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a  b  s  t  r  a  c  t

Basic  knowledge  in  the  interpretation  of hepatic  imaging  is  essential  for the clinical  hepatologist.  In recent
years,  the  availability  of  dynamic  imaging  studies  of  the  liver  using  computed  tomography  or  magnetic
resonance  has  led  to appreciate  the  importance  of  early  changes  in  arterial  perfusion  for  the  interpretation
of hepatic  lesions.  Transient  Hepatic  Parenchymal  Enhancement  (THPE)  is  defined  as  a normal  area  of
eywords:
iliary obstruction
lood perfusion
epatocellular carcinoma
epatic metastases

liver  parenchyma  that enhances  after  injection  of contrast  agent  during  the  arterial  phase  of  perfusion.
Appearance  of this  sign  is  mostly  associated  with  a reduction  in  portal  perfusion  or  with  inflammation,
and  appears  in different  morphologic  patterns.  THPE  should  not  be  considered  a radiological  artefact,
and  its interpretation  is essential  to avoid  misclassification  of hepatic  lesions  that  may  have  clinical
significance,  such  as hepatocellular  carcinoma  or  hepatic  metastases.  In  this  short  review  we provide
essential  information  on  the  causes,  pathophysiology  and  morphology  of  THPE,  and  discuss  the  relevance

ical  p
 Gast
of  these  findings  in a clin
© 2011 Editrice

. Introduction

Detection of hepatic nodular lesions and their correct diagno-
is is an everyday challenge for the clinical hepatologist. This is of
articular relevance in the setting of a cirrhotic liver, where hepa-
ocellular carcinoma (HCC) represents a leading complication and
n increasingly observed cause of death [1]. According to the exist-
ng guidelines, imaging plays a critical role in the definition of a
odular lesion as HCC in the context of a cirrhotic liver [2]. These
onsiderations imply that the clinical hepatologist acquires at least
ome knowledge of the criteria that are necessary for the interpre-

ation of liver computed tomography (CT) or magnetic resonance
MR) dynamic imaging. In fact, correct understanding of imaging
ndings often needs close cooperation between radiologists and
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clinicians, especially in the setting of cirrhosis, where suspicion of
malignancy is common.

Due to its high temporal resolution (speed), multi-detector CT
allows to acquire images of large portions of the body in a single
breath-hold. In a typical dynamic study of the abdomen, and partic-
ularly of the liver, the unenhanced scan is usually followed by two
(or three) additional scans acquired during the arterial and portal
venous phases (approximately 30 and 70 s following administra-
tion of contrast medium, respectively), to obtain information about
arterial and portal perfusion of the hepatic parenchyma. Dynamic
imaging techniques have identified a new phenomenon related
to changes in arterial perfusion of the liver, which occurs rather
frequently in CT imaging (between 9.3% and 15% of all exams per-
formed on the abdomen) [3].  This phenomenon was first described
by Itai et al. [4] who  named it “Transient Hepatic Attenuation Dif-
ference” (THAD); it represents a very common cause of diagnostic
uncertainty, often leading to additional imaging studies and possi-
bly even to liver biopsy. In this paper we review the biological and
clinical significance of these hepatic arterial phenomena, focusing
on the possible diagnostic pitfalls.
2. Definition

Since the first description by Itai in CT scans, a THAD has
been defined as ‘a normal area of liver parenchyma that enhances
after injection of contrast agent during the arterial phase of

 Ltd. All rights reserved.
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erfusion’. The same phenomenon is defined as Transient Hepatic
ntensity Difference (THID) in MR  imaging [5,6]. The term THPE
Transient Hepatic Parenchymal Enhancement) has therefore been
reated to encompass both THAD and THID [7].  TPHE indicates
n increase in arterial perfusion, due to a variation of the nor-
al  hepatic blood supply. THPE is generally observed as an area of

yperdensity/hyperintensity (then with appearance brighter than
urrounding areas) in the parenchyma in the arterial phase, which
ends to disappear during the portal phase [8,9].

