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Whether segmental or diffuse, a hepatofugal blood flow is almost always pathological. Over the years,
Doppler ultrasonography has retained its position as one of the most accessible and physiological imaging
techniques to evaluate the direction of the portal blood flow. Detection of a reverse flow is important as it
may change patient care and outcome.
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Introduction

The liver is one of the most vascularized organs of the human body. It is
estimated that 10-15% of the body’s total blood volume is contained in
the liver. Its vasculature supply is dual with approximately 30% of
arterial blood and 70% of venous blood. Although there are many
variations, the arterial inflow (hepatic artery) usually arises from the
coeliac trunk and provides oxygenated blood. The venous inflow (portal
vein) supplies the liver with deoxygenated blood drained from the
superior and inferior mesenteric veins, the splenic vein, the left gastric
vein and the cystic vein (Figure 1a). The oxygenated and deoxygenated
bloods mix in the hepatic sinusoids and then are drained into the hepatic
veins and the inferior vena cava towards the outflow systemic
circulation.

The term “hepatopetal” is used to describe a blood flow that is directed
towards the liver whereas the term “hepatofugal” means that the blood
flow is directed away from the liver. In the normal portal venous
circulation, the blood flow is hepatopetal and is directed from the
gastrointestinal tract, the spleen and the pancreas towards the liver
(Figure 1b). With few exceptions, a hepatofugal flow in the portal
venous system is always pathological. The direction of the blood flow is
best demonstrated with the use of Doppler ultrasonography which is a
fast, non-invasive and physiological evaluation. However, it can also be

assessed by more invasive techniques such as angiography. A normal
portal blood flow at Doppler ultrasonography is laminar (Figure 1c).
Slight undulations linked to respiratory movements and heart beats are
normal and frequently seen in younger patients (Figure 1d). The time
average mean velocity ranges between 20 cm/s and 40 cm/s in the main
portal vein (MPV). Detection of a hepatofugal portal flow is important
as it has been shown to be associated with a poorer clinical outcome after
liver transplantation and an overall decreased survival rate in cirrhotic
patients.

I Normal hepatofugal flow

There are only a few rare situations in which a segmental reversed portal
flow can be observed and considered normal. The first one is found when
a liver transplant patient has received a large graft for its body size. In
that situation, when the patient is in the dorsal decubitus position, a
hepatofugal left portal vein can be observed on Doppler
ultrasonography. When the patient is turned on his left side, the liver’s
position shifts towards the center and the hemodynamics change. The
left portal vein’s vascular resistance drops and the previously
hepatofugal blood flow becomes hepatopetal (Figure 2).

The second situation in which it is considered normal to find a segmental
hepatofugal portal flow is in patients with a transjugular intrahepatic
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portosystemic shunt (TIPS). Furthermore, a hepatopetal flow has been
shown to be highly predictive of a dysfunctional shunt especially if
previous Doppler ultrasonography reported a hepatofugal flow. A
TIPS’s purpose is to achieve portal decompression by bypassing the liver
and its pathological high vascular resistance. Having created an
alternative low resistance outflow path, the intrahepatic portal flow will
be diverted, even if it means reversing, to find its way to the hepatic vein
and the systemic circulation. On Doppler ultrasonography, you should
expect to find a higher velocity in the MPV (> 40 cm/s), a peak systolic
velocity > 50 cm/s in the TIPS and at least one hepatofugal main portal
vein depending on the topography of the TIPS (figure 3).

Figure 1: Normal anatomy and Doppler ultrasound findings. a) figure of
an anterior view of the arterial and venous vasculature supply of the
liver, b) figure of the normal hepatopetal portal venous circulation, c)
Doppler ultrasound image of a normal laminar hepatopetal main portal
vein and d) Doppler ultrasound image of slight undulations linked to
respiratory movements and heart beat in a young patient. Note the right
lobe hyperechoic lesion (hemangioma).

Figure 2: Liver transplant patient. Inferior view of the liver with
vascular resistance modifications from dorsal decubitus to left lateral
decubitus.

11 Pathological hepatofugal flow
As mentioned before, with few exceptions, a retrograde flow in the portal
venous system is always pathological. We will describe the different

causes of a hepatofugal flow by dividing them in two groups. The first
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group will describe focal or segmental inversion whilst the second group
will discuss diffuse portal flow inversion.
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Figure 3: TIPS. a) B mode ultrasound image, b) Doppler ultrasound
image of a TIPS with segmental intra hepatic hepatofugal blood flow and
aliasing artefact from the high velocity in the TIPS and c) normal peak
systolic velocity >50 cm/s in the TIPS.

111 Segmental portal inversion

Intra hepatic hepatofugal blood flow can be found in both the right and
the left hepatic lobes. The focal change in blood flow direction is an
indicator of a loco regional process affecting the liver’s vascular
resistance.

IV Arterio-portal shunt

Arterio-portal shunts (APS) consist of an abnormal connection between
a high pressure feeding artery and a low pressure draining vein. These
shunts can be tumorous, for example in a hepatocarcinoma (Figure 4a)
or a liver metastasis where they result from tumoral invasion or tumoral
compression of the hepatic vein, or non-tumorous, for example after a
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trauma or a liver biopsy in a transplant patient.

Figure 4: Segmental portal inversion. a) figure and Doppler ultrasound
image of a hepatocarcinoma in a cirrhotic liver with a hepatofugal
draining vein, b) figure and B-mode ultrasound image of a hepatic vein
thrombosis and c) Doppler ultrasound image in a case of Budd Chiari
syndrome. Note the small size of the right liver, the hepatofugal main
portal vein and the ascites.

