
Vol.:(0123456789)1 3

Abdominal Radiology (2019) 44:2511–2527 
https://doi.org/10.1007/s00261-019-01988-3

REVIEW

The inferior vena cava: a pictorial review of embryology, anatomy, 
pathology, and interventions

David S. Shin1   · Claire K. Sandstrom1 · Christopher R. Ingraham1 · Eric J. Monroe1,2 · Guy E. Johnson1

Published online: 1 April 2019 
© Springer Science+Business Media, LLC, part of Springer Nature 2019

Abstract
The inferior vena cava (IVC) is the largest venous conduit below the diaphragm. Although this structure is often overlooked 
both clinically and radiographically, it can be involved in many different pathologic processes. A thorough understanding 
of the IVC will assist the radiologist in recognizing anatomic variants, identifying abnormalities, and providing accurate 
differential diagnoses. In this comprehensive pictorial review of the IVC, we depict embryology behind anatomic variants, 
present a wide range of pathology with a focus on diagnostic imaging, and describe relevant endovascular interventions.
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Introduction

The IVC is the primary conduit for venous return from the 
lower extremities, pelvis, kidneys, and abdominal viscera. 
It can be an easy structure to overlook on imaging unless 
there is a gross abnormality. Disease processes primarily or 
secondarily involving the IVC, such as tumor or thrombosis, 
often present in late stages, and can pose a diagnostic chal-
lenge clinically. The radiologist can play a critical role in 
timely diagnosis of pathology involving the IVC. A thorough 
knowledge of anatomy, anatomic variants, and the multitude 
of diseases that affect the IVC is central to the diagnosis of 
IVC abnormalities.

This imaging review begins with a discussion on the basic 
embryology and anatomic variants of the IVC, followed by a 
case-based illustration of common IVC pathology, including 
tumors, thrombosis, and trauma. Fundamental interventional 
techniques involving the IVC will then be reviewed.

Basic embryology

The intricate ontogeny of the IVC begins with three paired 
venous networks in the early weeks of embryonic life [1] 
(Fig. 1). The posterior cardinal, subcardinal, and supracar-
dinal veins develop sequentially. Ultimately, the orthotopic 
(right-sided) IVC is a composite structure formed when 
some parts of these venous networks anastomose and oth-
ers regress. The suprarenal IVC forms from the right sub-
cardinal vein. The infrarenal IVC originates from the right 
supracardinal vein. The renal segment of the IVC forms after 
the right and left subcardinal venous anastomoses coalesce. 
Anomalous IVC anatomy may result from abnormal persis-
tence or regression of these fetal venous structures.

Anatomic variants

The most common variants in IVC anatomy are a dupli-
cated IVC and a left IVC. A duplicated IVC results when 
both the right and left supracardinal veins persist (Fig. 2). 
This variant is seen in 0.2–3% of the population. Generally, 
when a duplicated IVC is present, the left moiety drains into 
left renal vein, which in turn usually joins with the right 
IVC, leading to the normal suprarenal anatomy. Iliac venous 
inflows into the duplicated system may be isolated to each 
respective side or may join at the inferior origin of the dupli-
cated IVC.
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If there is abnormal persistence of the left supracardi-
nal vein with regression of the right supracardinal vein, the 
result is a left IVC (Fig. 3). This variant is rarer than the 
duplicated IVC and has a prevalence of 0.2–0.5%. As with 
duplicated IVC, the left IVC usually terminates at the level 
of the left renal vein, which joins the orthotopic suprarenal 
IVC.

A circumcaval (also termed retrocaval) ureter, despite the 
terminology, represents a rare anatomic variant of the IVC 
(Fig. 4). It occurs when there is persistence of the right poste-
rior cardinal vein with abnormal regression of the right supra-
cardinal vein. Although the IVC is orthotopic, the right ureter 
follows a spiraling course around the cava. The proximal ureter 
courses inferomedially and crosses the IVC posteriorly, then 

