients should receive lifelong antiplatelet. For 
May-Thurner syndrome patients or those with DVT, treatment with warfarin should 
also be considered [53].

a b

Fig. 1.8  Inferior vena cava filter. Cavography (a) shows IVC filter (arrowhead) placement below 
renal vein ostia (arrow). One month later, the patient had lower limb edema due to IVC occlusion 
(arrow) (coronal enhanced CT (b))
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The most common complication of this procedure is early and late rethrombosis 
(1.5–3 % for early and about 5 % for late thrombosis) [58, 59]. Other complications 
are rare including venous tear during procedure, pseudoaneurysm of adjacent artery 
and arteriovenous fistula at the puncture site, stent fracture, and dislocation [53].

IVC stenosis especially after liver transplantation can also be treated with angio-
plasty and stenting with good results [60, 61].

�Conc�lusion

Imaging allows precise diagnostic of congenital variants, IVC obstruction, or 
IVC invasion by neoplasms. This screening is required to allow optimal surgical 
or interventional radiology planning. Cava venography has been replaced by 
MDCT and MRI in this evaluation. Optimal IVC evaluation is performed on 
venous phase (i.e., 70–90 s after contrast injection) to avoid artifactual filling 
defects. Knowledge of main imaging features of anatomical variants, filling 
defects, and neoplasm invasion of the IVC is fundamental for radiologists.

Key Points

•	 Imaging the vena cava relies on optimized CT and MRI protocols.
•	 Obstruction of the IVC is easy to diagnose on CT and MRI and can suggest bland 

thrombus or tumor involvement.
•	 IVC disease can be amenable to interventional radiology.
•	 Anatomical variants are frequent and must be searched before abdominal 

surgery.
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Annex 1: CEAP Classification System
Clinical

•	 C0: No clinical signs
•	 C1: Telangiectases or reticular veins
•	 C2: Varicose veins
•	 C3: Edema
•	 C4a: Pigmentation and eczema
•	 C4b: Lipodermatosclerosis or atrophie blanche
•	 C5: Healed venous ulcer
•	 C6: Active venous ulcer

Etiology

•	 EC: Congenital
•	 EP: Primary
•	 ES: Secondary (post-thrombotic)
•	 EN: No venous cause identified

Anatomy

•	 AS: Superficial veins
•	 AD: Deep veins
•	 AP: Perforator veins

Pathophysiology

•	 PR: Reflux
•	 PO: Obstruction
•	 PR, O: Reflux and obstruction

PN: No venous pathophysiology identifiable
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2Anesthetic and Hemodynamic 
Considerations of Inferior Vena 
Cava Surgery

Daniel Eyraud and Victoria Lepere

2.1	 �Introduction

The hemodynamic changes in response to inferior vena cava clamping have been 
more studied during hepatic surgery than inferior vena cava (IVC) surgery. Indeed, 
cross clamping has been used for a long time in vascular surgery [1–3]; the strategy 
is relatively simple: either the disease is located below the hepatic venous conflu-
ence or the hemodynamic consequences are low and either it is located above or 
needs suprahepatic vena cava cross clamping. Cardiopulmonary bypass is usually 
indicated, with eventually a hypothermic arrest if a complex reconstruction, long or 
including the right atrium, is necessary or is indicated if there is a high risk of pul-
monary embolism (carcinological or cruoric) [4, 5]. The situation is different in 
liver surgery. The use of bypass, even veno-venous bypass, is avoided other than in 
the context of liver transplantation, because the use of anticoagulants may entail the 
bleeding of the liver slice of hepatectomy or because the venous return by the IVC 
clamped above and below the hepatic venous confluence (combined with pedicle 
clamping) is low, apart from the liver transplantation where the end-stage liver cir-
rhotic patient presents hyperkinetic syndrome. The aim of this chapter is first to 
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expose important anatomic and physiologic points about IVC circulation and sec-
ond to describe the consequences of the different IVC clamping, according to the 
clamping site and the eventual association with aortic or liver clamping.

2.2	 �Anatomic and Physiologic Considerations on the IVC 
Circulation

2.2.1	 �Spontaneous Portocaval Shunts

Although the portal and the caval systems are independent in the normal adult, 
many communications exist between them. These venous bypasses have no role in 
normal state but become crucial in pathologic situation such as portal hypertension, 
the Budd-Chiari syndrome, or all other situations where an obstacle to venous return 
exists. The typical situation is liver surgery with hepatic clamping or/and IVC 
clamping. To understand these situations we will detail later, we will expose the 
communications between the portal and the caval systems and the communications 
in the caval system.

These shunts could be differentiated in congenital physiologic or acquired.

2.2.1.1	 �Congenital Physiologic Bypasses
They are located at four levels:

–– Cardio-esophageal: They join, by the submuquous gastric venous net, the gastric 
veins and the coronary stomachic vein which depend on the portal circulation to 
venous esophageal plexus, which depends on the superior vena cava (with azy-
gos veins, hemiazygos veins, bronchial veins, diaphragmatic veins).

–– Umbilical anastomosis: The small paraumbilical veins, or sometimes the still flow-
ing part of the umbilical vein depending on the portal circulation, communicate 
with the veins of the abdominal wall depending on vena caval circulation (infra and 
supra), by the epigastric, intercostal, lumbar, and internal mammary veins.

–– Rectal anastomoses: The drainage of the rectum is organized in hemorrhoidal 
plexus which efferent ways are the superior hemorrhoidal vein which flows to 
the inferior mesenteric vein and the middle and the inferior hemorrhoidal veins 
which flow directly in the IVC.

–– Venous retroperitoneal anastomosis between splenic, pancreatic, gonadic, left 
renal, and hemiazygos veins.

2.2.1.2	 �Acquired Shunts
The acquired shunts are neovascularization of the epiploon or the peritoneum. They 
occur especially in the case of chronic obstruction of the portal vein, total or partial, 
and are particularly frequent when history of abdominal surgery or infected ascites 
occurs. When favorable pressure gradient occurs, the development of collateral cir-
culation is possible because the portal vein territory has no valves, which would 
prevent the blood from flowing back.
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The importance of the blood flow through these shunts depends on the resis-
tance of the vessels, which compose them, and the gradient pressure between the 
venous portal and caval territories. It is a major point to understand the clamping 
and their hemodynamic tolerance. The location and their level of development 
vary a lot depending on the individual [6, 7], and the importance of portal IVC 
shunts, portal superior VC (SVC) shunts, and IVC-SVC shunts is the most impor-
tant factor for the tolerance to total hepatic vascular exclusion (THVE) of the liver 
(see below).

Concerning IVC-SVC shunts in the situation of total or almost, they are all the 
more developed as the obstruction is older. Then, the type of development depends 
on the level of the obstruction:

Interrenal or infra-renal obstruction (Fig. 2.1):
–– The upstream venous circulation flows back through four directions:
–– Deep veins: intrarachidian, perirachidian, ascendant lumbar, and azygos veins
–– Superficial veins: abdominal and thoracic walls
–– Gonadic and ureteral veins
–– Portal system: inferior and middle hemorrhoidal veins and then the inferior mes-

enteric vein and portal vein

Innominate v.

Sup. intercostal v.

Acessory hemiazygos v.

Reno-azygos anast.

Renal v.

Gonadal v.Gonadal v.

Pelvic plexus

Gonadal plexus

Subclavian v. Axillary v.

Lumbar v.

Abdomino-
thoracic v.

Circonflex
iliac v.

Epigastric v.

Epigastric v.

IVC

Ureteral
v.

Hemiazygos v.

Intercostal v.

Collateral tracks
in case of IVC obstruction

Deep tracks

Portal track Superficial track

Intermediate tracks

Sacral plexus

sv
c

C
IV

C
IV

Azygos v.

Liver

Intervertebral
v.

Ascending
lumbar v.

Para-ombilical v.

IVC

V

Hemorroidal Pl.

Abdo. Parietal v.

Portal v.

Hemorroidal v.

Inf. Mesenteric v.

Int. Mammary v. Lateral thoracic v.

a

c d

b

Fig. 2.1  Collateral veins in case of obstruction of the inferior vena cava in relation with the level 
of obstruction
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Suprahepatic IVC obstruction without portal obstruction:
If it is acute, this situation is lethal in the mammals because of the massive blood 
sequestration in the portal system and the liver. If the obstacle is progressive, the 
shunts are the same than described before with the adjunction of back flow in the 
hepatic veins [8]. The liver suffers (hepatomegaly) because the perfusion is at high 
pressure as in right heart insufficiency or the Budd-Chiari syndrome.

2.2.2	 �Circulatory Models

2.2.2.1	 �Generalities
The goal of the circulatory system, meaning the heart, the vessels, the lungs, and the 
blood together, is to deliver to each organ oxygen and nutriments it needs. In patho-
logic situations, some, and more frequently many, of these factors could be affected. 
In healthy subject, and also in many clinical situations, the peripheral circulation 
(vessels and blood) is responsible alone for the decrease of oxygen delivery to the 
organs: the cardiac pump is normal, but it ejects only the blood returning to it – the 
venous return is the limiting factor of the cardiac output therefore of the circulatory 
system. We will expose the different steps of this “peripheral theory” of regulation 
of the cardiac output opened by Guyton [9] and then improved by Magder [10], 
Benett [11], and Caldini [12, 13]. These circulatory models allow to explain many 
clinical situations and then to improve them rationally. These models restitute the 
importance of peripheral circulation, especially the splanchnic circulation in the 
regulation of the circulatory system. Moreover, they are indispensable for the under-
standing of the venous clamping we will expose after.

In all these models, the cardiac pump plays a tolerant role only. At some level 
of cardiac inotropism and afterload (impedance to the ejection, functions of the 
systolic arterial pressure (AP), and then of the arterial resistance, and of the 
dimensions of the myocardia), the cardiac output (CO) is the function of the pre-
load (tension of myocardial fibers at the end of the diastole) assimilated in this 
model to right atrial pressure (RAP) which is the pressure of entry in the system. 
That is the relation curve of Frank-Starling. In case of changes in contractility or 
afterload, the function moves, depicting different curves (Fig. 2.2). For the same 
increase in RAP, the CO increases when the inotropism increases (stress, physic 
activity) or the afterload decreases (e.g., increase in external temperature with 
vasodilatation) and decreases when the inotropism decreases (cardiac insuffi-
ciency) or the afterload increases (arterial hypertension episode). Actually, the 
normal heart has a functional reserve allowing facing all the more extreme clinical 
situations (maximal effort, arteriovenous fistula), so the limiting factor CO is the 
preload.

The blood returns to the heart according to the pressure gradient. If RAP sud-
denly increases (tricuspid valve occlusion), the venous return (VR) stops. And if the 
RAP is decreased, the VR increases. This relation has been described by Guyton [9] 
in the dog bypassing the right heart and strictly controlling the RAP. The VR could 
be measured during few seconds before the reflexes modify the basic conditions of 
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inotropism and afterload (Fig. 2.3). When the RAP decreases, the VR increases to a 
maximum of RAP near to 0 mmHg. It is explained by the collapse of the IVC when 
the external pressure around the IVC becomes higher than the intravascular pres-
sure. Immediately after the collapse, the upstream pressure increases. That opens 
the collapsed IVC. The IVC could be in “fluttering state,” and the transmural pres-
sure (intravascular pressure-extravascular pressure) should remain ≥ 0, if not the 
circuit dismantles, although the downstream pressure could be negative.

The second important result given by the curve of the VR is the slope. That is 
the conductance of the VR, and it inverses in the resistance to the VR (RRV). It 
is remarkable that the relation between the RAP and the VR is linear on a great 
part, regardless of the volemia or venous resistances (family of curves, Fig. 2.4). 
That means that, although the venous system is formed by a multitude of small 
vessels in parallel or in series, it behaves as a unique resultant vessel, obeying the 
law of Ohm.

The third important result given by this curve is the point intersection with 
abscises axis (RAP). It is the point where the venous return declines to 0. Indeed, if 
the pressure insuring a flow through the circuit decreases, it is a time when the flow 
stops: the time when the pressures of downstream and upstream become equal. 
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Guyton showed that this value of RAP was 7 mmHg. He named this pressure circu-
latory mean pressure or mean systemic pressure (MSP): it is the pressure measured 
in each point of the circuit after a sudden arrest of the pump and the distribution of 
the blood in all the parts of the system. It is a static measure of relation content-
containing, dependent on the volemia and on the total vascular capacitance (itself 
very dependent on the vascular tonus). This pressure could be experimentally mea-
sured by Guyton and could be also approached in clinical situation of cardiac arrest 
with deep hypothermia (the hypothermia modifies the vascular tonus, and then the 
value of MSP is a little different than the experimental value). In dynamic status, 
there is a point where the pressure is the MSP: because of its low value (7 mmHg), 
this point is necessarily on the capacitive sector. The cardiac pump transfers a blood 
volume from the capacitive sector (veins) to the resistive sector (arteries). That 
involves a slight decrease in venous pressure and an important increase in arterial 
pressure, but that does not change the MSP. What can change the MSP are the 
changes in the venous tonus or in the volemia, as the model of Guyton, adapted by 
Magder, illustrates it (Fig. 2.5).

2.2.2.2	 �The “One-Compartment” Circulatory Model
This model includes heart-lung pump system, constituted the right and left hearts and 
the pulmonary circulation; the output generated by the pump is flowing through a 
unique arterial tube, resistance Ra; veins are constituted by another tube, resistance 
Rv; and the capacitance of the circuit being constituted by a unique tank draining to 
the venous tube by a lateral orifice (Fig. 2.7). The position of the orifice separates the 
total volume of the tank (Vt) into two compartments V0 and Vt−Vo. The volume Vo, 
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non-tensed volume, corresponds to the maximal blood volume necessary to fill the 
venous system without distending the vascular wall and then without generating 
positive transmural pressure (Ptm). The volume Vt−Vo, above the drainage orifice, 
constitutes the tensed volume (approximatively 30 % of the total volume in normal 
circumstances) and generates transmural pressure. The pressure exerted by Vt−Vo 
when the output becomes null is the MSP. Because the capacitance of the tank is 
much taller than the arterial and venous tubes, we may approximate, in dynamic 
regime, the driving pressure at the orifice to the MSP. The value of the MSP depends 
on the tensed volume (level of filling) and the capacitance of the tank (vascular 
tonus). The output of exit (Qv) of the tank represents the venous return:

	
Qv

MSP RAP

Rv
=

−
	

Arterial resistance does not play a role in this model, after Guyton showed that 
venous resistance had an importance of 20 times greater than arterials. The coupling 
pump-circuit in this model occurs in the right atrial, by the level of RAP. Indeed, if 
the decrease in RAP increases the venous return, it decreases the preload of the pump 
and then the output. For a level of volemia (Vt), capacitance (surface of the tank), 
venous return, and power of the pump, Fig. 2.6 illustrates that, in the equilibrium, the 
RAP and the cardiac output (then the VR) are determined by the intersection of the 
curves of cardiac output and venous return. This point of equilibrium is unique.

Because some physiologic or clinical situations, intense muscular stress and vas-
cular clamping, are not very well explained by this “one-compartment model, some 
authors proposed a two-compartment model [11–13].

2.2.2.3	 �The “Two-Compartment” Circulatory Model
The peripheral circulation is subdivided into two compartments, splanchnic and not 
splanchnic (Fig. 2.7). High capacitance and venous return resistance characterize 
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Fig. 2.5  Diagrammatical representation of circulation in the one compartment model from 
Magder [10]. Right Atrial Pressure RAP, Transmural pressure Ptm. Ra and Rv, arterial and venous 
resistances. Vt: total volume of the circuit. Vo = no tension volume corresponding to the volume 
necessary to feel the venous system without tension of the vascular wall
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Cardiac output and venous return curves
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the splanchnic compartment. The MSP, in this model, is the mean of MSP of the 
splanchnic and not splanchnic tanks. Each MSP is determined by the fractional 
capacitance of the tank and the arterial and venous respective resistances condition-
ing the blood distribution into the circuit. The splanchnic compartment is said to be 
a high time constant because the transit time of a blood cell through its tank is five 
times longer than through the not splanchnic tank. During a muscular exercise, the 
transit time becomes even slower because of the vasodilatation of the not splanchnic 
(muscular) compartment and of the vasoconstriction of the splanchnic circuit. The 
main part of the volemia dividing up in the compartment of low time constant, the 
venous return, and then the cardiac output dramatically increases in this situation. 
An arteriovenous fistula has the same effect on the cardiac output. We will explore 
how this model allows to understand vascular clamping and in particular the total 
vascular exclusion.

2.3	 �The Different Venous Clampings

The venous clamping involves increase in the resistance of VR in the upstream ter-
ritory. The decrease in VR is proportional to:

–– The presence and the efficacy of collaterals
–– The capacitance and the compliance of the upstream venous territory

A new equilibrium is obtained a few minutes after the clamping. This equilib-
rium is compatible with the vitality of clamped territory only if:

–– A venous replacement return exists; if not, the increase in the venous pressure 
would reach to arterial pressure with irreversible congestive injuries of the 
clamped venous territory.

–– The clamped territory has high capacitance and compliance; like the liver and the 
splanchnic sector, arterial vasoconstriction should occur to limit the blood pool-
ing in the clamped territory. If not, death occurs by collapse because of the 
clamping, without any equilibrium. Indeed, the opening of the collateral veins is 
efficient enough, only if the clamped territory is not too large or too compliant. 
If not, the venous clamping constitutes a massive internal hemorrhage.

Depending upon the mammalian species, the inferior vena cava or splanchnic 
venous collaterally is more or less developed that involves a given venous clamping 
that could be well tolerated in a species and not in the other. It is the case of IVC 
clamping below the renal confluence, which provokes severe decrease of venous 
return and arterial pressure in the dog and which has almost no hemodynamic con-
sequence. The example of the portal clamping is even more characteristic: it is ever 
well tolerated in human and provoked the death in less than 1 h in the dog, as Claude 
Bernard showed it in 1877 [14], preventing progress in surgery because nobody 
doubted that the behavior of the human was different than the dog!
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In human, physiologic outputs in the IVC, below and above the renal venous 
confluence and above the hepatic venous confluence are, respectively, 800, 2000, 
and 3500 mL/min approximatively for an adult weighting 70 kg, with cardiac output 
of 5 L/min.

2.3.1	 �IVC Clamping Below the Renal Venous Confluence

This clamping is always well tolerated in humans [15]. This type of clamping has 
specially been studied in the dog, which tolerated less: the mean arterial pressure 
decreases up to 15 % and CO up to 30 % of its values before the clamping [16].

2.3.2	 �IVC Clamping Above the Renal Venous Confluence  
(Below the Liver)

This clamping in patient without chronic obstruction of the IVC and collaterals 
decrease the VR of 40 % in human [17]. Clinical studies found lower decrease in 
VR: 32 % in awoke patient [18] and 20 % in anesthetized patient [19]. The upstream 
pressure in the IVC was 20 mmHg, and the MAP decreased to 19 %. This clamping 
has recently been used in a randomized study of liver surgery [20] for reduction of 
central venous pressure (CVP) and then blood loss during hepatic resection. In this 
study, the decrease in CVP in response to the infrahepatic IVC clamping was 
approximatively 4 mmHg, without significantly change in the postoperative course 
of the renal function.

2.3.3	 �IVC Clamping Above the Hepatic Venous Confluence

The acute obstruction of the IVC above the hepatic venous confluence has been 
studied for a long time as a model of shock in the dog [21]. The MAP suddenly 
decreases to 40 mmHg with contraction of the differential pressure. Pressures in the 
IVC and in the portal vein moderately increase to 25 mmHg, whereas the volume of 
the liver rapidly increases. The death occurs in less than 1 h, and the autopsy shows 
a very big liver, whereas the spleen, kidneys, and bowels are almost without injuries 
[22]. The death of the dog is then the consequence of the hemorrhage from the gen-
eral circulation to the liver, “circulatory blind alley,” and territory of very high com-
pliance and capacitance. These two properties of the liver, high capacitance and 
high compliance, explain why the collapse occurs without major increase in the 
upstream pressures. This hypothesis was confirmed by the absence of collapse in 
dogs with chronic obstruction of the supradiaphragmatic IVC, in which the IVC 
was ligated above hepatic confluence: efficient collateral veins had developed 
between the liver, portal system, and superior cava system, and the complete 
obstruction of the IVC, in the context of chronic obstruction, did not have any sig-
nificant effect on the venous return or upstream pressures [23].
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2.3.4	 �Total Hepatic Vascular Exclusion

The goal of THVE is to stop the two sources of bleeding during the hepatic resec-
tion or during the resection of the IVC above the venous confluence. The first is the 
inflow system consisting of the hepatic pedicle (the Pringle maneuver), and the 
second is the outflow system consisting of the reflux from the IVC through hepatic 
veins. THVE is used when a liver tumor has invaded the hepatic vein and IVC, so 
that it is necessary, or an at-risk eventuality, to open the vein for the resection. This 
technique prevents two complications: massive hemorrhage and gaseous embolism. 
Moreover, it allows a perfect surgery. However, it involves a continuous ischemia of 
the liver. Although this technique is less used, especially in liver transplant surgery 
where lateral clamping of the IVC is preferred, its consequences should be known.

2.3.4.1	 �Hemodynamic Effects (Fig. 2.8)
In response to THVE, the CO decreases to 50 %, accompanied by an increase of 
80 % of the systemic vascular resistance (SVR) and a moderate (<10 %) decrease in 
the MAP, whereas the diastolic arterial pressure is maintained [24]. In this study, 
MAP did not significantly change 5 min after the THVE but slowly decreased along 
the maneuver, and the decrease was significant from the 30th minute.

The other hemodynamic changes were a significant decrease in parameters 
assessing the preload, CVP, pulmonary arterial wedge pressure (PAWP) evaluated 
via the Swan-Ganz catheter, or left ventricular (LV) diastolic area (LVTDA) 
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Fig. 2.8  Hemodynamic effect of the total vascular exclusion of the liver in the two-compartment 
model. PSM, Q, RVS are the mean systemic pressure, blood flow and vascular resistance in the two 
compartments (1, non-abdominal and 2, abdominal) before and after the clamping (addition). 
RAP: right atrium pressure
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evaluated via transesophageal echocardiography (TEE). The decrease in LV telesys-
tolic area (LVTSA) did not compensate for the decrease in LVEDA and the LV 
function evaluated as (LVEDA-LVESA) decreased significantly.

The increase in the heart rate limits the consequences of the decrease in the LV 
ejection volume, on the CO. These parameters changed approximately 50 % like in 
other studies [25]. After the unclamping, all parameters return to normal.

2.3.4.2	 �Neurohormonal Effects
It is usually admitted that the regulation of the arterial pressure (AP) bases on three 
systems: the sympathetic, divided into nervous component (the baroreflex) and hor-
monal component (epinephrine (E), norepinephrine (NE), and dopamine (DA), pro-
duced by the suprarenal glands), the renin-angiotensin system, and the vasopressin 
system. Under general anesthesia, the baroreflex is inhibited, and the other compo-
nents of the AP regulation compensate it. To determine the respective role of each 
component in response to TVHE, we measured the blood concentration of arginine 
vasopressin (AVP), plasmatic renin activity (PRA), E, NE, and DA, before every 
15 min during the TVHE and 15 min after the unclamping. E, P, and AVP, signifi-
cantly increase from the fifth minute after the clamping, remained elevated along and 
returned to pre-clamping values after the unclamping, whereas ARP did not signifi-
cantly change. Lentschener et al. [26] demonstrated also the importance of these two 
hormonal systems during the sole portal triad clamping (PTC). Twenty patients 
undergoing liver resection were allocated randomly to have hepatic pedicule infiltra-
tion before PTC with either lidocaine 200 mg or placebo. MAP was recorded; plasma 
concentrations of vasopressin, epinephrine, norepinephrine, dopamine, and renin 
were measured. After PTC, MAP increased significantly in the placebo group but 
decreased significantly in the lidocaine group. Plasma concentrations of AVP, E, and 
NE increased significantly in the placebo group. Plasma concentrations of AVP 
decreased significantly in the lidocaine group, while plasma concentrations of E and 
NE were unchanged. The authors concluded that neurohumoral mechanism, elicited 
in the peritoneum, caused the pressor response associated with PTC. In our work, 
like in Lentschener’s, we did not evaluate the baroreflex. Now, even the baroreflex is 
altered by the general anesthesia, it is probably not abolished, and it is why the anes-
thesiologist decreases the level of anesthesia before the TVHE: to improve the toler-
ance by the decrease of the baroreflex inhibition. However, it is interesting to consider 
that AVP could play a key role in response to TVHE, because this hormone exerts its 
action especially on the mesenteric circulation [27]. As we saw in the past paragraph, 
the most important factor allowing the hemodynamic tolerance in response of the 
THVE is the vasoconstriction of splanchnic arterial bed. This prevents the massive 
and continuing pooling of blood and then the dramatic decrease in LV preload and 
consecutive low output in cerebral and coronary arteries. The source of the neurohu-
moral response is located in the portal bed, where baroreceptors are disseminated 
[28]. The increase in pressure consecutive to PTC triggers the AVP system and the 
baroreflex via the vagus nerve. Indeed, the systemic response to the distension of 
splenic vascular bed is abolished by the section of the splenic nerve [29], branch of 
the vagus. In the case of TVHE, the sudden decrease in RAP could have triggered an 
AVP pituitary secretion, mechanism named Henry-Gauer reflex [30].
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2.3.5	 �Inferior Vena Cava Clamping Combined with Supra-Celiac 
Aortic Clamping

Ohara et al. first showed that the clamping of the supra-celiac aorta combined with 
the thoracic IVC prevented the immediate lethal collapse in the dog [22]. Then 
Heaney et  al. proposed the association of PTC and the clamping of supra-celiac 
aorta for major hepatic surgery [31]. The isolated clamping of the descending tho-
racic aorta has two main effects on the hemodynamics [32]: first, sudden increase in 
the afterload that decreases the cardiac function and then the CO for the same level 
of inotropism and preload. In the normal heart, an increase in contractility compen-
sates for and maintains the ejection volume; second, the redistribution of the blood 
of the lower part of the body toward the top. The exclusion of the hepato-splanchnic 
compartment with low time constant (slow transit of blood) decreases the resistance 
to the VR. The VR increases especially as the superior territory is less compliant 
and especially as the MSP is raised.

Stockland et al. studied the combined descending thoracic aortic clamping with 
intrathoracic IVC [32]. The CO decreases to 73 % and becomes equal to the base-
line output of the superior vena cava (SVC). The systolic and diastolic pressures of 
the LV did not change. The IVC clamping then permitted to adapt the circulating 
blood volume to the reduced circulatory circuit consecutive to the clamping of the 
supra-celiac aorta, with unchanged pressures and output adapted to the distributed 
territory. Simultaneous occlusion with the balloon of the IVC and aorta has been 
used in patients treated with hypoxic abdominal perfusion for chemotherapy [33]. 
The procedures had severe cardiovascular effects: MAP and PAWP increased to 
more than 20 % of baseline, and SVR increased to more than 80 %, whereas CO and 
PAP did not significantly change. One minute after occlusion release, all patients 
had a 50 % decrease in MAP, mPAP increase of 50 %, CO increase of 100 %, and 
left and right ventricular stroke work index increase of 75 and 147 % at the baseline. 
These results contrasted with the experimental study of Stockland: because of gen-
eral anesthesia, age of the patients, and history of myocardial toxic chemotherapy, 
the heart did not increase the output in response to the increase of VR and MSP.

However, Delva et al. [19] performed the quadruple clamping, combining TVHE 
and supra-celiac clamping, and reported also different results: the CO decreased to 
70 % at the baseline, whereas MAP and SVR increased to 33 and 140 %, respec-
tively. The heart pressures did not change. In comparison with the isolated TVHE, 
the quadruple clamping was associated with lesser decrease in CO (because of the 
larger VR) and well-maintained arterial pressure. The result that CO was more ele-
vated than the output usually attributed to sole superior cava territory, in contrast 
with Stockland’s observations, was explained with the larger redistribution of the 
blood in this territory: indeed, the clinical situation of the quadruple clamping 
allows a total exclusion of the liver. Moreover, the azygos system is not clamped in 
this situation contrary to the procedure of Stockland, and that allows the residual 
blood, coming into the inferior territory via mammary and epigastric arteries, to 
return to the heart. The IVC unclamping was followed by increase in CO, AP, and 
filling heart pressures. The aortic declamping, always progressive, was followed by 
a severe decrease in AP.  Sometime, like in the study of Hofland et  al. [33], the 
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cardiac tolerance was mediocre with major increase in PAWP and occurrence of 
arrhythmia. For these reasons, authors advised against this procedure that is more-
over deleterious for the renal function and possibly dangerous for the nervous sys-
tem if the Adamkiewicz artery is born below the clamping.

2.4	 �The Role of the Anesthesiologist

2.4.1	 �Preoperative

The most important role of the anesthesiologist in major surgery is to evaluate 
the intra- and postoperative risk and to examine how to decrease or prevent it. 
This discussion is usually collegial with surgeons: either the risk is important but 
accepted because there are no other possibilities or the risk is not acceptable, and 
the initial surgical procedure should be modified. In hepatic surgery including 
the IVC or in IVC surgery, needing TVHE or intrathoracic IVC clamping, the 
cardiac and pulmonary history should be known. Moreover, cardiac evaluation 
should be done in the case of clinical signs (MET < 4), cardiovascular risk fac-
tors, or cardiac history. Indeed, decompensation of coronary disease or cardiac 
insufficiency may occur following IVC clamping or TVHE. The major bleeding 
of the slice of hepatectomy may occur at the decamping of THVE in patients 
with severe pulmonary disease and pulmonary arterial hypertension. Any chemo-
therapy could have coronary (5FU) or cardiac adverse effects (Adriamycin). 
Significant stenosis of coronary or supra-aortic artery should be considered as 
contraindication to TVHE or intrathoracic IVC clamping without extracorporeal 
circulation.

In hepatic surgery, the specific risk of postoperative liver failure could be evalu-
ated with the surgeon and taken into account: the volume of the remnant liver 
(evaluated with 3D tomodensitometry); the quality of the liver (cirrhosis, steatosis, 
portal hypertension), evaluated by biology, indocyanine green clearance, and 
echography; and the need for continuous long liver clamping [34].

2.4.2	 �Intraoperative

2.4.2.1	 �The Risk of Hemorrhage
Even in expert centers, sudden and massive hemorrhage may occur in this major 
surgery. The continuous monitoring of arterial pressure by a radial catheter and the 
insertion of two perfusion veins with one rapid perfusion device are required. The 
use of cell saver is not advised in carcinological surgery [35] but in cases of com-
bined liver and IVC resection with complex reconstruction [36, 37], the blood 
aspired by the surgeon could be directed in the container of the cell saver and treated 
only if the bleeding is sudden and uncontrolled.
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2.4.2.2	 �The Risk of Gaseous Embolism
As frequent as the filling pressure of the heart is low, capnometry and transesopha-
geal echocardiography allow rapid detection of gaseous embolism. Pulmonary arte-
rial catheter could alert but has no specificity. The prevention is the TVHE during 
the most complex phase of the surgery.

2.4.2.3	 �The Management of the Consequences of the Clamping
The tolerance of TVEH is usually obtained after infusion of 750–1000 mL of col-
loidal solution and decrease of the anesthetic level, to permit arterial vasoconstric-
tion in clamped territories. This tolerance is multifactorial and in a large part 
unpredictable [20]. That is why a test is performed during 7 min without any sur-
gery. That permits to ascertain that the exclusion is well performed and that the 
patient will tolerate. In a < 60 years patient with a normal heart, minimal monitoring 
is necessary, in expert centers. In an elderly patient or patient with mild alteration of 
the cardiac function, mild or moderate myocardial hypertrophy Swan-Ganz catheter 
with mixed venous saturation (SvO2) monitoring is a good indicator of tolerance: if 
MAP is maintained > 70 mmHg, CO decreases < 60 % pre-clamping value, and 
SvO2 is maintained > 65 %, the TVHE could be performed without risk [26]. TEE 
is also very interesting but no classification of tolerance has been reported with this 
“monitoring.” From our point of view, PAC permits monitoring and TEE-specific 
analysis of an unpredictable event. Fluid infusion during the period of TVHE should 
be minimal, to avoid sudden increase in pressure after declamping, especially in 
patient with cardiac relaxation disturbances. TVHE without bypass should not be 
performed in patients with coronary disease or cardiac dysfunction.

2.4.3	 �Postoperative

The postoperative course depends on:

–– The remnant liver, quality and volume of the parenchyma, and time and type of 
the clamping if hepatectomy is the reason of the surgery.

–– The quality and the type of the clamping even if the liver is not directly involved by 
the surgery. Indeed, if hepatopathy does exist, liver hypoxia induced by long con-
tinuous clamping could entail postoperative liver failure.

Moreover, cardiopulmonary bypass has also been involved in postoperative liver 
failure in cirrhotic patients submitted to cardiac surgery [38, 39].

–– Intraoperative parameters: bleeding and intolerance to clamping and hemody-
namic instability are important risk factors. The time of clamping of the liver 
(>30 min if severe hepatopathy does exist or 90 min in the normal liver) is an 
important point. A prolonged clamping > 90 min is probably deleterious for the 
pathologic kidney even if no report has specifically studied this point.

2  Anesthetic and Hemodynamic Considerations of Inferior Vena Cava Surgery



36

–– The comorbidities of the patients: cardiac, pulmonary, renal dysfunction, 
denutrition.

Patients could be usually extubated in early postoperative time after controlling the 
normothermia, the absence of the bleeding via the drains and stable hemodynamics. 
Biologic parameters should be checked: arterial gaz, lactatemia, glycemia, hepatic 
enzymes, ionogram, urea and creatinine blood concentration, hemoglobinemia (Hb), 
prothrombin time (PT), platelets, and fibrinogen especially. Blood products should 
be infused to keep Hb > 9 g/dL, platelets count > 50 G/L, fibrinogen > 1 g/L, and PT< 
18 s [40].

Several treatments should be avoided in cases of hepatopathy; large hepatic 
resection or long period of ischemia, especially paracetamol because of hepatic 
toxicity and benzodiazepines, those effects could be very prolonged. Some treat-
ments like nonsteroid anti-inflammatory or aminosides may have increased nephro-
toxicity in cases of hepatic dysfunction or hypovolemia [34].

Anticoagulation should be introduced with caution, especially if large hepatec-
tomy has been performed or if hepatopathy exists. However, it should be introduced 
early, with continuous intravenous heparin, in case of the prosthetic vena cava. This 
dose could be increased if no bleeding appeared or thrombus is observed on abdom-
inal echographic imaging. Heparin should be stopped in case of bleeding.

Infectious complications, especially pulmonary, are frequent after major abdom-
inal surgery and especially hepatic surgery [41]. After bacteriologic sampling, it 
should be rapidly treated with large spectrum of antibiotic before adapting the anti-
biotherapy to the antibiogram.

�Conclusion

Thorough physiologic and anatomic knowledge in splanchnic and systemic 
hemodynamics are afforded to take in charge of the major surgery implying IVC 
clamping, especially if clamping the hepatic venous confluence, with or without 
hepatectomy. Discussions between the anesthesiologist and the surgeon are cru-
cial before the surgery to evaluate the risk, which depends on comorbidities of 
the patient and the type of procedure. Adaptation of the procedure is often pos-
sible, permitting to decrease the risk in the more frail patients. The dialog should 
continue in the operating room because some pathology, as cirrhosis or severe 
liver steatosis, may be discovered only at this time; long period of ischemia 
should be avoided in such patients, and perfusion, hypothermic or not, of the 
liver should be sometimes used to preserve the liver. After surgery, the time and 
the dose of anticoagulant should be discussed for each patient, taking into 
account the thrombotic risk of the patient and the hemorrhagic risk of the sur-
gery. Even if the modern monitoring, transesophageal echocardiography and 
SvO2 Swan-Ganz catheterism, help to manage these patients, the most important 
guaranty of success is the experience and the continuous dialog between the 
anesthesiologist and the surgeon.

D. Eyraud and V. Lepere



37

Key Points

•	 The hemodynamic changes in response to inferior vena cava (IVC) clamping 
depend on the level of clamping.

•	 IVC clamping below the renal venous confluence are well tolerated, and IVC 
clamping above the hepatic venous confluence needs major anesthetic adaptation 
and sometimes the use of bypass.

•	 The anatomy of the collateral venous tracks and models of the cardiocirculatory 
system should be known to understand the adaptation of the system, especially 
in the case of the total vascular exclusion.

•	 Preoperative anesthetic evaluation should be exhaustive but has two priorities: 
determine with the surgeon the best operative surgery and check that the patient 
could support the major changes induced by this surgery.

•	 Intraoperative risks include first hemorrhage and embolic complication. 
Hemodynamic monitoring should be of great interest, for the precise adaptation 
of the therapy and the volemia.

•	 After surgery, the time and the dose of anticoagulant should be discussed for 
each patient, taking into account the thrombotic risk of the patient and the hem-
orrhagic risk of the surgery.
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3.1	 �Introduction

Soft tissue sarcomas (STS) are rare tumors, with 10,390 estimated new cases reported 
in the USA in 2008 [1]. The international incidence rates range from 1.8 to 5 per 
100,000 per year and the estimated deaths from soft tissue sarcoma are 4870 [2].

Leiomyosarcoma (LMS) is one of the most frequent soft tissue sarcomas with an 
incidence ranging between 10 % and 20 % of all newly diagnosed STS [1, 2].

Among vascular leiomyosarcomas, the inferior vena cava (IVC) represents the 
most common location accounting for approximately 0.5 % of adult soft tissue sar-
comas. The first case of IVC leiomyosarcoma (IVCLMS) reported in the literature 
was described at a postmortem examination in 1871 by Perl [3, 4]. By then, fewer 
than 700 cases of IVCLMS have been reported, with most studies limited to single 
case reports or compilations of small case series [5].

Because of the limited case numbers, evidences and conclusions about the natu-
ral history and optimal treatment of this tumor are still difficult to establish.

Traditionally, it has been held that the diagnosis of IVCLMS carries a severe 
prognosis, requiring a potential multidimensional treatment approach of unknown 
efficacy [6, 7]. The diagnosis is largely dependent on modern imaging modalities, 
but can often be delayed for a long time. The goals of management of these tumors 
include the achievement of local control, maintenance of venous return, and 
prevention of recurrence. The surgical complete resection is the only chance to cure 
for these patients, even if prognosis is traditionally considered poor and the 
reported 5-year survival rates after resection are usually comprised between 30 and 
50 % [8, 9].
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A systematic overview and analysis of IVCLMS is here presented with the intent 
to produce a complete analytical study of epidemiology, histopathology, radiologi-
cal diagnosis, surgical treatment, palliation, and survival outcomes of this rare 
tumor. To do that, a recent update of the 1996 International Registry of IVCLMS [5] 
has been performed and reported, presenting the clinical, surgical, and oncological 
findings of a new modern world series of 301 patients. A systematic PubMed review 
of all case series and single cases published (between 1993 and 2014) has been 
made, and all the patients have been inserted in our International Registry database, 
analyzing all the exhaustive clinical, radiological, surgical, and oncological out-
comes. Non-English papers were excluded, as well as all papers including series 
and patients already entered in the Registry analysis published in 1996 [5].

The intent of this preliminary update of the International Registry was to evalu-
ate, at more than 20 years from its first appearance, if the modern era and the better 
quality standard in surgery and anesthesiology have improved the surgical and 
oncological outcomes of patients who underwent surgical resection for IVCLMS.

Statistical analyses were performed using MedCalc for Windows, version 
10.2.0.0 (MedCalc Software, Mariakerke, Belgium). Data are presented as means 
and percentages. Differences in distribution were calculated using the t-test for con-
tinuous variables and the chi-square test for categorical variables. Survival was esti-
mated using the Kaplan-Meier method, and differences were assessed by means of 
the log-rank test.