To understand the basis of THPE, it is important to consider the
eculiarity of the hepatic vascular system. The liver receives a dual
lood supply from the portal vein (about 75%) and the hepatic arter-

es (about 25%). These two systems are interconnected through the
rans-sinusoidal, the transvasal and the peribiliary plexus, which
rovide a compensatory system to ensure a constant flow of blood
hrough the hepatic parenchyma, regardless of variations that may
ccur in either the arterial or venous supplies [10,11]. The auto-
omic nervous system and soluble factors regulate flow through
hese vessels. It should be underscored that THPE can be seen as
he imaging equivalent of a phenomenon known as “arterial buffer
esponse”, which is activated by the liver based on the requirement
f oxygen and metabolites. As a consequence of a decrease in por-
al supply, an increase in arterial flow is generated and becomes
etectable in the arterial phase of CT imaging [11,12].

. Pathophysiology and imaging findings

From a pathogenetic point of view, THPE can be divided into two
ajor categories: (1) those based on arterial hyperperfusion sec-

ndary to a reduction of portal perfusion and (2) those in which the
rterial hyperperfusion is primary, independently of the occurrence
f a portal hypoperfusion.

Portal hypoperfusion may  be caused by obstruction, thrombosis,
ompression or infiltration of a branch of the portal vein, as occurs
n case of compression ab extrinseco,  e.g. by a nodular lesion or a
aematoma. Hypoperfusion may  also be caused by flow diversion
s occurs in arterio-portal shunts (APS), caused by small arterio-
ortal fistulas or by the presence of an abnormal afferent blood
s in the case of venous or arterial anatomical variations. In these
atter conditions arterial blood, with higher pressure, flows into
he portal bed, with lower pressure, and blocks portal flow, thus
riggering the arterial reaction and then generating the THPE.
This type of diversion can also take place in the territories of
he “third hepatic inflow” which consists of the capsular veins, the
appey paraumbilical veins, hilar and epiploic veins, suspensory
igament and diaphragmatic veins and the accessory cystic vein.
hese anomalous accessory veins enter the liver separately from

able 1
lassification of the different types of Transient Hepatic Parenchymal Enhancement.

Extension Pathogenesis Appearance 

Localized Portal hypoperfusion Triangular 

Inflammation Polymorphous 

Primary hyperperfusion not linked to
portal flow blockade (‘sump effect’)

Lobar or multi-segmental

Diffuse Post-sinusoidal flow blockade Patchy pattern 

Pre-sinusoidal flow blockade Central–peripheral pattern

Peribiliary plexus impairment, frequently
associated with inflammation

Peribiliary pattern 
er Disease 44 (2012) 363– 368

the portal venous system and may  act, accordingly to the pres-
sure gradient, as anomalous supply or drainage vessels, providing
some areas of the parenchyma, mainly located in segments I–IV.
As a consequence, these venous systems work as a shunt between
the systemic venous circulation and the sinusoids. In physiologi-
cal conditions they represent a hepatopetal system, contributing
no more than 2–3% of the hepatic blood flow. In the presence of
portal hypertension, the intraportal pressure becomes higher than
that of the systemic veins, and the “third” hepatic system becomes
hepatofugal, allowing for the development of shunting systems in
a cirrhotic liver [13–15].

A second type of THPE is independent of portal hypoperfusion
and is mainly related to inflammation, as in the case of cholecys-
titis, abscesses or cholangitis. Inflammatory mediators may  cause
vasodilatation and increased vascular permeability in the nearby
normal parenchyma. Once the inflammation is resolved, the THPE
phenomena also disappear. Another type of primary THPE may be
related to the presence of hypervascular benign tumours (‘sump
effect’, see below).