Fig. 1   Normal IVC. a At 6–7 weeks of fetal development, three 
paired venous structures are identified—the posterior cardinal veins, 
subcardinal veins, and supracardinal veins—with anastomoses con-
necting them. Graphics created by CKS. b Normal right-sided IVC is 
formed by the persistence of the suprarenal segment of the right sub-
cardinal vein (suprarenal IVC), fused renal segments of the bilateral 
subcardinal veins (renal segment of the IVC), the infrarenal portion 
of the right supracardinal vein (infrarenal IVC), and the iliac anasto-
mosis of the posterior cardinal veins (common iliac vein confluence). 
The hepatic and supradiaphragmatic segments of the IVC arise from 
the vitelline vein. The superior portions of the bilateral supracardi-
nal veins give rise to the azygos–hemiazygos venous system. Graph-

ics created by CKS. c Coronal contrast-enhanced CT image from a 
54-year-old man shows normal IVC anatomy. Double arrows indicate 
the IVC segments derived from different fetal structures: HS, hepatic 
segment; SR/RS, suprarenal/renal segment; IRS, infrarenal segment. 
Important venous inflows include right and left common iliac veins 
(RCIV and LCIV), right and left renal veins (RRV and LRV), and 
hepatic veins (HV). d Unsubtracted inferior vena cavogram from the 
same patient shows the normal right-sided IVC. Contrast was injected 
into the left common iliac vein (LCIV), while expected unopacified 
inflow artifacts are seen from the right common iliac vein (RCIV), 
right renal vein (RRV), left renal vein (LRV), and hepatic veins (HV)
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Fig. 2   Duplicated IVC. a Persis-
tence of the infrarenal segment 
of the left supracardinal vein 
and the iliac portion of the left 
posterior cardinal vein creates 
IVC duplication. There is vari-
able persistence or regression of 
the iliac anastomosis between 
the posterior cardinal veins, 
such that there may or may not 
be communication between the 
bilateral common iliac veins. 
Graphics created by CKS. b 
Coronal maximum-intensity 
projection CT image from a 
38-year-old man shows a left-
sided IVC (black arrow), which 
joins the left renal vein (LRV), 
which in turn joins the right-
sided IVC (white arrow). In this 
patient, the right common iliac 
vein (RCIV) and left com-
mon iliac vein (LCIV) remain 
separate. c–e A similar pattern 
of duplicated IVC is shown on 
digital subtraction venogram 
images in a 19-year-old man 
prior to IVC filter placement. 
c Initially, right femoral access 
with selective injection of 
the right common iliac vein 
(RCIV) revealed normal inflow 
artifacts from the right and left 
renal veins (RRV and LRV) at 
about the L1 level. However, no 
inflow from the left common 
iliac vein was seen. d Subse-
quent injection at the left com-
mon iliac vein (LCIV) confirms 
a left-sided IVC (L IVC) joining 
the left renal vein (LRV), which 
in turn joins the right-sided IVC 
(R IVC). e Two IVC filters were 
placed, one in each infrarenal 
IVC moiety



2514	 Abdominal Radiology (2019) 44:2511–2527

1 3

wraps around and descends anterior to the cava. This can result 
in urinary reflux or obstruction, which, in severe cases, may 
require surgical reimplantation of the ureter.

Anomalies of the suprarenal IVC are less common. Azygos 
continuation of the IVC describes a rare variant in which the 
right subcardinal vein fails to join the vitelline vein to form the 
intrahepatic IVC [2] (Fig. 5). The azygos vein then assumes the 
role of predominant venous return from below the diaphragm. 
The IVC continues superiorly as the right-sided azygos vein, 
which passes posterior to the diaphragm to the right of the 
aorta and joins with the SVC in the mediastinum. In this case, 
the hepatic veins, which derive separately from the embry-
onic vitelline vein, drain directly into the right atrium. This 
anomaly is associated with heterotaxy syndrome, especially 
polysplenia. Rarely, an anomalous left IVC may continue as 
the hemiazygos vein, passing behind the left diaphragmatic 
crus to the left of the aorta and ultimately draining into the 
SVC [3] (Fig. 6).

The diameter of the IVC can vary considerably. However, 
early angiographic studies have demonstrated the mean IVC 
diameter to range between 20 and 23 mm in most patients [4, 
5]. Megacava is defined as an infrarenal IVC that measures 
greater than 28 mm in diameter (Fig. 7). This size threshold 
was originally reported for its increased risk of device failure 
and migration with IVC filters [5]. Megacava has a prevalence 
of about 1–2% of patients undergoing imaging of the IVC and 
can be seen more frequently in patients with right heart failure. 
Knowledge of this variation in IVC diameter is essential for the 
correct sizing of devices for interventional procedures (e.g., 
stents or filters). No retrievable IVC filter has been approved 
for use in megacava.