3.2	 �Epidemiology, Etiology, and Predisposing Factors

In the USA, in 2010, the estimated new cases and deaths from soft tissue sarcoma 
were 11,930 and 4870, respectively [10]. In Italy, during 1998–2002 period, con-
nective tissue cancer represented 0.4 % of all newly diagnosed cancers and 0.4 % 
(368) of all cancer deaths among males and 0.5 % (334) among females [11].

Between STS, leiomyosarcoma is the more common histological type, counting 
for a total of 216 new diagnoses/year registered in Italy between 1998 and 2002 [11].

SEER (Surveillance, Epidemiology, and End Results) database program demon-
strated that LMS comprised a significant percentage of STS and is the predominant 
sarcoma arising from large blood vessels [12]. As STS in general, LMS usually 
occurs in middle-aged or older persons, although it may develop in young adults 
and even in children [12].

The sex incidence depends on tumor location, with women representing a clear 
majority of patients with retroperitoneal and IVCLMSs but not of those with leio-
myosarcomas in other soft tissue sites [13].

The cause of soft tissue leiomyosarcoma is unknown. Epstein-Barr virus (EBV) 
infection, in the setting of severe immunosuppression, has been associated to LMS 
among patients with acquired immunodeficiency syndrome (AIDS) and kidney, 
liver, and cardiac transplantation [13]. The predominant occurrence of retroperito-
neal and IVCLMS in women raises the question of hormonal influence, but this is 
unclear [1]. Patients affected by hereditary retinoblastoma and affected by mutation 
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of RB1 gene have an increased risk to develop STS and secondary malignancies 
including LMS [10]. It is currently widely accepted that LMS are tumors that arise 
de novo, confirming the evidence that leiomyoma (the benign counterpart of LMS) 
does not undergo malignant transformation [1, 13].

3.3	 �Histopathology, Genetics, and Staging

Leiomyosarcoma is a malignant tumor composed of cells showing distinct smooth 
muscle features [13]. The typical histological pattern of IVCLMS consists of inter-
secting, sharply marginated groups of spindle cells. The tumors are usually com-
pactly cellular, but fibrosis or myxoid change may be present; in the latter instance, 
a retiform or microcystic pattern may result. Hyalinized, hypocellular zones and 
coagulative tumor necrosis are frequent in larger leiomyosarcomas. SMA, desmin, 
and h-caldesmon are positive in a great majority of soft tissue leiomyosarcomas. 
Analysis of the genes and proteins in the Rb-cyclinD pathway (RB1, CDKN2A, 
CCND1, and CCND3) has revealed frequent abnormalities in leiomyosarcomas and 
in IVCLMS. The RB1 gene has been implicated, which is consistent with the loss 
of chromosome 13 material. Involvement of TP53 and MDM2 appears less frequent 
than in other sarcoma types, although such abnormalities have been suggested to 
correlate with a poorer prognosis in leiomyosarcomas [13].

TNM staging of IVCLMS is the same adopted for STS staging: TX, primary 
tumor cannot be assessed; T0, no evidence of primary tumor; T1, tumor ≤5 cm in 
greatest dimension; T2, tumor >5 cm in greatest dimension; N0, no evidence of 
positive lymph nodes; N1, the presence of positive lymph nodes; M0, no distant 
metastases; and M1, the presence of distant organ metastasis [14].

For tumor differentiation and grading, conventional G1-G2-G3 classification 
considers well-, moderately, and poorly differentiated tumors. Well-differentiated 
tumors (Grade 1) are characterized by mild nuclear pleomorphism; central location 
of blunt-ended, oval-shaped nuclei; and often perinuclear vacuolization. The mitotic 
rate is low. Longitudinal striations are identified in the cytoplasm. The tumor cells 
are arranged in clearly seen fascicles, often at right angles. Moderately differenti-
ated tumors (Grade 2) are characterized by nuclear pleomorphism, nuclear hyper-
chromatism, and higher mitotic rate. Nuclei tend to lose their central location, and 
perinuclear vacuolization and identification of cytoplasmic striations are less com-
monly present. The fascicular arrangement is less well developed. Poorly differenti-
ated tumors (Grade 3) display hyperchromatic, more markedly pleomorphic nuclei 
with a much increased mitotic rate. Fascicular arrangement is much more haphaz-
ard, and cytoplasmic boundaries are indistinct. Hemorrhage and necrosis are often 
present.

More recently, the conventional G1-G3 classification has been substituted by the 
French Fédération Nationale des Centres de Lutte Contre le Cancer (FNCLCC) 
system grade which is based on three factors: (1) differentiation (score 1 to 3, 
depending on mesenchymal tissue differentiation), (2) mitotic count (score 1 to 3, 
depending on the number of mitoses per 10 high power field, HPF), and (3) tumor 
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necrosis (score 1–3, depending on presence of tumor necrosis [13, 14]). FNCLCC 
histological grade is then calculated as follows: Grade 1, total score 2–3; Grade 2, 
total score 4–5; and Grade 3, total score 6–8 [13, 14].

3.4	 �Localization, Clinical Presentation, and Symptoms

IVCLMS is classified into three groups according to the tumor location and to the 
level of IVC involved [7]. The IVC is divided into three segments: lower segment (I, 
below the renal veins), middle segment (II, from renal vessels to retro hepatic IVC), 
and upper segment (III, from hepatic veins to the right atrium) [5, 7]. Most tumors 
arise in the lower (37 %) or middle (43 %) segments and only 20 % arises in the 
upper segment [7–9]. The tumor can involve more than one IVC segment with a 
combination of signs and symptoms [8, 9].

IVCLMS generally presents as a mass lesion, often characterized by a slow and 
progressive growth, producing at the beginning only unspecific, vague, and elusive 
symptoms.

Also if in few cases the tumor is discovered incidentally, a large flank mass is 
generally present with right-sided abdominal or flank pain. Other symptoms pro-
duced by IVCLMS depend on the portion involved. When the tumor is in the upper 
portion, it occludes the hepatic veins and produces hepatomegaly, jaundice, and 
ascites, with a high risk of cardiopulmonary embolism. A Budd-Chiari syndrome 
has been described in few cases [15, 16]. In addition, patients can present with car-
diac arrhythmias if the tumor extends into the right atrium [15, 16]. Location in the 
middle portion (segment II) may result in renal vein obstruction with the develop-
ment of a nephrotic syndrome. Involvement of the lower portion (segment I) may 
cause leg edema [17, 18], which seems to be more often secondary to deep vein 
thrombosis as opposed to complete or partial occlusion of the IVC by the tumor or 
thrombus [8]. Lower extremity edema due to IVC occlusion is seen in less than 
30 % of patients at presentation, due to the tumor slow growth that allows for the 
development of a venous collateral circulation [7–9].

Sixty-two percent of IVCLMS grows extraluminally and enlarges typically dis-
placing and not infiltrating the adjacent organs. Five percent of IVCLMS are intra-
luminal and thirty-three percent have both components. IVCLMS predominantly 
intraluminal tend to cause symptoms earlier than those completely extraluminal [19].

In case of large extraluminal tumors, symptoms of contiguous organ invasion/
compression are reported. Nausea and vomiting can be frequent when the duode-
num and stomach are invaded by the tumor; anorexia or dysphagia is described 
when cardias and esophageal junction are involved in the tumor growth.

Neoplastic cachexia is the typical presentation scenario in the presence of an 
advanced metastatic disease.

The update of the International Registry of IVCLMS documented a prevalence 
of a female gender, with a mean age of 54 years. The most prevalent symptom was 
the abdominal pain associated to the presence of abdominal mass and distention. 
The middle segment was more frequently involved (Table 3.1).
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3.5	 �Diagnostics

The role of imaging in the management of IVCLMS concerns diagnosis, preopera-
tive planning, and detection of recurrences and metastases. IVCLMS is often an 
unexpected finding on imaging due to the tumor rarity and the absence of symptoms 
and signs of IVC compression. However, at presentation nearly half of the patients 
shows distant metastases to the liver and lungs.

A recent study by Ganeshalingam et al. suggests that contrast-enhanced CT scan 
(CECTS) is a sensitive tool in the diagnosis and follow-up of IVCLMS, delineating 
the intravascular component of the tumor, which is usually large, irregular, 
lobulate, and heterogeneous owing to hemorrhage and necrosis with peripheral 
enhancement [20].

Conversely, MRI accurately depicts the extent of IVCLMS and is more precise 
than CECTS in the determination of the tumor origin due to its superior soft tissue 
resolution. The signal characteristics on MRI depend on the degree of cystic necro-
sis within the tumor. Typically, T1-weighted images show a homogeneous low-
signal-intensity mass (73 %) corresponding to the regions of liquefaction, and all 

Table 3.1  Clinical and preoperative findings

Age (mean, years) 54.5

Sex (F/M) 216/84

Dimension (mean, cm) 9.78

Symptoms (n°, %)
 � Abdominal pain
 � Abdominal mass
 � Anorexia
 � Abdominal distension
 � Asthenia
 � Jaundice/Budd-Chiari
 � syndrome nausea/vomiting

163 (54)
43 (14.2)
18 (5.9)
17 (5.6)
11 (3.6)
11 (3.6)
8 (2.6)

Incidentaloma (n°, %) 26 (8.6)

IVC segment (n°, %)
 � I
 � II
 � III
 � I + II
 � II + III
 � I−II−III

52 (17.2)
146 (48.5)
19 (6.3)
31 (10.2)
21 (6.9)
18 (5.9)

Preoperative diagnostics
 � CT
 � Abdominal US
 � MRI
 � Cavography
 � PET scan
 � Cardio-US

197 (65.4)
85 (28.2)
72 (23.9)
36 (11.9)
15 (4.9)
11 (3.6)

Preoperative biopsy 191 (63.4)
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T2-weighted images demonstrate areas of high-signal intensity due to the cystic 
components of these lesions.

The authors conclude that the optimum imaging technique for initial assessment 
of IVCLMS is a CECTS with images obtained during the portal venous phase of 
contrast medium administration, while MRI is valuable in the assessment of tumors 
in patients suitable for surgery [20].

Differential diagnosis includes angiosarcoma, renal cell carcinoma with exten-
sion in to the IVC, primary lymphoma, liposarcoma, and leiomyomatosis. Imaging 
differentiation of an IVCLMS from primary retroperitoneal sarcoma or similar-
appearing mass is a difficult, diagnostic task. In a recent report, Webb et al. [21] 
found that the most useful sign is the identification of an imperceptible caval lumen. 
This was seen in 75 % of IVCLMS but not in other lesions (p < 0.01). This sign had 
both high positive (100 %) and negative predictive values (92 %). Like previous 
authors, Webb found that the IVC compression by an extrinsic mass, with a crescen-
tic configuration (negative embedded IVC sign), suggests a not caval origin of the 
lesion. This sign was never seen in IVCLMS cases, but was present in 79 % of other 
lesions (p = 0.01, PPV = 92 %) [21].

Cardiac ultrasound is an important diagnostic tool for IVCLMC localized in the 
upper segment, to detect eventual tumor extension to the atrium with or without 
thrombosis.

When metastatic disease is suspected, PET scan is the elective exam to accu-
rately identify secondary systemic extensions of the leiomyosarcoma. In this case, 
percutaneous preoperative biopsy is mandatory in order to get a histopathological 
determination, required for the choice of the chemotherapy protocol.

The update of the International Registry of IVCLMS documented that a CT scan 
was performed in 65 % of patients, as the main diagnostic investigation, and a pre-
operative biopsy was performed on 63 % of cases (Table  3.1). The comparison 
between the 1996 registry and the recent update demonstrated that in recent times 
percutaneous biopsy is often and significantly more commonly performed in order 
to better establish a therapeutic algorithm and eventually indicate a neoadjuvant/
palliative treatment.

3.6	 �Treatment

Since the lack of efficient complementary treatments, complete R0 surgical resec-
tion, including IVC (with or without vascular reconstruction) and surrounding 
organs, is the mainstay of treatment [6–9, 17, 18].

Involvement of major blood vessels in the tumor growth had long been consid-
ered a limiting factor for curative surgery, due to high surgical risks and poor long-
term prognosis. Concerns on IVC resection focused on early major morbidities such 
as cardiopulmonary events, hepatic and/or renal failure, lower limb edema, graft 
occlusion, and/or infection [5, 22]. However, technical advances have allowed wider 
surgical extension beyond major vascular resection, with relatively low rate of post-
operative complications [23–26].
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The extent of IVC resection is related to the site of the tumor and should be prop-
erly planned before surgery on the basis of preoperative imaging (CT and MRI).

There is no consensus on the optimal management of the IVC at the time of sur-
gery. Options after resection include IVC ligation, primary or patch repair, or 
replacement with graft. Different materials for reconstruction are available, includ-
ing autologous materials such as saphenous vein, allograft such as aortic homograft, 
xenograft such as bovine pericardium, and synthetic materials as Dacron and PTFE.

Three major factors influence the need and the type of vascular replacement: (1) 
the site of the lesion and the involvement of renal veins, (2) the extent of IVC resec-
tion (partial or circumferential), and (3) the presence of well-established collateral 
venous system [26, 27].

3.6.1	 �Resection

En bloc radical resection is the mandatory challenge considering the risk of local 
recurrence and the poor prognostic outcome after R1/R2 resection. Different tech-
niques can be performed with this intent [5, 22].

3.6.2	 �A Resection Techniques

3.6.2.1  �Limited Resection
A limited resection is performed when a small portion of IVC, from which LMS is 
originating, is removed without resection of adjacent organs. This option, even if 
uncommon, is possible if the tumor (1) is small (<5 cm), (2) has a prevalent intralu-
minal growth pattern, (3) involves less the 50 % of the IVC lumen, and (4) does not 
show infiltration to adjacent organs at preoperative imaging and intraoperatory 
exploration [15, 17].

3.6.2.2  �Extended Resection (Single Organ Versus Multi-organ 
Resection)

Extended resection is performed in case of massive IVC diffusion or in case of local 
extension and adhesion to adjacent organs. Frequently, the tumor is invading the 
right adrenal gland and/or right kidney requiring an en bloc resection with total 
nephrectomy. Tumor en bloc resection often requires also right hepatic trisectionec-
tomy, pancreaticoduodenectomy, right hemicolectomy, and distal or total gastrec-
tomy in order to achieve tumor-free margins.

The left renal vein can usually be ligated because of its substantial length and the 
adequate venous return maintained by collateral vessels (gonadal, lumbar, and adre-
nal veins). Conversely, right nephrectomy is frequently required for tumors involv-
ing IVC segment II, even if the kidney is not directly involved, due to short right 
renal vein stump and the lack of collateral circulation. If the tumor involves only the 
ostium of the right renal vein, kidney autotransplantation can be performed into the 
right iliac fossa [8, 23].
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3.6.3	 �Reconstruction Techniques

It has been supposed that slow tumor growth or IVC thrombosis allows the develop-
ment of venous collaterals and therefore permits a well-tolerated IVC ligation. Also, 
patients with a complete IVC obstruction above the renal veins and a stable preop-
erative renal function seem to tolerate suprarenal IVC ligation, thanks to an ade-
quate renal venous outflow through venous collateral circulation [28, 29].

However, in contemporary reports a significant lower extremity edema was noted 
in more than 50 % of patients with ligation and no IVC reconstruction [30]. Probably 
the resection of large retroperitoneal tumors may disrupt venous collaterals predis-
posing patients to develop edema when the IVC is ligated [31].

It is important to consider the length and circumference of the IVC to be removed. 
If the circumference is <75 %, a cavoplasty can be performed with autologous 
venous or bovine pericardium grafts. If the circumference of the IVC to be resected 
is >75 %, complete resection and reconstruction are required [15].

Primary reconstruction with an end-to-end veno-venous direct anastomosis is 
possible when a short IVC segment is involved, allowing a tension-free vascular 
anastomosis.

Conversely, IVC reconstruction with autologous, heterologous, or prosthetic 
graft is always possible and has showed excellent patency rates with minimal 
morbidity.

Autologous graft can be easily obtained from external jugular or saphenous 
veins. These vein grafts can be obtained also from heterologous origin (cadaver). 
The use of autologous/heterologous grafts can avoid the graft infection and reduce 
the related morbidity/mortality rates due to concomitant enteric contamination 
when en bloc resection is associated to gastric, duodenal, or colic resection.

As vascular surgery technology has improved, prosthetic graft reconstruction has 
progressively become a better option; a recent study on 47 patients who underwent 
en bloc resection of the IVC for malignancy and prosthetic reconstruction demon-
strated a 92 % clinical 5-year patency rate, with 0 % mortality rate and 2 % graft‐
related complication rate [32]. Therefore, nowadays, most authors support repair or 
reconstruction whenever possible, to minimize the comorbidity associated with 
IVC ligation [18].

Prosthetic replacement can be performed using PTFE and Dacron grafts. 
However, the preferred material of choice for caval replacement is reinforced PTFE 
[30, 31]. A study on eight patients submitted to IVC resection for malignancy and 
PTFE graft reconstruction reported a 75 % late patency rate, without lower limb 
edema in case of graft thrombosis [31]. Creation of an arteriovenous fistula is 
described to increase the patency graft and reduce the use of long-term anticoagula-
tion therapy [30, 31], but in the update international series, it has been used only in 
four cases.

The update of the International Registry of IVCLMS documented that surgical 
resection was performed in 87 % of cases, while exploration or palliative resection 
were performed only in 2 % of cases. The remaining cases underwent medical 
palliative treatments. Multi-organ resection was performed in 157 case (52.1 %); 
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the right kidney and adrenal gland were the most frequent organs resected, fol-
lowed by the liver (caudate lobe/left liver), colon, stomach/duodenum, pancreas, 
and aorta in the 7.6 %, 2.6 %, 2.6 %, 3.9 %, and 2.5 % of cases, respectively 
(Table 3.2).

The Registry demonstrated also that a prosthetic grafting was the preferred 
modality for IVC reconstruction while its ligation was performed only in 18 % of 
patients (Table 3.2).

A comparison of reconstruction techniques between 1996 International Registry 
and the updated version has been performed and a statistically significant higher 
number of patients submitted to autologous/heterologous/prosthetic IVC recon-
struction was observed in the latter. In fact, the percentage of patients with IVC 
reconstruction was 79 % (211 out of 263) compared to 58 % of the old series (70 out 
of 120) (p < 0.0001, χ-square test).

3.6.4	 �Morbidity and Mortality Rates

The reported perioperative mortality rate for resection of primary IVCLMS ranges 
from 0 % to 25 % [5–9, 26, 28–34]. Postoperative outcomes calculated from the 
International Registry documented an overall morbidity and mortality rate of 24.2 % 
and 3.3 %, respectively (Table  3.3), with no statistically significant differences 
between the two period series (p = n.s., χ-square test).

Table 3.2  Operative findings

(n°, %)

Complete surgical resection 263 (87.3)

Palliative resection (debulking) 4 (1.3)

Explorative laparotomy/laparoscopy 2 (0.7)

Multi-organ resection 157 (52.1)

Organ resected
 � Kidney
 � Adrenal gland
 � Liver (caudate lobe/left liver)
 � Colon
 � Stomach/duodenum
 � Pancreas
 � Aorta

93 (30.8)
39 (12.9)
23 (7.6)
8 (2.6)
8 (2.6)
12 (3.9)
7 (2.5)

Type of IVC reconstruction
 � Ligation
 � Primary reconstruction
 � Patch (autologous/heterologous)
 � Prosthetic patch
 � Prosthesis reconstruction

54 (17.9)
43 (14.2)
11 (3.6)
11 (3.6)
104 (34.5)

Bypass
 � Veno-venous
 � Cardiopulmonary

20 (6.9)
11 (3.6)
9 (3.3)
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Graft infection, though uncommon, is a life-threatening event and has been noted 
to occur more frequently in the setting of concomitant bowel resections [17]. 
However, among the nonautologous materials, PTFE graft seems to be the most 
resistant to infection [5–9]. Preoperative antibiotics and coverage of the graft, using 
retroperitoneal tissue or the omentum, as well as the use of autologous fascio-
peritoneal patch from posterior fascia of rectus abdominis or banked venous homo-
graft may decrease the risk of infection. Autologous vein graft or simple ligation 
would be preferred in cases of gross contamination [17].

Besides infection, the most common complication in venous reconstruction is 
graft occlusion, ranging between 7 and 28 % [17]. The PTFE graft is claimed to be 
more resistant to abdominal viscera compression and consequently less prone to 
thrombosis [17, 33]. Nevertheless, literature generally prefers the venous graft for 
its theoretical superiority against infection.

There is no consensus on the need for aspirin or anticoagulation therapy. In spite 
of the lower rate of graft thrombosis obtained by Fiore and colleagues with antico-
agulant therapy, few studies have demonstrated a benefit of long-term postoperative 
anticlotting treatment, and many patients are placed on lifelong antiplatelet therapy 
at the surgeon’s discretion [17].

3.6.5	 �Neoadjuvant/Adjuvant Treatment

Literature data emphasizes the lacking evidence for the role and efficacy of chemo-
therapy and radiotherapy in treatment of IVCLMS, in both neoadjuvant and adju-
vant setting. Therefore, radical surgery remains the only treatment for patients 
affected by IVCLMS, and chemoradiotherapy is discussed and considered case by 
case as a supplementary choice or in case of palliative care need.

3.6.5.1  �Chemotherapy
The outcomes of neoadjuvant or adjuvant therapy in patients with retroperito-
neal leiomyosarcomas have not been indagated in randomized controlled trials. 
Different chemotherapeutic agents have been utilized over the years in an attempt 
to increase survival. Hines and colleagues initially administered a preoperative 

Table 3.3  Postoperative and oncological outcomes

(n°, %)

Morbidity
 � Abdominal complications
 � Systemic complications

73 (24.2)
27 (8.9)
46 (15.2)

Graft thrombosis 11 (3.6)

Leg edema 13 (4.3)

Mortality 10 (3.3)

1-, 3-, 5-, and 10-year OS rates 84 %, 67 %, 52 %, 25 %

1-, 3-, 5-, 10-year DFS rates 35 %, 9 %, 3 %, 0 %
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anthracycline-based chemotherapy, such as doxorubicin, but after demonstrating 
no survival benefit, the routine use of neoadjuvant chemotherapy has been dis-
continued [6]. Case reports and small retrospective studies of patients receiving 
adjuvant chemotherapy did not demonstrate an improvement in survival or in local 
recurrence rates. For those reasons, the National Comprehensive Cancer Network 
(NCCN) 2012 guidelines for retroperitoneal/intra-abdominal sarcomas recommend 
surgery for patients with resectable leiomyosarcomas [34]. Preoperative chemother-
apy, although not common, is an acceptable alternative but is considered a category 
2B recommendation [34]. If the tumor regresses after chemotherapy, NCCN guide-
lines recommend surgical resection [34].

3.6.5.2  �Radiotherapy
The potential benefit of neoadjuvant radiation includes decreasing tumor size, 
improving resectability, and improving local control. No studies have definitely 
demonstrated a benefit of preoperative radiation for retroperitoneal leiomyosarco-
mas. In a case series reported by Mann [35] and colleagues, the 5-year disease-free 
survival was 37 % with an overall survival of 56 % in patients treated with a dose of 
50.4 Gy [35]. The American College of Surgeons Oncology Group Z9031 study 
was started in an attempt to answer whether preoperative radiation could improve 
disease-free survival compared to patients undergoing surgery alone, but the study 
was closed early due to the low accrual. No randomized controlled trials on adju-
vant radiotherapy have been published, but many clinicians advocate the use of 
radiotherapy in patients after a not radical resection. In a report of six patients by 
Kim et al. [36], four patients were given doses of radiation between 53 and 56.4 Gy 
after surgical resection, with different results. Similar to preoperative chemother-
apy, the NCCN recommendation for preoperative radiation is a category 2B one 
[34]. Also for the use of postoperative radiation in selected patients, NCCN recom-
mendation is a category 2B [34]. After an R0 resection, postoperative radiotherapy 
should be given to patients with high-grade or extremely large tumors and with 
close margins. After R1 resection, the NCCN recommends postoperative radiother-
apy if neoadjuvant therapy was not given and only a boost of 10–16 Gy after preop-
erative treatment [34].

3.7	 �Oncological Outcomes and Prognostic Factors

Literature data describe prognosis and survival of IVCLMS, after resection, poor 
and severe mainly due to the aggressive biology of the tumor. The reported 5-year 
overall survival (OS) rates are commonly less than 50 %, ranging between 30 and 
60 % [37]. Accordingly, the 5-year disease-free survival (DFS) is rarely higher than 
30 % with most patients (33–68 %) developing recurrence within 2–3 years [37].

These data, from single small center series, are in accordance to the 1996 
International Registry [5], the largest multicenter series of IVCLMS published, 
which reported a 5- and 10-year OS rate of 49.4 % and 29.5 %, respectively, associ-
ated to a recurrence rate of 53 %. In this study, patients were affected by large-size 
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tumors (mean tumor size, 10.8  cm) and underwent to surgery as the only main 
oncological treatment, considering the inefficacy of chemoradiotherapy treatment 
protocols.

These data, objectively, describe a malignant behavior of the IVCLMS, but com-
pared to other extremely aggressive abdominal gastrointestinal tumors (cholangio-
carcinoma, pancreatic adenocarcinoma, etc.), this tumor seems to present a mild 
aggressive biology, characterized by not negligible long-term oncological outcomes, 
susceptible and commendable of potential more extensive surgical treatment.

The actuarial 5- and 10-year overall survival rates of the 301 International 
Registry patients are conformed to the literature data, showing 67 % and 27.5 %, 
respectively (Table 3.3, Fig. 3.1).

Several prognostic factors have been identified. Margin status and the IVC seg-
ment involved are the most validated prognostic factors affecting survival. R1/R2 
resections are associated to worst oncological outcome and high recurrence rate 
than R0 resection. Conversely, IVCLMS located in the lower/middle segments are 
associated to better overall and disease-free survivals than tumors located in the 
upper one [5–9]. The survival analysis of the updated International Registry con-
firmed these outcomes; 5-year OS rates after R0/R1/R2 and for tumor located in the 
I/II/III IVC segments were 65, 61, and 0 months (p = 0.0005) and 56, 51, and 33 
months (p = 0.0008), respectively (Fig. 3.2). In this analysis, LMS located in the 
IVC upper segment was associated to the worst prognosis compared to segments I 
and II (Fig. 3.3).

Tumor dimension affects significantly the OS and DFS, with tumor larger than 
10 cm associated to 5-year OS and DFS rates of 39 % and 0 % compared to 62 % and 
8 % for tumor smaller than 10 cm (p = 0.03 and p = 0.001) (Fig. 3.4).

Histologic grading of IVCL has not been documented in a consistent fashion in 
the literature. The 1996 International Registry documented a significant worse sur-
vival for patients with poorly differentiated tumors compared to patients with well- 
and moderately differentiated IVCLSM. The updated International Registry doesn’t 
find any statistically significant difference when grading, or FNCLCC grade was 
studied as prognostic factor for both OS and DFS (p = n.s.).

This is mainly due to the use of two different classifications (grading and 
FNCLCC grade) that did not allow standardization and adequate analysis.

Five-year OS/DFS rates were, respectively, 52 %/10 % and 59 %/4 % for limited 
and extended resections (p = n.s.), indicating that extended IVC resection doesn’t 
reduce the risk of local recurrence compared to limited IVC resection. The updated 
International Registry analyzed 32 local recurrence (10.6 %) without observing any 
significant association to length and extension of IVC resection, margin status, 
tumor dimensions, etc. (p = n.s). These data do not agree and disprove other small 
series report [7, 8], reporting an oncological advantage for extended multi-organ 
resection even in case of limited IVC involvement [7, 8].

The preliminary analysis of this modern case series does not allow to evaluate the 
importance of caval resection length in terms of OS, DFS, and local recurrence 
rates. However, in the 1996 International Registry of IVCLMS, it has been demon-
strated that caval wall radical resection could be limited to 1  cm around the 
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macroscopic evidence of the tumor to reduce technical reconstruction difficulties 
and postoperative complications, without an increased risk for local recurrence 
[38]. No statistically significant differences were noted, in fact, when incidences of 
local and systemic recurrences were compared to the type of surgical IVC resection 
(caval wall resection, segmental IVC resection, or segmental IVC plus adjacent 
organ resection) [38].

Recurrence after curative resection of the tumor occurred in 57 % of patients, and 
in about a fourth of them, it was only a local recurrence [23]. The most common 
sites of distant metastases were the liver and the lungs. Management of recurrence 
poses a difficult question since there is no standard approach with proven benefit. 
Radiation has been used in both neoadjuvant and adjuvant settings, and some believe 
it may be useful in the local disease control [23]. Due to the large size of the tumor, 
however, a wide area needs to be incorporated in the radiation field, and this can be 
associated with significant damage to adjacent organs. Neoadjuvant doxorubicin-
based chemotherapy has also been used in a small number of patients without 
proven benefit [39]. Adjuvant chemotherapy based on doxorubicin or a combination 
of doxorubicin and ifosfamide has been shown to prolong time to recurrence and 
improve overall survival in other types of sarcoma [39], but there is not enough 
experience in the treatment of IVCLMS. Surgical resection of IVCLMS local recur-
rence or metastasis is anecdotic [23].

Key Points

	1.	 Leiomyosarcoma of the IVC (IVCLMS) is a very rare retroperitoneal tumor, 
accounting for only about 0.5 % of adult soft tissue sarcomas.

	2.	 Complete R0 surgical resection of surrounding involved organs is the mainstay 
of treatment, with medical oncological treatments (CT, RT, and CHRT) incom-
pletely verified and partially ineffective.

	3.	 IVC ligation should be abandoned considering the high risk of leg edema and 
local/peripheral complications.

	4.	 IVC resection and complete reconstruction is the treatment of choice, both using 
homologous and prosthetic graft implants.

	5.	 Survival is poor, but radical resection can allow long disease-free intervals and 
adequate cumulative survivals.
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4Retroperitoneal Sarcoma Involving 
the Inferior Vena Cava

Marco Fiore, Stefano Radaelli, and Alessandro Gronchi

4.1	 �Introduction

Soft tissue sarcomas (STS) are a group of rare diseases that account for less than 
1 % of all adult cancers, with an estimated incidence of 4–5/100,000/year in Europe 
[1]. Approximately 15 % of them arise in the retroperitoneum. The vast majority of 
STS originate from the connective tissue, while only a minority arises from viscera, 
with vessels included.

Specific treatment and prognostic issues need to be considered in retroperitoneal 
sarcomas (RPS), precisely because of the complex anatomy of the retroperitoneum. 
The disease typically presents as a large mass encasing, invading, or displacing 
adjacent organs with close contact to vital structures. Four well-defined histologic 
subtypes (well-differentiated liposarcoma, dedifferentiated liposarcoma, leiomyo-
sarcoma, and solitary fibrous tumor) account for about 80 % of all RPS patients.

The therapeutic approach to STS has considerably changed over the last few 
decades, mainly in relation to surgical technique.

Complete surgical resection is the only potentially curative treatment for local-
ized disease. Since the quality of surgery is critical to the cure of patients with local-
ized soft tissue sarcoma, inclusion of surrounding organs in the resected specimen 
(mostly the colon, kidney, adrenal gland, psoas muscle) is critical to the achieve-
ment of the widest possible surgical margins. Anatomic proximity to or direct 
involvement of the inferior vena cava (IVC) by RPS may also prompt the indication 
to resect the IVC en bloc.

The latest edition of the European Society for Medical Oncology (ESMO) guide-
lines includes a policy of extended surgery in RPS as the standard treatment, requir-
ing liberal en bloc resection of uninvolved organs adjacent to the tumor mass, in 
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order to minimize marginality [2]. A group of European and American experts [3] 
published a document standardizing the technical principles of the surgical approach 
to RPS. The general concept closely follows the principles of oncologic resection in 
extremity STS.  This advocates proceeding beyond the safe tissues, leaving the 
tumor covered by the barriers where barriers exist and, where anatomic barriers do 
not exist, seeking to use adjacent organs as new barriers, if their sacrifice is accept-
able in terms of short- and long-term morbidity.

Standard multivisceral resection for RPS usually requires en bloc nephrectomy, 
hemicolectomy, and psoas muscle resection. Resection of other structures, includ-
ing but not limited to the aorta, IVC, iliac vessels, femoral nerve, diaphragm, duo-
denum, head of the pancreas, uncinate process, liver, and bone (specifically vertebral 
bodies, iliac wing, lower ribs), is significantly more extensive, producing greater 
morbidity, but is only performed in the presence of macroscopic invasion.

The IVC should therefore be resected in all cases of primary or secondary mac-
roscopic involvement. The extent of IVC resection must be related to the tumor site, 
in order to obtain free margins around the vein.

The surgical, oncologic, and pathologic skills required in the management of 
RPS should prompt patient referral to high-volume centers, where a dedicated mul-
tidisciplinary team can offer the best possible diagnostic and therapeutic care.

In this chapter, we will discuss several aspects of surgical technique relating to 
secondary involvement of the IVC in the treatment of retroperitoneal sarcoma.

4.2	 �Retroperitoneal Sarcoma

IVC management is particularly important in RPS arising in the right side of the 
retroperitoneum. In the case of right RPS, tumoral involvement of the IVC needs to 
be systematically ruled out on the preoperative CT scan, as a part of treatment 
planning.

In well-differentiated and dedifferentiated liposarcoma, the IVC is simply 
detached from the tumor mass. In the case of large masses, it can instead be difficult 
to recognize IVC infiltration based solely on preoperative imaging (Fig. 4.1, panel a).

One important exception is nonetheless common in the case of local recurrence: 
recurrences of both well-differentiated and dedifferentiated liposarcoma tend to 
grow with an infiltrative pattern toward the surrounding structures, with vascular 
adventitia included. The higher probability of vascular resection in case of recurrent 
RPS, partly justified by the presence of postsurgical adherences, should therefore be 
kept in mind (Fig. 4.1, panel b).

When a retroperitoneal leiomyosarcoma has been diagnosed by preoperative 
biopsy, it should be considered that the tumor may originate from a major retroperi-
toneal vein. However, surgical management of leiomyosarcoma primarily arising 
from the IVC will not be discussed in this chapter.

Overall, resection of the IVC during RPS surgery is needed in a minority of cases 
(9 %) and even more rarely when the RPS does not directly arise from a vein [4].
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In a recent international retrospective series of more than 1000 patients surgi-
cally treated at reference institutions for primary retroperitoneal sarcoma, the rate of 
IVC (or iliac vein) resection en bloc with the RPS was estimated to be 10.9 % [5].

In the multivisceral resection setting for primary RPS, excision of major abdominal 
vessels has been described to be associated with increased risk of postoperative com-
plications, even after adjusting the risk for the total number of organs resected. This is 
particularly understandable for major abdominal veins (the inferior vena cava and iliac 
veins) since their resection may carry an increased risk of bleeding and/or fluid collec-
tion. Postoperative percutaneous drainage of any collection may be needed to avoid 
infection if vascular grafting has been performed. Moreover, stronger anticoagulation 
regimens after vascular surgery may further affect the risk of bleeding (Fig. 4.2) [6].

For the same reason, it is mandatory to achieve the safest vascular control when 
approaching a retroperitoneal mass. In very bulky masses, a generous midline 
incision may be extended either with a subcostal incision, or transversally to the 
flank, or sidelong to the inguinal ligament (Fig. 4.3, panel a). Right thoraco-phreno-
laparotomy will enable adequate control of the retrohepatic IVC in the case of bulky 
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Fig. 4.1  Radiologic assessment of IVC involvement. Panel (a) Primary retroperitoneal dediffer-
entiated liposarcoma, the IVC is hardly distinguishable on the preoperative CT scan (a i, arrows). 
Safe dissection plane found intraoperatively under IVC adventitia (a ii). Entire IVC dissection 
completed, right renal vein suture ligated by Endo GIA™ vascular stapler (a iii), same patient as 
panels (a i) and (a ii). Panel (b): Recurrent retroperitoneal leiomyosarcoma after chemotherapy 
treatment; the tumor remnant (b i, arrowhead) closely adheres to the suprarenal IVC (arrows). 
Intraoperative finding of tumor mass with no dissection plane on the IVC (b ii). Final resection of 
the tumor en bloc with IVC. Replacement will be achieved by PTFE grafting and left renal vein 
reimplantation (b iii), same patient as panels (b i) and (b ii)
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disease in the upper right abdominal quadrant (Fig. 4.4). A good retractor will be 
very helpful in ensuring safe exposure and manipulation of major retroperitoneal 
vessels beneath a huge mass (Fig. 4.3, panel b).

An international series of 1007 primary retroperitoneal sarcoma patients with a 
median follow-up of 58 months produced the following outcomes: 5-, 8-, and 
10-year overall survival rates of 67 %, 56 %, and 46 %; 5-, 8-, and 10-year crude 
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Fig. 4.2  Risk of morbidity associated with organ resection in retroperitoneal sarcoma surgery 
(from Bonvalot S. et al., with permission) [6]. Panel (a): Morbidity pattern according to the num-
ber of resected organs. Morbidity increases for ≥3 resected organs. Panel (b): Forest plot showing 
the impact of the type of resected organs on surgical morbidity. Odds ratios (OR) of presence vs. 
absence of morbidity, estimated by binary logistic models; the larger the OR, the greater the asso-
ciation between organ involvement and morbidity. The horizontal bars represent the OR 95 % 
confidence intervals (95 % CI); when the number of patients with extension to a particular organ is 
low, the corresponding 95 % CI is wide, denoting high imprecision in the OR estimate

a b

Fig. 4.3  Abdominal incisions in retroperitoneal sarcoma surgery. Panel (a): Generous midline 
incision (1) may be extended either with subcostal incision (2) or transversally to the flank (3). 
Sidelong ilioinguinal incision (4) is suggested if safe exposure of the iliac vessels is needed or an 
iliac bypass has been planned. Right thoraco-phreno-laparotomy (5) will expose retrohepatic 
IVC. Panel (b): Total abdomino-pelvic exposure with a Thompson™ retractor
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cumulative incidence of local recurrence of 25.9 %, 31.3 %, and 35 %; and crude 
cumulative incidence of distant metastases of 21 %, 21.6 %, and 21.6 %, respec-
tively. Tumor size, histologic subtype, malignancy grade, multifocality, and com-
pleteness of resection were significant predictors of outcome.

Histologic subtype is particularly relevant in surgical decision-making due to 
different patterns of outcome (Fig. 4.5). Dedifferentiated liposarcoma is the most 
common histology in the retroperitoneum, accounting for 35 % of all cases. Overall 
survival for dedifferentiated liposarcoma is estimated to be 43.9 % at 8 years. Deaths 
due to dedifferentiated liposarcoma are more related to the risk of local recurrence, 
which is over 40 % at 8 years, while the risk of distant metastases is less than 20 %.

Well-differentiated liposarcoma is the low-grade counterpart and accounts for 
25 % of cases. Overall survival in well-differentiated liposarcoma has been esti-
mated to be above 80 % at 8 years. As the metastatic risk is virtually nil for well-
differentiated liposarcoma, disease mortality is related entirely to locoregional 
recurrences, observed as the only mode of failure in nearly one third of patients. 
This emphasizes the need for optimal initial surgical management of disease, pref-
erably at experienced reference centers.

Leiomyosarcoma is the third histotype described in retroperitoneal sarcoma and 
is found in 20 % of cases. Leiomyosarcoma can also arise in the pelvis. The majority 
of purely retroperitoneal leiomyosarcomas can ultimately be found to originate from 
vessels, particularly from major retroperitoneal veins. Vascular leiomyosarcomas in 
the retroperitoneum most frequently arise from the IVC, while leiomyosarcomas 

Fig. 4.4  Recurrent locally advanced retroperitoneal dedifferentiated liposarcoma displacing IVC 
(arrowheads). Thoraco-phreno-laparotomy enables adequate control of suprarenal and retrohe-
patic IVC
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have been described to originate from the renal vein and from the iliac, gonadal, and 
splenic veins (Fig. 4.6). Secondary involvement of the abdominal aorta by an IVC 
leiomyosarcoma is instead very uncommon (Fig. 4.7). Overall, retroperitoneal leio-
myosarcomas have shown an 8-year overall survival rate of 40 %. As the risk of local 
recurrence in leiomyosarcoma is around 10 %, disease mortality in patients with ret-
roperitoneal leiomyosarcoma is essentially related to metastatic spread, occurring in 
as many as 50 % of patients.

