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Introduction

With the increased use of cross-sectional imaging, systemic 
venous anomalies are more frequently being recognized 
in asymptomatic patients. Accurate characterization 
of systemic venous anomalies plays a major role in 
the appropriate selection of a surgical approach or 
interventional procedure. In this article, we review common 
and uncommon inferior vena cava (IVC) anomalies. We 
describe the embryological basis and clinical implications 
of these anomalies, particularly from an interventional 
radiology perspective. We also discuss the complications 
and treatments of these anomalies.

Normal development/embryogenesis

At 4 weeks of life, 3 distinct venous systems form: the 
vitelline system drains the gut, the umbilical system drains 
the placenta, and the cardinal system drains the rest of the 
embryo (Figure 1). The infrahepatic IVC develops from 

a set of 3 paired parallel veins appearing consecutively 
between 4 and 8 weeks of life, namely the posterior 
cardinal, subcardinal and supra cardinal veins (Figure 2). 
The suprahepatic IVC is derived from the cranial segment 
of the right vitelline vein. The retrohepatic segment is 
derived from an anastomosis between the cranial segment 
of the right subcardinal vein and the right vitelline vein (1).  
The infrahepatic/suprarenal IVC is derived from the 
right subcardinal vein (2). The renal collar is formed from 
anastomoses between the supra cardinal veins posteriorly 
and the subcardinal veins anteriorly, with the posterior limb 
regressing during development. On the right, the anterior 
limb is incorporated into the lateral wall of the renal segment 
of the IVC; and on the left, the anterior limb forms the 
normal adult left renal vein (3). The suprarenal portions 
of the right and left supra cardinal veins connect with the 
posterior cardinal veins, forming the azygos and hemiazygos 
systems, respectively. The infrarenal portions disappear on 
the left but form the infrarenal portion of the IVC on the 
right (2). The posterior cardinal veins mostly regress except 
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for the distal portion, which later become the iliac confluence 
and future iliac veins, and the proximal portion, which joins 
the azygos and the hemiazygos veins (Figure 3). 

Anomalies of the IVC

Abnormal drainage

In early fetal life, there is intercommunication between 
developing cardiac chambers and the systemic, pulmonary, 
and portal hepatic venous systems. Over time, these 
structures undergo complex regression and development. 
However, if these communications persist for too long, this 
can lead to unnatural preferential flows into one system, 
resulting in complex congenital anomalies.

IVC drainage into left atrium
In this anomaly, the IVC drains into the left instead of 
the right atrium. At 4 months of life, both the septum 
primum and septum secundum exist as separate membranes 
with free atrial communication via the ostium primum 
and ostium secundum. The sinus venosus communicates 

Figure 1 Schematic diagram showing venous drainage of the 
embryo at 4 weeks of life; SV, sinus venosus. There are broadly 
three venous systems: the vitelline venous system draining the gut, 
the umbilical venous system draining the placenta, and the cardinal 
venous system draining the rest of the embryo.

Figure 3 Schematic diagram showing 4 IVC segments during fetal 
development. Suprahepatic IVC (red) originates from the vitelline 
venous system; suprarenal/infrahepatic IVC (green) originates from 
the subcardinal venous system; infrarenal IVC (brown) originates 
from the supracardinal venous system; and iliac veins and their 
confluence (purple) originate from the posterior cardinal system.

Figure 2 Schematic diagram showing early formation of the 
posterior cardinal veins (brown), subcardinal veins (green), and 
supracardinal veins (blue).
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with the left and right atria through a left and right valve 
respectively; later, it migrates to the right, with the left 
valve disappearing (4). The right valve then atrophies, 
leaving only the Eustachian valve of the IVC and the 
Thebesian valve of the coronary sinus as remnants. If there 
is failure of regression of the portion that becomes the 
valve of the IVC and if it fuses with septum secundum, 
thus closing the foramen ovale, an IVC draining into the 
left atrium would be established. The blood from the IVC 
would be directed between the septum secundum and the 
septum primum and hence into the left atrium via the 
ostium primum (5).