Fig. 3   Single left-sided IVC. a Persistence of the infrarenal segment 
of the left supracardinal vein and abnormal regression of the right 
supracardinal vein create a single left-sided IVC. The right com-
mon iliac vein drains into the left-sided IVC via the iliac anastomo-
sis. Graphics created by CKS. b Coronal curved reformat CT image 
from a 47-year-old woman shows the right common iliac vein (RCIV) 
crossing midline to join the left common iliac vein (LCIV) and form-
ing a left-sided IVC (black arrow). The infrarenal IVC joins the left 
renal vein (LRV), crosses midline, and becomes the orthotopic right-
sided suprarenal IVC (R). The vertically oriented vein to the right of 
midline is the right gonadal vein (white arrowhead), not to be con-
fused with a remnant right-sided IVC. c A similar pattern of left-
sided IVC is shown on digital subtraction venogram in a 27-year-old 
woman. Injection into the left common iliac vein (LCIV) opacifies 
the left-sided IVC (L IVC), with inflow artifacts from the right com-
mon iliac vein (RCIV) and left renal vein (LRV). The suprarenal IVC 
is on the right (R)

▸
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Diseases involving the IVC

Neoplasm

Malignant involvement of the IVC can be primary or sec-
ondary, often characterized by expansile and enhancing 
intraluminal mass (i.e., tumor thrombus) in either case [6]. 
Intravascular tumor should be differentiated from bland 
thrombus especially in hypercoagulable patients with under-
lying malignancy [7], as the latter may respond well to anti-
coagulation, while the former will not. When symptomatic, 
abdominal pain and lower extremity edema are most likely 
to be reported [8].

Secondary IVC malignancy usually results from intravas-
cular extension of tumor from a solid organ via its venous 
outflow to the IVC. This can be seen with primary tumors of 
the liver, kidney, and adrenal gland. In such cases, the tumor 
thrombus is contiguous with the primary tumor within the 
organ of origin (Fig. 8).

Renal tumors

Renal cell carcinoma (RCC) is the most common malig-
nancy to involve the IVC [7], with caval extension seen in 
4–10% (Figs. 8, 9). Any venous tumor thrombus is consid-
ered Robson Stage IIIa, while in the Internal Union Against 
Cancer tumor-node-metastasis (TNM) classification, renal 
vein only, infradiaphragmatic IVC, and supradiaphragmatic 
IVC involvements correspond to T3b, T3c, and T4b, respec-
tively [9] (Fig. 9c). CT has been shown to have negative 
and positive predictive values for venous extension of 97% 
and 92%, respectively, with the corticomedullary phase of 
enhancement being most useful [9].

The standard of care for RCC with vascular invasion is 
cytoreductive nephrectomy and tumor thrombectomy with-
out or with IVC resection and reconstruction [10]. The need 
for IVC resection arises in a minority of patients (6–8%) 
and often cannot be predicted preoperatively. Baseline CT 
features associated with an increased likelihood of IVC 
resection include right-sided tumor, IVC anteroposterior 
diameter > 24 mm at the right renal vein ostium, or com-
plete IVC occlusion at the right renal vein ostium [10]. The 
Mayo system describes the level of RCC tumor thrombus, 
and associated surgical treatment, for renal vein and IVC 
involvement [11] (Fig. 9c). Complete removal of RCC with 

Fig. 4   Circumcaval right ureter. a Abnormal regression of the right 
supracardinal vein and persistence of the caudal portion of the right 
posterior cardinal vein result in this anatomic variant. Graphics cre-
ated by CKS. b Coronal maximum-intensity projection CT image 
from a 37-year-old man demonstrates the contrast-opacified right ure-
ter (black arrow) wrapping around the orthotopic IVC. c On axial CT 
image, the proximal right ureter (black arrow) passes posterior to the 
IVC

▸
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IVC tumor thrombus requires radical surgery but can be 
performed in those without regional lymph node or distant 
metastases, with a 5-year survival rate of 68% [11].