Solitary fibrous tumor (SFT) accounts for 6 % of retroperitoneal sarcomas. It is 
usually considered to have a good prognosis with an overall survival of 80 % at 8 
years. The incidence of local recurrence and distant metastases is as low as 10 %. 
For this reason, solitary fibrous tumor has often been described as a benign entity. 
SFTs are in fact classified as “typical” and “malignant,” based on mitotic count 
(< and ≥4/10 high-power microscopic fields, respectively), the presence of necrosis, 
and nuclear polymorphism. A strong correlation between morphology and clinical 
course is, however, lacking, so that to date there is no way to predict the outcome of 

a
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b

Fig. 4.5  Principal histologic subtypes of retroperitoneal sarcoma. (a) well-differentiated liposar-
coma; (b) dedifferentiated liposarcoma; (c) leiomyosarcoma; (d) solitary fibrous tumor
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an SFT based on its pathologic features. Moreover, solitary fibrous tumors rarely 
show an abrupt transition from a conventional SFT to a high-grade sarcoma, also 
called “dedifferentiated” SFTs. These “dedifferentiated” lesions are aggressive soft 
tissue sarcomas. For this reason, virtually no solitary fibrous tumor should be con-
sidered purely benign, and prolonged follow-up is recommended for disease recur-
rence surveillance.

The role of adjuvant/neoadjuvant treatments in reducing the systemic and local 
risk of recurrence remains controversial for retroperitoneal sarcoma.

Radiotherapy is an option, especially in the preoperative setting, to potentially 
improve the chance of local control, but its role is far from being established. It is 
presently under investigation in a large international European Organisation for 
Research and Treatment of Cancer (EORTC)-led randomized trial. Conversely, 
postoperative/adjuvant radiation therapy is of no study-proven value and is associ-
ated with significant short- and long-term toxicities. Moreover, a therapeutic RT 
dose can be achieved in a minority of patients after resection.

Chemotherapy may be offered in high-grade tumors and histologies at higher 
risk of systemic spread, although no prospective evidence of efficacy is available 
to date [7].

a b

c d

Fig. 4.6  Retroperitoneal leiomyosarcoma of vascular origin other than IVC: leiomyosarcoma of 
the gonadal vein (panel a), leiomyosarcoma of the iliac vein (panel b), leiomyosarcoma of the 
splenic vein with synchronous liver metastasis (panel c), and leiomyosarcoma of the renal vein 
(panel d)

4  Retroperitoneal Sarcoma Involving the Inferior Vena Cava



68

4.3	 �Technical Considerations on IVC Management

Surgical treatment of retroperitoneal sarcomas, particularly when arising from the 
right side of the abdomen, requires special attention to be paid to IVC dissection. In 
the case of direct tumor involvement by RPS, IVC resection should be performed to 
avoid any macroscopic residual disease.

Whenever possible, vein resection must preferably be planned in advance, based 
on careful examination of the abdominal CT scan.

IVC dissection is important both for oncologic and technical reasons. 
Oncologically, the quality of surgical margins independently predicts local control. 
Close surgical margins (R1, i.e., <1 mm), the quality of the minimal tissue covering 
the tumor, the presence of tumor at the inked surface, and the histologic subtype 
may further predict the local outcome [5]. Vascular adventitia is considered to be a 
barrier to tumoral invasion, and this is particularly true in the case of non-infiltrative 
tumor growth, as in the majority of RPS.  En bloc adventitial resection with the 
tumor mass may be the best option to obtain an oncologically adequate surgical 
margin around the IVC. This is particularly important considering the critical ana-
tomic site, because in the event of a local relapse close to major retroperitoneal 
vessels, the disease may become hard to resect or not even be resectable.

Fig. 4.7  IVC leiomyosarcoma invading the abdominal aorta. CT scan baseline staging; intraop-
erative findings after neoadjuvant chemotherapy; surgical specimen including the IVC, right kid-
ney, and aorta (arrowheads); vascular reconstruction with PTFE grafting of the aorta; and cadaveric 
venous homograft between the left renal vein and infrahepatic IVC
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Technically, subadventitial dissection may be even easier and safer than dissec-
tion along the tumoral pseudocapsule. Interruption of the tumoral pseudocapsule 
may result in massive bleeding from the mass itself and tumor spillage.

A peritumoral reactive zone or peritumoral edema is frequently found in primary 
RPS and may help to define the dissection plane. The surgeon must nonetheless be 
aware that no sarcomatous lesion is ever limited by a real capsule and this “pseudo-
capsule” plane actually corresponds to a microscopically intralesional margin. For 
this reason, the dissection has to be extended to include the vascular adventitia en 
bloc with the specimen. Ideally, this procedure aims to minimize the marginality of 
the resection and has been demonstrated to clearly improve local control in extrem-
ity sarcoma [8].

Suture ligation of venous collaterals is required during IVC dissection. The renal 
vein is usually suture ligated because of kidney involvement in the sarcomatous 
lesion. The gonadal vein is ligated for the same reason. Upper IVC dissection is 
completed by ligation of the right adrenal vein to include the adrenal gland in the 
specimen in order to ensure that the superior quadrant of the retroperitoneum is 
completely cleared. It is worth noting that during this maneuver, resection of the 
diaphragmatic pillar and posterior diaphragm is sometimes needed because of direct 
infiltration or because of a bulky lesion. In such cases, the diaphragmatic vein also 
has to be suture ligated. Occasionally, in the case of particularly large RPS, safe 
vascular control of the upper IVC may only be obtained if the retrohepatic spigelian 
veins are first suture ligated.

IVC collaterals on the posterior side are represented by the four right lumbar veins. 
They must be systematically searched for because accidental injury of a lumbar vein 
may result in massive bleeding. This is a challenge because both retraction of an 
injured lumbar vein into the vertebral foramen and the bulk of the tumor mass pre-
cluding exposure of the bleeding site until complete removal of the surgical specimen. 
Suture ligation of the lumbar veins is not routinely needed, but special attention is 
required when the psoas muscle has to be resected. During psoas resection en bloc 
with the RPS, lumbar veins are exposed immediately behind the muscle’s origin from 
the lateral side of the L2-L4 vertebral bodies. Notably, when IVC resection has been 
planned, both right and left lumbar veins (unless they are a tributary of the left renal 
vein) must be ligated to allow complete mobilization of the IVC and to minimize the 
risk of bleeding. Should a lumbar vein be accidentally injured, hemostasis is sug-
gested by packing and compressing the foramen. Hemostatic stitches are normally of 
no benefit, unless the vertebral body periosteum is included to avoid further vessel 
laceration: a 5/8 circle needle suture is considerably more effective in this situation.

4.4	 �IVC Resection and Reconstruction

The inferior vena cava can be divided into four segments according to anatomic and 
surgical landmarks: segment I, between the confluence of the common iliac veins 
and below the inflow of the renal veins; segment II, the inflow of the renal veins; 
segment III, between the inflow of the renal and suprahepatic veins; and segment IV, 
the inflow of the suprahepatic veins.
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When planning an IVC resection, the appropriateness of vascular replacement 
must be considered on a case-by-case basis. Three major factors influence the need 
for and type of vascular replacement: the site of the lesion, especially the involve-
ment of renal veins, the extent of IVC resection (partial or circumferential), and the 
presence of a well-established collateral venous system.

The presence of IVC thrombosis is suspected in patients with clinical signs of 
flow obstruction (e.g., lower limb edema) and must be carefully evaluated on the 
preoperative CT scan. The existence of a well-established venous collateral system 
may also be adequately assessed on radiological imaging.

Preoperatively, vein resection should ideally be planned considering a 1-cm mar-
gin around the IVC at the tumor edge. We suggest routinely evaluating the adequacy 
of the resection margins on a frozen section.

Different options are available for IVC repair. Primary repair or autologous patch 
angioplasty (mainly with greater saphenous veins) may be used in partial resections. 
An autologous fascioperitoneal patch from the posterior rectus fascia of the abdom-
inal wall has been proposed as a safe, alternative solution for subtotal defects of the 
IVC during malignancy resections. This repair technique may be preferable to pros-
thetic graft replacement because of the lower expected risk of infection, especially 
if concomitant intestinal resections are needed [9]. However, in the case of entire 
resection of the IVC, the fascioperitoneal patch may not be sufficient.

Simple ligation is often possible (especially when the IVC is occluded by the 
tumor) after complete resection of the infrarenal IVC and/or segment III, in associa-
tion with resection of the right kidney. Right nephrectomy may be necessary not 
only for oncologic reasons but also due to the difference between collateral circula-
tion in the right retroperitoneum, where there are no effective collaterals, and in the 
left side, where the collaterals (capsular, genital, reno-azygos-lumbar veins) are 
generally sufficient for satisfactory venous return without causing renal insuffi-
ciency. Collateral circulation usually therefore provides sufficient venous drainage 
for the left renal vein, and right nephrectomy can be safely performed.

In any event, IVC ligation without any vascular reconstruction is a well-tolerated 
option only where previous complete or slowly developing obstruction is present.

Pressure monitoring should be performed in all cases of caval ligation to rule out 
excessive distal venous hypertension, which would require caval reconstruction to 
avoid postoperative edema of the inferior limbs.

When the IVC needs to be replaced, PTFE prosthetic grafts are usually used. 
Due to low venous pressure, ring-reinforced PTFE grafts are often preferred, and 
sometimes concomitant inguinal arteriovenous fistulas are temporarily used. The 
limits of this well-established technique are mainly the risk of prosthetic occlusion 
and/or infection. The creation of an arteriovenous fistula has been suggested to 
ensure patency and avoid the need for long-term anticoagulation therapy.

A key point in deciding between ligation versus prosthetic replacement could be 
the need for concomitant resection of the digestive tract. In this case, it is preferable 
to avoid a prosthetic graft to reduce the risk of prosthetic infection.

Extended multivisceral resection has now been recognized as a standard approach to 
primary retroperitoneal sarcoma. Infectious complications might be even more likely 
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when extended retroperitoneal dissection is performed (i.e., seroma formation, lymphatic 
leak, etc.) and preoperative combined chemoradiotherapy is delivered for any reason.

To encompass the risk of prosthesis infection and reduce the risk of postoperative 
limb edema, we have proposed the use of homologous venous replacement of IVC 
[10]. Banked venous homografts have chiefly been used as alternative grafts for 
femoropopliteal revascularization in critical limb ischemia. This procedure has been 
described as safe and effective, although long-term complications in terms of struc-
tural instability and patency rates have been reported. This has been attributed to the 
fact that saphenous veins harvested during stripping procedures (and thus affected 
by variceal disease) are the usual source of venous homografts, with cadaveric 
grafts being used only rarely. Moreover, most ultrastructural and immunological 
studies on venous homografting in humans refer to arterial bypass operations, so the 
suboptimal results reported in terms of graft vein survival should be attributed 
mainly to the high pressure regimen of the arterial district. As regards peripheral 
vein resection management in sarcomas of the extremities, venous homografts for 
vein bypasses in malignancies have only been described in limited series. These 
report a low rate of late patency but better control of postoperative graft infections 
and fewer long-term side effects due to slow progressing obstruction (for grafts 
which get closed), giving the collateral vein circles time to develop.

We proposed banked venous homografts, applying the same rationale used for 
homologous grafts in peripheral vein resection. One limiting factor for this tech-
nique is undoubtedly the availability of grafts. There is a shortage of homografts for 
great venous vessels, and the only ones occasionally collected by surgical donor 
teams are grafts of IVC or iliac veins with the lower segment of the IVC.

We demonstrated a patency rate of 60 % in IVC homologous graft replacements 
after a median of 31 months [4]. The antithrombotic prophylaxis included in our 
protocol consisted of administration of low-molecular-weight heparin (LMWH) the 
day before surgery at a dose of 38 IU anti-Xa/Kg, intraoperative heparin infusion 
before vascular clamping, and postoperative LMWH for 60–90 days at the dose 
used the day before surgery. Patients with an IVC graft should take chronic lifelong 
single-agent antiplatelet therapy (ASA), unless late graft occlusion is demonstrated 
on CT scan.

The issue of postoperative morbidity after multivisceral resection for retroperito-
neal sarcoma has been addressed by a collaborative study conducted at our facility 
and at the Gustave Roussy Institute (Villejuif, France) [6]. It suggested that morbid-
ity was comparable to that of major oncologic surgery, though the resection of major 
abdominal vessels seemed to be associated with higher risk. Whether or not this 
apparent higher risk is related to the vascular resection itself or to the extent of the 
surgical procedure involving multiple organs is difficult to gauge. Nonetheless, data 
from specific analysis of patients undergoing IVC resection seem to rule out that 
this procedure specifically contributes to overall morbidity.

The overall clinical impact of graft occlusion in our series of patients was mild. 
We described early symptomatic homograft occlusion in only one patient, while 
late asymptomatic thrombosis was usually revealed on CT scan follow-up reevalu-
ation. Late asymptomatic occlusion occurred mostly in patients undergoing 
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bypasses between the left renal vein and the retrohepatic IVC, because pre-existing 
thrombosis of the IVC distally to the resection impaired complete venous recon-
struction. Nevertheless, no patient developed renal failure, even in cases of late 
graft closure.

Cadaveric vein grafts are also a practical tool for managing various anatomic 
defects. When they are available, complete IVC reconstruction can be achieved and 
prioritized according to the following aims: restoration of left renal vein outflow, 
restoration of IVC continuity, and bridging a shortened left renal vein, if resected 
(Fig. 4.8).

�Conclusion
IVC resection should be considered feasible whenever necessary in primary ret-
roperitoneal sarcoma. This is extremely important because complete surgical 
resection is the main prognosticator in retroperitoneal sarcoma.

a

b c

Fig. 4.8  IVC reconstruction by cadaveric venous homograft: three different examples of anatomic 
restoration. (a) homograft restores flow between the distal left renal vein and the infrahepatic IVC 
(bilateral iliac thrombosis); (b) homograft replacing IVC, with reimplantation of left renal vein 
outflow; (c) caval homograft replacing IVC, the iliac vein of the homograft has been used to 
replace the resected portion of the left renal vein (arrowheads: renal vein/iliac vein and iliac vein/
caval graft anastomoses)
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Postoperative morbidity of multivisceral resection in RPS extended to the IVC is 
acceptable in experienced reference centers. Thus, major vascular resection should 
always be considered when needed to improve the completeness of tumor clearance.

Key Points

•	 In case of right RPS, tumoral involvement of IVC need to be systematically ruled 
out on preoperative CT scan as a part of treatment planning.

•	 A higher probability of vascular resection should be kept in mind in case of 
recurrent RPS.

•	 Retroperitoneal leiomyosarcoma is very likely to originate from major retroperi-
toneal veins.

•	 IVC resection should be considered feasible and planned whenever primary or 
secondary involvement by retroperitoneal sarcoma is found.

•	 After multivisceral resection, homograft IVC replacement may be an option in 
order to reduce the risk of graft infection.
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5Renal Cell Carcinoma Involving 
the Inferior Vena Cava

Javier González and Gaetano Ciancio

5.1	 �Introduction

Renal cell carcinoma (RCC) accounts for 2–3 % of all malignant diseases in adults, 
representing the third most frequent and the most lethal genitourinary cancer [1, 2]. 
An estimated 61,560 new cases of renal cancer are expected in 2015, with an esti-
mated 14,080 deaths from this entity in the same period [3].

This malignancy has the propensity to infiltrate the surrounding adjacent struc-
tures with unique proclivity for vascular invasion. This particular tropism for the 
venous system facilitates its propagation into the renal vein, inferior vena cava 
(IVC), and even the right cardiac chambers, generating a specific form of a locally 
advanced renal tumor (so-called tumor thrombus). Such an intracaval neoplastic 
extension is present in 4–10 %, reaching the right atrium in 1 % of patients with 
RCC [4–6].

There has been much debate about the prognostic significance of this entity. 
Currently, most authors agree that the presence of thrombus itself, in the absence of 
caval wall infiltration, has no specific detrimental impact on survival if it can be 
successfully removed, though it seems obvious that more advanced thrombi are 
associated with more advanced tumor stages and, thus, a negative impact on sur-
vival rates [7]. In addition to staging implications, the presence of a venous tumor 
thrombus increases the complexity of management due to associated parasitizing 
vessels, venous congestion, and the potential for embolization.
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Previous evidence had shown that aggressive surgical resection can produce 
long-term freedom from disease, with survival rates as high as 68 % at 5 years in 
acceptable surgical candidates [7]. An enhanced understanding of the underlying 
biology of RCC has led to substantial clinical advances in the management of 
advanced disease, although, until the present, the only curative therapeutic strategy 
for this kind of tumor is the complete removal of malignant renal tissue, which 
appears to be not only justified but also strongly indicated and thus making nephrec-
tomy with tumor thrombectomy the mainstay of treatment for these patients until 
present [7–12].

Surgical innovation has revolutionized the management of this entity in the past 
few years, reducing its morbidity and leading to approaches with minimized inva-
siveness and preserved oncologic effectiveness. Nevertheless, detailed preoperative 
assessment and careful attention to surgical technique are critical for the safe and 
efficacious management of these cases, which can be among the most challenging 
procedures in field of urology. This chapter provides an updated review of the cur-
rent available literature concerning the diagnosis and management of this unique 
malignancy.

5.2	 �Clinical Presentation

Although the prevalent use of imaging techniques is now associated with incidental 
detection of many asymptomatic kidney tumors, up to 95 % of patients with intraca-
val extension present with local or systemic symptoms, compared with 63 % of those 
without IVC thrombus [13]. In a recent series, the primary presentation of patients 
with RCC extending into the IVC was hematuria (35 %), flank or abdominal pain 
(17 %), constitutional symptoms (9 %), and flank or abdominal mass (2 %) [11].

The presence of tumor thrombus in conjunction to renal cell carcinoma should be 
suspected also in patients with a renal mass and lower extremity edema, a varicocele 
(particularly on the right side) that does not collapse with recumbency, dilated 
superficial abdominal veins (caput medusae), or pulmonary emboli at the time of 
diagnosis. In addition, when the thrombus obstructs the hepatic veins, patients may 
have abdominal pain, hepatomegaly, and abdominal ascites (Budd–Chiari syn-
drome) [14, 15]. It is not infrequent that patients with this condition may present 
with any of the paraneoplastic syndromes associated with RCC, such as hyperten-
sion, nonmetastatic hepatic dysfunction (Stauffer’s syndrome), polycythemia, and 
hypercalcemia [16].

5.3	 �Prognostic Factors

A major advance in RCC is the realization that this disease is not one entity but 
rather a collection of different types, each derived from the various parts of the 
nephron and possessing distinct genetic characteristics, histological features, and, to 
some extent, clinical phenotypes [17].

J. González and G. Ciancio



77

Previously identified prognostic factors for RCC include the performance status, 
the presence of positive lymph nodes, or distant metastasis (TNM stage), among 
others, and some pathological factors such as the histological type (being worse for 
papillary, unclassified, and collecting duct carcinoma), nuclear grade, the presence 
of necrosis, sarcomatoid features, and invasion of the renal sinus, perinephric fat, 
hepatic veins, collecting system, or renal vein ostium [10, 18]. However, no differ-
ence in prognosis was observed among other histological subtypes or different 
thrombus levels (Table 5.1).

The prognosis of patients with tumors invading the IVC appears to be dictated 
mainly by the nature of the primary lesion. The absence of prognostic value of the 
thrombus level highlights the importance of studying the biological factors involved 
instead of this feature as a determinant of survival [19]. Likewise, this fact is in 
agreement with several studies, leading a number of authors to propose a revised 
TNM staging for T3 disease [20, 21].

5.4	 �Imaging Diagnosis

Imaging studies are crucial to rule out the presence of metastatic disease and to 
define the level of the thrombus (Fig. 5.1). The accurate delineation of the proximal 
extent of the thrombus is of paramount importance because it determines the 
approach, the position of the patient on the operating table, and the need for bypass 
procedures.

Table 5.1  Prognostic factors for RCC and tumor thrombus

Prognostic factors for RCC and venous tumor thrombus

Nonmetastatic
TNM stage and anatomic characteristics
 � Tumor size >7 cm
 � Lymph node status
 � Invasion of the collecting system
 � Invasion of perirenal fat
 � Invasion of the renal vein ostium
 � Extension into the hepatic veins
 � Extension of tumor thrombus above the diaphragm
Histology
 � Presence of sarcomatoid features
 � Collecting duct carcinoma
 � Papillary type-II RCC
 � Undifferentiated RCC
 � Führman nuclear grade
 � Presence of necrosis
 � Tumor thrombus consistency
Metastatic
 � Time to metastasis
 � Number of metastases
 � Absence of immunotherapy
 � Cytoreductive nephrectomy
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Ultrasonography and computed tomography (CT) have demonstrated good spec-
ificity in detecting the presence of tumor thrombus, with a reported sensitivity of 
65–90 %, reaching 87 % when used in combination. Conversely, Doppler examina-
tion is suboptimal in visualizing the distal renal vein and the infrahepatic vena cava. 
Ultrasound accuracy is also strongly operator dependent and may be influenced by 
the patient’s corporal habitus.

The improved multidetector CT would represent an option in candidates unsuit-
able to magnetic resonance imaging (MRI). The accuracy of multidetector CT for 
assessing venous tumor thrombus has been evaluated recently. These scans provide 
increased anatomical detail compared to conventional CT through reconstructed 
images [22, 23]. Guzzo et al. studied 41 patients and noted an 84 % concordance 
rate between multidetector CT and surgical pathology, with the thrombus level 
accurately predicted in 96 % [24]. However, no direct comparison to MRI was made 
in this study, and additional larger series will be needed to confirm the potential 
usefulness of this imaging modality.

MRI is currently considered the gold standard in the evaluation of these patients 
because T1-weighted images provide precise and clear anatomic depiction of the cepha-
lad extension of the thrombus and the relationship of the thrombus to the liver, dia-
phragm, and right atrium. MRI also provides an accurate evaluation of the degree of 

a

d e

b c

Fig. 5.1  Different imaging tests for the diagnosis of renal cell carcinoma with vena cava involve-
ment. Intra-atrial thrombus in computed tomography (CT) cross-sectional imaging (a). Intra-atrial 
thrombus in transesophageal echocardiography (b). PET-CT showing a large right renal mass (red 
arrow) with an associated level IV tumor thrombus (white arrow) and multiple enhanced areas in 
the chest corresponding to metastasis (green arrow) (c). CT scan imaging showing intravascular 
occupation of inferior vena cava up to the right atrium (d). PET-CT imaging showing an enhanced 
area corresponding to a renal mass and its accompanying intracaval thrombus (e)
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IVC occlusion and the presence of associated bland (platelet) thrombus, which is often 
present in the infrarenal IVC in these patients [25, 26]. In addition, Zini et al. noted that 
invasion of the renal vein ostium wall may be predicted on MRI, specifically by measur-
ing the renal vein and IVC diameter [25]. They reported a 90 % sensitivity for wall inva-
sion with a renal vein or IVC diameter greater than 1.4 cm and 1.8 cm, respectively.

Transesophageal echocardiography (TEE) could be used preoperatively or intra-
operatively and is especially indicated in cases with conflicting findings on MRI or 
in determining the presence of thrombus invading the major hepatic veins [26]. In 
addition, when thrombus is found in the right atrium or if pulmonary emboli are 
suspected, transesophageal echocardiography and CT angiography of the pulmo-
nary vasculature should be performed.

As for all patients with suspected RCC, evaluation for potential metastatic dis-
ease necessitates chest imaging and liver function tests. When considering a possi-
ble need for cardiopulmonary bypass intraoperatively, cardiology consultation 
should be obtained for medical optimization and possible cardiac angiography. 
Moreover, cross-sectional imaging of the brain for potential metastatic disease that 
would be at risk for hemorrhage during anticoagulation with cardiopulmonary 
bypass (CPB) has also been suggested for patients with an atrial thrombus [4].

It is highly recommended for the last imaging study previous to a planned inter-
vention to be done within 7–14 days of surgery for level II, III, and IV tumor 
thrombi, as propagation of thrombus may occur and accordingly that variation in 
cranial extension can significantly alter the surgical approach [27, 28].

5.5	 �Staging and Classification of Intracaval Extension

Multiple staging systems have been proposed to classify RCC with caval involvement. 
The recently revisited Union for International Cancer Control/American Joint Cancer 
Committee (UICC/AJCC) TNM staging system for renal carcinoma has supplanted 
Robson RCC staging classification for prognostic and, thus, therapeutic purposes. In 
previous TNM classifications, the pT3b group included both renal vein and IVC inva-
sions. As the result of many studies into the independent prognostic value of vena cava 
compared to renal vein invasion alone [29–31], these two groups have now been sepa-
rated in the latest version of the TNM classification [32]. Accordingly, this staging 
system stratifies RCC cases with tumor thrombus into the renal vein or segmental renal 
vein branches as pT3a, thrombus in the IVC below the diaphragm as pT3b, and supra-
diaphragmatic thrombus and/or thrombus that invades the IVC wall as pT3c [33].

Since the anatomic level of the tumor thrombus within the IVC often impacts 
surgical planning, for surgical considerations, the most widely used classification 
remains that proposed by Neves and Zincke (i.e., Mayo Classification System) [34]. 
According to this system, tumor thrombus in the renal vein only is classified as level 
0, thrombus extending into the IVC <2 cm from the renal vein ostium is level I, IVC 
extension >2 cm from the renal vein ostium and below the hepatic veins is level II, 
thrombus at the hepatic veins and below the diaphragm is level III, and supradia-
phragmatic or atrial tumor thrombus is level IV (Fig. 5.2).
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Level I Level II

Level III Level IV

Fig. 5.2  Mayo Classification System for RCC in conjunction with intracaval tumor thrombus. 
According to this system, tumor thrombus in the renal vein only is classified as level 0, thrombus 
extending into the IVC <2 cm from the renal vein ostium is level I, IVC extension >2 cm from the 
renal vein ostium and below the hepatic veins is level II, thrombus at the hepatic veins and below 
the diaphragm is level III, and supradiaphragmatic or atrial tumor thrombus is level IV
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However, the Mayo Classification System may not provide complete infor-
mation regarding some retrohepatic and suprahepatic/infradiaphragmatic (i.e., 
level III) tumor thrombi. Conversely, the Miami Classification System may be 
used to improve decision-making in this particular setting [35]. In this modified 
classification system, level IIIa tumors are defined as those with thrombus 
extending into the retrohepatic IVC but ending below the origins of the major 
hepatic veins, level IIIb as extending to the ostia of the major hepatic veins, 
level IIIc as extending above the major hepatic veins but below the diaphragm, 
and level IIId as extending above the diaphragm but not into the right heart 
(Fig. 5.3).

Heart

Diaphragm

Major
hepatic
veins

Liver

Level IV

Level IIId

Level IIIc

Level IIIb

Level IIIa

Level II

Fig. 5.3  Miami Classification System for RCC in conjunction with IVC tumor thrombus. In this 
modified classification system, level IIIa tumors are defined as those with thrombus extending 
into the retrohepatic IVC but ending below the origins of the major hepatic veins, level IIb as 
extending to the ostia of the major hepatic veins, level IIIc as extending above the major hepatic 
veins but below the diaphragm, and level IIId as extending above the diaphragm but not into the 
right heart
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5.6	 �Patient Selection

Radical nephrectomy and tumor thrombectomy were documented as early as 1913 
[36]. In the past, however, patients with IVC involvement were not operated rou-
tinely due to high morbidity and poor survival rates. The widened scope of surgical 
alternatives with the advent of bypass procedures in the 1970s [37] along with over-
all improvement in perioperative care has significantly extended long-term free sur-
vival rates [38–43]. The virtually unanimous acceptance of the lack of tumor 
response to standard adjuvant therapy protocols, the acceptable survival rates 
reported in advanced stages of the disease, and the significant improvement in qual-
ity of life provided by thrombus removal in symptomatic patients also support a 
surgical strategy [44]. Likewise, patients with all forms of renal tumor with venous 
extension and nonmetastatic disease are suitable candidates for surgery. Surgery 
should be strongly considered after counseling in those patients with metastatic 
disease, given that the natural history of the disease in its free evolution ends inevi-
tably with the death of a patient in extremely poor conditions.

5.7	 �Factors Determining the Choice of Surgical Technique

The choice of surgical technique should be individualized for each specific case 
based on the features of the disease process, which include (i) the comorbid status 
of the patient at clinical presentation, (ii) the malignancy burden, (iii) the tumor 
laterality, (iv) the extent of tumor thrombus inside the IVC lumen, and (v) the 
presence of accompanying embolic events.

In this way, each of the small technical “blocks,” or surgical steps, will be inte-
grated to form a unique surgical technique, resulting in a procedure that is tailored 
to the precise requirements of the individual patient.

Preoperative comorbid status. Worse outcomes after surgery have been found in 
patients with overall poorer health and functional status preoperatively [7, 10].

Malignancy burden. Postoperative prognostic factors for RCC invading the IVC 
include a set of features associated with more aggressive tumor behavior and con-
tributing to higher levels of local and distant invasion [10, 45]. All of these features 
should be considered extensively during surgical planning. However, it is possible 
that preoperative imaging does not provide an accurate depiction of certain impor-
tant details [46], and therefore, a shift in strategy may occasionally be needed dur-
ing the surgical procedure to address these contingencies.

Tumor laterality. The side of the abdomen where the renal mass is located deter-
mines the extent of dissection required to mobilize the neighboring visceral struc-
tures in order to gain enough exposure for thrombus excision.

Extent of tumor thrombus. The extent of tumor thrombus inside the IVC is the 
most important consideration in planning the operative strategy [47]. To adequately 
assess the extent of venous involvement, two parameters must be addressed: (i) the 
anatomic level of the tumor thrombus in the IVC and (ii) the degree of IVC occlu-
sion generated by the thrombus intraluminal growth.
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The tumor thrombus level is a critical consideration in the selection of surgical 
technique, given that the extent of dissection is generally predicated on the cephalad 
level of tumor thrombus, thus dictating the number and type of surgical maneuvers 
for its successful removal. There is general agreement among authors with regard to 
the combination of surgical steps required to remove lower thrombus cases (levels I 
and II) and most cases involving the right atrium (level IV). However, there is no 
consensus on the appropriate strategy in cases affecting the retrohepatic or suprahe-
patic IVC segments (level III).

The degree of IVC occlusion represents another important feature with regard to 
the extent of thrombus, and totally or partially occluding caval thrombus may be 
encountered. An extreme degree of occlusion may lead to the invasion of the venous 
wall containing the thrombus.

The presence of associated embolic events. Embolic events commonly associ-
ated with the presence of an IVC tumor thrombus are (i) the coexistence of bland 
thrombus with tumor thrombus inside the caval lumen and (ii) pulmonary embolism 
(PE), either already present at clinical presentation or suddenly generated by inad-
equate caval handling during the intervention.

Bland thrombus may be detected on MRI, most frequently in the infrarenal 
IVC.  As opposed to tumor thrombus, it is characterized by a lack of contrast 
enhancement on MRI and may be found contiguous with tumor thrombus or as a 
separate distant clot, frequently within the common iliac veins.

Although these embolic events occur at a relatively low frequency (10–15 % and 
1.5–3.4 % of cases for bland thrombus and PE, respectively), they cannot be over-
looked during surgical planning, given that their presence may demand a radical 
shift in surgical strategy [48–50]. The proper management of a coexistent bland 
thrombus commonly requires blood flow interruption through the IVC, while evi-
dence of a preexisting PE (or its sudden intraoperative onset) usually entails instal-
lation of extracorporeal circulation (e.g., removal of tumor thrombus from the 
pulmonary arteries).

5.8	 �Preoperative Considerations

Additional important considerations during the preoperative assessment of RCC 
and venous tumor thrombus are the potential roles for systemic anticoagulation, 
renal angioembolization, IVC filters, and tyrosine-kinase inhibitors (TKIs).

Anticoagulation. Indications for systemic anticoagulation for a patient with a 
known renal mass and tumor thrombus include (i) the presence of atrial tumor 
thrombus involvement, (ii) documented pulmonary emboli, and/or (iii) bland throm-
bus on MRI.

In cases of associated bland thrombus, systemic anticoagulation is recommended 
to prevent thrombus propagation. Propagation risks contralateral renal vein throm-
bosis and debilitating lower extremity edema and may serve as a nidus for distal or 
proximal embolization. Efforts should be made for expeditious surgery, and, as 
such, these patients are placed on low molecular weight heparin in an outpatient or 
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on intravenous heparin in the inpatient setting to allow for rapid discontinuation 
before surgery.

Embolization of the renal artery. This maneuver aims to reduce blood supply, 
mass size, and collateral blood flow around the tumor. The purported benefits of this 
management strategy also include a reduction in tumor thrombus extent, a decrease 
of intraoperative blood loss, and facilitation of renal hilar dissection [51].

Although isolated single institutional experiences support this procedure as a 
method to decrease the overall complexity of the intervention [52], this technique 
presents certain disadvantages, which may advise against its use. Subramanian et al. 
[53] showed that there is no significant advantage in preoperative embolization for 
the treatment of RCC with an IVC thrombus, and in fact, this procedure may 
increase the risk of complications and mortality probably by inducing a significant 
reaction around the kidney and surgical field. Hence, both the high frequency of 
postembolization syndrome and in many cases its severe clinical presentation led 
experts to no longer recommend this maneuver [54].

Preoperative IVC filter deployment. Possible migration of dislodged thrombus 
fragments into the pulmonary circulation favored the presurgical use of IVC filters 
as PE preventive strategy [55]. Currently, this recommendation remains controver-
sial, due in part to different reports on the rupture of the caval wall during the device 
deployment [56], not to mention the infrequent proximal migration of the filter into 
the right heart chambers causing a lethal cardiac tamponade [57].

In our opinion, if the patient presents an established PE at the time of diagnosis, 
there is no indication for IVC filter use. In most of these cases, if not all, PE is pro-
duced by a mix of tumor and bland thrombus fragments. Tumor thrombus fragments 
are completely insensitive to anticoagulant therapy. Under these circumstances, 
CPB is advisable for a complete tumor removal from the pulmonary arteries. IVC 
filters are not capable of preventing tumor thrombus enlargement. Therefore, the 
device can be progressively entrapped within the neoplastic tissue after placement. 
If this occurs, the complexity of the procedure is multiplied exponentially, and what 
apparently would be a resectable case may become almost unresectable (Fig. 5.4).

The anatomical location of the proximal thrombus limit and the degree of IVC 
occlusion may also contraindicate the deployment of a filter. Filter placement may 
not be warranted in higher thrombus level cases (i.e., levels III–IV) due to a space 
conflict above the major hepatic veins (MHVs). Obviously, the filter cannot be 
placed in the right atrium. In addition, the use of a distal (i.e., femoral) instead of a 
proximal (i.e., transjugular) percutaneous approach for filter deployment may 
potentially induce a partial dislodgement of the thrombus with devastating 
consequences.

In cases of complete IVC flow interruption, filter deployment may be unneces-
sary since the thrombus would act as a filter itself (i.e., completely occluding the 
lumen of the IVC). In addition, as a result of complete IVC occlusion, venous flow 
redistributes through a secondary network of variable size collaterals. The diameter 
of these vessels is occasionally wide enough to permit the passage of thrombus frag-
ments. Placing a filter in the IVC would not prevent an eventual PE under these 
circumstances. Nevertheless, if the filter is thought strongly indicated (i.e., level II, 
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not completely obstructing, tumor thrombus cases, with or without associated bland 
thrombus), it should be deployed <48 h before surgery to reduce the incidence of 
thrombus entrapment [27].

Tyrosine-kinase inhibitors. Although the concept of neoadjuvant therapy to down 
stage locally advanced tumors and improve survival has been incorporated into the 
treatment approach for a variety of malignancies, to date its use in kidney cancer has 
been limited. Nevertheless, tyrosine-kinase inhibitors (TKIs) have an interesting 
ability to reduce tumor size in RCC that would have also a role in decreasing the 
thrombus anatomic level before nephrectomy [58]. In fact, some cases had been 
reported in the literature with the use of sorafenib and sunitinib [59, 60]. However, 
existing information on the response of primary tumors and thrombus to these 
agents remains limited.

5.9	 �Surgical Steps and Technical Details

Initial Requirements. Most authors agree that there are a number of requirements 
that must be met in order to carry out this type of intervention. These include 
(i) an adequate environment, (ii) close collaboration among the members of an 
experienced multidisciplinary team, and (iii) an accurate preoperative imaging 
assessment [61].

Minimally invasive approaches. The application of advanced techniques has 
allowed renal tumors invading the IVC to be managed in purely minimally invasive 
fashion, but the standard approach for tumors with intracaval extension remains 
open surgery because the benefits of minimally invasive techniques are temporary 

a b

Fig. 5.4  Inferior vena cava filter entrapped within the tumor thrombus (a and b). IVC filters are 
not capable of preventing tumor thrombus enlargement. Therefore, the device can be progressively 
entrapped within the neoplastic tissue after placement. If this occurs, the complexity of the proce-
dure is multiplied exponentially, and what apparently would be a resectable case may become 
almost unresectable
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or short term. Further experience will be necessary to decide if the benefits obtained 
justify the approach [62].

Patient positioning, incision, and self-retaining retractor. The positioning of the 
patient should be based on the choice of incision [63]. Supine position offers advan-
tages for anesthetic and surgical control, since it allows better access to the patient’s 
head/chest when TEE or CPB is required.

Surgical incision should be chosen under the basis of an optimal approach to the 
tumor and vascular control. A large number of different incisions have been used in 
the treatment of RCC with caval involvement. Generally, the use of a particular type 
of incision is in relation to the volume of the renal mass, its relationship to the sur-
rounding structures, and the anticipated level of tumor thrombus. Thoracoabdominal 
and flank approaches were frequently used in the past [64] but are less common 
today, since thoracoabdominal access involves the use of a postsurgical chest tube 
and the approach through the flank does not allow proper control of the great retro-
peritoneal vascular structures that commonly lie hidden by the renal mass.

Midline xipho-pubic and transverse subcostal incisions are now preferred, as 
they avoid the postoperative need for a thoracic tube. In addition, both can be com-
bined with a midline sternotomy if CPB is required. Although the approach through 
the midline is easier to learn and quicker to perform and can provide excellent expo-
sure, this incision entails a typical telescopic effect, which increases with depth of 
surgical field, putting at risk the adequate control of “deep” areas, including vascu-
lar structures, and thus the overall safety of the procedure [65]. Conversely, trans-
verse incisions are based on better physiological principles and should be 
recommended, as there are fewer complications in the early postoperative period 
and a lower incidence of late incisional hernia [66]. However, this does not appear 
to be clinically significant, as complication rates and recovery times are comparable 
to those obtained with midline incisions [64].

The triradiate Chevron incision combines the advantages of midline and subcos-
tal approaches without increasing the rate of incision-related complications. This 
incision may represent an excellent alternative for the more complex cases [67]. 
Nevertheless, the optimal incision for abdominal surgery still remains the prefer-
ence of the surgeon [64].

The choice of self-retaining retractor should be based on the type of incision 
used. While the Omni-Tract FastSystem® (Omni-Tract Surgical/Minnesota 
Scientific, Inc., St. Paul, MN, USA) and BookwalterTM abdominal retractor (Codman 
& Shurtleff, Inc., Raynham, MA, USA) are excellent options for midline incisions, 
in the event that a triradiate Chevron incision is used, a retractor designed for liver 
surgery is preferable (e.g., Rochard and Thompson retractors). Liver retractors have 
the advantage of moving the costal margins toward the axillae, which flattens the 
diaphragmatic domes, thereby increasing exposure in areas that are difficult to 
access such as the upper abdominal quadrants [68] (Fig. 5.5).