Although usually asymptomatic, clinical signs may 
include dyspnea, cyanosis, clubbing and systemic emboli. 
On imaging, the IVC is positioned normally in the lower 
chest but then curves towards and joins the left atrium 
(Figure 4) (6). This anomaly could be confused with an 
inferior sinus venosus defect, in which the wall separating 
the IVC and the left atrium is absent, resulting in free 
communication. This is caused by underdevelopment of the 
septum secundum, leading to displacement/malpositioning 
of the septum primum (7).

In this anomaly, access into the right atrium through a 
femoral approach, as well as access into the IVC through 
a jugular approach is somewhat challenging. If the atrial 
septum is present (in 50 %) (4), repair is achieved by 
entering the IVC from the right side, incising the septum, 
diverting blood flow to the right, and suturing the cut edges 
of the septal incision to the lateral wall of the IVC. If the 
atrial septum is absent, IVC blood is rerouted to the right 
atrium by reconstructing the atrial septum to the left side of 
the IVC orifice (6).

Pulmonary venous drainage into IVC
Anomalous pulmonary venous connection into the 
IVC can be total or partial. During development, blood 
returning from the lung buds drains into the splanchnic 
plexus, which communicates with paired cardinal veins 
and umbilicovitelline veins. This pulmonary venous 
connection normally involutes, a common pulmonary vein 
forms and joins the left atrium (8). If a splanchnic plexus 
communication with a cardinal or umbilicovitelline vein 
persists, some type of anomalous venous connection will 
occur (9). 

There are three types of total anomalous pulmonary 
venous connection (TAPVC). Type I is supracardiac and 
Type II is cardiac. In Type III TAPVC, which accounts 
for 26 % of TAPVC, a common pulmonary vein drains 
below the diaphragm into the IVC or hepatic vein/azygos 
vein/portal vein (10). Due to compression of the draining 
vein by diaphragm, pulmonary edema may be seen (8). In 
partial anomalous pulmonary venous connection (PAPVC), 
at least one pulmonary vein drains to a systemic venous 
location, including the IVC. Scimitar syndrome is a rare 
condition, characterized by PAPVC, pulmonary hypoplasia 
and pulmonary artery hypoplasia/aplasia, usually on the 
right. The pulmonary vein drains into IVC, the azygos 
system, right atrium, portal vein, or a hepatic vein (8,11). 
The adult form of scimitar syndrome is asymptomatic, 
whereas infantile form presents with failure to thrive, 
pneumonia, pulmonary hypertension and heart failure (12). 
On radiograph, the scimitar sign may be seen, due to the 
anomalous vein running parallel to the right heart border, 
resembling a Turkish sword (Figure 5) (13). 

Interventional radiology procedures have been 

A B

Figure 4 Axial CT (A) and sagittal MRI images (B) showing an IVC (arrow) opening into the left atrium (LA).
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performed using detachable balloons, coils, or tissue 
adhesive to occlude the anomalous venous connection 
with good success rates (13). Indications for embolization 
are individualized but usually include symptomatology of 
pulmonary hypertension.

Abernethy malformation: portal vein draining into IVC 
Abernethy malformation is a rare anomaly (14,15) 
characterized by the portal vein draining into the IVC. 

During the 5th week of life, the portal vein is constituted 
cranially from a segment of the prehepatic right vitelline 
vein, the intervitelline anastomosis, and caudally from 
the left vitelline vein (16). The right vitelline vein is a 
common conduit for the development of both the IVC 
and portal vein. The intervitelline vein anastomosis is 
interrupted by formation of early hepatic tissue at the site 
of this connection, and the cranial segment of the portal 
vein disappears (14). However, if there is an abnormal 
persistence of this connection, an Abernethy malformation 
may result. The hemodynamic thrust of the flow in the left 
umbilical vein, through the left then the right vitelline veins 
and back into the heart is also believed to be a cause (17).