Wilms tumor is by far the most common pediatric renal 
tumor. While intravascular thrombus is common (20–35%), 
IVC involvement is seen in only 4–10% [12] (Fig. 10). In 
general, CT is sensitive and specific for pre-operative iden-
tification of IVC and right atrial tumor thrombus [13], but 
ultrasound may be a useful problem-solving adjunct for 
detecting intravenous extension when CT is equivocal [12].

Adrenal tumors

Adrenocortical carcinoma (ACC) is a rare malignancy of 
the adrenal gland and may be endocrinologically func-
tional. Age distribution is bimodal, with one peak before 
5 years of age and the second in the 4th to 5th decades of 
life [14]. At diagnosis, ACC tumors tend to be larger than 
5 cm, enhance heterogeneously, and have irregular shape 
with blurred margins [14]. In 9–19% of patients, there is 

invasion of the tumor into the IVC [14], which is consid-
ered Stage III disease [15] (Fig. 11). MRI can be helpful 
for identifying IVC extension, as well as in differentiating 
ACC from adenoma or pheochromocytoma [14].

Hepatic tumors

Involvement of the IVC and right atrium by hepatocellular 
carcinoma (HCC) is not uncommon in advanced disease 
[16], either due to intracaval extension of hepatic venous 
tumor thrombus or direct invasion of the IVC wall [17] 
(Fig. 12). Caval involvement is associated with a poor 
prognosis in most patients due to increased risk of distant 
metastases [16]. While direct IVC invasion can be seen 
with cholangiocarcinoma and metastatic disease, hepatic 
venous tumor thrombus is uncommon in other primary or 
secondary hepatic malignancies, and thus is a differentiat-
ing feature of HCC [17].

Fig. 5   Azygos continuation of 
the IVC. a Failure of fusion of 
the subcardinal and vitelline 
veins results in an interrupted 
IVC with azygos continua-
tion. Graphics created by CKS. 
b–d Contrast-enhanced CT in 
a 53-year-old woman. b Axial 
CT image at the level of the 
diaphragmatic crura shows an 
enlarged azygos vein (white 
arrow) and a smaller hemia-
zygos vein (black arrow) and 
absence of the normal intrahe-
patic IVC segment (circle). c 
At the level of the right renal 
vein, the IVC (white arrowhead) 
receives venous inflow from the 
right renal vein (RRV). A, aorta. 
d Coronal CT image shows the 
left renal vein (LRV) draining 
into the hemiazygos vein (black 
arrow), which crosses midline 
in the posterior mediastinum to 
join the enlarged azygos vein 
(white arrows), which subse-
quently drains into the superior 
vena cava (not shown). In this 
patient, there was no direct 
communication between the left 
renal vein and the IVC. A, aorta
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Uterine tumors

While benign, leiomyomas of the uterus can demonstrate 
aggressive features with intravenous growth via the pelvic 
veins (i.e., intravenous leiomyomatosis) and even exten-
sion into the IVC and right atrium [18, 19] (Fig. 13). 
Unlike primary IVC leiomyosarcoma, leiomyomatosis is 
continuous with the parent pelvic tumor and not fixed to 
the IVC wall [18]. Treatment includes not only transcaval 
excision, but also total abdominal hysterectomy and bilat-
eral salpingo-oophorectomy [18, 19]. Recurrence is likely 
if excision is incomplete [18].

Primary IVC leiomyosarcoma

Leiomyosarcoma, the primary malignancy arising from the 
IVC, originates from the smooth muscle cells of the caval 
wall media and is much less common than secondary tumors 
(Fig. 14). Given the rarity of the tumor, the true incidence 
of primary IVC leiomyosarcoma is unclear. The malignancy 
most commonly affects women in their fifth or sixth decade 
[20, 21]. The pattern of tumor growth is extraluminal in 
59–76%, intraluminal and extraluminal in 16%, and exclu-
sively intraluminal in 20–25% [20, 21]. Central necrosis is 
common [18].