Control of the renal artery. Access to the main renal artery can be achieved 
through either an anterior or posterior approach. The anterior approach requires the 
full mobilization of the peritoneal structures to enter the retroperitoneum, while the 
posterior approach uses en bloc mobilization of the kidney with the peritoneal 
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structures lying above it (Cattell–Braasch and Mattox maneuvers) [69], thus creat-
ing a plane of cleavage anterior to the posterior abdominal wall. Each plane of dis-
section has specific advantages that may facilitate arterial control in particular 
situations. The posterior approach requires the division of all adhesions between 
Gerota’s fascia and the posterior abdominal wall [65]. Although it may seem more 
tedious to perform, this technique avoids potential engorged vessels in the anterior 
renal surface, providing quick and safe access to the main renal artery near its take-
off in the aorta. This type of access may represent the best option in cases of marked 
venous collateral circulation or when access to the anterior aspect of the renal hilum 
is difficult (e.g., hampered by bulky lymphadenopathy) (Fig. 5.6).

Conversely, the anterior approach [70] may be the best option when the renal 
mass cannot be mobilized (e.g., extremely large size). This approach is perhaps 
faster and easier for the surgeon, providing vascular control of both renal hilar struc-
tures simultaneously. However, it requires a relatively free anterior plane and exten-
sive dissection in the proximity of the great retroperitoneal vessels, which may more 
readily result in injury.

Rochard retractor blades

Spleen

Stomach

Colon

Liver

Inferior vena
cava

a b

Fig. 5.5  The triradiate Chevron incision combines the advantages of midline and subcostal 
approaches without increasing the rate of incision-related complications. This incision may represent 
an excellent alternative for the more complex cases (a). The choice of self-retaining retractor should 
be based on the type of incision used. In the event that a triradiate Chevron incision is used, a retractor 
designed for liver surgery is preferable (e.g., Rochard retractor). Liver retractors have the advantage 
of moving the costal margins toward the axillae, which flattens the diaphragmatic domes, thereby 
increasing exposure in areas that are difficult to access such as the upper abdominal quadrants (b)
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Exposure. Anterior access to the kidney is achieved through mobilization of the 
ipsilateral colon segment. A peritoneal incision on the avascular line of Toldt is 
mandatory to gain access. Medial colon rotation progressively exposes the anterior 
surface of Gerota’s fascia. The Kocher maneuver and liver mobilization [69] com-
plete the right renal exposure, while the dissection of the visceral complex formed 
by the stomach, spleen, and pancreas allows full inspection of the left anterior renal 
plane [71] (Fig. 5.7).

Handling of IVC. Management of the obstructed IVC involves surgical maneu-
vers to gain vascular control at three different levels: (i) infrahepatic/renal, (ii) ret-
rohepatic/suprahepatic/infradiaphragmatic, and (iii) supradiaphragmatic [67, 72].

Infrahepatic IVC segment and renal veins: Every vestige of lymphatic tissue 
must be cleared from the anterior aspect of the infrahepatic IVC segment. Both 
renal veins should be encircled and clamped before opening the IVC. The posterior 
surface of the IVC needs to be detached from the posterior abdominal wall by ligat-
ing and dividing all of the lumbar veins found at this level, thus gaining complete 
circumferential control. This step should be performed with great care, given that 
lumbar venous vessels may be engorged in response to IVC occlusion and uncon-
trolled bleeding at this level can be extremely dangerous.

a b

c d

Fig. 5.6  Control of the renal artery. Access to the main renal artery can be achieved through either 
an anterior or posterior approach. The anterior approach (a and b) requires the full mobilization of 
the peritoneal structures to enter the retroperitoneum, while the posterior approach (c and d) uses 
en bloc mobilization of the kidney with the peritoneal structures lying above it (Cattell–Braasch 
and Mattox maneuvers), thus creating a plane of cleavage anterior to the posterior abdominal wall
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Retrohepatic/suprahepatic infradiaphragmatic IVC segment: Exposure of this 
segment requires liver mobilization. The level reached by tumor thrombus inside the 
IVC determines the extent of liver dissection. For example, level II tumor thrombi 
may require only a classical mobilization of the right hepatic lobe (Langenbuch 
maneuver) (Fig. 5.8), whereas more proximal tumor thrombus levels (levels IIIa–
IIIc) require full liver mobilization, enabling total vascular control on the abdominal 
segments of IVC behind and above the liver (“piggyback” liver dissection) (Fig. 5.9) 
[69]. Classical mobilization of the right hepatic lobe involves division of the right 
triangular and coronary ligaments [73]. This allows a gradual rotation of the right 
hepatic lobe toward the midline and allows access to the right lateral surface of the 
IVC, thus completely exposing the right renal upper pole and the ipsilateral adrenal 
gland and vein. However, this maneuver may be insufficient if there is a need for 
circumferential control on the IVC and CPB is not planned.

In 1989, Tzakis et al. [74] described the so-called piggyback liver transplantation 
technique, which is based on a tangential clamping of IVC at the level of the MHVs, 
avoiding complete caval occlusion during the anhepatic phase of the procedure. 
With this technique, the liver is fully mobilized by dividing all of its attachments 
(i.e., complete posterior ligament detachment and division of the short hepatic veins 
between the right and caudate lobes of the liver and the anterior caval aspect) until 
it lies fixed to the IVC only by the MHVs. It then becomes possible to freely move 

Spleen

Pancreas

Kidney

Kidney
tumor

Stomach

a b

d

c

Fig. 5.7  Mobilization of the left upper abdominal quadrant. The dissection of the visceral com-
plex formed by the stomach, spleen, and pancreas allows full inspection of the left anterior renal 
plane. Exposure of the left kidney begins by mobilization of the descending colon. The spleen is 
dissected off the diaphragm and mobilized en bloc with the pancreas toward the midline (a–c). 
This exposes the entire upper retroperitoneal space from the diaphragm to the inferior border of the 
kidney (d)
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the complete liver, thus facilitating full circumferential control of the entire retrohe-
patic and suprahepatic IVC segments [69].

Supradiaphragmatic IVC segment and right cardiac chambers: Adequate vascu-
lar control of the right heart chambers and supradiaphragmatic segment of the IVC 
is perhaps more controversial, since access can be gained from the abdomen or the 
thorax. Although it is clear that a large mass inside the right atrium almost invari-
ably requires a thoracic approach and extracorporeal circulation, vascular control 
required in levels IIIb–d may vary according to the preference of the surgical team.

Diaphragmatic caval release, by opening the central tendon of the diaphragm and 
encircling the IVC, allows access to the intrathoracic IVC segment from the abdom-
inal field [69, 72]. Thereafter, the pericardium can be opened, and the right atrium 
can be gently pulled through the diaphragm, to be controlled inside the abdomen. 
This maneuver permits the resection of level III–IV tumor thrombi without the need 
for extracorporeal circulation [69, 72] (Fig. 5.10).

Cardiac control can also be achieved, with good results, through minimally inva-
sive approaches if the intent is only to place the patient on CPB [75]. However, this 
access may be severely limited if a clear view of the right chambers of the heart is 
necessary. In these cases, it may be preferable to use a wider thoracic approach by 
means of a midline sternotomy or thoracoabdominal access [5] (Fig. 5.11).

Thrombectomy. The extension of caval incision for tumor thrombus withdrawal 
should be established according to the thrombus level inside the IVC [76, 77].

Right
kidney

Right
adrenal
gland

Inferior
vena cava Liver bare

area
Inferior vena
cava

Right
hepatic lobe

a

c

b

Fig. 5.8  Liver mobilization (Langenbuch maneuver). Classical mobilization of the right hepatic 
lobe involves division of the right triangular and coronary ligaments (a). This allows a gradual 
rotation of the right hepatic lobe toward the midline (b) and allows access to the right lateral sur-
face of the IVC, thus completely exposing the right renal upper pole and the ipsilateral adrenal 
gland and vein (c)
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Fig. 5.9  “Piggyback” liver mobilization. With this technique, the liver is fully mobilized by dividing 
all of its attachments (i.e., complete posterior ligament detachment and division of the short hepatic 
veins between the right and caudate lobes of the liver and the anterior caval aspect) (a and b) until it 
lies fixed to the IVC only by the MHVs (c). It then becomes possible to freely move the complete liver, 
thus facilitating full circumferential control of the entire retrohepatic and suprahepatic IVC segments

a b
Central tendon
of diaphragm

Right
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cava

Fig. 5.10  Atrial abdominalization. Opening the central tendon of the diaphragm and encircling 
the IVC allow access to the intrathoracic IVC segment from the abdominal field (a). Thereafter, the 
pericardium can be opened, and the right atrium can be gently pulled through the diaphragm, to be 
controlled inside the abdomen (b). This maneuver permits the resection of level III–IV tumor 
thrombi without the need for extracorporeal circulation
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Level I tumor thrombi are usually “floating” in the lumen of the IVC, which is 
commonly partially obstructed. They can be easily “milked” back into the renal 
vein. Thereafter, a side bite of the IVC with an appropriate vascular clamp permits 
complete thrombus control, preserving blood flow though the IVC and preventing 
the embolization of eventual dislodged thrombus fragments to the pulmonary circu-
lation. The IVC is then incised, permitting the complete removal of the thrombus 
under direct vision. After radical nephrectomy and thrombectomy are complete, the 
venotomy can be sutured closed in the usual manner (commonly with a double row 
of continuous 4-0 polypropylene suture) (Fig. 5.12).

In level II tumor thrombi, vascular control is ensured by placing clamps or 
Rummel tourniquets sequentially on the infrarenal vena cava, contralateral renal 
vein, and suprarenal vena cava above the upper thrombus limit. Likewise, the throm-
bus is dissected and removed with the entire renal ostium. Once the lumen of the 
cava is flushed with heparin solution and the absence of residual tumor is ascer-
tained, the cavotomy is sutured closed and the clamps are removed in a cephalad 
direction. To preserve renal function, it is advisable to permit venous flow return 
from the contralateral renal vein and lower IVC. Many times, the shape and position 
of the thrombus inside the IVC allow partial occlusion with a long curved vascular 
clamp. In some cases, the tumor configuration permits the placement of the vascular 
clamp in an oblique fashion so that the contralateral vein lies above the clamp and 
venous drainage into the proximal IVC can be maintained. However, one clamp 
may be insufficient to encircle the thrombus in the case of a large irregular configu-
ration, and an additional clamp will be needed for complete IVC occlusion.

a
Right atrium

Liver
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Level IV tumor
thrombus

Large right
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b

Fig. 5.11  Cardiopulmonary bypass through midline sternotomy. Although cardiac control can be 
achieved with good results through minimally invasive approaches if the intent is only to place the 
patient on extracorporeal circulation, this access may be severely limited if a clear view of the right 
chambers of the heart is necessary. In these cases, it may be preferable to use a wider thoracic 
approach by means of a midline sternotomy (a and b)
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The caval approach to level III tumor thrombi requires accurate surgical plan-
ning. Sequential clamping of the IVC in these cases will be established according to 
the spatial relationship between the cranial thrombus limit and MHVs ostia if an 
exclusive transabdominal approach is planned. However, in addition to the vascular 
dissection necessary to approach these cases in a purely transabdominal fashion, it 
is essential that the patient can tolerate complete IVC occlusion at a proximal level. 
Caval occlusion at the suprahepatic or intrapericardial segments can compromise 
venous return to the heart in cases of partially occluding tumor thrombi, which 
results in decreased cardiac output, hemodynamic instability, and hypoperfusion. A 
trial of cross-clamping may be attempted to see how well the patient tolerates this 
maneuver, and in the case of poor tolerability, a rapid infuser may be used to increase 
cardiac preload. Conversely, extracorporeal circulation (by means of veno-venous 
or cardiopulmonary bypass) may be established.

Level IIIa tumor thrombi represent the easiest surgical scenario among level III 
cases. The proximal clamp should be placed below the MHV ostia, and thus, the 
natural venous bypass through the liver (and consequently the cardiac preload) is 
not altered. Level IIIb–IV thrombi may be causing occlusion of hepatic venous 
drainage (Budd–Chiari syndrome). In these cases, given the hepatic dysfunction 
and subsequent poorly functioning coagulation, it is advisable to establish 

a b

Fig. 5.12  Level I tumor thrombi are usually “floating” in the lumen of the IVC, which is com-
monly partially obstructed. They can be easily “milked” back into the renal vein. Thereafter, a side 
bite of the IVC with an appropriate vascular clamp permits complete thrombus control, preserving 
blood flow though the IVC and preventing the embolization of eventual dislodged thrombus frag-
ments to the pulmonary circulation (a). The IVC is then incised, permitting the complete removal 
of the thrombus under direct vision (b)
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extracorporeal circulation (although bleeding can be moved to the immediate post-
operative period when using CPB, given that full-dose anticoagulant therapy is 
needed during the procedure). Even so, levels IIIb–IV require full inspection of the 
MHV orifices to reestablish the natural venous bypass through the liver in the event 
that it was blocked. Hepatic vascular exclusion (HVE) may facilitate thrombus exci-
sion in these cases, since potential bleeding from the liver is prevented [67]. A small 
orifice practiced in the lesser omentum permits control of the vascular inflow to the 
liver (Pringle maneuver), while a vascular clamp applied at the level of the MHVs 
(“piggyback” liver dissection is required) controls the liver venous outflow 
(Fig. 5.13).

During the HVE phase, there are hemodynamic issues that affect morbidity, mor-
tality, and the entire postoperative course. Veno-venous bypass (VVB) was originally 
described to respond to the interruption of blood flow back to the heart, which in turn 
is associated with up to a 50 % decrease in cardiac output and arterial pressure. 
However, there have been complications reported with its use, and some hemody-
namic alterations cannot be completely avoided. Experience in liver surgery has 
demonstrated that the hemodynamic changes observed during HVE are promptly 
reversed after hepatic reperfusion, with renal function remaining stable, and the 
requirement for blood transfusion is comparable to procedures with VVB. As such, 
two primary conclusions can be drawn from this experience. First, the theoretical 
benefits of VVB on renal function during HVE are of little clinical relevance. Second, 
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Fig. 5.13  Hepatic vascular exclusion (HVE). A small orifice practiced in the lesser omentum 
permits control of the vascular inflow to the liver (Pringle maneuver) (a and b), while a vascular 
clamp applied at the level of the MHVs (“piggyback” liver dissection is required) controls the liver 
venous outflow (c)
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perioperative blood loss and transfusion requirements are similar in patients with or 
without VVB, indicating that there is no clear advantage to its routine use [61].

In cases of level IIIb–IIId tumor thrombi and minor intra-atrial involvement, the 
cranial thrombus limit may be “milked” down below the MHVs to preserve the 
venous liver bypass (Fig.  5.14). TEE permits optimal control over the thrombus 
cranial end during this maneuver. However, in many other cases, the thrombus can-
not be milked down below this level, and a two-step cavotomy becomes the best 
option. This two-step process requires temporary HVE. When complete IVC con-
trol is achieved, the first step is commenced. The IVC wall is opened to a level 
below the MHVs, and the IVC lumen is flushed with heparin and completely cleared 
of thrombus fragments up to this level. The proximal clamp is then repositioned 
below the MHVs, and the IVC wall is closed with a double 4-0 running polypropyl-
ene suture. Thereafter, the Pringle maneuver is released, and natural liver bypass is 
restored. In a second step, the cavotomy is continued downward to the renal veins, 
and every vestige of neoplastic tissue is withdrawn from the IVC lumen. Commonly, 
the caval wall containing the renal vein ostium with tumor involvement is also 
excised to ensure a safe resection margin (Fig. 5.15).

a b

c Tumor
thrombus

Major
hepatic
veins

Fig. 5.14  “Milking maneuver.” In cases of level IIIb–IIId tumor thrombi and minor intra-atrial 
involvement, the cranial thrombus limit may be “milked” down below the MHVs to preserve the 
venous liver bypass. Initially the cranial end of the tumor thrombus is placed above the MHV ostia. 
The vascular clamp is located above the thrombus (a). Complete circumferential control of the 
inferior vena cava (b) permits a gently pull down of the cranial end of the thrombus to be relocated 
below the MHV ostia (c). Accordingly, the clamp is repositioned below the MHVs and the natural 
bypass though the liver is reestablished. TEE permits optimal control over the thrombus cranial 
end during this maneuver
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For tumors that greatly extend into the right atrium (e.g., bulky fixed intra-atrial 
thrombus), the use of CPB (with or without circulatory arrest) is recommended. 
This technique provides continuous venous return and arterial output during IVC 
occlusion, thus ensuring relative technical ease by providing a bloodless operative 
field [78–80]. However, the risks with its use are substantial [81]. Hypothermic 
cardioplegia, mild hypothermia with intermittent cross-clamping of the abdominal 
aorta, and the use of antegrade cerebral and cardiac perfusion during cardiac arrest 
confirm recent efforts to reduce these associated complications [82–86].

5.10	 �Adjunct Procedures: IVC Resection and Reconstruction

Inferior vena cava resection. Clinical conditions requiring IVC resection are rare 
and include (i) complete obstruction of the caval lumen, (ii) densely adherent intra-
caval tumor, (iii) encasement of the great vessels by bulky disease, and (iv) direct 
caval wall invasion [87].

Masses involving less than half of the IVC may be managed with tangential 
resection.

a b

Fig. 5.15  In cases where the tumor thrombus cannot be milked down below the level of MHV 
ostia, a two-step cavotomy may represent the best option. This two-step process requires tempo-
rary HVE. When complete IVC control is achieved, the first step is commenced. The IVC wall is 
opened to a level below the MHVs, and the IVC lumen is flushed with heparin and completely 
cleared of thrombus fragments up to this level (a). The proximal clamp is then repositioned below 
the MHVs, and the IVC wall is closed with a double 4-0 running polypropylene suture. Thereafter, 
the Pringle maneuver is released, and natural liver bypass is restored. In a second step, the cavot-
omy is continued downward to the renal veins, and every vestige of neoplastic tissue is withdrawn 
from the IVC lumen (b)
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Conversely, IVC interruption with circumferential resection either by ligation, 
stapling, or oversewing may be necessary in the following scenarios:

	 (i)	 lesions involving more than half the circumference of the IVC,
	(ii)	 the presence of complete chronic obstruction in the absence of clinical symp-

toms suggestive of venous stasis,
	(iii)	 high risk of postoperative pulmonary embolism due to the presence of unre-

sectable bland thrombus, and
	(iv)	 successful thrombectomy attempt complicated by vascular intima layer dam-

age, resulting in increased risk of new clot development [87] (Fig. 5.16).

Inferior vena cava reconstruction. IVC interruption can be accomplished below 
the level of the MHVs with no major consequences if an adequate collateral venous 
network is fully established. Therefore, IVC resection without reconstruction is fea-
sible in cases of complete IVC obstruction, extensive bland thrombus without a 
clear depicted limit, and no preoperative evidence of lower extremity edema (LEE). 
In contrast, acute resection without preexisting chronic obstruction is poorly toler-
ated in the absence of sufficient collateral circulation.

As such, IVC reconstruction should be considered in patients with preoperative 
LEE, inadequate collateral vessels, or intraoperative disruption of preexisting col-
lateral circulation [87]. However, the decision to reconstruct the IVC must be 
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Fig. 5.16  IVC resection (stapling) and reconstruction with ePTFE prosthesis. IVC is stapled at a 
level below the MHV ostia (a). After caval resection an ePTFE prosthesis has been placed bridging 
the caval gap. The left renal vein has been also joined to the prosthesis (b)

5  Renal Cell Carcinoma Involving the Inferior Vena Cava



98

balanced with the risk of complications such as graft occlusion/thrombosis, infec-
tion, or entero-caval fistula formation.

While a small cavotomy may be closed primarily, extensive caval incisions may 
result in luminal narrowing. In this setting, an autologous patch can be utilized to 
bridge the gap, thus minimizing the risk of venous thrombosis formation. 
Interposition grafting is typically necessary in the absence of adequate collateral 
circulation when en bloc IVC resection is planned. Extended polytetrafluoroethyl-
ene (ePTFE) is the preferred synthetic material when replacement is considered, as 
it has low thrombogenic potential and a high reported patency rate [87] (Fig. 5.16).

5.11	 �Postoperative Complications

In agreement to what happen in other major interventions in the abdomen, 
technique-related complications, wound infections, and postoperative bleeding 
produce nearly one-half of all postsurgical adverse events after radical nephrec-
tomy and tumor thrombectomy [88]. Nevertheless, this procedure is technically 
demanding and poses a surgical challenge due to its potential for causing life-
threatening complications, including massive hemorrhage, accidental injuries, and 
pulmonary embolism (PE).

Hemorrhage. Uncontrollable hemorrhage leading to exsanguination has been 
reported in up to 7.5 % of cases [89]. Potential for intraoperative bleeding depends 
mainly on the anatomic disposition of the surgical field. The intravascular burden of 
disease (i.e., level and the degree of occlusion), the presence and extent of collateral 
circulation in response to obstruction, and the involvement of surrounding struc-
tures may increase the difficulty of the surgical procedure and, thus, the possibility 
for massive hemorrhage. As a general rule, the extent of dissection is predicated on 
the cephalad level of tumor thrombus, dictating the number and type of surgical 
maneuvers used for its successful removal. The successive addition of surgical steps 
to handle increasing thrombus height also increases the risk of complications. For 
example, in a large series conducted by Blute et al. [28], it was noted that higher 
thrombus levels were associated with an increase in surgical complication rates (i.e., 
8.6, 15.2, 14.1, 17.9, and 30.0 %, respectively, for levels 0 to IV).

Thrombus above the diaphragm may necessitate opening the right atrium to 
assure complete clearance [54]. Although cardiotomy under extracorporeal circula-
tion has been traditionally axiomatic for all instances of supradiaphragmatic venous 
extension [28], this maneuver has been shown correlated with significant morbidity 
[84]. In a recent series by Lubahn et al. [90], it was shown that tumors requiring 
cardiovascular procedures were associated with an increased risk of perioperative 
complications, including hemorrhage.

Determinants of collateral circulation are the location of the obstructed venous 
segment, the length and degree of obstruction, and the number of veins involved in 
the process [87]. These elements, taken separately or in combination, determine 
venous redistribution to the heart. In general, more proximal and longer occlusions 
condition wider distribution of collateral vessels and thus a greater risk of bleeding. 
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In addition, complete IVC obstruction in intimate contact or invading the venous 
wall may necessitate segmental caval resection for thrombus complete removal. 
Under these circumstances, collateral circulation is commonly present, making IVC 
reconstruction rarely necessary. However, in cases of insufficient collateral circula-
tion (i.e., presence of LEE or risk of venous return impairment), a vascular prosthe-
sis may be needed to ensure adequate venous drainage.

Accidental injuries. Adjacent organ resection has been also associated with non-
hemorrhagic complications including injuries to adjacent structures. Vascular and 
visceral injuries can also be life-threatening if they go unrecognized. Involvement 
of surrounding structures by tumor makes excision longer and more tedious. In a 
recent series by Zisman et  al., adjacent organ resection due to locally advanced 
tumor and regional lymph node involvement was highlighted as an independent 
predictor of vascular injury and bleeding, thus requiring transfusion. By contrast, 
the rate of surgical complications was not higher in the presence of locally advanced 
or metastatic disease, except for cases in which metastasectomy was attempted [13].

Pulmonary embolism. Probably, the most feared intraoperative complication in 
cases of RCC invading the IVC is the embolization of dislodged thrombus fragments 
to pulmonary circulation secondary to IVC surgical manipulation. This complication 
has been reported infrequently (i.e., 1.5–3.4 % of cases), although when it occurs, 
mortality has been shown to be extremely high, reaching 60–75 % of such cases [48]. 
Higher anatomic thrombus level and association with bland thrombus have been out-
lined as major factors, increasing the rate of PE [49, 50]. Meticulous attention to 
surgical technique, specifically avoiding excessive manipulation of the renal vein/
IVC during dissection, is paramount to preventing the thrombus from dislodging.

Long-term complications. Late complications (i.e., complications occurred 
>30 days) after the intervention have consisted primarily of chronic kidney disease 
and proteinuria [8]. These complications have been shown more frequently in 
patients with higher tumor thrombi. However, this association did not reach statisti-
cal significance.

Perioperative mortality. The risk of perioperative mortality for patients undergoing 
nephrectomy with tumor thrombectomy has also been directly associated with tumor 
thrombus anatomic level [8]. Indeed, in-hospital and perioperative mortality for patients 
with level IV thrombi reached 22 % in a recent multi-institutional series [48]. However, 
with improvements in preoperative care (diagnosis imaging, surgical technique, and 
postoperative critical care), the overall rate of perioperative mortality for these patients 
has been reported significantly decreased over time from 3.9 % among patients treated 
in the period 1970–1990 to 1.5 % for those treated from 1991–2005 [8, 91].

5.12	 �Oncologic Outcomes After Radical Nephrectomy 
and Tumor Thrombectomy

Reporting the oncologic outcomes following radical nephrectomy and tumor throm-
bectomy is crucial to confirm if aggressive surgical resection may afford durable 
cancer control in this setting. Renal tumors with isolated venous invasion in the 
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absence of metastases have been shown to have an acceptable 5-year disease-specific 
survival (DSS) after the intervention, presenting median survival rates varying 
between 38 and 116 months, compared with 11–20 months in those with metastatic 
disease. At presentation, the overall 5-year DSS reported in different studies is 40 % 
to 65 % for patients with nonmetastatic disease versus 6 % to 28 % for those with 
metastatic disease [10, 12, 17, 31, 92]. Data on inherent tumor biology or patient 
status at presentation are not considered in many of these studies; thus, a comparison 
between survival rates among the different studies is difficult, explaining its wide 
range. In addition, this difference in survival rate outcomes also may be related to the 
choice of systemic treatment or the performance of aggressive metastasectomy.

On the contrary, the prognosis for patients with metastatic disease at presentation 
is poor, with a mean survival of 4–6 months and a 5-year survival of 0 % to 10 %. 
This fact should be considered important because 29 % to 55 % of patients with IVC 
tumor thrombus present with concomitant distant disease [10, 92].

Taken together, the available results show that cytoreductive nephrectomy sur-
gery should be performed unless contraindicated by poor performance status, even 
in the presence of metastases, and especially if multimodal strategies are consid-
ered, although no data regarding the survival in the presence of IVC tumor thrombus 
is available in the literature to date. Thus, it is believed that surgery would have a 
role in the management of metastatic RCC because these studies have strengthened 
the argument for resecting locally advanced RCC in carefully selected patients, 
even in the presence of metastases.

Hence, according to prior literature, patients with RCC and venous tumor throm-
bus should not be approached with “therapeutic nihilism” or the belief that the pres-
ence of a tumor thrombus inside the caval lumen confers an incurable status. As a 
matter of fact, surgical resection still represents the mainstay of therapy for RCC 
with caval involvement. Moreover, a recent population-based analysis indicated that 
the median survival for patients with RCC and tumor thrombus was 5 months, with 
a 1-year cancer-specific survival of only 29 %, in the absence of specific treatment 
[93, 96]. While a complete review of all published data on this subject is out of the 
scope of this chapter, the results of a number of recent series on this topic are sum-
marized in Table 5.2.

Key Points

Essential points of the chapter

–– Despite a stage migration toward smaller renal masses in kidney cancer with 
widespread use of abdominal imaging, tumors with associated tumor thrombus 
are and will be encountered as the result of the inherent biological behavior of 
RCC.

–– The mainstay of treatment for RCC with intravenous tumor thrombus remains 
surgical intervention with resection of the entire tumor burden.

–– Durable survival outcomes can be attained in patients with nonmetastatic disease. 
In patients with metastasis, surgery remains the only hope for a potential cure. 
Adequate outcomes regarding palliation have been obtained with this approach.
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–– Accurate preoperative imaging with an updated high-quality MRI is crucial for 
preoperative planning and decision-making.

–– Operative management is dictated mainly on the basis of tumor thrombus ana-
tomic level and degree of IVC occlusion (extent of tumor thrombus) and the 
presence or absence of associated bland thrombus.

–– Perioperative mortality rates have declined as surgical techniques and periopera-
tive care have been refined.

–– The role of preoperative systemic therapy in these cases continues to be evalu-
ated but to date has not been largely effective in altering the extent of thrombus. 
Additional efforts to develop novel agents for treatment and to enhance periop-
erative care will facilitate continued improvements in safety and oncologic 
efficacy.
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6Surgery of the Inferior Vena Cava 
Combined to Liver Resection

Chetana Lim, Chady Salloum, and Daniel Azoulay

6.1	 �Introduction

Liver resection is the only potentially curative treatment of most malignant liver 
tumors. Tremendous progresses have been achieved during the last two decades in 
the field of liver surgery, including neoadjuvant chemotherapy to decrease tumor 
burden, two-step hepatectomies, repeat hepatectomies, portal vein embolization to 
increase the volume of the future remnant liver, low central venous pressure tech-
nique, and laparoscopic and robotic surgical approaches.

Liver resection combined to surgery of the inferior vena cava is at the forefront 
of this evolution. Improved surgical experience with liver transplantation has also 
allowed the development of this surgery. This surgery is mainly performed for pri-
mary and metastatic liver tumors invading the retrohepatic vena cava and/or the 
hepatic vein confluence into the vena cava but also for primitive malignant lesions 
of the inferior vena cava such as leiomyosarcoma and renal tumors extended to the 
inferior vena cava. Vascular involvement of the hepatocaval confluence and the ret-
rohepatic vena cava have long been considered as contraindications to liver resec-
tion, due to the risks of gas embolism and massive bleeding. Surgery of the inferior 
vena cava has become more common in recent decades due to the development of 
imaging methods specific to the exploration of the inferior vena cava, improving 
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anesthetic management which allowed to perform this surgery under stable sys-
temic hemodynamics, and progresses in surgical resection techniques such as the 
development of synthetic grafts which allowed to replace the inferior vena cava 
when needed. When inferior vena cava surgery is combined to liver resection, this 
can be performed under hepatic vascular exclusion procedures, venovenous bypass, 
and hypothermic perfusion of the liver.

In this chapter, we present an overview of the potential indications for surgery 
of the inferior vena cava in the setting of liver surgery, provide some major specific 
technical aspects of this surgery, and review outcomes of reported series.

6.2	 �General Principles

6.2.1	 �Caval Cross Clamping

The goal of caval cross clamping is to avoid hepatic and kidney bleeding during 
surgery of the inferior vena cava. Classically, a total vascular exclusion of the liver 
is needed (Fig. 6.1). The hepatic hilum and the infra- and suprahepatic inferior vena 
cava are serially clamped. Total vascular exclusion of the liver is an essential 
clamping technique in liver surgery and liver transplantation [1–3]. During liver 
resection, it allows controlling the retrohepatic inferior vena cava or major hepatic 
veins, sources of significant bleeding or gas embolism. During liver transplantation, 
resection of the recipient’s vena cava is achieved by dividing both the infra- and 
suprahepatic inferior vena cava, and transplantation of the donor liver then requires 
both supra- and infrahepatic caval anastomoses and total vascular occlusion during 
the anhepatic phase.

Fig. 6.1  Total vascular 
exclusion of the liver
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6.2.2	 �Hemodynamic Changes of the Caval Cross Clamping

Total vascular exclusion leads to a decrease of 10 % of blood pressure, 25 % of the 
pulmonary arterial pressure, 40 % of cardiac index, and 80 % of systemic vascular 
resistance [4, 5]. These hemodynamic changes are variable and depend on the 
volume of blood circulating and cardiac function of the patient. The inferior vena 
cava flow (3.5 l/min) contributes to 70 % of the total cardiac output (5 l/min). The 
remaining 30 % of the cardiac output comes from the superior vena cava. The 
inferior vena cava carries deoxygenated blood from the lower half of the body 
(abdomen, pelvis, and legs) into the right atrium of the heart. Inferior vena cava 
clamping has two consequences: (i) a significant decrease in venous return and an 
impaired cardiac output and (ii) clamping of the venous renal outflow and the 
venous drainage of the gastrointestinal tract that causes congestion of the kidney 
and the gastrointestinal tract. If the consequences of the infrahepatic inferior vena 
cava clamping are usually well tolerated, infrahepatic inferior vena cava clamping 
combined with suprahepatic inferior vena cava clamping induced much more 
marked hemodynamic consequences with a risk of cardiovascular collapse.

6.2.3	 �Hypothermic Perfusion Techniques

The liver can safely tolerate total vascular occlusion for only about 60–90 min 
[3, 6]. The vast majority of hepatectomies performed under standard vascular 
exclusion can be made in less than 60–90 min. Periods of ischemia of this order 
are usually well tolerated by a healthy liver, unlike the pathological liver 
(steatosis, cirrhosis, chemotherapy) which cannot tolerate prolonged warm 
ischemia [7–9].

This ischemic period may be too short for complex tumors which are in the 
vicinity of major hepatic veins and/or the retrohepatic vena cava. Recently, we 
showed that preoperative factors such as portal vein embolization and/or large 
tumors and/or a planned vascular reconstruction were predictive for total vascular 
exclusion > 60 min in patients needing this vascular control [10]. A prolonged total 
vascular exclusion may lead to severe hepatic ischemia, hemodynamic distur-
bances, and potential acute kidney injury [10]. To reduce liver damage, the tech-
nique of hypothermic liver surgery has been developed [11]. The hypothermia 
technique has been used as an adjunct to increase the tolerance of the liver to pro-
longed ischemia [12]. It has been demonstrated that every 10 °C fall in temperature 
of liver parenchyma decreases the liver enzyme activity by 1.5–2-fold [13–17]. 
The principle of hypothermia approach is to perfuse the liver with conservation 
liquid used in organ transplantation. The temperature of the liver decreased then to 
about 20 °C. The most popular methods of cooling for liver surgery include hypo-
thermia portal perfusion and topical cooling. Total body cooling technique is aban-
doned [18], and extracorporeal cooling (used in cardiopulmonary bypass with 
profound and circulatory arrest) should be considered in highly selected patients 
with a huge tumor associated with cardiac tumor thrombus [19].
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Longmire et al. was the person to report in 1961 the use of hypothermia induced 
by external body cooling during a hepatectomy for liver cancer [18]. The in situ 
hypothermic liver resection was employed by Heaney et al. in 1956 [1] and Fortner 
et al. in 1974 [20]. In their technique, the liver is perfused with preservation solution 
at 4  °C and packed with ice during the period of total vascular exclusion. This 
technique has been shown to prolong safely the vascular exclusion up to several 
hours [10]. Pichlmayr et al. reported the technique of ex situ liver resection (Fig. 6.2) 
[21]. The main steps of this technique include the installation of total vascular 
exclusion, venovenous bypass, and the removal of the whole liver. The latter is then 
perfused ex situ via portal and arterial route with preservation solution. The liver is 
maintained in cold solution packed with ice for optimal preservation during bench 
hepatectomy. The remaining liver is reimplanted as an auto-transplantation. To 
improve the access to the dorsal part of the liver without resorting to the division of 
the portal triad, Hannoun et al. developed the ante situm technique in which the 
hepatic veins are divided, allowing mobilization of the liver anteriorly (Fig. 6.3) 
[22]. The future remnant liver is perfused with the Belzer’s University of Wisconsin 
solution chilled at 4 °C (UW solution) via the portal vein or the hepatic artery [13]. 
The remaining hepatic veins are reimplanted into the vena cava. Then, Belghiti et al. 
[23] described a variation of the latter technique in which the vena cava is cut above 
and below the liver, enabling the resection to be done while the liver is being 
perfused to induce the hypothermia via the portal vein [24]. The vena cava is 
reconstructed after liver resection using synthetic [23, 25–30], autogenous [31–33], 
or pericardial grafts [34].

Fig. 6.2  Ex situ liver resection

C. Lim et al.
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6.2.4	 �Venovenous Bypass

Besides the need to protect the liver parenchyma, prolonged total vascular exclu-
sion requires protection of the renal function altered by the caval clamping, 
decongestion of the splanchnic venous system subsequent to portal triad clamping, 
and maintenance of systemic hemodynamics since the caval clamping decreases 
the cardiac preload. The cavo-porto-jugular venovenous bypass achieves these 
triple goals (Fig. 6.4) [10, 25, 35–37]. The venovenous bypass circuit is used to 
divert blood during the vena caval interruption to the right heart from the portal 
venous system (i.e., inferior mesenteric vein or portal vein) and inferior caval 
venous system (femoral vein) through the superior caval venous system (the 
internal jugular or axillary veins). Venovenous bypass is indicated when resection 
followed by complex reconstruction of the inferior vena cava is performed or if 
caval cross clamping is not hemodynamically tolerated despite adequate feeling 
measures.

The conventional technique for establishing vascular access for bypass involves 
cannulation of the portal (or inferior mesenteric vein) and right femoral veins to 
provide pump inflow and cannulation of the left axillary vein to accept pump out-
flow. This procedure implies a surgical dissection of the inferior mesenteric or 
portal veins that can be technically demanding in case of portal cavernoma, can 
prolong operating time, and can be associated with significant complications such 

Fig. 6.3  In situ ante situm 
liver resection
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as hematoma or bleeding. The puncture and cannulation of femoral and left 
axillary vein is then done under ultrasonography control as described by Oken 
et al. in 1994 [38].

6.3	 �Perioperative Management

6.3.1	 �Anesthetic Management

This complex surgery should be performed with anesthesiologists experienced in 
liver transplantation and liver surgery. The anesthetic management should be 
specifically adapted to the risks of massive bleeding, gas emboli, general 
hypothermia, and coagulation disorders subsequent to ischemia-reperfusion injury 
[39]. They should be able to manage prolonged inferior vena cava occlusion and the 
rapid hemodynamic changes that occur with liver reperfusion. Patients planned to 
undergo total vascular exclusion with hypothermic perfusion should have a Swann-
Ganz catheter and an arterial line in addition to standard noninvasive techniques. 
Body warmers are routinely employed to prevent hypothermia intraoperatively.

Fig. 6.4  Venovenous 
bypass

C. Lim et al.
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6.3.2	 �Anticoagulation Protocol

In our experience, the use of anticoagulation in patients with vascular reconstruction 
(caval and/or hepatic vein/s) is systematic [40]. Anticoagulation with intravenous 
heparin is commenced in the operating theater at 1 mg/kg body weight/24 h, and the 
dose is titrated to maintain the coagulation time between 1.5 and 2 times the normal 
level. The intravenous heparin is maintained for nearly 7 days and then replaced by 
daily injection of low-molecular-weight heparin for 1 month. Long-term 
anticoagulation is not applied. On the other hand, patients in whom only a vascular 
plasty is performed receive one daily injection of low-molecular-weight heparin 
from day 1 to discharge from hospital.

6.4	 �Specific Technical Aspects

In our center, the vascular control is planned preoperatively based on the morphologic 
evaluation of the liver anatomy and relations of the tumor with the hepatic veins, the 
vena cava, and the portal triad. The common basis for in situ and ante situm liver 
resection is total vascular exclusion of the liver and perfusion of the liver by 
preservation solution under hypothermic conditions. With this technique, the use of 
venovenous bypass is relatively high due to hemodynamic intolerance and/or the 
need for complex reconstruction of the inferior vena cava. Vascular resections are 
performed only when the vessels cannot be separated safely from the tumor, irre-
spective of the preoperative procedure planned. In this paragraph, we will not 
describe the ex situ technique (for review, see Chap. 7).