There are two types of Abernethy malformation. In Type I,  
there is complete absence of portal vein (Figures 6,7),  
whereas in Type II, there is a hypoplastic portal vein with 
a partial portosystemic shunt perfusing the liver (14,15). 
Abernethy malformation may be asymptomatic or may 
present with acute hepatic decompensation or cirrhosis. 
Type I malformations is associated with congenital 
anomalies, especially cardiac, gastrointestinal, and 
genitourinary anomalies, as well as an increased risk of 
hepatocellular carcinoma (14). Type I is managed by liver 
transplant, whereas Type II shunt can be occluded either 
surgically or percutaneously using balloons or coils (14), 
in patients presenting with hepatic encephalopathy or 
bleeding varices (19-21). Once case report by Kuo described 
a staged treatment of a type II Abernethy by stent closing 
the Abernethy shunt while simultaneously creating a TIPS 
shunt. This TIPS shunt was later downsized, then totally 
closed (22). 

Figure 5 Coronal maximal intensity projection of MR angiography 
showing an anomalous pulmonary vein on the right (arrow), which 
is extending inferiorly to the diaphragm and drain into the IVC 
(curved arrow), giving a “Scimitar” appearance. The right lower 
pulmonary artery is hypoplastic.

Figure 6 Abernethy type I malformation. (A) Coronal reconstruction of a contrast enhanced CT showing the IVC (arrow), with no visible 
connection to the portal vein; (B) coronal maximal intensity projection showing the superior mesenteric vein/splenic confluence (arrow) 
joining the IVC; (C) ultrasound greyscale image correlation showing the absence of the portal vein at the portosplenic confluence

A B C
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Failure of development

Interruption of the IVC 
Interruption of IVC is characterized by absence of 
suprarenal/infrahepatic IVC, with a prevalence of 0.6% (23).  
This is caused by failure of the right subcardinal-hepatic 
anastomosis and atrophy of the right subcardinal vein. 
Consequently, blood is shunted from the suprasubcardinal 
anastomosis through the retrocrural azygos vein, which 
is partially derived from the right supra cardinal vein. 
This anomaly is associated with heterotaxy syndromes, 
polysplenia, atrioventricular septal defects, partial 
anomalous pulmonary venous connection, and pulmonary 
atresia (24).

On imaging, infrarenal IVC is intact, whereas the 
suprarenal portion of the IVC is absent (Figures 8,9). The 
post-hepatic segment of the IVC is present and receives 
the hepatic veins. The interrupted IVC rarely continues 
as the hemiazygos vein if there is a left IVC. Care should 
be taken to avoid misdiagnosis of this anomaly as a right-

sided paratracheal mass or retrocrural adenopathy (23). 
In addition, accidental ligation of the azygos vein during 
surgery may be fatal; so venous cannulation for bypass 
surgery is performed by placing a large catheter in the SVC 

Figure 7 Microcatheter in superior mesenteric vein/splenic vein 
confluence, with no flow distally into the portal circulation (18). 
Available online: http://www.asvide.com/articles/1296

Figure 8 Absence of hepatic IVC with azygos continuation. (A) Coronal Steady state free precession (SSFR) MR image showing absence 
of the hepatic IVC (arrow) with azygos continuation (curved arrow) (B) axial SSFP MR image showing absence of the hepatic IVC (C) axial 
SSFP MR image showing continuation of the IVC as a dilated azygos vein (arrow) (D) coronal SSFP MR showing absence of the hepatic 
IVC (arrow) with azygos continuation (curved arrow).
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Video 1. Microcatheter in superior mesenteric 
vein/splenic vein confluence, with no flow 

distally into the portal circulation
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while hepatic flow is drained via a small catheter in the post 
hepatic IVC (6).