Fig. 6   Azygos and hemiazygos 
continuation of duplicated IVC. 
a The underlying embryology 
involves that of duplicated 
IVC with additional abnormal 
persistence of the bilateral 
subcardinal–supracardinal anas-
tomoses without fusion to the 
vitelline vein. Graphics created 
by CKS. b–e Contrast-enhanced 
CT in a 63-year-old man. b 
Axial CT image at the level of 
the diaphragmatic crura shows 
an enlarged azygos vein (white 
arrow) and hemiazygos vein 
(black arrow) and the absence 
of the normal intrahepatic IVC 
segment (circle). c The right 
(white arrowhead) and left 
(black arrowhead) IVCs receive 
ipsilateral venous inflow from 
the right renal vein (RRV) and 
left renal vein (LRV), respec-
tively. A, aorta. d Axial image 
at the level of the common 
iliac veins shows persistence 
of the iliac anastomosis (open 
arrow) between the right (white 
arrowhead) and left (black 
arrowhead) common iliac veins. 
e Coronal CT image of the chest 
shows the enlarged hemiazygos 
vein (black arrow) crossing 
midline and joining the enlarged 
azygos vein (white arrows), 
which subsequently drains into 
the superior vena cava (not 
shown). A, aorta
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IVC leiomyosarcoma distribution is described as segment 
1 if infrarenal, segment 2 if suprarenal, and segment 3 if 
suprahepatic [22] (Fig. 9c). Most tumors involve segment 
2, and isolated segment 3 involvement is rare. Involvement 
of two or more segments occurs in about 21–36% of cases 
[20, 23]. Treatment is with wide local excision, which may 
include resection of the aorta or adjacent involved organs 
such as the kidney, adrenal, and/or liver [20, 24]. Neverthe-
less, recurrence is highly likely, seen in 94% at 5 years [20].

Non‑neoplastic IVC abnormalities

IVC thrombosis

IVC thrombosis is an underdiagnosed phenomenon that is 
associated with significant morbidity and mortality [25, 26]. 
Clinical presentation can vary from an asymptomatic inci-
dental imaging finding, to a gradual onset of venous insuf-
ficiency symptoms (e.g., lower extremity swelling, lower 
back, and buttock pain), to an acute severe cardiopulmonary 
compromise [26].

Etiologies of IVC thrombosis include congenital IVC 
anomalies and acquired conditions [26]. Although congeni-
tal anomalies of the IVC are relatively uncommon and usu-
ally accompanied by well-developed collaterals, thrombosis 
can ensue and become symptomatic if venous hypertension 
or stasis develops in these collaterals [26]. Acquired IVC 
thrombosis can occur for a number of reasons. Examples 
include external compression of the IVC (e.g., adjacent 
tumor), malignancies involving the IVC wall and lumen, 
extension of deep vein thrombosis (DVT) from the iliac 
veins, and damage to the endothelium (e.g., penetrating or 
iatrogenic injury; presence of a catheter or IVC filter) [26].

Up to 4% of patients with lower extremity DVT may have 
an associated IVC thrombosis. When left untreated, IVC 
thrombosis can lead to a myriad of serious clinical prob-
lems including post-thrombotic syndrome in up to 90% of 
patients, severe venous claudication in up to 45% of patients, 
and pulmonary embolism in up to 30% of patients [25]. 
Treatment of IVC thrombosis depends on the underlying 
etiology and acuity. In the case of acute on chronic bland 
thrombus, catheter-directed thrombolysis and recanalization 
by balloon angioplasty with or without stenting can be per-
formed to rapidly restore in-line flow.

IVC “pseudothrombus” is an imaging artifact in which 
heterogeneous opacification of the blood in the IVC can 
mimic thrombus (Fig. 15). When contrast-enhanced blood 
flow from a renal vein joins a column of unopacified blood 
from the infrarenal IVC, it can create the appearance of a 
filling defect [27]. When delayed images are acquired, the 
opacification of the blood from different inflow vessels will 
equilibrate and the filling defect will no longer be visualized, 
confirming the finding as pseudothrombus.

Fig. 7   Megacava. Digital subtraction cavogram in a 65-year-old man 
shows infrarenal IVC diameter of 3.9 cm, consistent with megacava. 
For prophylaxis against pulmonary embolism, filters were placed in 
both common iliac veins (not shown). Incidentally, the left common 
iliac vein was also stenotic (black arrow), suggesting May–Thurner 
physiology