6.4.1	 �Total Vascular Exclusion of the Liver [4, 6, 7]

A bilateral subcostal incision combined to midline incision is usually sufficient and 
provides adequate exposure for almost all types of liver resection. After surgical 
exploration of the abdominal cavity to eliminate extrahepatic and peritoneal metastases, 
a double examination of the liver by palpation and ultrasonography is performed to 
confirm the number and size of the lesions, to define their relationship to intrahepatic 
vascular structures, to assess the resectability of the tumors, and then to determine the 
planned resection line. The next step is to prepare the total vascular exclusion. This step 
can be combined with the installation of the venovenous bypass. The technique of total 
vascular exclusion involves complete mobilization of the right and left liver lobes and 
exposure and control of the supra- and infrahepatic inferior vena cava as well as the 
portal structures (portal vein and hepatic artery). The suprahepatic vena cava should be 
mobilized for cross clamping at least one or two cm above the hepatic veins. The 
diaphragmatic veins should be ligated and divided before. To achieve the exposure of 
the vena cava, a systematic ligation and division of the right adrenal vein is necessary. 
Once the above step is completed, the infrahepatic vena cava, portal structures, and 
suprahepatic vena cava are sequentially clamped (Fig. 6.1).

6  Surgery of the Inferior Vena Cava Combined to Liver Resection

http://dx.doi.org/10.1007/978-3-319-25565-1_8


114

6.4.2	 �Hypothermic In Situ Liver Resection [10, 20, 25, 41]

Following preparation of total vascular exclusion and installation of the venove-
nous bypass, the preparation for hypothermic perfusion is done (Fig.  6.5). 
Hepatoduodenal ligament should be dissected, and the portal vein completely 
exposed. A small purse string 6/0 polypropylene suture is placed in the anterior 
wall of the portal vein. A venotomy is done at the same site, and the portal vein is 
cannulated above the portal clamp with a catheter, which is secured with the ends 
of the purse-string suture. The main portal vein, proper hepatic artery, and common 
bile duct are occluded individually with appropriate vascular clamps. Vascular 
clamps are then placed on the infra- and suprahepatic inferior vena cava, complet-
ing the total hepatic vascular exclusion. Crushed ice is placed around the liver 
(topical cooling), and the preservation solution cooled to 4 °C is then commenced 
via the inflow catheter, with the perfusate solution positioned at a height of 0.5 m. 

Fig. 6.5  In situ 
hypothermic perfusion of 
the liver

C. Lim et al.
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A cavotomy is performed in the retrohepatic vena cava to drain the perfusate. The 
catheterization via 30-Fr catheter of the cavotomy is necessary as it prevents the 
spill of the cold perfusate in the peritoneal cavity, in turn decreasing the core tem-
perature of the patient. We run the first liter wide open in order to cool the liver 
rapidly, and then the rate is slowed to maintain a constant low temperature of the 
liver (roughly 1 liter every 15–20 min). The next step involves the division of the 
hepatic parenchyma under total vascular exclusion, followed by the vascular recon-
struction (when necessary), paying special attention to the correct orientation of 
the liver to ensure good outflow.

6.4.3	 �Hypothermic Ante Situm Liver Resection [21, 24, 42–51]

In this technique, the three hepatic veins or a segment of the retrohepatic inferior 
vena cava is divided, and the liver can be anteriorly mobilized out of the abdo-
men (Fig.  6.3). While the liver is perfused with cold preservation solution 
through the portal vein as described in the in situ technique, the resection plane 
is performed without the need for dividing the structures of the hepatic hilum. 
During the hypothermic phase, the inferior vena cava and venous outflow recon-
struction is performed with or without the use of autogenous, pericardial, or 
prosthetic grafts.

6.4.4	 �Reperfusion

After informing the anesthetist to be prepared for release of the vascular clamps, 
the liver is flushed with serum albumin via the portal vein. The portal cannula for 
perfusion is removed, and the portotomy and the cavotomy are closed. The 
suprahepatic clamp is the first to be released, followed by the infrahepatic clamp. 
The portal vein and hepatic artery are released slowly as dictated by the patient’s 
hemodynamics. Finally, hemostasis of the remaining hepatic parenchyma is 
performed. Peritoneal and liver lavage with hot saline was performed until the 
central temperature is more than 36 °C. The venovenous bypass is removed as the 
last step, after hemodynamic stabilization. The inferior mesenteric vein is ligated, 
whereas hemostasis at the femoral and jugular puncture sites is achieved with 
cutaneous sutures.

6.5	 �Surgical Indications and Outcomes

The major indication for this complex surgery are liver tumors, including primary 
(Figs. 6.6, 6.7, 6.8, 6.9, 6.10, 6.11 and 6.12) [31, 52] or secondary [53, 54] tumors 
and some huge benign tumors, that involve the retrohepatic vena cava and/or the 
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confluence of the main hepatic veins or are in close proximity to them. In addition, 
extrahepatic tumors such as renal cancer [55–61], adrenal tumors [62–65], and 
leiomyosarcomas of the vena cava [66–73] involving the main hepatic veins or the 
retrohepatic vena cava may also be indications for this surgery. Severe liver 
trauma with injury of the inferior vena cava and/or hepatic veins may be another 
indication. Several reports have reported in situ, ante situm [19–21, 24, 41–51, 
74–88], or ex situ [21, 44, 47, 48, 78–84, 89–104] resection techniques for these 
indications.

The debate over whether hypothermic perfusion of the liver should be performed 
in or ex situ remains unresolved. The decision which type of resection techniques is 
suitable depends on the location of the tumor, the vascular reconstruction required, 
and the experience of the centers. Compared to the in situ technique, the ex situ 
technique includes the division of the hepatic pedicle and then requires reconstruction 
of the portal triad following bench hepatectomy. In theory, ex situ hepatic resection 
is the optimal treatment option for lesions affecting the main vessels of the hepatic 
hilum. But ex situ liver resection is an invasive procedure and is associated with 

a c

b

Fig. 6.6  A 56-year-old patient with a recurrent huge hepatocellular carcinoma after partial hepa-
tectomy in the segment 5. Preoperative computed tomodensitometry (a, b) and ultrasonography (c) 
showing a huge hepatocellular carcinoma of the right liver with inferior vena cava tumor 
thrombosis

C. Lim et al.
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significant morbidity and mortality rates as high as 27.4 % [41], the main cause of 
perioperative mortality being liver failure. These high rates of mortality limit the 
use of this technique (for review, see Chap. 7).

a c

b

Fig. 6.7  Intraoperative views showing the inferior vena cava thrombectomy (a, b) and the resected 
specimen after right hepatectomy (c)

a b

Fig. 6.8  Postoperative computed tomodensitometry after right hepatectomy and caval tumor 
thrombectomy
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It is not mandatory to remove the liver from the body completely (ex situ) but to 
mobilize it ventrally as much as necessary (ante situm), since this avoids the 
additional morbidity of arterial and biliary reconstruction. With this approach, the 
ante situm technique would be the most appropriate technique in the majority of 
patients in whom the portal pedicle can be usually maintained. The ante situm 
technique for liver resection is usually employed in tumors of the liver located 
centrodorsally extending to the hepatic venous confluence. In this technique, the 
hepatic veins are excised allowing the mobilization of the liver ventrally (ante 
situm). After the resection phase, the hepatic veins are reconstructed and 
reimplanted to the inferior vena cava or, in case of inferior vena cava infiltration, 
to the interposition graft. The final decision between in situ or ante situm resection 
can only be made intraoperatively.

To review the current clinical application of these techniques, the English 
language literature was analyzed (Table 6.1). From 1974 to 2015, 205 cases of 
in situ (n = 158) or ante situm (n = 47) hepatectomy have been reported. 

a b

c d

Fig. 6.9  A 56-year-old woman with a huge hepatocellular carcinoma. (a, b) Preoperative com-
puted tomodensitometry showing a huge hepatocellular carcinoma of the right liver with caval 
involvement. (c) Intraoperative view showing the caval reconstruction using a prosthetic graft. (d) 
Postoperative computed tomography showing the patency of the caval reconstruction

C. Lim et al.
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Malignant liver tumors included primary (hepatocellular carcinoma and cholan-
giocarcinoma) and secondary liver cancers. Benign liver tumors were mostly 
hemangioma. Other tumors such as leiomyosarcoma or schwannoma were most 

a c

b

Fig. 6.10  Retrohepatic inferior vena cava reconstruction after right extended hepatectomy. (a, b) 
Preoperative computed tomography. (c) Intraoperative view

a b

Fig. 6.11  Retrohepatic inferior vena cava and left hepatic vein reconstruction after right hepatec-
tomy combined with contralateral partial hepatic resection. (a) Preoperative computed tomogra-
phy. (b) Postoperative computed tomography
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common among the extrahepatic tumors. Postoperative mortality occurred in 23 
cases (11.2 %). The most frequent causes of death were liver failure, respiratory 
complications, bleeding, and sepsis. Recently, we have reported a case series of 
77 cases of in situ hypothermic liver resection [41]. This series is the largest 
reported to date. Seventy-two cases were malignancies, including hepatocellu-
lar carcinoma (10 cases), cholangiocarcinoma (24 cases), and other malignant 
tumors (7 cases). Interestingly, complex liver resection using hypothermic 
perfusion was performed in five cases of benign lesions. This complex procedure 
achieved a 5-year survival rate of 30.4 % and a high 90-day mortality of 19.5 %. 
Yet, all 4 cirrhotic patients died after surgery. By multivariate analysis, an age-
adjusted Charlson comorbidity index ≥3 (indicating at least 2 comorbid condi-
tions), the maximum tumor diameter ≥10 cm, and the presence of 50/50 criteria 

a b

c d

Fig. 6.12  Tumor involving the hepatocaval confluence. (a) Schematic view. (b) Right hepatec-
tomy combined with hepatocaval confluence resection preserving the posterior wall of the inferior 
vena cava. (c) Left hepatic vein reconstruction using a prosthetic graft. (d) Inferior vena cava 
reconstruction using a prosthetic graft

C. Lim et al.
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on postoperative day 5 were independent predictors of surgical mortality 
measured in 90 days.

�Conclusion
Inferior vena cava resection and reconstruction combined with liver resection can be 
safely performed in selected patients. This aggressive surgery should be carried out 
at a center specialized in both liver surgery and liver transplantation. This complex 
surgery requires several techniques including total vascular exclusion of the liver, 
venovenous bypass, and hypothermic in situ, ante situm, and ex situ approach.

Due to the specific additional morbidity and mortality of the triple 
reconstruction (portal vein, hepatic artery, and bile duct), the ex situ technique 
should be considered with caution. This chapter emphasizes the interest of a 
multidisciplinary approach to justify this aggressive and to achieve acceptable 
short- and long-term outcomes.

Key Points

•	 Improved anesthetic management and surgical experience with liver transplantation 
have allowed the development of surgery of the inferior vena cava.

•	 This complex surgery should be performed in a center specialized in both liver 
surgery and liver transplantation.

•	 Surgery of the vena cava combined to liver resection is mainly performed for 
primary and metastatic liver tumors invading the retrohepatic vena cava and/or 
the hepatocaval confluence.

•	 Leiomyosarcoma and renal tumors invading the inferior vena cava are also 
indications for this type of surgery.

•	 This surgery requires several techniques including total vascular exclusion of the 
liver, venovenous bypass, and hypothermic perfusion.

•	 Hypothermic perfusion is employed as an adjunct to increase the tolerance of the 
liver to prolonged ischemia and allows total vascular exclusion lasting more than 
60 min.

•	 Resection followed by reconstruction of the inferior vena cava can be performed 
using hypothermic in situ, ante situm, or ex situ techniques.

•	 Ante situm liver resection includes the division of the retrohepatic vena cava and 
the mobilization of the liver ventrally before in situ hepatectomy.

•	 Ex situ liver resection includes the division of the retrohepatic vena cava and the 
portal triad before bench hepatectomy.

•	 Ex situ technique is associated with high morbidity and mortality rates.
•	 Reconstruction of the inferior vena cava can be performed using synthetic grafts. 
•	 Reinforced PTFE graft is the material of choice to replace the inferior vena cava.
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7Ex Situ Resection of the Inferior Vena 
Cava with Hepatectomy

Shahid G. Farid and J. Peter A. Lodge

7.1	 �Introduction

The short-term survival of untreated patients with both primary and secondary liver 
tumours, the unpredictability of chemotherapy response on an individual patient basis 
and the disappointing results of transplantation for cancer provide adequate impetus 
for attempts to extend the boundaries of liver resection as far as possible. Most com-
plex liver tumour cases, including those with significant hilar involvement, can be 
adequately dealt with by short periods of vascular isolation and warm ischemia, and 
this can often be done without caval or hepatic vein isolation. Inferior vena cava (IVC) 
involvement can most often be dealt with by simple venous side-clamping or in more 
extensive cases by total hepatic vascular isolation with IVC clamping and the selective 
use of veno-venous bypass, which is most often needed in the elderly. Tumours 
involving all of the major hepatic veins with or without direct IVC invasion, and par-
ticularly tumours involving the hepatocaval confluence and needing IVC replacement, 
continue to pose a surgical challenge, particularly if portal hilar structures are involved 
bilaterally. IVC resection accounts for only 1 % of our centre’s metastatic work, as 
metastases rarely invade the IVC, but when considering hepatocellular carcinoma and 
intrahepatic cholangiocarcinoma, there appears to be a greater need.

Ex situ resection of the IVC with hepatectomy is a potential mode of intervention 
performed in only a few liver surgery centres around the world. Experience remains 
limited, and only a few studies detail the complex procedure in terms of patient selec-
tion, radiological assessment and pre-, intra- and postoperative strategies utilised to 
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address the potential for high morbidity and mortality. Furthermore, the short- and 
long-term outcomes can only be derived from a small number of patients that have 
been reported [1–15]. In this chapter, an attempt is made to review the current experi-
ence for the reader and set it in the context of contemporary hepatobiliary practice.

7.2	 �Alternative Complex Techniques to Ex Situ Resection

Surgical techniques such as resections that rely on the presence of a large inferior or 
middle right hepatic vein and the possibility of hepatic venous reconstruction in situ 
will mean that ex situ liver resection will rarely be performed. In situ hypothermic 
perfusion and the ‘ante situm technique’, which do not require hepatic arterial or 
biliary reconstruction, may be preferable in some cases where it is anticipated that 
the parenchymal dissection will be difficult. Careful thought must be given to these 
techniques both preoperatively and during the eventual surgery as these methods are 
widely thought to have a greater applicability than the ex situ resection technique. 
Furthermore, a disadvantage of the ex situ method is the number of necessary vas-
cular anastomoses and the associated thrombotic risk. However, in the authors’ 
opinion, this is sometimes outweighed by the advantages of superb exposure and 
adequate hypothermic protection.

7.2.1	 �In Situ Hypothermic Perfusion

The techniques involved in in situ hypothermic perfusion are very similar to those 
employed in total vascular isolation of the liver (also known as hepatic venous occlu-
sion). The aim is to provide a bloodless field combined with hypothermic cellular 
protection, allowing a prolonged and more precise dissection. It is considered more 
straightforward than hepatic excision and reimplantation (ex situ method), but it 
should be noted that cooling may not be even and difficulties remain when considering 
access to the IVC and hepatic veins. It may be performed with or without portosys-
temic veno-venous bypass. Hepatic cooling can be achieved by portal vein or hepatic 
artery perfusion with a cold organ preservation solution, as used in transplantation, 
such as the University of Wisconsin (UW) or histidine-tryptophan-ketoglutarate 
(HTK) solutions. The IVC should be dissected enough to be clamped above and below 
the liver, and the right suprarenal (adrenal) vein is isolated as this will usually need to 
be clamped. The IVC is clamped above and below the liver and the infrahepatic IVC 
is incised above the lower clamp for venting during the period of cold perfusion and 
the venous effluent is aspirated from the IVC to prevent excessive body cooling.

7.2.2	 �The Ante Situm Procedure

The ante situm procedure combines in situ hypothermic perfusion with separation 
of the suprahepatic IVC to allow mobilisation for dissection of the cranial and 
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posterior parts of the liver under direct vision by rotating the liver anteriorly onto the 
abdominal wall. It is usual to ligate and divide the right suprarenal vein in order to 
gain adequate rotation of the organ. In our experience, it has also been necessary to 
divide the infrahepatic IVC, and IVC replacement by a prosthetic graft is usually 
needed. Veno-venous bypass may be an advantage for patient stability. Hepatic per-
fusion is as for the in situ technique, although the liver can be placed on a heat 
exchange plate to help keep it cool during the resection.

7.3	 �Patient Assessment

7.3.1	 �Cardiorespiratory Assessment

Before considering a surgical procedure of this scale, it is essential to be as sure as 
possible that the patient is fit enough to withstand the operation. It is important to 
take a detailed history of previous cardiovascular disease, including myocardial 
infarction, angina pectoris and hypertension. A history of smoking or peripheral 
vascular disease should raise the clinical suspicion of coronary artery disease. 
Cardiopulmonary exercise testing (CPX) has become the standard preoperative 
objective assessment test in our centre. Failure to achieve an adequate heart rate for 
true stress testing can be a problem in the elderly population, most often due to 
osteoarthritis of the hips and knees. In this situation, a great deal of useful informa-
tion can be gained from echocardiography, with measurement of end diastolic and 
systolic volumes to calculate left ventricular ejection fraction, or by radioisotope 
assessment with dobutamine stress. Useful information is also gained from the chest 
CT which is performed primarily to look for lung metastases and diaphragm 
involvement by the hepatic tumour.

7.3.2	 �Hepatic Reserve Assessment

Preoperative blood tests necessary before proceeding to major resection include full 
blood count, urea and electrolytes, liver function tests, clotting screen and tumour 
marker studies. Prothrombin time, bilirubin and albumin give a fairly accurate indi-
cation of global hepatic function, but in some cases, a liver biopsy of the residual 
tumour-free liver will also be necessary if there is a doubt about hepatic reserve, in 
particular when considering resection for hepatocellular carcinoma, or if there is a 
history of excess alcohol consumption and/or serological evidence of hepatitis B or 
C. A liver biopsy may also be useful when dealing with cholangiocarcinoma, as 
there may be underlying sclerosing cholangitis. If the tumour-free segments are 
affected by biliary obstruction, it is our current practice to attempt biliary decom-
pression by endoscopic or percutaneous techniques a few days in advance of sur-
gery as this may speed up the postoperative recovery and reduce risks for morbidity 
and mortality in major liver surgery. Consideration should also be given to the role 
of portal vein embolisation in line with current liver resection protocols.
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7.3.3	 �Radiology Assessment

Although MRI is the imaging method of choice for the liver in our centre, other groups 
routinely use CT arterioportography with similar results (Fig. 7.1). Three-dimensional 
CT and MRI imaging technologies continue to improve, and these may be of value in 
planning the surgical approach. It is our current practice to use CT scanning of the 
chest, abdomen and pelvis to exclude extrahepatic disease for all tumour types, but 
FDG-PET scanning is also used in selected cases, particularly biliary tract cancers. 
Screening for primary site recurrence (e.g. colonoscopy) is also clearly important. An 
isotope bone scan may also be useful as these patients have advanced disease.

7.4	 �Preoperative Preparation

Routine blood tests in our unit include full blood count, urea and electrolytes, liver 
function tests, coagulation screen, C-reactive protein (CRP) and tumour marker 
studies (primarily carcinoembryonic antigen, CA19-9 and alphafetoprotein) imme-
diately before surgery as a baseline. A low-molecular-weight heparin may be 
administered on the night before surgery to reduce the risk of deep vein thrombosis 

Fig. 7.1  CT and MRI images demonstrating typical cases for consideration of the ex situ IVC 
resection with hepatectomy technique. Note the involvement of the IVC, hepatocaval confluence 
and portal triad structures
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and pulmonary embolism for patients admitted preoperatively and at the end of 
surgery if admitted on the day of surgery. Broad-spectrum antibiotics are given at 
the time of anaesthetic induction.

7.5	 �Anaesthesia

A standard liver resection anaesthetic becomes a liver transplant anaesthetic if the 
ex situ dissection proceeds. It is our routine to place a central venous line, an arterial 
line, an oesophageal temperature probe and a urinary catheter. A warm air flow 
device covers the patient as well as a standard warming blanket. In our centre, we 
use an epidural catheter for central venous pressure manipulation as well as postop-
erative analgesia, although vasodilators are sometimes necessary in addition. Veno-
venous bypass lines are inserted percutaneously into the internal jugular and femoral 
veins as the morbidity associated with this technique is lower than with the classical 
surgical method.

It is recommended to begin the operation using low central venous pressure 
anaesthesia as in most cases the resection will proceed in situ as radiology assess-
ment often overestimates the degree of major vascular involvement. Inotrope or 
vasoconstrictor support is often necessary for the elderly patient in particular in 
order to maintain an adequate blood pressure during the low venous pressure phase. 
If the decision to proceed to an ex situ operation is confirmed, then veno-venous 
bypass with a high central venous pressure is necessary. The bypass lines are hepa-
rin bonded so no additional anticoagulation should be used. The use of fresh frozen 
plasma early in the procedure is recommended to limit clotting abnormalities during 
the anhepatic phase, and cryoprecipitate and platelets may be given prior to reperfu-
sion. Tranexamic acid or aprotinin may be necessary to prevent fibrinolysis and to 
maintain platelet function after reperfusion of the ischemic liver. It is not our prac-
tice to use a cell saver or other blood recycling device as there is a theoretical risk 
of tumour cell dissemination into the blood stream.

7.6	 �Operative Technique

Case examples are illustrated in Figs. 7.2 and 7.3 and in the accompanying video.

7.6.1	 �Operability Assessment

The initial phase of surgery is a full laparotomy to determine operability. In the 
authors’ opinion, the role for an initial laparoscopy is limited except to exclude peri-
toneal disease. Such patients tend to have had previous major and/or multiple abdom-
inal surgeries limiting a full laparoscopic assessment. It is our practice to use an 
incision that will give adequate access for assessment, whilst being fairly minimalist 
initially in case there are clear signs of inoperability. It is often possible to make use 
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Fig. 7.2  Example case 1: A 74-year-old male, extensive colorectal liver metastases. This patient 
required a 4-unit blood transfusion during surgery, had 1 day on the ICU and left hospital on day 
10. Histology showed the resection was R0, but there was significant vascular invasion. At 6 weeks 
from surgery, he walked a 26-mile marathon to raise money for a cancer charity. Recurrence 
occurred at 1 year with adrenal metastases. Death occurred a year later. (a) MRI shows proximity 
of tumour to IVC, hepatic veins and portal triad structures bilaterally. (b) Liver removed and 
flushed with UW organ preservation solution. (c) Resection using CUSA to preserve only the 
majority of liver segments 2 and 3. (d) Resected specimen, with forceps showing IVC. (e) 20-mm 
ringed PTFE vascular graft used to replace IVC, with the left hepatic vein anastomosed end to side 
to graft. The graft is trimmed at the time of reimplantation according to the length needed, but we 
have found that it is sensible to locate the liver remnant lower than normal in the abdomen to pre-
vent tension on the subsequent portal vein and hepatic artery anastomoses. Note that the liver 
remnant is fatty and congested following extensive chemotherapy and venous obstruction, but the 
volume is good as it has hypertrophied in response to the major tumour involvement in the rest of 
the liver. (f) The liver has been reperfused after reimplantation. A Roux-en-Y hepaticojejunostomy 
has completed the surgery
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Fig. 7.2  (continued)
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Fig. 7.3  Example case 2: A 56-year-old female with multiple colorectal metastases. In this case, 
a Dacron graft was used and although the initial progress was good, at 6 weeks, a Budd-Chiari-like 
syndrome occurred due to graft compression probably associated with liver remnant hypertrophy. 
Endovascular stents placed in the hepatic veins resolved the situation, with resolution of transami-
nitis and a massive diuresis immediately after the procedure. Histology showed the resection was 
R0. Recurrence occurred after 2 years with death at 30 months. (a) MRI shows proximity of 
tumour to IVC and hepatic veins. (b) The abdomen after hepatectomy, with vascular clamps in 
place just before the portal vein and systemic veno-venous bypass was established. (c) Liver 
removed and flushed with UW organ preservation solution. (d) Resection using CUSA to preserve 
only the majority of liver segments 4B, 5 and 6. (e) Resection completed, with liver segments 4B, 
5 and 6 shown in the lower part of the picture. (f) Reconstruction of the intrahepatic right and 
middle hepatic veins directly to the Dacron graft whilst keeping the liver cold in the preservation 
solution. (g) Completion of the vascular anastomosis to the graft. (h) The segment 4B/5/6 graft 
ready for implantation. Fibrin glue has been sprayed on the liver surface to help with haemostasis. 
(i) The liver remnant has been reimplanted and reperfused. A Doppler probe is assessing blood 
flow. (j) Venogram showing lack of IVC graft flow at the time of the Budd-Chiari-like syndrome 
which occurred. (k) Endovascular stents placement in the hepatic veins resolved the situation
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Fig. 7.3  (continued)
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of an old incision site from previous surgery, but inevitably a variety of approaches 
are satisfactory and depend on surgeon preference and the availability of mechanical 
retractors. In our practice, an upper midline incision with a right or full transverse 
extension is used most commonly. Adhesions should be divided to assess the primary 
tumour site and a careful examination of all peritoneal surfaces carried out. Doubtful 
areas should be sampled for frozen section histopathological analysis, and samples 
should also be taken from the coeliac nodes as this may suggest a more conservative 
approach for metastatic disease. The liver should be fully mobilised to allow ade-
quate examination of the tumour and uninvolved liver. It is usual to sling the portal 
triad structures individually and the inferior vena cava above and below the liver. In 
addition, one must decide whether to divide the right suprarenal vein or not, and this 
will depend on the position of the tumour in relation to the inferior vena cava (and 
whether the lower IVC clamp will be above or below this vein).

The use of intraoperative ultrasound can provide additional information about 
the relationship of the tumour to portal triad and hepatic venous structures and may 
detect small metastases not seen on the preoperative CT or MRI. Although much 
information will have been gained by preoperative radiology, careful dissection to 
examine the hepatic artery and portal vein in perihilar cholangiocarcinoma or the 
inferior vena cava in metastatic disease, intrahepatic cholangiocarcinoma or hepato-
cellular carcinoma is recommended. This can all be completed without commitment 
to any irreversible steps, although we have frequently observed that final decisions 
about the degree of vessel invasion are made after liver resection and on the back 
table. For example, in cases where only parts of segments 2 and 3 are to be reim-
planted, close application of the tumour to the portal bifurcation may necessitate 
resection to the level of the segmental divisions of the left portal vein. In addition, 
involvement of the biliary tree by metastatic tumours can necessitate a cholangio-
carcinoma style approach, with resection of the biliary tree to the segmental level in 
order to gain a margin of surgical clearance.

Major blood vessel involvement should not prevent successful surgical resection 
as there are many strategies for vessel repair and conduit formation. Often an ade-
quate repair can be created by a simple suture technique or end-to-end anastomosis. 
We have observed that an effective angioplasty/venoplasty patch can be created 
using vein remnants from the excised portion of the liver. Alternatively, the saphe-
nous vein can be used to replace the hepatic artery, or opened out sections can be 
sutured together to create a wider vessel to repair the portal vein or inferior vena 
cava. The internal jugular vein, internal iliac vein, or external iliac vein can be used 
to replace a section of portal vein without compromise as collateral channels open 
up. If a wide area of inferior vena cava must be excised, then it is our preference to 
use a prosthetic graft. Some experience with vascular conduits made from vessels 
retrieved along with donor organs has also been reported, but there is a theoretical 
risk of allograft rejection and stricture formation. It has been our practice to use a 
jejunal Roux loop for biliary diversion to reduce the chance of ischemic stricture 
formation following biliary re-anastomosis.

In summary, there are many surgical options that should be considered when 
deciding operability.
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7.6.2	 �Liver Mobilisation and Excision

The liver needs to be completely separated from the posterior abdominal wall and 
any lumbar veins draining into the IVC between the diaphragm, and the right supra-
renal (adrenal) vein must usually be ligated and divided so that the IVC can be 
encircled in slings above and below the liver. This sounds straightforward, but it can 
be fraught with difficulty as the liver is often congested due to chronic venous 
obstruction. The common bile duct is divided and ligated. The portal vein and 
hepatic artery should be mobilised so that they can be clamped individually, maxi-
mising lengths for subsequent re-anastomosis. The femoral (IVC) bypass is begun 
at this stage before vascular clamps are applied to the portal vein, the hepatic artery 
and the superior and inferior levels of the IVC to be excised. The liver is now isch-
emic, and it should be rapidly removed to the bench. The portal limb of the bypass 
is inserted and secured with a snugger technique and portal bypass begun. Once 
portal and systemic veno-venous bypass has been established, the patient should 
remain stable for several hours.

7.6.3	 �Hepatic Perfusion and Preservation

Once the liver has been removed, it must be flushed (down the portal vein for cool-
ing then down the hepatic artery and biliary tree) with a suitable organ preservation 
solution and cooled to 0–4 °C as in liver transplantation. UW solution is the current 
“gold standard” for liver preservation and is our choice for ex situ work. The 
accepted length of times for perfusion and preservation of a liver on the back table 
prior to reimplantation is not established, but our experience suggests that ex situ 
dissection times of between 2 and 5 h are associated with good results. The dissec-
tion bowl is kept cool by sitting it on sterile crushed ice.

7.6.4	 �Ex Situ Resection and Reconstruction

Hepatic parenchymal fracture techniques or ultrasonic dissection (cavitron ultrasonic 
surgical aspirator—CUSA) may be used without the fear of blood loss during the 
back table dissection phase, but great care must be taken to ligate or clip all visible 
vessels or ducts to avoid significant haemorrhage at reperfusion. It is our practice to 
use a tissue sealant such as a fibrin glue at the end of dissection. The most common 
reason for ex situ hepatic work will be extensive involvement of the IVC or hepatic 
veins by tumour. Although the major hepatic veins are quite thick walled near the 
IVC, more peripherally they are very friable and great care needs to be taken with the 
choice of suture material and technique. Consideration should be given to the use of 
extra-venous patches to reduce tension, as is done in live donor liver transplantation. 
The resected IVC may be then replaced with an autologous vein graft or prosthetic 
graft. Whilst replacement with autologous vein has advantages in terms of infection 
and thrombosis, it is not always technically feasible, particularly if there is a need to 
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replace a long segment of IVC.  In fact, we have found that the best results are 
obtained with IVC replacement by a ring-enforced PTFE graft. The most ideal size 
appears to be 20 mm in diameter and sutured with 3-0 PTFE sutures or 2-0 or 3-0 
polypropylene at implantation. The hepatic vein(s) of the liver remnant needs to be 
anastomosed to the IVC graft, first cutting suitable-sized holes in the side of the vas-
cular graft, and we have found that 4-0 PTFE is a good suture choice for major veins 
and 5-0 or 6-0 PTFE or polypropylene for smaller veins. Our preference is to carry 
out these anastomoses ex situ, but others have shown good results with IVC graft 
placement immediately after liver excision to reduce the need for veno-venous 
bypass (by creation if a temporary portocaval shunt) and then in situ hepatic vein 
anastomosis after completion of the ex situ resection phase. The use of a vein patch 
between the hepatic vein(s) and the graft may reduce tension and allow anastomosis 
with a lower risk of hepatic vein tears (as noted above).

Graft infection has been cited as a reason to favour the use of vein grafts when-
ever possible. Our experience is that the use of vein grafts is not realistic and the 
incidence of prosthetic graft infection is low (with only one graft infection, treated 
successfully with intravenous antibiotics, in a series of 35 IVC grafts performed in 
recent years).

Some experts have suggested that the risk of graft thrombosis may be reduced by 
anticoagulation, but other surgical manoeuvres have also been utilised. These 
include the formation of an external iliac arteriovenous fistula and the placement of 
a graft smaller than the surrounding native cava to increase IVC blood flow. In fact, 
we have tried these manoeuvres and are not impressed. The IVC flow rate is such 
that they are not necessary, in our opinion. Our current recommendation is to use a 
graft size similar to the native IVC and not to use anticoagulation or a fistula.

7.6.5	 �Hepatic Reimplantation and Reperfusion

In our centre, the reimplantation technique is identical to that used in orthotopic 
liver transplantation. After the upper IVC and 75 % of the lower IVC has been 
sutured, the liver remnant should be flushed via the portal vein with a rinse solution 
(such as 4.5 % human albumin solution) as UW solution contains a high concentra-
tion of potassium and adenosine which can cause cardiac asystole. The lower IVC 
is then completed, and the portal vein bypass is stopped and the portal vein re-
anastomosed. An alternative technique is a blood flush after reperfusion by closing 
the lower IVC anastomosis at the latter stage. It is useful to implant the liver a little 
lower in the abdomen than its natural position so there is no tension on the portal 
vein or hepatic artery (which may be shorter due to partial resection).

The IVC and portal vein clamps are removed for reperfusion. It is recommended 
to stay on systemic venous bypass via the femoral vein cannula until after reperfu-
sion as this lowers the IVC pressure and may help to prevent rapid blood loss at this 
stage. Once haemostasis has been achieved, the bypass can be stopped (and the 
majority of the blood in the bypass circuit can be reinfused), and a further period of 
observation is needed for control of potential haemorrhage.
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A direct hepatic artery to hepatic artery anastomosis will usually be possible. If 
a saphenous vein conduit is needed, then this is most easily anastomosed first to the 
liver end on the bench.

Some experts have used a duct-to-duct anastomosis but reported a high incidence 
of biliary stricturing, and we consider this to be related to the anastomosis being 
under some tension. Thus, we recommend the use of a Roux-en-Y to create a hepat-
icojejunostomy to the residual biliary tree without the use of t-tube or biliary stents.

7.7	 �Postoperative Care

The postoperative care of the ex situ liver resection patient should be similar to any 
major liver resection or liver transplant candidate. Nursing care should be initially 
on a high dependency ward or intensive care unit. We currently use an enhanced 
recovery (ERAS) protocol. A period of enteral supplementation may be useful in 
addition. Temporary gastric acid secretion suppression with a proton pump inhibitor 
is recommended as there is often an associated acute portal hypertension which may 
be additive to postoperative stress ulceration. In addition, there is usually a require-
ment for potassium, magnesium and phosphate supplementation intravenously fol-
lowing very radical resection.

We have used a low-dose intravenous infusion heparin (40 unit/kg/24 h) in our unit 
to help prevent hepatic arterial thrombosis in our liver transplant and ex situ resection 
programme, and the haematocrit is kept low at 25–35 % for the first 5 days, and then 
we have used routine low-molecular-weight heparin for venous thromboembolism 
prophylaxis. As noted above, we do not routinely use anticoagulation in the long term.

7.8	 �Complications of Ex Situ Liver and IVC Resection

7.8.1	 �Vascular Thrombosis and Stenosis

A sudden rise in ALT postoperatively should be an indication for Doppler analysis 
of the portal vein and hepatic artery, and if there is any doubt, then arteriography 
should be performed. In our experience, if thrombosis occurs more than 7 days 
postoperatively after major liver resection, it can be managed conservatively. 
Anticoagulation with intravenous heparin and then by warfarin for 3 months should 
allow portal vein recanalisation or arterial collateral formation. This is at variance 
with experience in liver transplantation where regrafting is almost always required 
if early arterial thrombosis occurs.

Unfortunately, in addition, significant stenosis can occur in any of the vascular 
anastomoses. They are usually detected by Doppler ultrasound in response to abnor-
malities in liver function tests, particularly a rise in ALT (alanine aminotransferase). 
Radiological intervention can solve most problems by balloon angioplasty or the use 
of endovascular stents. In particular endovascular stent placement in our centre has 
been very effective in dealing with compression of a Dacron IVC graft, which caused 
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hepatic vein compromise after liver regeneration. In this situation, the presentation 
was very similar to an acute Budd-Chiari syndrome, and hepatic vein stenting resulted 
in an immediate diuresis and return to normal liver function tests (Fig. 7.3).

7.8.2	 �Graft-Associated Sepsis

Ex situ IVC resection with hepatectomy is an unusual situation where a prosthetic 
graft is purposely implanted into a potentially infected surgical field as the gastroin-
testinal tract may be divided and there is a potential for bile leakage. However, graft 
infection is rarely reported. Prolonged intravenous antibiotic (for 6 weeks) has been 
necessary in one case in our centre as noted above, with a successful outcome.

7.8.3	 �Biliary Strictures

There is a theoretical risk of biliary or biliary-enteric stricture formation. We have 
not experienced any difficulty in this regard, and this may be because of our prefer-
ence for hepaticojejunostomy. Strictures of the external biliary tree should be dealt 
with in standard fashion.

7.9	 �Follow-Up

Long-term follow-up after ex situ liver resection for tumour should be designed to 
examine the patients primarily for tumour recurrence but also for complications 
related to the extensive hepatic resection and vascular replacement. Tumour marker 
studies may indicate recurrent disease. Regular CT scans of the chest, abdomen, and 
pelvis form the basis of follow-up for complications and tumour recurrence at our 
centre at 3, 6, 12, 18 and 24 months and then annually thereafter, but there are no 
clear-cut guidelines. Abnormalities are followed up with MRI and PET-CT. Regular 
blood tests for liver enzymes and bilirubin are helpful. A progressive rise in ALT 
may indicate a vascular stenosis impeding hepatic inflow or outflow. Doppler ultra-
sound should usually be diagnostic, with rapid recourse to arteriography and venog-
raphy when necessary for consideration of endovascular correction. A rise in 
alkaline phosphatase or bilirubin may indicate an ischemic biliary stricture or recur-
rent disease causing biliary obstruction.

7.10	 �Long-Term Results

There exist few reports of ex situ liver resection with and without IVC resection in the 
world literature. Published cases and small series have detailed surgical technique but 
few focus on the short- and long-term outcomes. Table 7.1 reviews the main current 
published reports, and readers are directed to the key references. Although Table 7.1 
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is compiled from the reports of combined liver and IVC resections reported to date, 
there is still no clear information on meaningful differences in patients operated on for 
varying tumour types. The perioperative mortality risk is reported as between 4 and 
40 % with many of these patients in the terminal phase of their illness at the time of 
surgery [1–15]. Disease recurrence is inevitable for some of the surviving patients as 
the tumours have been so extensive at the time of presentation. Five-year survival rates 
of 22–38 % after combined liver and IVC resection have been reported [2, 3, 4, 5, 16]. 
Our experience does suggest, however, that a significant period of good-quality pallia-
tion can be achieved by these aggressive surgical techniques. In addition, as these 
techniques become more practised, the risks should reduce.

�Conclusion
Tumours involving all three major hepatic veins and IVC invasion continue to pose 
a surgical challenge, and the combined techniques of hepatic resection and trans-
plantation offer a potential lifeline for this unfortunate group of patients. Ex situ 
resection of the inferior vena cava with hepatectomy therefore deserves 
consideration.

Key Points

	1.	 Careful patient selection according to tumour type and patient fitness and hepatic 
reserve is essential.

Table 7.1  Key studies reporting outcomes of ex situ hepatectomy and IVC resection

Author Date n Indication
IVC replacement/
reconstruction

30 day 
mortality

Salvage 
transplant

Lodge et al. 2000 4 CRLM IVC replacement 25 % No

Malde et al. 2011 6 CRLM IVC replacement/ 16 % –

Lechaux 
et al.

2002 1 HCC IVC reconstruction 0 No

Oldhafer 
et al.

2000 24 HCC, CRLM, 
Benign

IVC replacement, 
IVC HV 
reconstruction

33 % Yes (4)

Yagyu et al. 1994 1 IHCC IVC  
replacement/HV 
reconstruction

0 No

Gringeri et al. 2002 1 Pancreatoblastoma IVC replacement, 
HV reconstruction

0 No

Hemming 
et al.

1999 1

2

6

CRLM

CRLM, HCC

CRLM, HCC

IVC replacement, 
HV reconstruction

0

0

0

No

No

–

2002

2013

CRLM colorectal liver metastasis, HCC hepatocellular carcinoma
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	2.	 Anaesthesia for ex situ liver resection: a standard liver resection anaesthetic 
becomes a liver transplant anaesthetic if the ex situ dissection proceeds.

	3.	 Phases of ex situ liver resection surgery: liver mobilisation and excision, veno-
venous bypass for patient stability, hepatic perfusion and preservation, ex situ 
resection and reconstruction, hepatic reimplantation and reperfusion.