Absence of the infrarenal IVC
An absent infrarenal IVC is a rare anomaly resulting from 
failure of development of the posterior cardinal and supra 
cardinal veins, with preservation of the suprarenal segment 
of the IVC. Intrauterine or perinatal thrombosis has been 
proposed to cause this anomaly (26,27). Absence can be 
either complete or incomplete depending on the degree 
of involvement of the infrarenal IVC and the common 
iliac veins (Figure 10) (26). Absence of the infrarenal IVC 
may be asymptomatic or may present lower limb venous 
insufficiency, deep-vein thrombosis or varices (28). In 
cases of total absence of the IVC, blood returns usually 
through multiple collateral pathways, including the azygos/
hemiazygos system, emptying into the SVC.

Failure of regression

Duplication of the IVC
In this anomaly, there are bilateral IVCs due to the 
persistence of both right and left supra cardinal veins  
(Figure 11). The prevalence of this anomaly is 1% to 3% (29),  
and the most common form is one in which 2 distinct 
IVCs arise from each iliac vein (30). Usually, the left IVC 
ends at the level of the left renal vein, crossing over to join 
the right IVC (3). There may be significant asymmetry in 
the sizes of the left and right veins if the left IVC crosses 
over at a lower level than the renal vein (29). Care should be 
taken to avoid mistaking this anomaly for adenopathy (27). 
Duplication of the IVC should be suspected in cases of 

recurrent pulmonary embolism after placement of an IVC 
filter. This condition is treated by placing filters in both 
IVCs (31) (Figure 12), placing a filter in the suprarenal 
IVC (32), or performing coil embolization of the smaller 
IVC (33).

Circumaortic left renal vein
In this  anomaly,  the left  renal  vein encircles the 
abdominal aorta. During IVC development, anastomotic 
communications between subcardinal and supra cardinal 
channels form a collar of veins encircling the aorta. The 
ventral portion of this circumaortic collar persists as 
the normal left renal vein, and the dorsal vein normally 
regresses. Circumaortic vein results if there is persistence of 
the dorsal collar (Figure 13). The incidence of this anomaly 
is 1.5% to 16% (34-36). 

Care should be taken to avoid misdiagnosis of this 
condition as retroperitoneal adenopathy (27). The major 
clinical significance of this anomaly is in preoperative 
p lanning  before  nephrectomy and in  rena l  ve in 
catheterization for venous sampling. Compression of the 
renal vein by the aorta can cause hematuria, abdominal/
flank pain or “nutcracker” phenomenon, which entails 
hypertension, hematuria, and ureteric varices (37). In this 
anomaly, placing the IVC filter below the lower renal vein 
may be a challenge since adequate distance may not be 
available between the lower renal vein and the iliac vein. 
Therefore, either a suprarenal IVC filter or 2 filters in 
either iliac vein may have to be placed. However, Fang et 
al. (38) reported that the frequency of pulmonary embolism 
in patients who had filters placed at or in between the 2 left 
renal veins was not significantly different from those who 
underwent infrarenal or suprarenal filter placement.

Combined etiology

In patients with these anomalies, certain sections of 
developing primitive systemic veins fail to develop while 
others fail to regress.

Left IVC 
A left IVC results from regression of the right supra 
cardinal vein with persistence of the left supra cardinal vein. 
The prevalence of this anomaly is 0.2% to 0.5% (29). In 
incomplete left-IVC, the left common iliac vein ascends as a 
duplicated left IVC and drains into the left renal vein. The 
vein then crosses the aorta anteriorly and joins the right 
IVC in a normal fashion. In complete left-IVC, the left 

Figure 9 Interruption of the suprarenal portion of the IVC with 
azygos continuation (25).
Available online: http://www.asvide.com/articles/1297

Video 2. Interruption of the suprarenal 
portion of the IVC with azygos continuation 
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Figure 11 Duplicated IVC. (A,B) Axial CT images showing duplicated IVCs (arrows) joining at the renal vein level. This patient was treated 
with bilateral filter insertions (see Figure 12).