V Liver transplant — hepatic vein thrombosis

Hepatic vein thrombosis is rare and only accounts for approximately 5%
of vascular complications in liver transplant patients. Although rare, vein
obstructions may arise in the postoperative period or as a delayed
complication linked to scar tissue. This entity must be kept in mind
whilst performing Doppler ultrasonography as it could, if left untreated,
lead to graft failure (Figure 4b).

VI Budd Chiari Syndrome
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In the Budd Chiari syndrome, the outflow obstruction is also related to
the thrombosis of the hepatic veins or the terminal portion of the inferior
vena cava [8]. These obstructions result either from a cruoric thrombus
or a tumoral endovascular extension. The ultrasound findings depend on
the number of veins involved and the rapidity of onset. When the
obstruction is found in a single location, Doppler ultrasonography shows
segmental portal vein inversion whereas when the obstruction is diffuse,
the ultrasound shows signs of portal hypertension with a diffuse portal
flow inversion (Figure 4c). In addition to a hepatofugal blood flow,
Doppler ultrasonography can demonstrate the absence of blood flow in
the hepatic veins, veno-venous hepatic shunts and hypertrophy of the
caudate lobe and its draining vein (the only liver segment draining
directly in the inferior vena cava).

V11 Diffuse portal inversion

Diffuse hepatofugal blood flow is in an indicator of portal hypertension.
The most frequent cause is liver cirrhosis but other etiologies such as
congestive heart failure and acute liver failure can be responsible for the
same ultrasound findings.

Figure 5: Diffuse portal inversion. a) Doppler ultrasound image of
diffuse hepatofugal blood flow in end stage liver cirrhosis, b) figure of a
cirrhotic liver, c) Doppler ultrasound image of mild congestive heart
failure and b) Doppler ultrasound image of end stage congestive heart
failure.

VIII Cirrhosis and portal hypertension

Non-forward portal flow in cirrhotic patients is a sign of advanced portal
hypertension and advanced liver function impairment [1]. These patients
have a significantly lower survival rate than those with a forward portal
flow [4]. The mechanism can be explained with the alteration of the
parenchyma, the development of fibrosis, the increase in the vascular
hepatic resistance and the development of both small hepatic vein
obstruction and diffuse arterio-portal shunts (Figure 5a, 5b) [1]. In the
early stages of cirrhosis, the peak systolic velocity drops below 20 cm/s
in the MPV. With time, and in correlation with the progression of the
disease and the Child-Plug score, the velocity drops even further (< 10
cm/s) before sometimes becoming bidirectional and finally hepatofugal.

IX Congestive heart failure with tricuspid regurgitation
The mechanism in patients with heart failure is different. Indeed, in
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cirrhotic patients, the increase in vascular resistance is found within the
liver. In patients with congestive heart failure, the increase in vascular
resistance is situated on the outflow tract of the liver: the hepatic veins
and the inferior vena cava. On Doppler ultrasonography, the portal blood
flow shows undulations which come from the transmission of the heart
beats (Figure 5c, 5d).

X Acute liver failure

Fulminant hepatic failure is characterized by an acute liver injury in the
absence of an underlying chronic liver disease. There are many causes
that can lead to acute liver failure and the diagnosis is not always evident.
At real time Doppler ultrasonography, you may find a hepatofugal MPV,
a decrease in liver echogenicity and a heterogeneous parenchyma.

XI Drug induced acute hepatitis

Drug induced acute hepatitis is caused by a toxic amount of a certain
drug, toxin or supplement (vitamin, herbs). The diagnosis is essentially
established on clinical history, drug use history and laboratory tests but
physicians may want to exclude biliary obstruction and prescribe an
ultrasound.

XI1 Liver transplant — acute cellular rejection

Acute cellular rejection is rare but remains an important cause of
increased mortality in liver transplant patients [5]. The mechanism is
complex with an important inflammatory infiltration along the portal
tract as well as cholangitis and endothelitis (venulitis). Although the gold
standard remains the liver biopsy, Doppler ultrasonography is useful for
the differential diagnosis (vascular and biliary complications). In the
case of acute cellular rejection, the periportal space is hyper echoic with
a decreased velocity MPV or hepatofugal MPV. You may also notice
hepatomegaly, an attenuation of the intrahepatic biliary ducts and an
attenuation of the intra hepatic branches of the hepatic artery.

X111 Hepatic sinusoidal obstruction syndrome

Sinusoidal obstruction syndrome is characterized by a non-thrombotic
occlusion of the terminal hepatic venules and the hepatic sinusoids. The
luminal narrowing, caused by endothelium cell injury and swelling, is
responsible for an increase in vascular resistance and, thus, portal
hypertension. The early manifestations on Doppler ultrasonography are
a decreased velocity main portal vein, hepatomegaly, thickening of the
gallbladder wall, a rapid increase in spleen size and ascites. With time,
and in correlation with the severity of the disease, Doppler
ultrasonography may show portal flow inversion.
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Conclusion

In line with recent studies and the better understanding of the liver’s
complex vasculature, Doppler ultrasonography remains one of the most
accessible and physiological imaging techniques to evaluate the venous
portal system. With few exceptions, a hepatofugal blood flow, whether
segmental or diffuse, is always pathological and its detection is
important as it plays an important role in patient care and outcome.
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