	4.	 Long-term outcomes data remains limited.
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8Surgical Treatment of Adrenocortical 
Carcinoma with Caval Invasion

Sebastien Gaujoux, Elisabeth Hain, Marthe Weinandt, 
Roberto Schiavone, Roberto Cuni, and Bertrand Dousset

8.1	 �Introduction

Adrenocortical carcinoma (ACC) is a rare endocrine tumor with an estimated inci-
dence ranging from one to two per million per year [1], leading to 0.1–0.2 % of 
cancer deaths [2]. It is one of the most malignant endocrine tumors, with 20–40 % 
of synchronous metastatic disease at the time of diagnosis [3]. The 5-year overall 
survival is poor ranging from 30 to 40 % in most series [4–7].

Surgical resection is the only potential for cure, and complete R0 resection is one 
of the most powerful prognostic factors [7, 8]. Locally advanced adrenocortical 
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carcinomas, i.e., ENSAT stage III tumors with locoregional extension, represent a 
challenging surgery to achieve complete R0 resection while minimizing both surgi-
cal complications and postoperative mortality. This is especially true in the setting 
of vena cava extension, a rare ACC presentation, representing less than 300 reported 
cases [9], larger series reporting less than 40 patients [9–11].

8.2	 �ACC and Inferior Vena Cava Extension

Vena cava extension in patients with ACC is a rare presentation. Its real incidence is 
unknown but is present in less than 5 % of patients with ACC. This situation is usu-
ally associated with large mass, most of the time on the right side, because (1) the 
renal vein is shorter on this side and (2) adrenal vein directly flows in the right side 
of the IVC. Most cases of IVC invasion (85 %) are represented by tumor thrombus 
extension originating from a right-sided ACC without microscopic venous invasion.

ACC can affect the IVC either by compression, by direct invasion, or by intralu-
minal extension in the form of tumor thrombus, usually without attachment to the 
vein wall. In most cases, IVC tumor thrombus is not obstructive, therefore associ-
ated with persistence of inferior vena caval and hepatic venous outflow. Despite 
anatomical barriers (diaphragmatic hiatus and eustachian valve), tumor thrombus 
can subsequently progress to the cavo-atrial junction into the right atrium. 
Intravenous extension into the tricuspid valvular plan is an exceptional occurrence 
[12]. However, retrograde extension of thrombus into the suprahepatic veins, con-
tralateral renal vein, or infrarenal IVC may occur once resistance has been over-
come. The formation of non-tumoral fibrinocruoric thrombosis upstream to the IVC 
tumor thrombus may lead to complete caval obstruction of the infrarenal IVC and 
promote the recruitment of collateral veins. By the same mechanisms, acute Budd-
Chiari syndrome has been reported as a rare complication of suprahepatic IVC 
tumor thrombus [9, 13].

In the natural history of adrenocortical carcinoma, large vessel extension is asso-
ciated with decreased overall and recurrence-free survival [11]. Regardless of tumor 
size, large vessel invasion turns the stratification of the tumor into ENSAT stage III 
(Table 8.1). Long-term prognosis of ACC extending into the IVC remains poor.

8.3	 �Preoperative Workup

Adrenocortical carcinomas with IVC invasion are mainly diagnosed on clinical 
symptoms associated with hormonal oversecretion or secondary to mass effect 
(abdominal pain, palpable mass, or signs of compression). Clinical history and 
examination should assess (1) symptoms related to excess hormone production, 
including cortisol excess, Cushing’s syndrome, androgen/estrogen excess (viriliza-
tion in females, feminization in males), signs/symptoms suggestive of multiple hor-
monal oversecretion, and high blood pressure [14–16] and (2) local compressive 
symptoms of a large mass, usually nonsecreting, including abdominal or flank pain, 
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abdominal distension, early satiety, nausea/vomiting, weight loss, leg edema, and 
development of parietal collateral veins [14–17].

Biochemical and hormonal assessment (Table 8.2) should be complete to detail 
any abnormal oversecretion including steroid precursors, androgens, and cortisol 
and exclude a malignant pheochromocytoma (24-h urinary meta- and normetaneph-
rine dosage).

The goals of imaging workup are to stage the tumor (locoregional extension, venous 
invasion, distant metastasis) and assess the surgical resectability. This should include 
thoracoabdominal CT scan, abdominal MRI (Fig. 8.1), and [18] F-fluorodeoxyglucose 
positron emission tomography (PET scan). The second step of imaging workup is to 
specify the upper level of the thrombus and direct invasion of the caval wall. This is 
best achieved by the combination of angio-CT scan and angio-MRI, which are cur-
rently considered the most accurate modalities for assessment of ACC with IVC exten-
sion [18–21]. Both these noninvasive techniques provide direct evidence of tumor 
thrombus by demonstrating enlargement of the IVC, and multiplanar reconstruction 
(MPR) might help to visualize intravenous extension on axial, sagittal, and coronal 
sections [22]. In most cases, the diagnosis of tumor invasion of caval wall is not reliably 
detected by preoperative imaging studies and usually made during surgical exploration. 
In return, the distinction between tumoral and upstream fibrinocruoric thrombus of the 
IVC can be assessed by the different sequences and multiplanar reconstructions of 
MRI. In case of thrombus extension, through the cavo-atrial junction or into the right 

Table 8.1  ENSAT classification

Stage ENSAT Definition

I T1 (≤5 cm), N0, M0 T1: Tumor ≤5 cm, localized

II T2 (>5 cm), N0, M0 T2: Tumor >5 cm, localized

III T1 or T2, N1, M0
T3 or T4, N0/1, M0

T3: Tumor infiltration into the surrounding adipose tissue
T4: Tumor invasion into adjacent organs or a tumor thrombus 
in the vena cava/renal vein

IV M1 Presence of distant metastasis

Table 8.2  Minimal biochemical assessment for suspected adrenocortical carcinoma

Glucocorticoid Midnight serum cortisol
Basal serum ACTH
24-h urinary-free cortisol
1-mg overnight dexamethasone suppression test

Androgens or precursor 
oversecretion

DHEA-S (serum)
17-OH-progesterone, compound S (serum)
Androstenedione (serum)
Testosterone (serum)
17β-estradiol (serum), in men and menopausal women
Deoxycorticosterone (DOC; serum)

Mineralocorticoid oversecretion Potassium
Aldosterone and renin serum levels

Catecholamine oversecretion 24-h urinary metanephrines and normetanephrines
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atrium, transesophageal ultrasonography and cardiac MRI can both assess the ana-
tomical upper limits of intracardiac extension and provide useful myocardial and 
hemodynamic parameters in patients presenting right atrial involvement. These 
complementary studies should be in our experience performed when the thrombus 
extends beyond the hepatic veins and when either intrapericardial hepatic vascular 
exclusion or cardiopulmonary bypass might be required. Conventional cavography 
is no more used in the preoperative workup of ACC with IVC involvement. Lower 
extremity deep venous thrombosis should furthermore be excluded by venous 
Doppler ultrasonography prior to surgical resection of ACC with IVC invasion.

8.4	 �Neoadjuvant Treatment

In patients with borderline resectable ACC, preoperative chemotherapy might rep-
resent an option, in order to select nonprogressive patients and obtain a significant 
shrinkage of the tumor thrombus [23]. Nevertheless, in view of the few data avail-
able, the limited response rate of current chemotherapy schedules, and risks of 
tumor thrombus embolism, upfront surgery remains the best therapeutic option in 
patients with borderline resectable ACC with IVC invasion.

8.5	 �Surgical Management

Surgical treatment should be considered a priority in patients with resectable ACC 
with IVC invasion. In metastatic ACC or borderline resectable ACC with IVC inva-
sion, the decision for surgery should be made within the context of a multidisci-
plinary tumor board. This should take into account several factors including age 
and presence of comorbidities, risk of tumoral pulmonary embolism, severity of 

Fig. 8.1  Large right 
adrenocortical carcinoma 
invading the inferior vena 
cava
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hormonal oversecretion, clinical symptoms of an important adrenal mass, and 
expertise of the surgical team. The diagnostic and therapeutic pitfalls specific to 
ACC extending into the IVC were first described in 1972 by Castleman et al. [24]. 
The use of cardiopulmonary bypass (CPB) techniques to facilitate tumor resection 
in patients with caval involvement was reported 4 years later by Scully et al. [25]. In 
1989, Shahian et al. [26] reported the first procedure using cardiopulmonary bypass 
(CPB) with hypothermic circulatory arrest (HCA).

Resection of a large ACC raises additional specific problems. The difficulty of 
achieving “en bloc” resection of a friable tumor without rupturing the peripheral 
capsule is enhanced by the presence of tumor neovascularization and development 
of venous collateral circulation due to both tumor size and caval obstruction. The 
fragility of tissue secondary to prolonged steroid oversecretion may furthermore 
increase the risks of hemorrhage or tumor disruption. Most ACC with IVC are rep-
resented by large stage III (regional involvement of adjacent organs) or stage IV 
(pulmonary and/or liver metastases) tumors [9]. In stage III disease, ipsilateral 
nephrectomy and locoregional lymphadenectomy are in our experience constantly 
required to ensure adequate “en bloc” and safe resection of the primary, which may 
be associated with right hepatectomy for right ACC or distal pancreatectomy with 
splenectomy for left ACC in case of locoregional invasion to adjacent organs. This 
furthermore allows primary vascular control of arterial inflow to the tumor and 
reduction of blood loss. In stage IV metastatic disease, after careful discussion of 
surgical indication, ipsilateral nephrectomy and locoregional lymphadenectomy are 
usually performed together with resection of liver metastases in the absence of con-
comitant lung metastases, whereas lung metastases are not considered for simulta-
neous resection.

The optimal approach for surgical resection of ACC with IVC extension depends 
on the size of the primary tumor, upper limit of intravenous extension, and need for 
associated procedures (nephrectomy, lymphadenectomy, hepatectomy, distal pan-
createctomy, and splenectomy). Bilateral subcostal approach combined with a mid-
line vertical incision appears in most cases the best option for a large exposure, 
mobilization of the liver, and exposure of the subdiaphragmatic IVC. This approach 
can be extended to vertical sternotomy when cardiopulmonary bypass with hypo-
thermic cardiac arrest is requested. In favorable patients, midline incision combined 
with right transverse extension may be sufficient, whereas others have advocated 
the use of a thoracoabdominal approach extending from the xiphoid appendix to the 
costochondral junction and extension into the seventh intercostal space.

The modality used for venous control depends on the location and extent of 
tumor involvement and the amount of collateral venous circulation.

8.5.1	 �Tumor Thrombus Located Below the Suprahepatic Veins

8.5.1.1	 �Thrombus Extension Limited to Infrahepatic IVC
This represents the most frequent clinical situation (Fig. 8.2). Cross-clamping of 
the IVC can be sufficient if the upper limit of tumor thrombus is located below the 
suprahepatic veins. Thrombectomy is effective for resection of tumor thrombus not 
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involving the venous wall. IVC should be freed up to 2 cm above the upper limits of 
the thrombus. Vertical cavotomy can be confined to the anterior wall of the IVC, or 
phlebotomy can be initiated in the renal or adrenal vein and extended to the 
IVC. Tumor thrombus associated with ACC has a jellylike, friable consistency simi-
lar to that of the primary tumor [27]. Resection usually begins with dissection of 
minor adherences to the caval wall [28] occurring at the level of the ostia of the right 
adrenal vein or left renal vein. Next, retrograde thrombectomy is performed by gen-
tly pulling the endoluminal mass down through the cavotomy. Closure of cavotomy 
can usually be done by direct suture. The use of prosthetic (Fig. 8.3) or peritoneal 
patch should be considered if narrowing exceeds 50 % or if there is a significant risk 
of postoperative thrombosis.

8.5.1.2	 �Thrombus Extension to Retrohepatic IVC
In cases of retrohepatic IVC involvement by ACC, IVC reconstruction is typically 
recommended because collateral circulation is often reduced during dissection and 
nonadherent thrombus is not always associated with extensive collaterals [29–31]. 
Most of the time, the homolateral kidney to the lesion is removed en bloc. This situ-
ation always requires full right liver mobilization, 360° dissection of the retrohe-
patic IVC, up to the IVC below the hepatic vein confluence. IVC reconstruction can 
require reimplantation of contralateral renal veins whenever possible, avoiding 
acute renal failure. This is particularly true for the right kidney, which has a short 
vein without collaterals precluding renal function preservation in cases of simple 
ligation. Nevertheless a slanting IV section can often preserve the contralateral renal 
ostium avoiding renal vein clamping and kidney warm ischemia. Reconstruction of 
the IVC is not required, when collateral circulation is well developed because grad-
ual occlusion of the IVC allows the development of venous collaterals [32]. End-to-
end renal vein anastomosis after a retrohepatic IVC resection including the renal 
vein confluence should be considered as an alternative option for preserving the 
right kidney when IVC reconstruction is not possible or should be avoided [33]. If 
IVC replacement is required because of tumor extension to the venous wall, a ringed 
polytetrafluoroethylene (PTFE) graft should be used. Its size should be a little bit 
smaller than the native IVC to promote faster velocities through the graft segment 
and avoid thrombus formation.

Fig. 8.2  Intraoperative 
view of a right 
adrenocortical carcinoma 
invading the inferior vena 
cava
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8.5.2	 �Tumor Thrombus Extending Above the Suprahepatic Veins 
and Below the Cavo-Atrial Junction

It is important to note that most of the time the tumor thrombus is mobile at least on 
its upper portion. After total mobilization of the right liver, full 360° liberation of 
the IVC, hepatic vascular exclusion (HVE) is the technique of choice for patients 
with extension into the retrohepatic or interhepato-diaphragmatic IVC. As previ-
ously reported [34], control of the suprahepatic veins or IVC often requires a 5 to 
7 cm-diaphragm incision 2–3 cm above the vena caval foramen. It is often necessary 
to ligate the termination of the left and right inferior phrenic veins at both ends. 
After, the dissection plan follows the space between the inferior part of the pericar-
dium and the diaphragm. When the supradiaphragmatic IVC is identified, it is dis-
sected on both side; a large blunt dissector is used to tape the intrapericardial portion 
of the vena cava. Lowering the liver during the procedure puts the IVC in tension 
and opens the space between the pericardium and the diaphragm. It is important 
during the dissection to pay a special attention to the right pleura that can be acci-
dentally open. Once the HVE is performed, the thrombus, when free, is first extracted, 
allowing the replacement of the clamp below the hepatic vein, limiting HVE duration 
and warm hepatic ischemia. Despite the theoretical risk of engorgement of the liver, 
we recommend that the upper clamp be placed on the suprahepatic IVC immediately 
after clamping of the portal triad in order to lower the risk of massive tumor embo-
lization. Tolerance of HVE is generally good in patients with well-developed col-
lateral circulation, but fluid expansion can be performed if necessary [35]. Clamping 
of the supraceliac aorta can limit blood loss during resection of highly vascularized 
tumors but is rarely needed. In patients with suprahepatic IVC involvement but 
below the cavo-atrial junction, cross-clamping of the intrapericardial IVC or partial 
clamping of the right atrium during HVE can be performed. Usually, thrombec-
tomy, at least of the proximal part of the thrombus, is possible, making unnecessary 
the replacement of all the IVC with hepatic vein reimplantation.

Fig. 8.3  Intraoperative 
view after tumor resection 
and inferior vena cava 
prosthetic replacement
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8.5.3	 �Tumor Thrombus Is Located Above the Cavo-Atrial 
Junction

In most cases, cross-clamping of the intrapericardial IVC or partial clamping of 
the right atrium during HVE can been successfully used for resection of tumors 
extending as far as the lower edge of the cavo-atrial junction [29]. Initially, intra-
operative ultrasound can be used to localize the thrombus within the lumen. 
Inflow control is accomplished with a combination of clamping of the infrahe-
patic vena cava and a Pringle maneuver (hepatic artery and portal vein control). 
As in the previously reported experience [36], outflow control requires suprahe-
patic, supradiaphragmatic, and intrapericardial IVC control and clamping. The 
tumor thrombus is usually gently pulled down from the cavo-atrial junction or 
the atrium before clamping the intrapericardial IVC. After IVC opening, digital 
manipulation and balloon catheter withdrawal can be used to remove the tumor 
thrombus. When the tumor thrombus is pulled down, the superior clamp as previ-
ously described can be transposed below the hepatic vein confluence in order to 
minimize the duration of HVE.

We consider that CPB needs to be used in patients with tumors extending to the 
cavo-atrial junction or into the right atrium in about only a third of cases. This 
situation needs to be preoperatively discussed with cardiac surgeon and anesthe-
siologist, and, in case of doubt, the procedure needs to be performed in a bypass 
ready operating room with cardiothoracic surgical teams available. In our opinion, 
cross-clamping of the intrapericardial IVC during CPB is justified in patients pre-
senting very high risk for embolization or excessive cavocaval collateral circula-
tion. In addition to preventing embolization, CPB allows more precise dissection 
by reducing bleeding and lowers the risk of cardiac arrest during caval cross-
clamping [35, 37]. An advantage of hypothermic circulatory arrest for resection 
of tumors extending to the upper edge cavo-atrial junction is to provide a blood-
less operating field and thus allow resection under visual control. In case of 
involvement of the end of the IVC, vertical right atriotomy can be extended by 
cavotomy toward the suprahepatic veins. In cases involving extension to the 
supradiaphragmatic IVC, anterograde thrombectomy may be a safer method for 
clearing suprahepatic veins.

8.6	 �Results

The literature regarding IVC for ACC is scarce and consequently biased. Table 8.3 
reports main series of resection for ACC, excluding clinical cases, on IVC or large 
vessels, i.e., renal veins. Main series reports less than 40 patients, and from these 
observations, we can expect that IVC involvement in ACC concerns between 5 and 
10 % of patients. Most of the time, the thrombus is located below the hepatic veins, 
and thrombectomy is most of the time sufficient to achieve a R0 resection. It is 
important to note that IVC involvement is considered as a negative prognostic factor 
in the ENSAT classification.
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�Conclusion

Involvement of the inferior vena cava by adrenocortical carcinoma is rare and 
associated with impaired oncologic outcome. Neoadjuvant chemotherapy is 
often poorly effective, while upfront complete surgical resection is potentially 
curative and should be preferred.

The surgery procedure mainly depends on the upper limit of intracaval extension:

–– If the tumor thrombus is located below the suprahepatic veins, this representing 
the most frequent clinical situation, cross-clamping of the IVC is sufficient.

–– If the tumor thrombus is located between the suprahepatic veins and the cavo-
atrial junction, hepatic vascular exclusion is the technique of choice, with intra- 
or extrapericardial suprahepatic control.

–– If the tumor thrombus is located above the cavo-atrial junction, hepatic vascular 
exclusion with intrapericardial suprahepatic control can most of the time be 
done; otherwise, the use of cardiopulmonary bypass should be considered.

Key Points

–– Caval invasion in patients with adrenocortical carcinoma is rare.
–– In our experience, the upper level of caval extension is best documented by the 

combination of transesophageal echocardiography, CT scan, or angio-MRI.
–– Most cases are represented by venous invasion and intracaval progression of a 

tumor thrombus originating from the primary adrenal tumor.
–– Direct invasion to the venous wall is often limited and can be treated by partial 

wedge resection with direct closure or interposition of a patch.
–– Caval resection with prosthetic replacement is indicated in less than 5 % of the 

cases.
–– The upper level of caval invasion can be located below, behind, or above the 

hepatic vein confluence, with or without right atrial extension.
–– In most instances, caval thrombectomy can be performed by cross-clamping of 

the IVC, conventional hepatic vascular exclusion, intrapericardial hepatic vascu-
lar exclusion, or cardiopulmonary bypass with hypothermic circulatory arrest.
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9Malignancy with Cavoatrial Extension

Jean-Marc Alsac, Paul Achouh, Eleonora Du Puymontbrun, 
Alain Bel, Jerome Jouan, Suzanna Salvi, Julia Pouly, 
and Jean-Noël Fabiani

9.1	 �Introduction

Abdominal tumors with involvement of the inferior vena cava (IVC) are most 
frequently of renal origin or sarcomas [1]. Ten percent of renal tumors invade the 
IVC, and 1 % extend up to the right atrium [2, 3]. Nevertheless, extensive caval 
infiltration or extension to the heart is uncommon. This latter situation is chal-
lenging as surgical difficulties and postoperative complications rise along with the 
level of extension of the thrombus in the IVC and the involvement of surrounding 
structures [4, 5]. Even in the presence of local invasion or metastasis, surgical 
resection is the only treatment shown to improve survival in these patients [5, 6]. 
The use of cardiopulmonary bypass (CPB), for tumors extending to the level of 
the hepatic veins or into the atrium, is highly recommended [5, 7]. Several series 
report the use of CPB with deep hypothermia and circulatory arrest (DHCA) [3, 
7], but these procedures are associated with significant mortality. For renal cell 
carcinoma with cavoatrial extension, a recent multi-institutional study reported an 
8.3 % operative mortality with the use of DHCA [3]. Despite the fact that deep 
hypothermia provides organ protection, circulatory arrest is associated with a 
higher risk of neurologic complications and ischemia—reperfusion injury [8]. We 
reported our experience with the use of CPB and deep hypothermia without circu-
latory arrest in the surgical treatment of abdominal tumors with IVC and right 
atrial involvement [9].
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9.2	 �Preoperative Staging

The staging should include thoracoabdominal computed tomography scan and mag-
netic resonance angiography to assess tumor extension and rule out metastasis. The 
upper extent of the tumor thrombus is defined in accordance with the classification 
of Neves and Zincke [10], which encompasses four stages. Stage 1 includes tumors 
with thrombus extension less than 2 cm in the IVC. Stage 2 is for thrombus exten-
sion below the hepatic veins. Intrahepatic IVC thrombus extension that remains 
below the diaphragm corresponds to stage 3. Thrombus extension above the dia-
phragm is stage 4. In case of cardiac extension of the tumoral thrombus, the tumor 
may cross the tricuspid valve. Acute Budd-Chiari syndrome can be seen preopera-
tively in case of severe hepatic vein obstruction.

9.3	 �Surgical Technique

Under general anesthesia, the right common femoral vein is exposed through a 
groin incision and prepared for cannulation. A complete median sternotomy is per-
formed. Depending on the location of the primary tumor, the sternotomy should be 
extended through a right subcostal incision for right renal, hepatic, and primary IVC 
tumors. Bilateral subcostal incision or median laparotomy should be used for left 
renal and left adrenal primary tumors. The pericardium is opened, and the ascending 
aorta is cannulated. The superior vena cava and common femoral vein are cannu-
lated to ensure venous drainage of the upper half and lower half of the body. 
Mobilization of the right colon is followed by a Kocher maneuver to expose the IVC 
and the renal veins. The falciform ligament and the right triangular ligament are 
incised to allow a right hepatic lobe mobilization and exposure of the suprarenal and 
retrohepatic vena cava. An anteroposterior phrenotomy is achieved, widely expos-
ing the hepatic veins and the cavoatrial junction.

Concomitant to the beginning of tumor resection and vena cava dissection, CPB 
is started and systemic cooling initiated until cessation of all electrical brain activ-
ity. This would usually be achieved at an esophageal temperature of 18–20 °C. The 
decrease and then cessation of electrical brain activity is assessed by electroen-
cephalography. Once the electroencephalogram is flat, CPB flow is decreased from 
1 to 1.5  L/min. This would decrease the venous return through hepatic, lumbar, 
phrenic, and adrenal veins, facilitating dissection, tumoral resection, and atriohe-
patic confluent reconstruction.

In case of renal or adrenal cancer, the primary tumor would be first removed. 
Then, under deep hypothermia and low CPB flow, the IVC and right atrium are 
opened to assess thrombus extension (Figs. 9.1 and 9.2) and to consider the patency 
of the hepatic veins (Fig. 9.3). The right atrium is incised parallel to the right atrio-
ventricular sulcus. When the IVC is invaded, an en bloc resection of the infiltrated 
part with removal of the tumoral thrombus should be carried out, respecting carci-
noid margins. In the case of preoperative Budd-Chiari syndrome, the hepatic veins 
are thrombectomized. Small secondary veins are ligated, and the major hepatic veins 
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Fig. 9.1  Longitudinal 
opening of right atrium and 
inferior vena cava allowing 
exposure of the thrombus 
and the origin of the 
hepatic veins

Fig. 9.2  Extraction of the 
tumoral thrombus from the 
hepatic veins and the right 
heart, and resection of the 
infrahepatic inferior vena 
cava (IVC)

Fig. 9.3  Surgical field 
after thrombus removal, 
with verification of the 
patency of the hepatic 
veins
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are reimplanted directly into the right atrium, using a bovine pericardial patch to 
offset tissue loss (Fig. 9.4), as initially described by Pasic and associates [11]. If IVC 
is occluded preoperatively (confirmed by preoperative imaging and by operative 
findings), no vena cava reconstruction (bypass) should be performed. The IVC is 
usually interrupted just distal to the remaining renal veins. The venous drainage of 
the lower part of the body and of the renal veins will be achieved through the cavoa-
zygos collateral system.

After completion of hepatic vein reconstruction and anastomosis to the right 
atrium, CPB normal flow can be restored and rewarming started up to a central tem-
perature (bladder or rectal temperature) of 36.5 °C. Then CPB is stopped, cannulas 
removed, heparin neutralized, and careful hemostasis performed in the thoracic and 
abdominal cavities.

9.4	 �Postoperative Management

Postoperatively, patients are placed in light Trendelenburg position to improve 
venous drainage of the inferior part of the body after interruption of the 
IVC. Compression stockings can be used to avoid lower limb edema. Patients are 
also started on intravenous anticoagulation as soon as bleeding is controlled and then 
switched to oral anticoagulation for at least a year, to prevent extensive thrombosis 
of the iliac and lower limb venous system. A control computed tomography angiog-
raphy scan is recommended before hospital discharge, to control the patency of the 
atriohepatic reconstruction.

9.5	 �Discussion

In such complex reconstructions of the atriohepatic outflow, this technique seems 
safe and allows longer surgical time than circulatory arrest. While ensuring organ 
protection by a combination of both hypothermia and continuous perfusion, it is 

Fig. 9.4  Atriohepatic 
confluent reconstruction 
with direct anastomosis of 
the hepatic veins in the 
right atrium, using a 
pericardium patch
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associated with a lower risk of neurologic complications. Several other techniques 
have already been reported in the literature. All these techniques of resection of the 
IVC and atrial malignancy extension depend on the cephalad extension of the tumor 
and are independent from the nature of the tumor.

A recent literature review published by Lawindy and coworkers [5] provides 
guidelines on the surgical management of cavoatrial extension of renal cell carcino-
mas. For stages 1 (renal) and 2 (retrohepatic) thrombi, a classic abdominal approach 
without the use of CPB is recommended, with control of the IVC proximal and distal 
to the tumor. For high-level tumors (stages 3 and 4), a median sternotomy is often 
required to obtain vascular control distal to the thrombus. Potential complications 
related to these procedures, such as major bleeding and hypotension, are important 
concerns. This review clearly states that the use of CPB can easily circumvent such 
major adverse events [5]. The use of CPB is, nowadays, an essential adjunct for the 
management of these diseases. The surgical management of IVC leiomyosarcoma is 
relatively similar, but as this tumor is a rare entity, there are no consensus guidelines. 
To date, only 300 such cases have been reported in the literature [12].

According to multiple reports, there are two pivotal key points to guarantee a 
successful surgical procedure. The first key point is the quality of exposure of the 
operating field, which is essential to perform a complete resection of the tumoral 
tissues. Any significant back-bleeding from the hepatic and lumbar veins often com-
promises this exposure. Many authors highlighted that a reduced view of the operat-
ing field was responsible for incomplete tumor resection, higher risk of warm 
hepatic or renal ischemia, pulmonary embolism, and acute tubular necrosis [13–16]. 
The second key point is precise control of any potential major bleeding from the 
liver venous circulation with the use of CPB [4, 13].

In a report by Ciancio and colleagues [17], 12 patients were surgically treated 
without sternotomy or CPB. All 12 patients had thrombus, which did not extend 
deeply in the right atrium, and no tumoral invasion of the retrohepatic IVC. Thus, 
the tumor could be “milked” out of the right atrium in these patients. In some of 
these patients, blood inflow to the liver had to be interrupted to achieve a bloodless 
field and to allow opening of the retrohepatic IVC.  Even in these last cases, no 
resection and subsequent reconstruction of the retrohepatic IVC had to be done, so 
hepatic cross-clamp time was short. Skinners and coworkers [18] described intra-
atrial thrombus retrieval using CPB, in combination with hepatic vascular exclu-
sion. This technique allows a cavotomy with a remarkable reduction of bleeding 
from the hepatic veins. Nevertheless, in some cases of chronic IVC obstruction, 
collaterals such as phrenic veins, lumbars, short hepatic, or adrenal veins become 
major drainage pathways, bringing unexpected back-bleeding [13]. In their series, 
the authors reported a high rate (41–60 %) of postoperative complications, including 
transient hyperbilirubinemia and renal failure [18].

The technique most frequently encountered in the literature is the use of CPB 
with DHCA [4, 5, 7]. The bloodless field obtained allows an excellent visualization 
of the tumor and decreases the risk of cellular spreading, incomplete tumor exci-
sion, pulmonary embolism, or warm hepatic or renal ischemia. Nevertheless, there 
are several disadvantages of DHCA, such as end-organ dysfunction, ischemic 
injury, and ischemia–reperfusion injury. Furthermore, the duration of DHCA is 
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limited, with a safe duration of circulatory arrest of 30 min at 18 °C [8] according 
to some reports. Knowing that complete tumor excision with respect to carcinoid 
margins remains the principal issue qualifying the success of the operation and 
long-term survival of patients [6], achieving this can be technically challenging and 
time-consuming, especially in patients with invasion of surrounding structures.

Cardiopulmonary bypass with deep hypothermic low flow combines, in our 
experience, the protective effects of hypothermia associated with the positive effect 
of a continuous low-flow blood perfusion. This allows a longer safe surgery time 
with a lower risk of organ ischemia. Deep hypothermic low flow (1–1.5 L/min, 
which can be modulated according to the venous backflow) provides a nearly 
bloodless field, considerably reducing back-bleeding not only from the hepatic 
veins but also from the lumbar, adrenal, and short hepatic veins and thus allowing 
an excellent visualization of the tumor. This technique avoids hepatic vascular 
exclusion, which requires dissection of hepatic vessels and induces ischemic liver 
injury owing to cross-clamping. Continuous CPB outflow decreases the risk of 
cerebral ischemia and stroke. We believe that this technique can facilitate surgical 
management of these patients, providing a bloodless field with a high level of 
organ protection. In all cases, a multidisciplinary approach is mandatory for these 
procedures.

Cardiopulmonary bypass with deep hypothermic low flow needs to be consid-
ered as a surgical option in patients with abdominal and retroperitoneal tumors 
invading the IVC and extending to the right atrium, when there is a need for exten-
sive resection of the IVC and reconstruction of the hepatic vein confluence. This 
technique is reliable and allows a longer safe operative time and organ protection, 
often necessary to obtain complete excision of the tumor, associated with an excel-
lent view of the surgical field.
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10Injuries of the Juxtahepatic Vena Cava

Christian Létoublon, Laurence Lacaze, and Mircea Chirica

10.1	 �Introduction

This chapter focuses on the treatment of blunt injuries of the retrohepatic portion of 
the vena cava and of the extrahepatic segment of the hepatic veins which raises 
similar management problems. Among injuries of the intra-abdominal vena cava, 
the retrohepatic location raises the most difficult management challenges and is 
associated with the highest mortality rate [1–6]. Injuries of the retro hepatic vena 
cava occur in up to 15 % of blunt liver traumas.

Despite advances in surgical techniques and intensive care management, mortal-
ity is still very high ranging between 50 and 80 % in patients that reach the hospital 
alive. Mortality is prohibitive after attempts at open repair in critically ill patients. 
Survival is closely related to conditions in which these patients can be managed. 
Hemodynamically stable patients eligible for computed tomographic (CT) evalua-
tion and for management protocols, similar to those of vena cava tumors, fare better 
than patients requiring emergency surgery for bleeding control. In emergency condi-
tions, awareness of the lethal triad of hypothermia, acidosis, and coagulopathy should 
prompt decision for damage control surgery in these patients. Under these dramatic 
circumstances, complex reconstructive procedures are usually futile, while simple 
gestures aiming at bleeding arrest may be the only chance for patient survival.

10.2	 �Pattern of Injuries

Mortality is particularly severe when mechanisms of injuries are blunt trauma and 
vascular avulsion. Injuries of the vena cava segment located between the heart and 
the hepatico-caval junction are uniformly fatal. Hepatic vein injuries have 
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previously been distinguished according to their location inside the liver paren-
chyma (type A) or outside it (type B) [5]. Nevertheless, these different types of 
lesions are frequently associated and such distinction doesn’t have useful practical 
implications. In contrast, blood leak contention by adjacent retroperitoneal struc-
tures is a major prognostic factor; it may limit blood loss and allow prehospital 
survival. Immediate resuscitation usually fails in patients with free intracavity (peri-
toneal, pleural) bleeding.

10.3	 �Emergency Surgical Techniques in the Management 
of Retrohepatic Caval Injuries

10.3.1	 �Direct Suture

Bleeding control by direct suture necessitates surgical exposure of the vascular 
defect which allows direct repair. It usually requires right liver mobilization by sec-
tion of its attachments if these are still intact. Direct suture should be avoided for the 
treatment of large vena cava or right hepatic vein defects because attempts at right 
liver mobilization under these circumstances may result in massive bleeding which 
is frequently fatal.

10.3.2	 �Vascular Exclusion of the Liver

Complete vascular exclusion of the liver has been proposed in order to limit the 
aforementioned risks of liver mobilization. Vascular exclusion of the liver includes 
successive clamping of the portal triad, the suprarenal IVC, and the suprahepatic 
IVC in its intrapericardial portion [7]. In the context of major bleeding, this maneu-
ver may result in sudden decrease in the cardiac preload and cardiac arrest. 
Concomitant clamping of the supraceliac aorta (quadruple clamping) can restore the 
situation by improving coronary perfusion (Fig. 10.1). Nevertheless, uncontrollable 
fatal collapse has been reported at the moment of aortic unclamping after repair of 
venous injuries, rendering eventually unfeasible the release of the aortic clamp.

10.3.3	 �Cavo-Caval Venous Bypass Procedures

The common principle of cavo-caval bypass procedures is the maintenance of a 
caval venous return by securing the cardiac preload. In precarious hemodynamic 
situations, preservation of the caval flow aims to decrease the risks of cardiac 
collapse. This is in contrast to programmed liver surgery when interruption of 
caval flow is usually well supported and can most often be compensated by 
appropriate intraoperative anesthesia-reanimation management with no need for 
venous bypass [7].
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One of the first described procedures was the use of an endovenous shunt; the 
shunt is usually introduced through the right atrium and pushed down into the subhe-
patic vena cava (if it does not exit through the venous defect) (Fig. 10.2) [2, 8–11].

Successful use of endovenous shunts for the treatment of retrohepatic vena cava 
injuries is anecdotal in the literature. Outcomes of endovenous shunting seem less 
grim in the setting of open when compared to blunt traumatisms. Of note, some of 
the pioneers of the procedure in liver trauma have eventually abandoned endove-
nous shunts in favor of perihepatic packing (PHP) [1, 12–15].

The veno-venous bypass is another technique which was popularized by liver 
transplant surgeons. Veno-venous bypass has the theoretical advantage of remote 
cannulation sites at the level of the femoral vein and the internal jugular far from the 
injury site (Fig. 10.3) [16–20].

A sophisticated maneuver which is not always adapted to extremely urgent situa-
tions is the realization of a cardiopulmonary bypass. Theoretical advantages include 
proper blood oxygenation, adequate coronary perfusion, control of eventual cardiac 
arrest, and the ability of recirculation of blood loss collected by the operative field can-
nulas (Figs.  10.4 and 10.5) [21, 22]. Use of hypothermic cardioplegia has been 

Fig. 10.1  Portal triad 
occlusion (Pringle 
maneuver) and clamping of 
supraceliac aorta 
(quadruple vascular 
clamping)
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suggested to allow increasing the duration of surgery and performing more complex 
reparations [23]. Reconstruction of the hepatico-caval junction after complete avul-
sion, as well as liver autotransplantation after back-table repair, has been reported [19]. 
Nevertheless, such data remain anecdotal and include success-related publication bias.

The dogma of systematic immediate repair of hepatico-caval injuries assisted or 
not by bypass procedures has been recently challenged [5]. Thorough analysis of 
successful reports suggests that most patients were actually hemodynamically sta-
ble prior to surgery. Hemodynamic stabilization was the result of either spontaneous 
bleeding contention by retroperitoneal structures or by surgical packing performed 
prior to patient transferal to level I trauma centers. Thus, it is likely that attempting 
to perform the complex aforementioned techniques during emergency surgery in 
hemodynamically collapsed patients has very small chances of success. It is prob-
able that compression of the liver on itself and against the diaphragm supported by 
the establishment of perihepatic packing (PHP) offers the best chances of survival 
in such desperate situations.

Fig. 10.2  Atrio-caval 
shunt
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10.3.4	 �Liver Resection to Obtain Access to the Retrohepatic 
Vena Cava

Theoretically, performing a right hepatectomy procedure allows exposure of the 
retrohepatic vena cava and direct access to the vascular defect. Some authors have 
proposed performing right liver resection for this indication, most often under cover 

Fig. 10.3  Cavo-caval 
bypass

Fig. 10.4  Cardiopulmonary 
bypass: 1 atrial cannula, 2 
aortic reinjection, 3 
suction-reinjection cannulas 
in the thoracic and abdominal 
cavity
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of vascular exclusion of the liver [24]. Mortality of right hepatectomy performed on 
an emergency basis for bleeding control is prohibitive. Again, published successes 
correspond mostly to long management delays suggesting a contained bleeding 

a

c

e

d

b

Fig. 10.5  High-velocity ski accident in a 14-year-old man. Transport of hemodynamically stable, 
hypothermic (33.3  °C) patient was made to trauma center; intubation on arrival motivated by 
extreme agitation. CT scan showed blood extravasation at the level of the suprahepatic IVC and the 
absence of associated injuries (a, b). Sternotomy, CBP, and laparotomy were successively done 
and confirmed complete disjunction of the vena cava and of the three suprahepatic veins (c). After 
complete liver vascular exclusion, the suprahepatic veins were anastomosed together and then on 
a 30 mm diameter Dacron graft (Hemashield®) (d), the graft was then sutured to the subdiaphrag-
matic IVC (e)
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pattern of the initial injury [25–27]. Exposure of right hepatectomy for retrohepatic 
caval injuries cannot be recommended in the presence of active bleeding [13].

10.3.5	 �Perihepatic Packing (PHP)

This technique has proven its effectiveness in the treatment of very severe blunt 
hepatic trauma. Complete liberation of the right liver is unnecessary, avoiding risks 
of massive intraoperative bleeding. Freeing adhesions located at the inferior part of 
the right lobe may be required occasionally, with no major risk. Compression of the 
right liver on the diaphragm is performed at the beginning by the surgeon’s hand 
and then progressively by pads leaning on the right kidney on the right side and on 
the stomach on the left side. Placing pads on the superior surface of the liver should 
be avoided as this might open the suprahepatic region (Fig.  10.6). PHP enables 
control of severe injuries of the retrohepatic IVC and of the hepatico-caval junction; 
performed as a step of damage control surgery, PHP may save the life of these 
patients in the emergency setting (Fig. 10.7). Over the last two decades, the litera-
ture on this topic is particularly compelling and justifies systematic use of PHP in 
the emergency setting. Emergency PHP should be performed without trying to 
understand the type of lesions, with the hope that bleeding control without definitive 
repair would allow resuscitation in the operating room at first, followed by transfer 
in the ICU and/or CT scan [13, 23, 28–31].