Figure 10 Absent infrarenal IVC. (A-C) Serial axial CT images through the abdomen A Prominent azygos (arrow) and hemiazygos (curved 
arrow) veins at the level of the diaphragm; (B) termination of IVC at the level of the renal veins; (C) complete absence of the infrarenal 
IVC; (D) coronal maximal intensity projection showing a patent intrahepatic and suprarenal IVC (arrow) with absence below the level of the 
kidneys 
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IVC receives the left renal vein and continues as a preaortic 
trunk that travels obliquely and empties into the right IVC 
(Figure 14) (39). 

Left IVC can be misdiagnosed as a left-sided para-aortic 
adenopathy (40). This anomaly must also be considered 
when interventional radiologists are placing an IVC filter, 
especially through a transjugular approach (26), and when 
repairing aortic aneurysms (41). In patients with chronic 
central venous occlusions in the chest requiring long-
term central venous catheters, access into the infrarenal 

IVC via a translumbar approach is a viable alternative (42).  
A catheter placed into the left infrarenal IVC will take 
a double curve as it travels via the left renal vein into 
the suprarenal IVC. This left IVC approach may pose 
complications similar to a left SVC approach when placing 
a filter, such as higher incidences of chronic occlusions, 
due to the anatomical difference in location and the curve 
that the anomalous vein takes as it goes centrally towards 
the right heart. 

Retrocaval ureter
In retrocaval ureter, the ureter is posterior and medial to 
the IVC, which can cause ureteral compression leading to 
complications such as hydronephrosis or recurrent urinary 
tract infections (27). This is caused by abnormal persistence 
of the right subcardinal vein positioned ventral to the ureter 
in the definitive IVC, as a result of which the developing 
right ureter courses behind and medial to the IVC  
(Figure 15). This anomaly has incidence of 0.06% to 0.17% 
and is more common in men (43). This anomaly almost 
always occurs on the right, but when occurring on the left, 
it is usually associated with either a partial or complete situs 
inversus or a left-sided IVC (43). On imaging, retrocaval 
ureter appears like a fish hook or a reverse J, with the 
proximal ureter appearing at the level of the lumbar  
pedicles (44). Surgical relocation of the ureter anterior to 
the IVC is the treatment of choice (29).

Retroaortic left renal vein
This anomaly is caused by persistence of dorsal portion 
of the renal collar and regression of the ventral collar, 
resulting in the left renal vein coursing posterior to the 
aorta (Figure 16) (2). This anomaly has an incidence of 
0.8% to 3.7% (34). This is usually asymptomatic, but 

Figure 12 AP Abdominal radiograph showing bilateral IVC filters 
(arrows) placed in the patient imaged in Figure 11A,B.

Figure 13 Circumaortic left renal vein. (A-C) Coronal and 2 axial images showing the left posterior (B, arrow) and anterior (C, arrow) renal 
veins encircling the aorta.
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may cause hematuria and abdominal/flank pain (37) due to 
compression of left renal vein (45,46). Knowledge of this 
anomaly is essential before renal and adrenal venography, renal 
venous renin sampling, left renal transplant and splenorenal 
shunt. Failure to recognize this anomaly may lead to severe 
hemorrhage (47).

Conclusions

IVC anomalies are commonly encountered due to increased 
use of cross sectional imaging modalities. Knowledge of the 
embryology helps in understanding the spectrum of these 
anomalies and their clinical implications. It also helps in 

Figure 14 Complete left IVC (arrowhead). (A) Axial CT image showing the IVC on the left; (B) coronal maximal intensity and (C) coronal 
reconstruction images of the IVC segment that crosses the midline (arrowhead) to join the normal right suprarenal IVC.

Figure 15 Retrocaval ureter. (A) Axial and (B) coronal images showing the right ureter (curved arrow) posterior and medial to the IVC 
(arrow).

Figure 16 Axial image showing a retroaortic left renal vein (arrow) 
connecting to the IVC (curved arrow).
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designing an effective treatment plan from an interventional 
standpoint.
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