Fig. 8   IVC tumor invasion. Axial contrast-enhanced CT image in a 
62-year-old man with RCC shows a large heterogeneously enhanc-
ing left renal mass contiguously invading the left renal vein (white 
arrows) and the IVC (white arrowhead)
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Fig. 9   Renal cell carcinoma. a Axial contrast-enhanced CT image 
in a 56-year-old man with renal cell carcinoma shows a large het-
erogeneously enhancing left renal mass (M) extending into the IVC 
(black arrowheads). The patient underwent left radical nephrectomy 
and IVC thrombectomy. b Two years later, the patient presented with 
lower extremity swelling, and coronal T1 contrast-enhanced MR con-
firmed local disease recurrence (L) with complete IVC occlusion by 
the tumor (white arrows) and bland iliocaval thrombus (T) inferiorly. 
c Various staging systems for IVC involvement by renal cell carci-
noma and IVC leiomyosarcoma and the anatomic segments used to 
define IVC zones. Graphics created by CKS 

▸

Fig. 10   Wilms’ tumor. a Axial and b coronal contrast-enhanced CT 
images in a 4-year-old child with Wilms’ tumor. A large heterogene-
ously enhancing mass (white arrows) arises from the right kidney (K) 
and invades the IVC (black arrowhead)
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Chronic IVC syndrome

Chronic obstruction of the venous outflow through the IVC 
may result in debilitating symptoms, including abdominal 
distention and swelling of the lower torso, perineum/geni-
tals, and legs, with associated pain and impaired mobility 
[28]. Characteristically, the edema associated with the IVC 
syndrome occurs below the level of the diaphragm. Depend-
ing on the location of obstruction, renal insufficiency, hepa-
tomegaly, and ascites may develop. The obstruction may 
be due to malignancy resulting in extrinsic compression, 
or less frequently, intrinsic stenosis (Fig. 16). Other causes 
include iatrogenic complications from a prior surgery (e.g., 
liver transplant anastomotic stenosis) or endovascular pro-
cedure (e.g., chronic IVC filter). Although malignant IVC 
syndrome was described decades ago with successful endo-
vascular management options suggested since, the disease 
continues to be undertreated [28–30]. Radiologists may play 
a key role in early and accurate diagnosis of this condition 
in appropriate clinical context with careful review of the 
IVC anatomy.

Fig. 11   Adrenocortical carcinoma. Coronal contrast-enhanced CT 
image in a 60-year-old man with non-functional adrenocortical car-
cinoma. The heterogeneously enhancing mass (M), which is separate 
from the right kidney (K), invades the liver and extends into the IVC 
(black arrows) and right atrium (white arrowheads)

Fig. 12   Hepatocellular carcinoma. a Contrast-enhanced MR T1 
VIBE axial arterial phase and b coronal 4-minute delay phase 
images demonstrate a primary liver tumor (M) in the hepatic dome 
of a 79-year-old man. There was direct tumor invasion into the right 
hepatic vein (HV), suprahepatic IVC (white arrows), and right atrium 
(RA), with the tumor thrombus demonstrating arterial phase enhance-
ment and delayed washout similar to the primary mass. IVC, inferior 
vena cava

Fig. 13   Intravenous leiomyomatosis. Coronal contrast-enhanced CT 
in a 54-year-old woman presenting with electrocardiogram changes. 
A long intracaval tumor (black arrows) contiguously extends from 
the fibroid uterus (F) to the right gonadal vein, IVC, and right atrium 
(RA). At surgery, the tumor was not adherent to the vena cava at any 
point. Pathology revealed benign uterine leiomyoma
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Aortocaval fistula

Fistula formation between the aorta and IVC can be an 
acute complication of abdominal aortic aneurysm rupture 
or repair, or rarely due to trauma. Spontaneous aortocaval 
fistula may present with abdominal or back pain, pulsating 
abdominal mass, continuous abdominal bruit, pelvic and 
lower extremity venous hypertension, shock, or congestive 
heart failure [31]. This diagnosis is suggested on contrast-
enhanced CT when there is early enhancement of the IVC 
similar to the aorta. Fistulous communication between the 
aorta and IVC may be directly visualized (Fig. 17). Treat-
ment can be surgical or endovascular.

Trauma

IVC injury is a rare event for both blunt and penetrating 
traumas and has a high mortality rate [32, 33]. While some 
patients with IVC trauma are too unstable for imaging, 
CT signs of IVC injury include retroperitoneal hematoma 
with or without IVC contour abnormality and active con-
trast extravasation [34] (Fig. 18a). Hepatic laceration may 
coexist, and injuries of the retrohepatic IVC carry a poor 
prognosis [33, 34]. Given the low intraluminal pressure, self-
tamponade can occur in the absence of significant concomi-
tant disruption of the surrounding soft tissues.