10.3.6	 �Nonoperative Management

CT performed in hemodynamically stable trauma patients may show injuries of the 
retrohepatic vena cava or of the hepatico-caval junction which are contained to the 
retroperitoneum or do no longer bleed. In circumstances when secondary alteration 
of the hemodynamical condition requires surgical exploration (Fig. 10.7), informa-
tion provided by CT is particularly useful for subsequent intraoperative decision-
making. The monitoring of nonoperated patients can lead to discovery of partial or 
total thrombosis of hepatic veins: usually this does not justify complex desobstruc-
tion procedures but warrant secondary anticoagulation treatment [32].

10.3.7	 �Liver Transplantation

Liver transplantation is situated at the upper end of aggressive therapeutic means 
available for the management of hepatico-caval vein injuries. In rare cases acute liver 
failure has been reported after a more or less effective and more or less stricturing 
control of suprahepatic vein bleeding. In most reported LT cases, venous injuries 
were part of severe liver trauma. The majority of published cases include patients 
who developed liver insufficiency after failure of a previously attempted lifesaving 
strategy [33].
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10.4	 �Management Strategies

10.4.1	 �Hemodynamically Unstable Patient: Emergency 
Laparotomy Mandatory

As soon as it becomes obvious that the bleeding originates from the supra-/retrohe-
patic area, the surgeon should realize a compression of the liver against the dia-
phragm. In case of hemodynamic collapse, the surgeon may be constrained to 
transiently associate an aortic compression against the vertebral block to allow 
resuscitation and recover an acceptable arterial pressure. Attempts should not be 
made to “look and see” the supra-/retrohepatic injuries which implies hazardous 
hepatic mobilization, source of uncontrollable bleeding. After rapid exploration of 
the abdomen, manual compression is progressively replaced by pads firmly pressed 
against the right kidney and the stomach. In most cases this maneuver is sufficient 
to stop the bleeding. At this point consultation with the anesthesiologist allows 
identification of the lethal triad (hypothermia, acidosis, coagulopathy) which should 
prompt adopting an abbreviated laparotomy strategy. In favorable situations the 
patient can stand exclusive skin closure and transfer to the intensive care unit (ICU) 
improving conditions to control the lethal triad; if the patient condition allows, angi-
ography-CT scan (with late-passage sequences) should be performed at this point to 
evaluate the extent of anatomical venous damage. This is the type of situation 
described in the literature in which patients can be transferred in level I trauma cen-
ters and benefit of specific expertise (vascular exclusion repair, venous bypass tech-
niques, liver resection, transplantation); in some cases PHP suffices and further 
injury repair may prove unnecessary [27, 29].

If PHP does not contain the bleeding, the surgeon must try to improve its effec-
tiveness by increasing the compression of the liver alongside with intensification by 
the anesthesiologist of resuscitation means on table. In specific situation when 
hepatic pedicle clamping clearly improves the hemodynamic condition (evoking 
associated injuries of the hepatic artery and/or its branches), the extremity of the 

a b

Fig. 10.6  Perihepatic packing of hepatico-caval junction injuries. Upward hand compression that 
“closed” the liver fracture has been replaced by subhepatic pads (a). Pad positioning above the 
liver should be prohibited as it may open liver injuries and aggravate bleeding (b)
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a b

c d

e f

g h

Fig. 10.7  Ski accident in a 62-year-old hemodynamically stable woman. CT shows grade IV liver 
injuries and absence of vascular extravasation on the arterial and portal acquisition phases (a, b). 
There is important blood leakage from the middle suprahepatic vein on the late acquisition phase 
and intraperitoneal blood leakage (c, d). Hemodynamic deterioration during the procedure 
prompted immediate damage control laparotomy with “blind” PHP positioning. CT performed 2 
days later shows bleeding cessation (e); subhepatic pads press the stomach and “wrinkle” the left 
liver lobe (f); on the right side it is almost exclusively under the liver and pushing on the  
kidney (g, h)
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turnstile can be exteriorized through the skin closure to allow attempting extreme 
emergency arterial embolization; if interventional radiology is unavailable, clamp-
ing or definitive ligation of the hepatic artery can be attempted.

In rare cases when PHP fails, the surgeon may attempt one of the “dangerous 
methods”: if expertise is available, complete vascular exclusion of the liver should 
be performed associating when possible venous bypass and/or cardiopulmonary 
bypass techniques; afterward, liver mobilization and repair of the injuries should be 
done as quickly as possible. If expertise with these techniques is not available, fur-
ther liver compression (complementary PHP) may allow survival during transfer to 
a higher-level trauma center.

10.4.2	 �Hemodynamically Stable Patient

CT scan is performed following initial resuscitation. The anatomy of the hepatico-
caval venous system, the type of venous injury, and the active character of venous 
leak can be reliably assessed during the late venous acquisition phase; CT also helps 
evaluate the importance of hemoperitoneum and detect associated injuries. CT 
examination can guide embolization of intra-abdominal arteries allowing control of 
associated arterial bleeding. Secondary degradation of the patient condition prompts 
emergency laparotomy which is usually easier and quicker to organize in the emer-
gency setting than interventional radiology.

If the patient condition remains stable, nonoperative management should be pur-
sued if active bleeding has been controlled; the desire to “repair” lesions is often 
dangerous and may be detrimental for the patient. Some patients might nevertheless 
benefit of a delayed operation limited to extensive lavage and drainage of the abdomi-
nal cavity [34]. In the uncommon situation when vascular reconstruction is still neces-
sary, delayed operation after control of the lethal triad offers adequate conditions for 
the use of more complex surgical procedures in expert centers. Under these circum-
stances and if possible, cardiopulmonary bypass can be prepared to back up eventual 
deficiencies of veno-venous bypass. Repair of the hepatico-caval confluent may be 
performed by large-diameter vascular prosthesis (Fig. 10.5). In case of isolated lacera-
tion of one of the three hepatic veins, simple ligation can be performed [20].

Localized venous thrombosis can occur after both vascular reparation (direct 
suture, vascular reconstruction) and more conservative treatments (PHP, nonopera-
tive management). Management does not necessarily require the use of aggressive 
surgical procedures as cure might be obtained by effective anticoagulant treatments 
[32] or interventional radiology techniques [35, 36].

�Conclusions

The injuries of the retrohepatic vena cava more can be associated with hepatic 
vein involvement and represent a difficult surgical challenge. Mortality of blunt 
trauma caval vein injuries that require immediate surgery for bleeding control is 
extremely high. The concept of contained venous bleeding, the liberal use of PHP, 
and the timely application of damage control surgery principles improve patient 
outcomes. Stabilization of the patient condition should be the main purpose in the 
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emergency setting. Anatomical vascular reconstruction should be delayed and 
preferentially undertaken in expert centers; more often, in surviving patients such 
reconstruction is eventually unnecessary. Secondary use of interventional radiol-
ogy techniques may be helpful under these circumstances.

Key Points

	1.	 Injuries of the retrohepatic inferior vena cava are almost always lethal if not 
contained by surrounding tissues.

	2.	 If an emergency operation is unavoidable, containing blood leakage by perihe-
patic packing may be lifesaving.

	3.	 If patient hemodynamics allow, emergency multidetector CT angiography is 
helpful in establishing the diagnosis and guiding management.

	4.	 Attempts to expose and repair the injuries should be avoided before mastering 
the conditions of vascular exclusion of the liver.

	5.	 Most frequently liver vascular exclusion requires maneuvers such as veno-
venous bypass or cardiopulmonary bypass.

	6.	 If bleeding could be contained either spontaneously or by perihepatic packing, 
emergency transfer to a level I trauma center that offers expertise for further 
management is advisable.

	7.	 Major exposure liver resections are not recommended under these circumstances 
because mortality rates are extremely high.

	8.	 If the patient condition remains stable and active bleeding has been contained, 
nonoperative management can be pursued with success.
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11Inferior Vena Cava Reconstruction  
in Liver Transplantation

Melissa J. Watson, Nikolaos Pararas, and Andreas Tzakis

11.1	 �Introduction

Liver transplantation is the only cure for end-stage liver disease, and its use has 
become widespread with the growth of hundreds of transplant centers worldwide. 
The technique originally described by Starzl in the 1960s spread throughout the 
globe, undergoing few modifications and adaptations [1–3]. The development and 
expansion of liver transplantation has advanced the field of liver surgery as a whole, 
evolving complex resection and reconstruction techniques. Over the past 50 years, 
improvements in surgical approach and patient management have allowed liver 
transplantation to be performed in an increasingly complicated patient population, 
overcoming many factors previously considered contraindications to transplant. 
Surgical techniques employed in reconstruction of the inferior vena cava (IVC) and 
associated variations in liver transplantation are discussed herein.

11.2	 �Conventional Vena Cava Technique

The conventional recipient hepatectomy involves removing the IVC with the liver, 
from the level of the hepatic veins to the infrahepatic IVC above the renal veins. The 
excised retrohepatic IVC is then replaced with the donor IVC of the new liver graft. 
The recipient liver is mobilized by dividing the right and left triangular ligaments, 

Illustrations: Jon Coulter

mailto:WatsonM5@ccf.org
mailto:TzakisA@ccf.org
mailto:npararas@gmail.com


184

the hilar structures are dissected and divided, and the supra- and infrahepatic cava 
are mobilized circumferentially. The IVC is then clamped below the liver with a 
large straight or angled vascular clamp and above the liver with a large, usually 
curved vascular clamp positioned high up to the diaphragm. The suprahepatic IVC 
is divided at the level of the hepatic veins and the lumens are all joined to create one 
large orifice. Inferiorly the IVC is divided high up into the liver to ensure plenty of 
length, and the recipient liver is removed. At this stage, before beginning construc-
tion of the vascular anastomoses, hemostasis of the retrohepatic area must be 
obtained. The liver graft is brought onto the operative field, and the upper cava 
anastomosis is constructed first using a running monofilament polypropylene suture. 
In a similar manner, the lower cava anastomosis is performed (Fig. 11.1). During 
this second anastomosis, the liver is flushed with a liter of room temperature saline 
via the portal vein to remove the preservation solution and raise the temperature of 
the liver before reperfusion. The portal vein anastomosis is performed with running 
polypropylene suture after trimming both recipient and donor portal veins to the 
appropriate length. Before completion of the anastomosis, the clamp on the recipi-
ent portal vein is quickly released to flush out any clot that may have accumulated 
while clamped. The suprahepatic clamp may be released and allow some back 
bleeding through the graft at this point. The suture is then tied leaving a generous 
growth factor to allow the vein to fully expand and prevent stenosis [4]. The liver is 
then reperfused by releasing the portal vein clamp. The anesthesiologist is made 

Fig. 11.1  Conventional 
vena cava reconstruction. 
The liver graft is shown in 
place after completion of 
both suprahepatic and 
infrahepatic IVC 
anastomoses
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aware in advance so that they may prepare for the hemodynamic changes associated 
with reperfusion.

11.3	 �Venovenous Bypass

One of the consequences of the conventional cava technique is hemodynamic insta-
bility as the blood flow through the IVC is completely interrupted. In this situation 
the blood return to the heart is entirely from the superior vena cava. Combined with 
portal vein clamping during the hepatectomy, the result is massive sequestration of 
blood volume in the mesenteric and lower body venous circulation. In addition to 
systemic hypotension, this obstruction of systemic and splanchnic venous return 
causes renal venous hypertension, which can lead to renal dysfunction, diffuse edema 
of the gastrointestinal tract, and exacerbation of hemorrhage from thin-walled venous 
collaterals and varices. Cardiovascular instability requires volume preloading which 
can then result in volume overload and pulmonary edema after liver revascularization 
[5]. Moreover the high potassium and acidity of the stagnant blood can result in 
hemodynamic collapse when returned to the systemic circulation.

Venovenous bypass was developed to prevent these undesirable effects by pro-
viding an alternate route for blood flow back to the heart [6–8]. The bypass mecha-
nism facilitates hemodynamic stability during the anhepatic phase of the operation 
and avoids the consequences of systemic and splanchnic venous sequestration.

Venovenous bypass can be performed as single bypass using the femoral vein 
with return through either the internal jugular or axillary vein or as double bypass 
in which the portal system is also decompressed via a cannula in circuit. A can-
nula is placed into the greater saphenous vein either percutaneously or via open 
technique and advanced through the saphenofemoral junction to near the conflu-
ence of the common iliac veins. A portal cannula is placed into the transected 
portal vein and these two cannulae are joined together via a Y connection. The 
blood flows through heparin-bonded shunt tubing to a centrifugal pump and is 
returned to the patient via the axillary or jugular vein (Fig. 11.2). Flow rates are 
generally maintained at 1–4 L/min, but can be higher [5]. Alternatively, the por-
tal system can be cannulated through the inferior mesenteric vein. This variation 
is particularly useful in cases of abnormalities of the extrahepatic portal vein 
such as thrombosis, friability, short length, and retransplantation.

The use of venovenous bypass in liver transplantation has allowed for a safer and 
easier operation and has also facilitated the training of surgeons while keeping the 
patient stable. It is, however, not without risks such as air emboli, venous thrombo-
emboli, vascular injury, and bleeding complications from cannula placement. It is 
therefore not recommended for universal use, but rather on an individual basis. It is 
most often used in hemodynamically labile patients, those with decreased cardiac 
reserve, those with poorly developed venous collaterals (fulminant liver failure, 
prior portocaval shunt, TIPS, etc.), and those who otherwise do not tolerate test 
clamping of the IVC.
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Fig. 11.2  Venovenous bypass circuit. The pump collects blood from the systemic venous system 
via the femoral vein cannula and the mesenteric venous system via the portal vein cannula and 
returns it to the superior vena cava via the jugular vein cannula

11.4	 �Piggyback Technique

The technique of vena cava-sparing hepatectomy in liver transplantation was 
first described in dogs by Fonkalsrud in 1966 [9]. The method was further devel-
oped and refined in humans over the next several decades [10–12]. The 

M.J. Watson et al.



187

feasibility of maintaining continuity of the recipient IVC remedies the hemody-
namic instability encountered with the conventional method and generally obvi-
ates the need for venovenous bypass. The technique is accomplished by first 
freeing the falciform, left and right triangular ligaments to mobilize the liver as 
with conventional hepatectomy. The short hepatic veins are then individually 
ligated and divided, generally inferiorly to superiorly and either right to left or 
left to right (Fig. 11.3). The isthmus of the caudate must be divided as well to 
completely free the liver and to allow skeletonization and clamping of the right, 
middle, and left hepatic veins. Once these veins are controlled at their base with 
clamps, they are divided inside the liver to ensure adequate length and the hepa-
tectomy is completed. A large vein cuff for the anastomosis is then created by 
placing a large curved vascular clamp behind the confluence of the hepatic veins 
with the IVC and joining the orifices of the three hepatic veins. As opposed to 
conventional technique, the upper cava is only partially clamped for a short 
interval, minimizing physiologic disturbance of the circulation. After the supra-
hepatic anastomosis is complete, another clamp can be placed on the donor side 
of the anastomosis and the first clamp removed to restore unimpeded blood flow 
through the IVC while the portal vein anastomosis is being performed. 
Additionally the time to revascularization of the liver is reduced as only one 
caval anastomosis is required. The liver can be flushed of preservation solution 
via the portal vein as described above and the effluent removed via the infrahe-
patic IVC before it is ligated. Alternatively the liver can be flushed with blood 
via the completed portal vein anastomosis and vented from the infrahepatic IVC 
before it is ligated. The subsequent portal vein, hepatic artery, and bile duct 
anastomoses are performed in an identical manner as with the conventional 
technique (Fig. 11.4).

Less retroperitoneal dissection is an additional advantage of IVC preservation as 
it creates less raw surface area and less bleeding. Preservation of the native IVC also 
allows transplantation using smaller donor grafts despite IVC size discrepancy [10]. 

Fig. 11.3  Piggyback 
dissection. The cirrhotic 
liver is dissected off of the 
IVC by ligating all short 
hepatic veins
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In these cases of small grafts, two rather than three suprahepatic veins are joined to 
provide the appropriate-sized outflow of the graft. The routine use of only two 
hepatic veins for outflow reconstruction is discouraged, however, because it has 
been associated with a higher incidence of outflow obstruction [13]. The piggyback 
hepatectomy is feasible in most cases [14, 15]. Technical difficulty can be encoun-
tered in the presence of a circumferential caudate lobe and in cases of notable recip-
ient hepatomegaly such as polycystic liver disease.

11.5	 �Piggyback Variants: End-to-Side, Side-to-Side 
Cavocavostomy, and Reverse Piggyback

As surgeons gained more experience with the piggyback approach, other variations 
of IVC reconstruction evolved [14, 16–18]. These were developed not only to allow 
preservation of the IVC but to decrease venous outflow complications. Alternate 
approaches include side-to-side cavocavostomy and end-to-side cavocavostomy. 
The hepatectomy for these techniques is similar to that described above for piggy-
back technique. A temporary portocaval shunt can be created [19] depending on the 
operating team’s preference and the patient’s clinical status (discussed below). To 
perform the side-to-side cavocavostomy, the liver is removed and the recipient 
hepatic veins are oversewn. A partially occluding clamp is placed on the IVC and a 
longitudinal cavotomy is created in the anterior wall of the recipient IVC.  The 
suprahepatic and infrahepatic IVC of the donor are oversewn or stapled closed. A 
cavotomy is made in the posterior aspect of the retrohepatic donor IVC and the 
anastomosis is created between the donor and recipient IVC (Fig. 11.5a). For the 

Fig. 11.4  Piggyback vena cava reconstruction. The liver graft is shown in place after completion 
of the suprahepatic IVC anastomosis. The donor infrahepatic IVC is ligated
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end-to-side cavocavostomy, the recipient hepatic veins are oversewn, and the anas-
tomosis is created between the donor suprahepatic IVC and a longitudinal cavotomy 
on the anterior wall of the recipient IVC (Fig. 11.5b). These techniques create a 
large and unimpeded outflow and can also be advantageous in gaining better expo-
sure for the anastomosis. The resulting positioning of the liver more inferiorly can 
also facilitate a spatulated or side-to-side biliary anastomosis [20].

A variation on this approach is to combine the longitudinal cavotomy incision 
with the confluence of the hepatic veins on both the donor and recipient [21]. This 
has been referred to as a suprahepatic cavoplasty [22] or a triangulating cavocavos-
tomy [23]. It is similar to the variant of the piggyback technique described above but 
creates a much larger cavotomy. This method requires full clamping of the IVC, and 
the hemodynamic changes are similar to the standard bicaval technique, potentially 
requiring the use of venovenous bypass. However, unlike the bicaval technique, 
there is no need for retroperitoneal dissection of the IVC, nor is there a need for the 
usual piggyback dissection ligating all the short hepatic veins. For this method, the 
recipient suprahepatic and infrahepatic IVC are clamped and the short hepatic veins 

Side-to-side End-to-side

Triangulating cavocavostomy

a b

c

Fig. 11.5  Piggyback variations. (a) Side-to-side cavocavostomy. (b) End-to-side cavocavostomy. 
(c) Triangulating cavocavostomy
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are sharply divided with scissors up to the main hepatic veins. During this dissection 
a longitudinal patch of the recipient anterior IVC can be excised along with the 
short hepatic veins. Subsequently the main hepatic veins are transected creating a 
large “triangular” opening along the IVC including the orifices of the right, middle, 
and left hepatic veins. The short hepatic veins are either removed with the cavot-
omy, are excluded by the suture line, or are suture ligated. Extraneous tissue on the 
remnant hepatic veins is trimmed in preparation for the anastomosis. For the donor 
liver, a cavotomy is made in the posterior aspect of the IVC starting from and incor-
porating the suprahepatic IVC opening. This cavotomy is created to match the open-
ing of the recipient IVC (Fig. 11.5c). Using 3–0 polypropylene suture, the three 
corner sutures are placed. Care must be taken to avoid compromising the hepatic 
vein orifices on the donor liver. Initially the right lateral wall is created, followed by 
the left side, and finally the superior aspect. Sometimes it may be easier to perform 
the entire anastomosis from the left side of the table by approaching the right suture 
line intraluminally. The infrahepatic donor cava is stapled closed or ligated.

Although this modification requires full IVC clamping with potential need for 
venovenous bypass, it does have several advantages. It allows creation of the largest 
possible outflow. Additionally, in cases with difficult exposure, it allows excellent 
exposure during both the IVC reconstruction and after reperfusion for examination 
of the suture line. Since minimal dissection is required and short hepatic veins will 
be either removed with the patch of IVC or incorporated into the anastomoses, the 
hepatectomy is very fast. Furthermore, bleeding during the hepatectomy is mini-
mized since there is full control of the IVC during mobilization of the liver. The 
technique can be done expeditiously and it may be possible to forego systemic and/
or portal bypass. Any potential size mismatch between the donor and recipient IVC 
is also eliminated [22].

Another piggyback variant is the reverse piggyback or infrahepatic cavocavos-
tomy [24]. In this case, the donor suprahepatic IVC is closed and the infrahepatic 
IVC is used for an end-to-side anastomosis (Fig. 11.6). This technique has been 
used as an alternative when either recipient or donor factors make using the supra-
hepatic cava inadvisable. Such examples include a short suprahepatic donor IVC or 
injury during organ recovery, Budd-Chiari syndrome, retransplantation, TIPS stent 
disrupting the hepatic vein, or significant size mismatch between the donor and 
recipient. It has also been used in domino transplantation and autotransplantation 
when the donor suprahepatic cuff is very short [25].

11.6	 �Piggyback Variant: Anterior Approach Hepatectomy

In cases where dissection of the suprahepatic IVC and development of a sufficient 
cuff are difficult, an anterior approach to the hepatectomy can be utilized. The native 
liver is devascularized and mobilized by techniques described above, including 
clamping of the infrahepatic IVC. The suprahepatic IVC is encircled and clamped, 
but the hepatic veins are not dissected. Instead an anterior vertical incision is made 
in the cirrhotic liver, and the anterior IVC is cleaned sharply (Fig. 11.7a, b). Working 
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from within the split parenchyma, the left, middle, and right hepatic veins are dis-
sected and clamped and the liver is removed. The IVC anastomosis can be created 
by any method described above. This intraparenchymal exposure is also useful in 
major hepatic resections. In certain patients the liver may be frozen into the hepatic 
fossa by previous operations to the extent that it cannot be safely and expediently 
removed by other methods [11, 26].

Fig. 11.6  Reverse 
piggyback vena cava 
reconstruction. The 
infrahepatic IVC is used for 
the anastomosis and the 
suprahepatic IVC is closed

a b

Fig. 11.7  Anterior approach hepatectomy. (a, b) After total vascular isolation of the liver, an inci-
sion is made anteriorly in the liver and the IVC is dissected sharply. From within the split paren-
chyma, the three hepatic veins are dissected and clamped, and the liver is removed
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11.7	 �Temporary Portocaval Shunt

As previously discussed, the consequences of clamping the portal vein and IVC 
during the hepatectomy and anhepatic phase led to the development of venovenous 
bypass [6, 8]. Although the development of the piggyback technique allowed unin-
terrupted blood flow in the IVC, clamping of the portal vein must still occur. The 
use of a temporary portocaval shunt was described in order to minimize the effect of 
portal venous interruption [19, 27]. To construct the shunt, the hilar dissection pro-
ceeds as usual and the common bile duct and hepatic artery are divided. The portal 
vein is transected high into the liver beyond its bifurcation (Fig. 11.8a). The infra-
hepatic IVC is exposed and a side-biting vascular clamp is applied. A cavotomy is 
made, and the free end of the portal vein is sewn to the IVC in an end-to-side man-
ner using continuous polypropylene suture (Fig. 11.8b). The remainder of the hepa-
tectomy proceeds as usual. After the liver is brought in and the IVC anastomosis is 
completed, the shunt is ligated just proximal to the anastomosis, and the portal vein 
anastomosis is performed (Fig. 11.8c).

11.8	 �Reconstruction in Special Situations

11.8.1	 �Domino Transplantation

The ongoing organ shortage has driven the development of numerous strategies to 
expand the donor pool. One innovative strategy is domino liver transplantation in 
which a select group of liver transplant recipients can donate their explanted livers 
for use as liver grafts in other patients. Several hereditary metabolic diseases 
(such as familial amyloid polyneuropathy, maple syrup urine disease, and familial 
hypercholesterolemia) are caused by aberrant or deficient protein production in 
the liver, and these conditions can be cured with liver transplantation. Although 
these livers eventually cause systemic disease over time, they are otherwise struc-
turally normal and functional and can be used in domino transplantation. Every 
transplant center performing domino transplantation has a unique set of guide-
lines for selecting potential domino graft recipients. For example, at the Karolinska 
University Hospital in Sweden, patients are considered for the domino transplant 
waiting list if they have a hepatic malignancy, are older than 40 years with hepa-
titis-induced cirrhosis, are older than 60 years (regardless of liver disease), or if 
they require retransplantation for chronic graft failure [28]. Many centers select 
older patients as candidates for domino liver transplantation, as these recipients 
are less likely to have time to develop significant systemic metabolic disease 
posttransplant.

Domino transplantation offers some unique technical challenges, most notably 
the difficulty of reconstructing the venous outflow of the domino liver graft. To 
circumvent problems related to a short suprahepatic cuff, a vein graft can be used to 
extend the suprahepatic IVC cuff of the donor liver [29]. On the back table, the three 
hepatic veins are joined with running polypropylene suture. Then a vein graft is 
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opened longitudinally. One edge of the vein graft is joined to the free edge of the 
hepatic vein cuff using running polypropylene suture. As the suture line meets itself 
after sewing the circumference of the cuff, the lateral edges are sewn together [30, 31]. 
This augmented IVC greatly facilitates implantation of domino liver grafts. Another 
alternative technique for IVC reconstruction in domino liver transplantation is the 
reverse piggyback technique as discussed above [25].

a

b

c

Fig. 11.8  Temporary portocaval shunt. (a) The portal vein is transected beyond its bifurcation. 
(b) End-to-side anastomosis between portal vein and IVC. (c) The shunt is ligated after completion 
of the caval anastomosis, and the portal vein anastomosis is performed
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11.8.2	 �Budd-Chiari Syndrome

Budd-Chiari syndrome is characterized by hepatic venous outflow obstruction and 
resulting hepatic dysfunction and can be caused by any mechanical impediment to 
adequate outflow. The spectrum can range from veno-occlusive disorders and small 
vessel occlusion to thrombosis of the major hepatic veins and IVC. A wide variety 
of underlying disorders and risk factors such as paroxysmal nocturnal hemoglobin-
uria, polycythemia vera, other myeloproliferative diseases, tumors, amoebic 
abscesses, congenital caval webs, oral contraceptives, and pregnancy have been 
associated with the syndrome, although many causes are unknown [32, 33]. More 
recently antithrombin III deficiencies, lupus anticoagulant, and occult myeloprolif-
erative diseases have been suggested to comprise a part of this cryptogenic group 
[34–36].

Budd-Chiari progressing to liver failure is treated with liver transplantation. 
One potential difficulty encountered at time of operation is the presence of dense 
adhesions between the liver and diaphragm surrounding the suprahepatic IVC. The 
dissection can be difficult due to the usually large size of the liver and enlarged 
caudate lobe. Portal bypass is commonly instituted early in the operation to 
decompress the severe portal hypertension. In some cases the connective tissue 
around the suprahepatic IVC is so dense that it cannot be safely encircled to apply 
a clamp. In these cases the infrahepatic IVC can be clamped and the liver dis-
sected in a retrograde fashion up to the suprahepatic IVC. The distal and proximal 
surgical margins for the resection are primarily determined by the extension of the 
thrombosis and fibrosis of the IVC.  Fashioning of the suprahepatic IVC cuff 
sometimes requires dissecting superiorly through the diaphragm up to the right 
atrium. In other cases the suprahepatic IVC is resected, and reconstruction is 
achieved by interposing a cadaveric aortic conduit between the IVC and right 
atrium [37]. Control of the suprahepatic IVC can be obtained by opening the peri-
cardium and extending through the diaphragm as needed to expose the cava. 
Without performing any dissection, a large vascular clamp is placed on the IVC, 
taking care to avoid clamping of the coronary sinus. This technique is also useful 
in traumatic or iatrogenic injuries of the IVC which cannot be controlled by 
clamping below the diaphragm.

There are several surgical procedures described to treat the venous hypertension 
caused by Budd-Chiari syndrome. The decompression operation of choice depends 
on the extent and involvement of the portal vein and IVC. When the IVC and portal 
vein are patent, splenorenal shunt, side-to-side portocaval shunt, and mesocaval 
shunt are options. Additionally the mesocaval shunt has been utilized when an 
enlarged caudate lobe precludes adequate exposure for portocaval shunting. With a 
thrombosed portal vein, a splenorenal shunt can be performed as long as the splenic 
and left renal veins are patent. When the IVC is thrombosed or stenosed, a meso-
atrial shunt or combined portocaval shunt with cavo-atrial shunt may be performed. 
Success rates for these surgical procedures range from 30 % to 92 %, with the major-
ity having survival rates in the 60–75 % range [38, 39].
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11.8.3	 �Outflow Obstruction

Venous outflow obstruction is an uncommon but potentially lethal complication 
after liver transplantation. When the obstruction involves the retrohepatic or 
infrahepatic IVC, the most common findings are lower-extremity edema, renal 
failure, hypotension, and decreased cardiac output. If stenosis of the suprahe-
patic IVC or hepatic veins affects hepatic venous outflow, ascites and liver fail-
ure can also occur [13, 40]. Therapeutic options include radiologic venoplasty 
with or without stent placement, surgical reconstruction of the venous anasto-
mosis, and retransplantation [41]. Some centers have reported more frequent 
outflow complications with the piggyback technique [42–44]. A rare cause of 
suprahepatic IVC stenosis is narrowing at the diaphragmatic hiatus which can 
be diagnosed by venography and visually on re-exploration after liver transplan-
tation. A very careful lysis of the diaphragmatic impingement can restore nor-
mal venous flow from the lower torso without the need for revision of the 
anastomosis [13].

When the suprahepatic anastomosis or hepatic veins are stenotic after piggyback 
liver transplantation, one solution is an end-to-side anastomosis between the donor 
infrahepatic IVC and the recipient IVC [24]. If there is stenosis of the IVC below 
the hepatic veins, a patch cavoplasty using vein graft can be an option. Prosthetic 
conduits to repair a strictured IVC should be reserved for extreme cases because of 
a high thrombosis rate. These techniques are appropriate for isolated IVC and 
suprahepatic anastomotic strictures but do not represent a solution for stenosis 
involving a long segment of the IVC or extending proximally to the hepatic venous 
orifices. In the rare case of a long-standing suprahepatic stricture which cannot be 
repaired radiologically, one can create a bypass from the infrahepatic IVC to the 
auricle of the right atrium [45].

To relieve a more extensive stenosis, a vascular stapler can be used to create 
a side-to-side cavocavostomy between the posterior wall of the donor IVC and 
the anterior wall of the recipient IVC [46]. The retrohepatic donor IVC is 
exposed and dissected up to the anastomosis and freed from the caudate lobe. 
After total vascular exclusion of the liver (clamping of IVC above and below the 
liver combined with a Pringle maneuver), a stay suture is placed to align and 
approximate donor and recipient IVC. A 1-cm venotomy is made in each IVC to 
introduce the jaws of an endovascular stapler (Fig. 11.9a). The stapler is fired in 
succession to join the two IVC together (Fig.  11.9b). Three stapler loads are 
often needed, the final one dividing the posterior portion of the piggyback anas-
tomotic ring and resolving the outflow obstruction. The last stapler load is fired 
after removal of the clamp above this anastomosis to allow the stapler to pass 
through. Even though the stapler is fired on a running suture, the stapler allows 
fixation of both ends of the divided suture line and prevents disruption of the 
anastomosis. At this point, a vascular clamp is placed above the lower cavot-
omy, and the liver is reperfused. The cavotomy is then closed with running 
polypropylene suture.
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11.8.4	 �Split-Liver Transplantation

Split-liver transplantation and living donor liver transplantation have been devel-
oped to address the worldwide organ shortage and expand the number of lifesaving 
liver grafts. A split is defined as obtaining two grafts from a single deceased donor. 
The strategies for anatomical surgery of the liver described by Couinaud [47] and 
Bismuth [48] have made using partial liver grafts feasible. It was first described by 
Pichlmayr and colleagues in 1988 [49]. Traditionally, the liver is split for an adult 
and a child (right trisegment graft/left lateral segment), but splitting the liver for two 
adults can also be done (full-right graft/full-left graft).

Dividing the liver parenchyma follows the vascular anatomy, preserving ade-
quate vascular supply and biliary and venous drainage of both grafts. Because the 
vascular supply and outflow of the caudate lobe can be compromised with full-right/
full-left splitting, it can be resected [47, 48, 50–52]. The IVC is kept with one graft 
and the contralateral graft requires reconstruction of the venous outflow. Usually the 
left lobe outflow is easier to reconstruct (left or left and middle hepatic veins) [53] 
when the IVC is kept with the right lobe. This allows preservation of all accessory 

a

b

Fig. 11.9  Stapler cavocavostomy. A vascular stapler is used to create a side-to-side anastomosis 
between the donor and recipient IVC. (a) The two limbs of a stapler are introduced into each IVC 
via a venotomy on both donor and recipient. (b) The stapler is fired to join the two IVC together
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hepatic veins draining the right graft. Alternatively, and in case of complex outflow 
on both sides, the IVC can be split into right and left halves [54].

Hepatic veins are varied in their branching anatomy, and many anastomotic 
arcades have been described. This was not considered a potential contraindication 
for splitting until smaller-sized split grafts were used. The importance of optimal 
venous outflow was recognized as paramount to proper graft function and regenera-
tion [48, 55–57]. Hepatic venous tributaries must be reconstructed and this can be 
performed using vein allografts from the same donor [55].

The right lobe graft consists of segments V, VI, VII, and VIII, and the left lobe 
graft consists of segments I, II, III, and IV. Either graft may be procured with or 
without the IVC attached. The length of portal vein, hepatic artery, and bile duct 
included on each graft depends on what is needed for the contralateral graft. The 
implantation is performed using the conventional techniques with special attention 
to reconstruction and augmentation of the hepatic vein outflow if the IVC is not 
included. This can be accomplished by creating a large triangular anastomosis [58] 
and reconstruction of accessory hepatic veins [55]. Torsion and outflow obstruction 
of the left lobe must be prevented; this can be accomplished by anchoring the graft 
along the falciform at the end of the operation.

11.8.5	 �IVC as Source of Portal Inflow

Portal vein thrombosis, once considered an absolute contraindication to liver transplan-
tation, is now handled successfully in the majority of cases. Operative approaches 
include thrombectomy of the portal vein when possible, replacement of the clotted por-
tal vein with a venous interposition graft [59, 60], and bypass of the clotted portion with 
an interposition graft from the superior mesenteric vein [61, 62]. In some cases in which 
both portal and superior mesenteric veins are clotted, large collaterals can be used to 
provide portal inflow to the graft [60, 63]. In a few patients, satisfactory hepatopetal 
portal flow to the graft cannot be established because the entire portal system of the 
recipient is clotted and venous outflow of the gut is through minute venous collaterals. 
Portocaval hemi-transposition can be performed when adequate inflow to the graft por-
tal vein cannot be achieved [64, 65]. The hepatectomy is performed using either conven-
tional or piggyback technique. When the piggyback technique is used, flow through the 
IVC is uninterrupted until reperfusion, at which time the IVC is ligated. The portocaval 
anastomosis is performed either as an end-to-end anastomosis (Fig. 11.10a) or an end-
to-side anastomosis (Fig. 11.10b). The right adrenal vein should be ligated to prevent 
collateralization. There is usually a significant size discrepancy between the IVC and 
portal vein, which has to be adjusted during the performance of the end-to-end anasto-
mosis (Fig. 11.10a). Portocaval hemi-transposition offers a surgical alternative for liver 
transplantation with acceptable long-term results in those select patients for whom liver 
transplantation was once considered impossible. Although the use of portocaval hemi-
transposition is still somewhat limited, this operation can be performed safely when 
other options at portal revascularization have failed.

Alternatively, the renal vein can be used as the portal inflow if either a spontane-
ous or surgical shunt is present. After the hilar dissection, a test clamp of the portal 
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vein can reveal the adequacy of the shunt. If the bowel becomes congested, there is 
insufficient communication between the portomesenteric system and the central 
venous system, and renoportal reconstruction should be avoided [66, 67]. If the 
shunt is adequate, the infrahepatic IVC is dissected and the left renal vein exposed. 
For the renoportal anastomosis, the left renal vein is clamped and divided near the 
IVC. The bowel will become congested when the left renal vein is clamped since it 
is the main outflow for the mesenteric venous system. A donor iliac vein graft is 
used as an interposition graft between the renal and portal veins. After the suprahe-
patic cava anastomosis is completed, the donor portal vein is anastomosed to the 
interposition graft.

�Conclusions
Liver transplantation has seen enormous progress over the last 50 years and is now 
a well-established lifesaving procedure for patients with end-stage liver disease. 
Surgical technique and patient management have evolved greatly since the first 
series, and improved outcomes are also due to advances in immunotherapy and 
antimicrobial treatment. There are several options for IVC reconstruction in liver 
transplantation, each with its own advantage. Of utmost importance for the trans-
plant surgeon is familiarity with a variety of techniques and a readiness to tailor 
these techniques to each individual patient’s needs. The quality of the operation is 
more important than the specific technique employed in achieving excellent 
outcomes.

a b

Fig. 11.10  Portocaval hemi-transposition. (a) End-to-end portocaval anastomosis. (b) End-to-
side portocaval anastomosis
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Key Points

•	 Liver transplantation, developed in the early 1960s by Dr. Thomas Starzl, is the only 
cure for end-stage liver disease and has greatly advanced the field of liver surgery 
with the implementation of complex resection and reconstruction techniques.

•	 The conventional recipient hepatectomy involves removing the IVC with the 
liver, while the piggyback technique maintains the IVC in continuity.

•	 Venovenous bypass enables hemodynamic stability during the anhepatic phase 
of the operation and avoids the consequences of systemic and splanchnic venous 
sequestration. A temporary portocaval shunt can be used to minimize the effect 
of portal venous interruption prior to reperfusion.

•	 There are several techniques for implantation of the liver onto the recipient IVC; 
however, the common objective is adequate venous outflow of the graft.

•	 Venous outflow obstruction of the liver is a life-threatening complication and must 
be addressed promptly. This is particularly important with partial liver grafts, and 
venous tributaries at the cut surface are reconstructed to the IVC with vein grafts.

•	 In circumstances where no adequate portal flow can be established, the IVC can 
be used as portal inflow to the liver.
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12Inferior Vena Cava Reconstruction 
in Living Donor Liver Transplantation

Nobuhisa Akamatsu and Norihiro Kokudo

12.1	 �Introduction

Outflow reconstruction is one of the most important techniques in living donor liver 
transplantation (LDLT). Hepatic veins of a partial graft are often multiple (middle 
hepatic vein [MHV] tributaries and inferior right hepatic veins [IRHV] of the right 
liver grafts or short hepatic veins [SHV] of left liver grafts), which requires the 
meticulous venoplasty not only on the graft at the bench procedure but also in recipi-
ents. Special attention must be paid for the anastomosis not causing outflow block in 
the recipient operation. In this regard, careful venous reconstruction not only in the 
graft but also in recipient inferior vena cava (IVC) is crucial for the satisfactory caval 
drainage [1].

Since the partial graft does not include the cava, piggyback reconstruction 
with the preservation of native IVC is almost always required in LDLT.  The 
safety and feasibility of the cava-preserving piggyback technique has been 
proved in deceased donor liver transplantation (DDLT) setting when compared to 
the conventional caval replacement [2]. Yet the piggyback reconstruction in a 
partial liver graft is a far more demanding technique due to small and multiple 
orifice of the graft.