When not directly involved in trauma, flattening of the 
IVC has been reported as an indicator of hypovolemia [35] 
and, to variable degrees, a predictor of present or subsequent 
development of shock, need for aggressive resuscitation and 
transfusion, intensive care unit admission, increased length 
of hospital stay, and higher mortality [36–42] (Fig. 18b). IVC 

Fig. 14   IVC leiomyosarcoma. a Axial contrast-enhanced abdomi-
nal CT and b coronal T2-weighted SS MR images in a 46-year-old 
woman presenting with congestive hepatopathy. A mass (M) consist-
ent with IVC leiomyosarcoma distends the IVC from the level of the 
renal veins (RV) to the diaphragm. Focal anterior caval contour bulge 
(black arrow) corresponded to the site of tumor origin, as confirmed 
at surgery. Ascites (A) is present due to portal hypertension related to 
the obstruction of hepatic venous outflow by the mass

Fig. 15   Pseudothrombosis. Axial images from contrast-enhanced 
CT in a arterial and b venous phases. On the arterial phase, inflow 
of contrast-opacified blood from the renal veins preferentially travels 
along the periphery of the suprarenal IVC and causes the unopacified 
blood column from the lower extremities to appear as a filling defect 
(black arrow). This may be mistaken for IVC thrombus, except that 
the IVC enhances homogeneously (white arrow) on the venous phase
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diameter can be measured on ultrasound, although most pub-
lished data are derived from CT. It should be noted, however, 
that there is neither a universally accepted standard for meas-
uring the IVC caliber nor a diagnostic threshold for clinically 
meaningful narrowing. Anteroposterior IVC diameter has been 
used, with reported threshold values ranging from 9 to 13 mm 
[36, 37]. Alternatively, a ratio of transverse to anteroposterior 
diameters has been advocated, with cutoff values ranging from 
1.9 to 3 [38–42].

Flattened IVC constitutes one of the CT signs of clinically 
significant hypoperfusion in adult blunt trauma patients (i.e., 
hypoperfusion complex) along with flattened renal veins, 
active contrast extravasation, free peritoneal fluid, and small 
bowel enhancement and dilation [43]. Collapsed IVC may 
also be a helpful predictor of clinical outcome in pediatric and 
elderly trauma patients, in whom heart rate and blood pressure 
may be less reliable indicators of hypovolemia [44, 45].

IVC interventions

IVC filter

Understanding variant IVC anatomy helps avoid prob-
lems in several situations during IVC filter placement. A 
duplicated IVC is especially important to recognize. In 
this situation, placement of an IVC filter only in the right 
IVC results in incomplete protection given the remaining 
route for venous thromboembolism along the left IVC. 
Two IVC filters are necessary to avoid pulmonary embo-
lism (Fig. 2e). Similarly, clearly delineating renal vein 
anatomy is important in IVC filter placement, as infrarenal 
placement is desired to prevent renal venous thrombosis.

In cases of megacava (Fig. 7), the only approved IVC 
filter is the Bird’s Nest filter (Cook, Bloomington, IN). 
Alternatively, two optionally retrievable filters can be 
placed within the bilateral common iliac veins.

Fig. 16   Malignant IVC syndrome managed with stenting. a Coronal 
contrast-enhanced CT image in a 67-year-old woman with metastatic 
pancreatic cancer presenting with lower body swelling and abdomi-
nal distention demonstrates left renal vein tumor thrombus (white 
arrow) and large volume ascites (A). b Digital subtraction cavogram 
demonstrates bulky renal vein tumor thrombus resulting in renal seg-
ment and suprarenal IVC stenosis (black arrows). Reflux into the 
right renal vein (black arrowhead) is noted. Pressure gradient across 
the lesion was estimated at 12  mmHg. c Digital subtraction cavo-
gram following placement of a 22-mm Wallstent (Boston Scientific, 
Marlborough, MA) demonstrates resolution of the IVC stenosis and 
normal inflow from the right renal vein (black arrowhead). The pres-
sure gradient was reduced to 1 mm. The patient’s symptoms quickly 
improved with resolution of her lower extremity edema within 48 h

▸
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IVC stent placement

Palliative IVC stent placement has been shown to improve 
symptoms in multiple retrospective series [30, 46, 47] 
(Fig. 16). One prospective study of 7 patients with malig-
nant IVC obstruction showed improvements in physiologic 
and biochemical parameters after IVC stenting, including 
decreased edema, ascites, and azotemia in the days follow-
ing stenting [48]. A larger retrospective study of 57 patients 
showed a decrease in leg edema following IVC stenting in 
83% and 86% of patients at 7 and 30 days, respectively [30].

The feared complication of stent migration occurs infre-
quently, with rare reported cases of intracardiac emboli-
zation [30, 49, 50]. An acute increase in venous return to 
the heart after stent placement may result in hemodynamic 
changes [51]. Although cardiac complications are rare, IVC 
stenting should proceed with caution in patients with known 
cardiac dysfunction [51]. Preprocedural echocardiogram 
should be considered to assess the baseline cardiac function 
when evaluating patients for the procedure.

IVC tumor biopsy

Although malignant extension of an abdominal tumor into 
the IVC can readily suggest diagnosis based on the organ 
of origin, a tumor involving only the IVC can pose more of 
a diagnostic challenge. Endovascular biopsy can be a valu-
able technique when the pathologic diagnosis of the tumor 
is desired [18] (Fig. 19). Access into the IVC lumen is easily 
and safely achieved via an internal jugular vein or common 
femoral vein. Venography precedes biopsy to better deline-
ate the tumor and allow for planning of a safe biopsy pass. 
Intravascular ultrasound can be employed as an adjunct tech-
nique to guide and document needle passage in real time.

Fig. 17   Aortocaval fistula. Coronal maximum-intensity projection 
image from CT angiography in a 64-year-old man status post repair 
of abdominal aortic aneurysm 3  years prior, now presenting with 
lower extremity claudication and dyspnea on exertion. A jet of con-
trast (black arrow) is seen extending into the IVC from the densely 
opacified aortic lumen (A), resulting in early opacification of the IVC 
(I) compared to the iliac veins (*)

Fig. 18   Trauma. a Axial contrast-enhanced CT image in a 23-year-
old man with a transabdominal gunshot wound shows retroperitoneal 
hematoma surrounding a focal outpouching of the IVC (white arrow). 
Also visible are hemoperitoneum with active hemorrhage at the liver 
capsule (black arrowhead), free air medial to the liver, and duodenal 
injury. b Axial contrast-enhanced CT image in a 75-year-old woman 
hypotensive after being hit by a car shows flattening of the IVC 
(white arrow) at the level of the renal veins, as well as diffuse bowel 
wall thickening and hyperenhancement representing shock bowel
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Tunneled translumbar central venous catheter 
placement

In a small subgroup of patients presenting with difficult vas-
cular access (e.g., parenteral nutrition- or dialysis-dependent 
patients), all potential sites for central venous access, includ-
ing internal jugular, subclavian, and femoral veins, may be 
exhausted. In this uncommon clinical scenario, considera-
tion can be given to direct translumbar IVC access [52, 53] 
(Fig. 20). Prior to translumbar IVC catheter placement, 
imaging should be reviewed to confirm patency of the IVC. 
Using image guidance (ultrasound, CT, or C-arm CT), the 
IVC can be entered with the patient in a prone or left lateral 
decubitus position [52, 53]. Catheters are tunneled from the 
right flank for comfort and ease of access.

Conclusion

The IVC can often be overlooked in abdominal imaging. 
However, it is an important structure that may be involved 
in various pathologic processes with potentially devastating 
acute and chronic symptoms. A comprehensive understand-
ing of IVC anatomy, variants, and diseases is essential for 
diagnosis and treatment recommendations by the radiologist.

Fig. 19   Endovascular biopsy. A 45-year-old man presented with 
lower extremity swelling. a Coronal image from contrast-enhanced 
MR demonstrated a heterogeneously enhancing mass (black arrows) 
within the juxtarenal inferior vena cava. b Digital subtraction venog-
raphy outlined the superior aspects of the expansile mass (white 
arrows). c Following the introduction of a straightened transjugular 
liver biopsy set (Argon Dextera TLAB Patel Set; US Biopsy; Frank-
lin, IN), multiple biopsy cores were obtained, which confirmed leio-
myosarcoma

▸
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