Here we describe a knack and pitfall of the management of recipient native IVC 
in the outflow reconstruction during LDLT procedure.
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12.2	 �Preservation and Preparation of Native IVC in LDLT

Almost all the venous reconstructions are done in the piggyback fashion, and 
consequently, the preservation of IVC is mandatory. Ahead of the plasty of hepatic 
IVC, the preservation of the native hepatic IVC is a key factor during the explant of 
the native liver in any type of venous reconstruction. Since a partial graft procured 
from a live donor has only the orifice of corresponding hepatic veins and is lacking 
IVC, the recipient hepatic IVC including the confluence of three hepatic veins must 
be preserved to the possible extent. In addition, the stumps of hepatic veins should 
be prepared to be widely opened for outflow reconstruction (Fig. 12.1).

There are several patterns of venous reconstruction in LDLT mainly based on 
the graft type, and IVC should be prepared as such in accordance with the corre-
sponding venous orifice of the graft. Most prevalent way of reconstruction is to 
anastomose between corresponding veins, meaning the stump of right hepatic vein 
(RHV) to graft RHV and the stump of MHV+ left hepatic vein (LHV) to graft 
MHV + LHV; however, to secure the enough width of orifice to prevent the outflow 
stenosis, meticulous efforts have been reported to extend and enlarge the orifice. To 
enlarge the orifice to the maximum extent, three hepatic veins should be opened 
continuously (Fig. 12.1b, c), and meanwhile, when it is too large, the orifice can be 
shortened by suturing the end of the orifice (right side for left-side graft and vice 
versa). To secure a good and safe surgical field in making one large orifice with all 
three hepatic veins, the cross-clamp on the suprahepatic vena cava should be placed 
as far cranial as possible (Fig. 12.1a), not placing the clamp beneath the hepatic 
veins with a partial clamp of IVC. Ligating and dividing the phrenic veins which 
are draining into the root of the confluence of hepatic veins on both sides of IVC 
allows the IVC to be safely cross-clamped on the cranial side (Fig. 12.2).

a b c

Fig. 12.1  For a satisfactory outflow reconstruction, the anterior wall of the vena cava and three 
hepatic veins are used to create a large orifice under cross-clamping of the vena cava
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12.3	 �Outflow Reconstruction in LDLT

Besides the way to reconstruct each hepatic vein, there are several unsolved prob-
lems in the outflow reconstruction in LDLT, such as the inclusion of MHV in the 
right live graft [3], the reconstruction of MHV tributaries [4], and the reconstruction 
of short hepatic veins including inferior right hepatic vein (IRHV) [5]. However, it 
is widely accepted that the simple end-to-end anastomosis between corresponding 
hepatic veins is not sufficient to secure the adequate and long-lasting outflow drain-
age in LDLT recipients. Another important concern is the orthotopic position of the 
graft, especially in the left liver, and care should be taken for the graft position and 
anastomosis axis in outflow reconstruction not to hamper the outflow drainage. 
Accordingly, the venoplasty of both the recipient IVC and the graft veins is manda-
tory in the outflow reconstruction in LDLT.

12.3.1	 �Right Liver

The orifice of the recipient right hepatic vein is maximally extended caudally or to the 
left on IVC to provide for optimal graft outflow. There are several ways to enlarge the 
orifice of RHV on recipient IVC. One is to elongate RHV orifice toward caudal side, in 
which RHV is incised caudally with a patch plasty of the recipient RHV to remove the 
acute angle between RHV and IVC under the side clamp of IVC beneath the RHV, 
which was proposed by Asan group Korea [6]. In another way, IVC is divided 
horizontally for a distance corresponding to the transverse dimension of the orifice in the 
graft [7, 8]. The cranial and caudal flaps are excised so that a large triangular or oval 
opening is created and matched with that of the graft [9]. This method, which can be 
done with either partial clamp or cross-clamp of IVC, seems most prevalent worldwide. 

Phrenic veins
(to be ligated and divided)

Fig. 12.2  The phrenic 
veins draining into the 
inferior vena cava are ligated 
and divided to secure a 
wider space to cross-clamp 
the suprahepatic vena cava 
as cranial as possible
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In these methods, MHV + LHV is closed in the preparation of IVC. Our current way, 
which is supposed to provide the maximum orifice, is to extend the incision to connect 
RHV and MHV + LHV, which usually provides the orifice 5–6 cm in diameter [10]. As 
described above, this procedure is most facilitated by placing the cross-clamp on the 
suprahepatic vena cava as far cranial as possible. It is important to recognize that graft 
regeneration causes the right liver graft to rotate axially from right to left, which will 
result in a possible kinking of anastomosis or the compression of the anastomosis [11]. 
In this aspect, it is important to achieve an anastomosis with enough reservoir capacity 
to tolerate any kind of axial kink or compression by graft regeneration or surrounding 
tissues, for which making a large orifice on IVC to the possible extent is utmost important 
in recipient operation. For this purpose, we use cryopreserved homologous venous patch 
on the left wall of RHV to cover the widely opened anterior wall of recipient IVC as a 
roof-like reservoir [10, 11] (Fig. 12.3). In the presence of MHV (the extended right liver 
graft) or reconstructed MHV tributaries (the modified right liver graft), venoplasty 
between MHV and RHV is commonly undergone on bench surgery to create a common 
orifice with RHV permitting a single anastomosis to recipient IVC [3].

12.3.2	 �Left Liver

Unlike in right liver graft, outflow reconstruction in left liver is usually constructed 
between MHV + LHV on recipient IVC and the graft common orifice of MHV + LHV 
in end-to-end fashion [12]. However, it is also recommended as with the case in right 

ba

c

Femoral or
iliac homograft

Cut for venous
patch

RHV
V8

V5

Fig. 12.3  A modified right liver graft. Schema of the reconstruction of middle hepatic vein tribu-
taries (V5 and V8) with a cryopreserved homologous venous graft which was finally anastomosed 
to the widely opened inferior vena cava with an additional venous patch (a) and photos at bench 
surgery (b) and after outflow reconstruction and reperfusion in the recipient (c). RHV right hepatic 
vein, V5 drainage vein from segment V, V8 drainage vein from segment VIII
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liver to enlarge the orifice of the confluence of MHV and LHV in both the recipient 
IVC and the graft. First step is to unify LHV and MHV making an incision on the 
septum between MHV and LHV. Second, to enlarge the orifice further, the right wall 
of MHV is incised, and a venous patch is attached. The same patch procedure is usually 
needed in the graft [13, 14] (Fig. 12.4). This plasty of IVC can be accomplished with 
the partial clamping of IVC beneath the confluence of MHV + LHV; however, a larger 
orifice can be achieved by the same technique described in Sect. 12.2. We usually open 
recipient’s three hepatic veins continuously in left liver graft to achieve a maximal 
orifice on recipient IVC. When anastomosis is planned between thus widely opened 
anterior wall of IVC and the graft MHV + LHV which is generally short in height 
(2–5 mm), one certainly worries about tenting effect lifting the posterior wall of IVC 
upward resulting in a possible outflow block [15]. To avoid this phenomenon, a wall-
like venous patch around MHV + LHV of the graft at the bench surgery to elongate the 
height and enlarge the orifice of MHV + LHV is mandatory [16].

12.4	 �Orthotopic Position of the Partial Graft

Caval drainage is one of the most important techniques in partial graft implantation. 
Not only the anastomosis but also the graft positioning can be important for the 
outflow. The graft should be placed in an orthotopic position, and care should be 
taken to consider the final position of the graft once the abdomen is closed. Especially 

ba

c

Fig. 12.4  A left liver graft with a caudate (Spiegel) lobe. Schematic view of the venoplasty with 
a circular cuff vein patch in the liver graft (a). Both sides of the orifices of the left and middle 
hepatic veins were cut to make them wider, around which the venous patch was attached, to make 
wide orifice with as circular cuff. A conduit vein graft was sutured between the short hepatic vein 
and left and middle hepatic veins. Photos at bench surgery (b, c)
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for left liver grafts, it is important to fix the falciform ligament to the midline of the 
abdominal wall to prevent graft rotation to the right side. Hepatic outflow block is 
one of the major complications leading to severe graft dysfunction after LDLT. Left 
liver grafts are prone to pivoting around the IVC if the graft is not held tightly in its 
position by fixing the falciform ligament in the graft to the anterior abdominal wall. 
Rotation of the left liver graft to the vacant right subphrenic space after operation can 
result in a functional Budd–Chiari-like effect due to kinking of the venous anastomo-
sis. Moreover, the left liver graft regenerates more aggressively than right liver which 
may cause the rotation of the graft toward the right and posterior side around the IVC 
axis. This again can cause kinks and outflow issues. In contrast, the right liver graft 
resides comfortably in the limited right subphrenic cavity and regenerates toward the 
left and anteromedial sides with little positional change of the venous anastomosis.

12.5	 �Reconstruction of Short Hepatic Veins

Relatively large short hepatic veins in right liver graft, so-called IRHV, and middle 
right hepatic vein (MRHV) and a caudate vein (draining Spiegel lobe) in left liver 
with Spiegel lobe should be reconstructed to expect the maximal graft function and 
regeneration. Of course, it is possible to anastomose these veins of the graft directly 
to the recipient IVC in an end-to-side fashion with a side clamping of IVC [5, 17]. 
In such instances, recipient IVC is incised which is corresponding to these veins of 
the graft. Direct anastomosis between the short hepatic vein and the recipient IVC 
is sometimes technically demanding. Because determining the optimal anastomotic 
site and direction is difficult and requires time, this may increase the warm ischemic 
time. To overcome these problems, we have recommended the reconstruction of 
these veins on the bench surgery, utilizing the cryopreserved homologous veins. In 
right liver graft with IRHV or MRHV, if the IVC graft is available, IRHV and 
MRHV can be reconstructed at the bench, which is called the double IVC method 
[10, 11] (Fig. 12.5). If the IVC graft is not available, but a thinner vein graft such as 
the femoral vein is available, similar reconstruction is possible [18] (Fig. 12.6). We 
must note that, in this case, extensive dissection of the IVC around the hepatic vein 
branches, including the phrenic veins, is unnecessary.

In left liver graft, when a short hepatic vein and LHV + MHV are located close to 
each other, simple venoplasty at the bench is possible. Another option includes 
venoplasty using vein grafts at the bench. On the graft side, a wide venous orifice 
with a long cuff is formed by gathering the left, middle, and short hepatic veins 
using a conduit vein graft and patch vein grafts [14] (Fig. 12.4), which is then anas-
tomosed to wide-opened recipient IVC.

12.6	 �Reconstruction of Middle Hepatic Vein Tributaries

When the right liver is harvested without MHV, the reconstruction of MHV 
tributaries, namely, V5 draining segment V and V8 draining segment VIII, should 
be considered. The indication for MHV tributary reconstruction should be 
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determined preoperatively by measuring the drainage area volume of V5 and V8. If 
the uncongested area (i.e., area drained by the right hepatic vein) is sufficient for the 
metabolic demands of the recipient (usually 35–40 % of the recipient standard liver 
volume), reconstruction of the MHV tributaries is not necessary and vice versa [10].

MHV tributaries are usually reconstructed at the bench surgery with interposi-
tion vein grafts, such as autografts (recipient’s portal vein, hepatic vein, jugular 
vein, or iliac vein), cryopreserved venous or arterial grafts, and artificial grafts. The 
reconstructed MHV was anastomosed directly to recipient IVC in the initial report 
by Asan group [19]; however, nowadays venoplasty is usually performed between 
reconstructed MHV and RHV at bench surgery to create a common orifice with 
RHV which will allow a single anastomosis to recipient IVC (Fig. 12.3).

12.7	 �Grafts Used to Reconstruct IVC, Autograft, Allograft, 
Cryopreserved Allograft, and Artificial Graft

Numerous reports have been reported for the reconstruction of IVC and hepatic 
veins with various vein grafts. Internal jugular vein [20], femoral vein [21], portal 
vein (umbilical portion) [22, 23], and hepatic vein of the native liver [24] are 

b

a

c

IRHV

MHV
RHV

Inferior vena
cava
homograft

Fig. 12.5  Double vena cava reconstruction in a right liver graft. Schema of the reconstruction of 
an extended right liver graft using the double vena cava technique with a cryopreserved homologous 
inferior vena cava (a). Photos at bench surgery (b) and after outflow reconstruction and reperfusion 
(c) in the recipient with the reconstruction of both middle hepatic vein tributaries and inferior right 
hepatic vein. RHV right hepatic vein, MHV middle hepatic vein, IRHV inferior right hepatic vein
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frequently utilized as autografts taken from recipient himself. Allografts from the 
liver donor, such as round ligament [25], and femoral vein [26] can be another 
option, but the latter of which is not recommended in the consideration of donor 
priority. As described above, cryopreserved homologous veins from cardiac death 
donor are an optimal option for the venous reconstruction in LDLT [27, 28]. 
Artificial venous graft, polytetrafluoroethylene (PTFE), for venous reconstruction 
in LDLT is aggressively used in Asian high-volume center with promising results 
[29, 30], but may include potential disadvantage when compared to allo- or auto-
grafts [31]. In terms of patency, there seems no difference among these vein grafts 
[29]. Advantages and disadvantages are summarized in Table 12.1.

12.8	 �IVC Replacement in LDLT

As mentioned above, the preservation of recipient native IVC is utmost important in 
LDLT; however, there are several situations where IVC should be sacrificed and 
reconstructed.

Budd–Chiari syndrome (BCS) is a rare disease with a multifactorial etiology and 
is characterized by obstruction of the hepatic venous outflow anywhere from the 
intrahepatic venules to the suprahepatic portion of the inferior vena cava (IVC). In 
Western countries, a prothrombotic condition leading to hepatic venous thrombosis 
is most often the cause of BCS, while in Eastern countries, especially in Japan, BCS 
is most often caused by membranous obstruction of the inferior vena cava (MOVC) 
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RHV
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SB

PV
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B

V5

V5
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PV
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a b

Fig. 12.6  Two ways to create the vena cava on the graft with thinner cryopreserved homologous 
veins. Two venous sheets are anastomosed either in the dorsal–ventral position (a) or in the left–
right position (b) to create the alternative vena cava. (Liver Transpl 2005;11:101–103.) RHV right 
hepatic vein, MHV middle hepatic vein, MRHV middle right hepatic vein, IRHV inferior right 
hepatic vein, V5 drainage vein from segment V, V8 drainage vein from segment VIII, PV portal 
vein, A hepatic artery, B bile duct, SB superficial branch
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or primary IVC thrombosis. Accordingly, LDLT for BCS in Asian countries usually 
requires reconstruction of recipient IVC.  A point worth mentioning is outflow 
reconstruction during LDLT for recipients with BCS; the deceased donor graft 
included the hepatic IVC and hepatic veins, and the removal and replacement of the 
native hepatic IVC with a cavo-caval anastomosis between the recipient’s native 
IVC and the donor IVC is easily accomplished. In contrast, the piggyback technique 
for LDLT involves the preservation of the recipient’s IVC, and anastomosis between 
the recipient’s IVC and graft hepatic vein is mandatory in the absence of the donor 
IVC. Thus, LDLT presents substantial challenges in terms of treating BCS. The key 
consideration for using LDLT to treat BCS is the management of a stenotic or 
occluded native IVC and the choice of techniques used to reconstruct the hepatic 
outflow. A search of the English literature yielded 32 patients with BCS who under-
went LDLT, among which replacement and interpositioning of the IVC with the 
vascular graft was done in seven cases (22 %), direct reconstruction of the outflow 
to the atrium (or supraphrenic IVC) was done in four (13 %), and patch plasty of the 
IVC was required in seven (22 %) [32].

Cryopreserved homologous IVC which was directly anastomosed to recipi-
ent supraphrenic IVC in BCS patient is shown in Fig. 12.7. In this case, hepatic 
IVC was completely occluded and became fibrous organization, which made it 
impossible to resect and replace IVC. Consequently, cryopreserved homologous 
IVC was interposed between recipient supraphrenic IVC and the graft 
MHV + LHV orifice.

Another indication of IVC replacement in LDLT is for cases with hepatic malig-
nancies. Clinically and conventionally, the piggyback technique preserving native 
IVC had been avoided in patients with hepatic malignancies due to the theoretical 
increased risk of a positive vena cava margin and the potential for metastatic spill-
age of tumor through the hepatic vein. However, it is now widely accepted that pig-
gyback venous reconstruction does not result in a poor prognosis after DDLT for 
HCC when compared to caval replacement [33], and this may be the case also in 
LDLT.  Nevertheless, hepatic IVC resection with the liver and IVC replacement 
should be considered in those with suspected invasion to IVC or with tumors adja-
cent to IVC. In such instances, cryopreserved homologous IVC seems optimal for 
IVC replacement, while PTFE graft can be used safely [34].

Table 12.1  Comparison of characteristics among graft types

Cryopreserved graft Autograft PTFE graft

Extensibility (volume capacity) Fair Good Bad

Suturing Good Good Fair

Size (diameter) Any size available Limited Any size available

Length Any length available Limited Any length available

Antibacterial capacity Fair Strong Vulnerable

Contamination Negligible None None

Patency Fair Fair Fair

Cost Expensive None Fair
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12.9	 �IVC Reconstruction for Outflow Block

Outflow block is a serious complication among LDLT recipients. It can occur early 
after liver transplantation presenting with acute Budd–Chiari syndrome or may 
develop as a stenosis gradually after liver transplantation [35]. Usually, the interven-
tional radiology (IVR) including percutaneous transluminal angioplasty via bal-
looning or the insertion of a metallic stent is the first choice for the treatment of 
venous anastomotic stricture with promising results [36]; however, surgical revision 
is sometimes required in cases who present with acute outflow block or are refractory 
to IVR treatments [37]. In such instances, the redo surgery is usually challenging 
due to the dense adhesion around IVC and the fibrous thickening of venous 
anastomosis. Venous patch plasty to enlarge the stenotic anastomosis may be one of 
the ways to resolve the outflow block (Fig.  12.8a), yet the direct anastomosis 
between graft outflow orifice and the atrium or supraphrenic IVC (Fig. 12.8b) and 
the graft interposition as presented in Fig.  12.7 are often required to secure the 
adequate outflow drainage.

Key Points

•	 Recipient native IVC should be preserved to the possible extent in LDLT.
•	 To achieve the maximal orifice on the recipient IVC, three hepatic veins should 

be opened in continuous.
•	 The cross-clamp on the suprahepatic vena cava should be placed as far cranial as 

possible by ligating bilateral phrenic veins.

Supraphrenic
IVC

IVC
homograft

Occluded
native IVC

Graft

Atrium

Fig. 12.7  Interposition between supraphrenic inferior vena cava and the left liver graft with a 
cryopreserved homologous inferior vena cava. IVC inferior vena cava
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•	 Cryopreserved homologous veins are useful in any type of venoplasty, while 
autologous and artificial grafts can be alternative.

•	 In the right liver, the venous patch should be applied to the right side of the graft 
vein to make a roof-like reservoir on IVC. In the presence of IRHV, double IVC 
method is useful.

•	 In the left liver, not only the size of orifice of the graft but also the height of venous 
cuff is crucial for caval drainage. The orthotopic graft positioning plays an impor-
tant role because the outflow can be easily blocked by torsion of the liver graft.

•	 Budd-Chiari syndrome is most challenging in LDLT in terms of outflow reconstruc-
tion, since native IVC is usually not suitable for venoplasty nor for anastomosis.
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13Vena Cava Filters: State of the Art

Salah D. Qanadli and Charalampos Sotiriadis

Abbreviations

CT	 Computed tomography
DVT	 Deep venous thrombosis
IVC	 Inferior vena cava
MRI	 Magnetic resonance imaging
PE	 Pulmonary embolism
VCF	 Vena cava filter

13.1	 �Introduction

Acute pulmonary embolism (PE) is a major and potential fatal complication of deep 
venous thrombosis (DVT). Untreated proximal DVT is associated to a risk of symp-
tomatic APE up to 40 % [1]. The culprit veins as a source of embolism were found 
in more than 90 % in the lower limb DVT [2]. Rarely the source is in the upper 
extremities, renal or gonadal veins. It has been advocated that treating DVT could 
prevent acute PE. The first-line treatment of DVT is anticoagulation. Whereas the 
medical treatment has been improved by using heparin with a limited risk of major 
bleeding complications, some patients could not be anticoagulated, and others will 
experience anticoagulation failure. The vena cava filtration, at least for these 
patients, has been described to overcome these limitations. Over the last decades, 
placing a filter in the inferior vena cava (IVC) has been gaining popularity to pre-
vent acute PE in several indications [3–7].
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The purpose of this chapter is to review the latest technologies and discuss the 
most recent recommendations for the vena cava filter (VCF) in terms of indications 
but also in terms of strategies for filter retrieval and device selection. Finally, an 
update on filter complications and their specific management will be provided.

13.2	 �History of the Vena Cava Filtration

Mechanical interruption of the venous system as an approach to prevent PE started 
more than a century ago. First, the femoral vein ligation was described by John 
Hunter in 1874 [8]. Then a surgical interruption (ligation) of the IVC was proposed 
that had been associated to a significant perioperative mortality, induced chronic 
IVC syndrome, and PE recurrence [9]. Surgical improvement consisted on intro-
ducing a compartmentalization concept at the site of the IVC interruption (using 
staples, clips, or sutures) [10, 11]. The first generation of VCF was introduced by 
Mobin-Uddin in 1967 [12] and released for general use in 1973. The filter consisted 
of an umbrella-shaped silicone membrane with six radiation stainless steel alloy 
spokes. Since that time, significant technological advances have been done to 
develop more efficient and safe devices for endoluminal caval filtration.

13.3	 �Vena Cava Filter Classification

Different devices with different designs are commercially available (Fig.  13.1). 
These devices could be classified considering the material used in their construc-
tion (e.g., nitinol, stainless steel), their design (e.g., basket shape or umbrella 
shape), their profile, the vascular access used for insertion, the compatibility with 
magnetic resonance imaging, the maximum allowed diameter of the IVC, or even 
their filtration power. However, currently the most important property that better 
serve a comprehensive classification of devices is certainly the ability to retrieve or 
not the device. The permanent filters are left in place after insertion and provide a 
permanent filtration. The temporary filters, which are externally anchored, were 
designed for short-time use and must be removed. In order to take advantages from 
both permanent and temporary technologies, several permanent filters have been 
redesigned to offer the option of retrieving them after complete insertion (optional 
filters). The first (FDA-approved) retrievable filter was the Bard Recovery, designed 
to be retrieved with a dedicated cone. Several other filters were then developed 
with different techniques for removal. The most common one is the use of snare 
that allows insertion of the hook placed in the cranial part of the filter (umbrella 
shape) or at the caudal extremity (basket shape). This technology was introduced 
in 2003 and has been accompanied in few years by marked increase in filter use, 
particularly in the United States [13]. Due the potential adherence to venous wall, 
filters with basket shape are considered short-term optional filters as the temporal 
window of retrieval is limited to three weeks (e.g., Optease, Cordis Johnson and 
Johnson), while filters with umbrella shape could be retrieved several years after 
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insertion [14]. Recently, a new generation of optional filters has been developed 
with the objective to convert the filter in situ to a shape with a limited filtration 
power without removing it completely [15]. As already available in other applica-
tions, resorbable materials might play a role in the VCF technology in the near 
future [16, 17].

Selection of the optimal device is mainly based on the clinical setting. 
Knowledge of the filtration power, structural integrity of the filter, rate of induced 
occlusion of the IVC, potential filter displacement and migration, ease of place-
ment and retrieval, as well as the skills mandatory for the use are also crucial in the 
device selection.

As optional filters had similar mechanical properties, especially regarding filtra-
tion power [18] and durability, we advocate a systematic use of retrieval filter. The 
decision to remove or not the filter should come later. This is supported by the fact 
that filter insertion is frequently performed in emergency setting that couldn’t allow 
to select permanent or retrieval filter depending on the patient condition and the 
underlying disease. However, at least for selected populations that include young 
patients, patients with transient inability to be anticoagulated, and the so controver-
sial prophylactic indications, the optional filters are mandatory.

13.4	 �Indications for VCF Placement

Several guidelines/recommendations have been published by different professional 
societies regarding the appropriate indications for IVC filter insertion [4, 5, 7]. 
Recently, efforts were made to revise collaboratively these guidelines, particularly 
by the American College of Chest Physicians (ACCP) and the Society of 
Interventional Radiology (SIR). Despite these efforts, significant differences exist, 
mainly regarding prophylactic indications. For clarity, indications could be divided 
in three categories: absolute indications, relative indications, and prophylactic 
indications.

a b c d

Fig. 13.1  IVC filters that 
are commercially available. 
(a) Optease (Cordis). (b) 
ALN filter (ALN). (c) Celect 
(Cook). (d) Denali (Bard)
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13.4.1	 �Absolute Indications

Defined as indications that reached a high level of evidence (level I or level IIa or 
high appropriateness) and received a consensus in the published guidelines: 
patients who have an acute PE or DVT and (1) who cannot receive anticoagulation 
therapy, (2) in whom anticoagulation therapy has failed (documented recurrent PE) 
[19], (3) who develop a contraindication to continue anticoagulation (induced 
bleeding), or (4) in whom anticoagulation could not achieve or be maintained in a 
therapeutic level.

13.4.2	 �Relative Indications

This group of indications is defined as acceptable indications that received an 
acceptable level of evidence (level IIb or mid-level appropriateness). These indi-
cations should integrate the patient condition, and it is usually recommended to 
adopt an institutional multidisciplinary consensus for their usage in routine 
practice.

Several clinical situations were reported to be relative indications for VCF place-
ment: (1) unstable patients with PE; (2) patient with PE or DVT and considered as 
having a limited cardiopulmonary reserve, given the potential consequences of re-
embolization [19, 20]; (3) patient with massive PE that has been treated with throm-
bolysis or thrombectomy [19]; (4) patient with large floating ilio-caval DVT [5]; 
and (5) patient at high risk of complications of anticoagulation.

13.4.3	 �Prophylactic Indications

The rationale behind this group of indications is to prevent PE in patient with no 
evidence of PE or DVT but considered of high risk to develop such condition as in 
trauma patients, patients undergoing spine surgery, patients who are candidates for 
elective gastric bypass surgery, and chronically immobilized patients.

There are several controversies regarding the use of VCF as a prophylactic mea-
sure. The ACCP did not recommend the prophylactic use. The largest indication is 
probably placement of VCF in patients with trauma despite the conflicting data in 
the literature and the lack of evidence to support this usage. In the meta-analysis 
reported by Velmohos GC et al. [21] collecting 73 studies in trauma patients, the 
overall incidence of PE was as low as 1.5 % and was not significantly reduced by 
anticoagulation or by VCF. More recent systematic review published by Girard TD 
et al. [22] reported similar results in trauma patients receiving prophylactic VCF 
with incidence of PE ranging from 0 % to 10 %.

Furthermore, prophylactic indications are responsible for a significant increase 
of VCF during the last decade and represented 17–40 % of the indications [23]. In 
the recent VCF Retrieval Registry of Cardiovascular and Interventional Radiological 
Society of Europe (CIRSE) [24] that collected 671 patient data from 2010 to 2012 
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across Europe, absolute indications represented 40 % and relative indications 31 %, 
while prophylactic indications represented 24 % (with 5 % missing data).

In our routine practice, we recommend to restrict the prophylactic indications to 
selected patients. Indications should be discussed case by case with clear informa-
tion to the patient whenever possible.

The threshold for filter placement as recommended indications is 95 %. If less 
than 95 % are done out of these indications, the decision-making process should be 
reviewed according to institutional policies. Surprisingly, a decade after recommen-
dations for using VCF, high variation between hospitals could be observed [25].

13.5	 �VCF Placement Procedure

Filter insertion can be either performed as outpatient or inpatient procedure. Most 
filter insertion occurred, however, in inpatient population due to indications and/or 
the underlying disease. The local anesthesia is basically used for both insertion and 
retrieval procedures. Depending on the patency of the venous access, filter insertion 
is performed by femoral venous access (preferably right side), jugular access (usu-
ally the right side), or brachial vein.

Prior to placement, the IVC should be assessed. Transcatheter venography prior 
to placement assesses IVC patency and potential variants that may require specific 
approaches [26]. The maximum diameter of the IVC and the number and position 
of renal veins should also be evaluated. If available, recent noninvasive imaging 
(CT or MRI) may be used to obtain the required informations. With most devices, 
the maximum diameter that could accept a filter placement ranged from 18 to 
31 mm. Only one filter could be inserted in a larger vein (Bird’s Nest filter, Cook) 
up to 40 mm.

The standard technique of filter placement uses fluoroscopy guidance (Fig. 13.2) 
in dedicated facilities of interventions; however, ultrasound can alternatively be 
used for placement for bedside placement in unstable patients or nonmobilized 
patients [27, 28].

The optimal position of the filter insertion is the infrarenal segment immediately 
below the renal veins according to the manufacturer’s information for use. However, 
in some circumstances other target positions may be acceptable. Indications for 
suprarenal placement include the presence of IVC thrombus in the infrarenal seg-
ment or extrinsic compression, gonadal vein thrombosis, and filter placement dur-
ing pregnancy, prior to pelvic or abdominal surgery that potential expose to IVC 
mobilization.

The technical success rate of filter placement is set at 97 % in a trained hand. 
Procedure-related complications are rare. Death and filter embolization are reported 
in 0.12 % [29] and 0.1 % [30, 31], respectively. Placement outside the target region 
occurred from 1 % to 9 % [28]. Deployment failure and vena cava perforation have 
also been reported as procedure-related complications [32, 33]. More frequent and 
less important is the thrombosis of the access site reported from 3 % to 10 % [30, 
34–36]. If the low profile latest generations (introducer size less than 6 F) should 
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significantly reduce the risk of site access thrombosis, a systematic use of imaging 
to assess the site of insertion in the postoperative course might show a relatively 
high rate even with modern devices [37].

13.6	 �VCF Retrieval Procedure

The procedure of retrieval could be done in outpatient basis under local anesthesia. 
Depending on the filter, venous access is femoral or jugular. Usually, a dedicated set 
for retrieval is commercially available for each filter. However, for the filter designed 
with a hook, any other materials could be used provided that the size of the catheter/
introducer to be inserted over the filter is respected. While the filter placement could 
be done on bedside basis, the retrieval procedure requires fluoroscopy guidance. 
After a cavogram, the catheter/introducer (8–12 F) is positioned close to the filter. A 
snare or a dedicated cone (grasping device) is then advanced over the filter. After 
catching and securing the hook in the snare, the introducer is advanced over the 
filter, which will collapse during the maneuver. The filter is then pulled back through 
the introducer and carefully inspected. A final cavogram is obtained to assess the 
IVC integrity and patency. When the filter is correctly centered with a limited pen-
etration into the wall, the procedure is simple. Figure 13.3 summarizes steps for 
VCF retrieval procedure.

In cases when the filter is not centered or with exaggerated tilt or deep penetra-
tion, more aggressive approaches have been reported including double venous 
access, curved catheters, double guidewires, balloons, forceps, or laser extraction 
sheaths [38–41]. The most common procedure is to use a curved catheter to insert a 
guidewire around the filter distal to the hook and then insert the guidewire tip into a 
snare to externalize the guidewire tip and form an in situ homemade guidewire-
based snare, which is used to trap the filter hook.

The skills needed for retrieval procedure are higher than for placement procedure 
and the learning curve longer. Technical success is approximately 85 % of attempts 
and most successful when performed within 12 weeks after placement [19, 42, 43]. 
In the CIRSE VCF Retrieval Registry, technical success rate for retrieval was 92 % 
[24]. Major complications of VCF retrieval include IVC thrombosis (4.3 %) [44] 
and IVC laceration.

Fig. 13.2  Filter placement procedure step by step (DENALI filter, Bard CR). (a) Cavogram 
obtained during the Valsalva maneuver, after contrast media injection through the calibrated 8.5 F 
introducer, inserted by the right common femoral vein. Notice the renal vein origins. (b) The filter 
is introduced premounted on its deployment catheter and advanced to the sheath’s tip. This step 
could be done under fluoroscopy guidance or in a “blinded” manner using external landmarks on the 
deployment device. (c) The filter is deployed just below the renal vein ostia. (d) Post deployment 
cavogram that shows the final position of the filter. (e) Another patient where cavogram was acquired 
before placement of Optease filter. (f) The filter is positioned just below the right renal vein
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13.7	 �Efficiency

Despite few reports that could not draw firm statements regarding efficiency of fil-
ters in preventing PE [45, 46], there are large data using recent technologies that 
support this objective. In the systematic review of the use of retrievable filters 
reported by Angel et al. in 2011 [44] and collecting 11 prospective clinical trials, the 
rate of recurrent PE was as low as 1.7 %. In a prospective randomized controlled 
trial (PREPIC [47]), a significant reduction of recurrent PE was found in the group 
who received VCF (1.1 % versus 4.8 %, p = 0.03), but a significant increase in symp-
tomatic DVT was observed in the same group (28.8 % versus 11.6 %, p = 0.02). No 
benefit on the mortality was observed in the VCF group at short term as well as after 
8 years follow-up [48]. It is of interest to notice that in unstable patients who had 
urgent VCF, a significant benefit on the mortality was observed [49].

13.8	 �Long-Term Complications of VCF

Several device-related complications have been reported. These complications were 
the major reason for developing optimal filter and aggressive strategies for retrieval. 
They are appropriate to be recorded, and they might drive the quality improvement 
program. The Manufacturer and User Facility Device Experience (MAUDE), based 
on a voluntary reporting, accumulated only 842 complications from 2000 to 2010 
[44]. Complications seem to vary in their rate and profile between filters. Furthermore, 
existing data suggest that long-term complications are correlated to the time after 
insertion [47, 50]. Accordingly, recent guidelines advocate filter retrieval [4, 7]. In 
2010, the US Food and Drug Administration issued a statement for filter retrieval.

These complications include IVC occlusion with a rate ranging from 2 % to 30 % 
[51–54] and IVC penetration with a rate ranging from 0 % to 86 % [29, 51–53, 55, 
56]. The IVC occlusion was probably underestimated as can sometimes be asymp-
tomatic [57]. Also of note is that the presence of thrombus inside the filter (Fig. 13.4), 
which might be considered as a precursor of the IVC thrombosis, is a proof of filter 
effectiveness. Similarly, the IVC penetration (Fig. 13.5) is also a part of the mecha-
nism of VCF stabilization at the target region of placement. When the penetration is 

Fig. 13.3  Denali filter retrieval procedure step by step. (a) Insertion of the double introducer 
retrieval sheath using right jugular vein access. The tip of the internal introducer is closed to the 
filter snare hook. (b) The snare is introduced with the snare catheter in the IVC, through the double 
introducer retrieval sheath. The snare loop engages the filter snare hook. (c) The snare, the filter 
snare hook, and the retrieval sheath are aligned, and tension is maintained while the retrieval sheath 
is advanced in the caudal direction. (d) When the sheath covers more than half of the filter, it is 
held stationary, and the filter is withdrawn in it by retracting the snare. (e) After filter retrieval, 
cavogram is realized which shows no complication
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too deep, it becomes a complication. The definition of threshold to becoming a 
complication is unclear and varied from 3 to 10 mm. Furthermore, the large major-
ity of IVC penetrations are asymptomatic [55], and most of them did not limit 
retrieval procedure. Although the majority is asymptomatic, several reports pointed 
out induced injuries to the surrounding structures [58–60]. Recent technological 
advances have focused on the wall penetration control. 

13.9	 �Management of Patients with VCF and Strategies 
for Retrieval

There are two major issues in managing patients with IVCF. The first one is cer-
tainly administration of anticoagulation and the second one is the time of the filter 
retrieval.

a

c

b

Fig. 13.4  Thrombus in the VCF. Abdominal contrast CT scan with axial (a) and coronal (b) 
images showing the presence of clot at the inferior part of the filter extending in the IVC. (c) 
Optease filter after retrieval with the presence of small clots
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Whether filters are an indication of anticoagulation, once the preexisting contra-
indications subsided, is still a matter of debate. Theoretically, prolonging patients 
with a filter in place might prevent filter-related thrombosis and reduce recurrence 
of PE with, however, an increased risk of bleeding complication. Practically, there 
is no strong data supporting the use of anticoagulation in this population in terms of 
benefits but also in terms of intensity and duration of anticoagulation [61, 62]. The 
most common strategy regarding the filters and anticoagulation is to treat the under-
lying disease without considering the presence of the filter. However, since the 
extensive use of optional filters, the presence of thrombus inside the filter at the time 
of retrieval becomes a new issue. There is no clear recommendation in how to man-
age these patients and when to consider the presence of thrombus a matter of con-
cern that could postpone the retrieval procedure. Usually, thrombus smaller than 
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Fig. 13.5  Penetration of the IVC by the filter struts. Abdominal contrast CT scan, axial images, 
demonstrating penetration of the IVC by the filter struts which are in contact with the duodenal (a) 
and aortic (b) wall. (c) MIP reconstruction in coronal plane demonstrates the relation of the filter 
struts with the adjacent organs
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10 mm or 25 % of the filter volume (Fig. 13.4) is suitable for retrieval. In case of 
larger thrombus, patient should receive anticoagulation for at least 3 weeks and 
reassessed for retrieval. This option is compromised if short-term optional filter is 
used. Exceptionally, thrombectomy devices are used to help filter extraction.

The second issue of filters in the era of optional filters is the filter retrieval. It is 
believed that early retrieval prevents filter-related complications [4, 7, 48, 50, 63]. 
Long-term dwell time increases the risk of adherence to the caval wall resulting in 
a decrease of the likelihood of successful retrieval and an increase in associated 
complications [42]. Filter retrieval requires, however, that there is no longer contra-
indication for anticoagulation and/or no longer indication for vena cava filtration, 
there is no significant thrombus that could compromise the procedure, and finally 
there is no deep wall penetration. Theoretically, it was reported that upward 85 % of 
optional filter should be retrieved [32]. Actually, less than 35 % of optional filters 
are effectively retrieved [23, 44]. The lack of following up patients with filters was 
reported as the main reason [64, 65], especially in those patients with long-term 
optional filters. In response to this limitation, several approaches were developed to 
improve patient’s follow-up [66–68]. Figure 13.6 summarizes our approach based 
on a systematic patient visit at 5 months after filter placement planned at the time of 
insertion. This strategy helps increase the retrieval rate by at least 50 %. Other 
developments to improve the retrieval rate are advanced techniques for filter retrieval 
and the extended use of new generations of filters that efficiently prevent deep pen-
etration in the caval wall. Furthermore, standardized strategies through consensual 

Fig. 13.6  The strategy before retrieval of the optional filters, through an algorithm

S.D. Qanadli and C. Sotiriadis



229

recommendations should facilitate not only harmonization in the filter use but also 
in the filter removal strategies [25].

�Conclusions

Over the last decades, VCF has been ingrained in our routine practice. Despite 
focused controversies, devices are effective in preventing fatal PE at an acceptable 
level of complications at the procedure placement. Facing the long-term complica-
tions, the developed concept of optional filter is an appropriate response to current 
clinical challenges. However, the strategy of managing patients with filters should 
be improved, and a structured follow-up is mandatory to retrieve the filter, when 
indicated, at the optimal time, particularly, in patients with long-term optional filter 
who are often lost to follow-up in the hand-off from inpatient to outpatient. The 
optional filter technology resulted in the past on a significant increase in filter place-
ments [69]. Current knowledge did not support an extensive use beyond guidelines 
and recommendations. The prophylactic use should be restricted to selected patients.

Further developments are needed to develop better VCF technologies, espe-
cially regarding the penetration issue and retrieval easiness.

Key Points

•	 Optional vena cava filters should be considered as the preferred technology to 
use.

•	 Indications of vena cava filters have been recently clarified. Decision making 
process should fulfill at least 95 % of recommended indications.

•	 Vena cava filter removal should be considered as soon as possible to prevent long 
term related complications.

•	 A structured program of following patients after vena cava filter placement is 
recommended for optimal use.
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