Identification of THPE and increased knowledge of their differ-
ent types is a major challenge for the clinician who has to interpret
these findings. In the clinical setting, it is particularly important
to evaluate the possibility that some of these pictures may  be the
expression of proliferative lesions or that herald their eventual
appearance. A pivotal aspect is that a radiologist must describe the
presence of a THPE, even though he/she is unable to determine its
cause. On the other hand, the clinician should never consider THPE
as an artefact, and these findings need to be placed in the frame-
work of the clinical history and current conditions of the patient. In
any case, a close interaction between the radiologist and the clini-
cian is essential, in order to reduce the number of missed or wrong
diagnoses and to warrant an appropriate follow-up to the patient.

Ideally, THPE should be classified according to their etiopatho-
genesis. However, this approach is impractical because morphology
is the most appreciable characteristic of these arterial phenomena.
Thus, this review is organized according to the imaging appear-
ance of THPEs, distinguishing localized and diffuse forms of THPE
(Table 1 and Fig. 1).

3.1. Localized THPEs

These are generally associated with portal hypoperfusion, and

particularly with portal vein thrombosis. They appear mostly as tri-
angular areas, and may  also be associated with malignant or benign
lesions, such as haemangioma or abscess [16,17]. Depending on
the position of the lesion, the arterial area may  be differently sized.
Especially in case of triangular-shaped THPE, the radiologist should

Predominant causes

• Benign or malignant focal lesion (rarely hidden nodule)
•  Arterio-portal shunt
• Portal thrombosis
• Cholecystitis, pleuritis
• Other causes: parenchymal injury, extrinsic compression, percutaneous
biopsy or treatments. In these latter cases they present in various shapes,
including triangular
• Large and benign focal lesions
• Vascular variants (which can also induce polymorphous Transient
Hepatic Parenchymal Enhancement)
• Right heart failure
•  Budd–Chiari syndrome
• Thrombosis of portal trunk
• Cirrhosis
• Biliary tree dilation with or without inflammation (e.g.
choledocholithiasis or cholangiocarcinoma, cancer of the head of pancreas)
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Fig. 1. Appearance of Transient Hepatic Parenchymal Enhancement. Top panel: examples of different types of localized Transient Hepatic Parenchymal Enhancement
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THPE). Upper image: triangular THPE caused by a nodular lesion (not visible in the
ompression of the right hepatic lobe caused by fluid collection; lower image: lob
ifferent types of diffuse THPE. Upper image: patchy THPE in a patient with Budd–
ein  thrombosis (not visible in the image provided); lower image: peribiliary patte

arefully look for the presence of a nodular lesion, which is usually
laced within the THPE or at its apex. In fact, in some cases, the
ocal lesion may  be very small or isodense to the area of THPE, and
herefore difficult to identify. In this occurrence, a “hidden nod-
le” should be suspected, causing a portal compression, but not
etectable because of being too small or devoid of a sufficient con-
rast difference with respect to the surrounding structures [18,19].
n all these cases a follow-up is strongly recommended, as it is pos-
ible that the focal lesion will appear with time (Fig. 2). A common
ondition that needs particular attention is the appearance of a tri-
ngular THPE in the context of a cirrhotic liver, especially when in
roximity of the hepatic capsule where it can mimic  a nodule due
o the incidence of the X-ray beam (Fig. 3). In contrast to the typ-

cal CT appearance of HCC in cirrhosis (hyper in the arterial phase

ith portal washout), THPE do not show any washout during the
ortal phase. Also in this case, if a THPE is detected by CT scan, addi-
ional imaging studies such as MRI  with liver-specific gadolinium
helates are necessary. In fact, typical HCC usually do not enhance
 provided); middle image: polymorphous THPE (arrows) associated with extrinsic
PE (arrow) caused by a hepatic abscess (arrowhead). Bottom panel: examples of

 syndrome; middle image: central–peripheral phenomenon associated with portal
 patient with biliary tree obstruction due to choledocholitiasis.

in the hepatobiliary phase, whilst THPE shows a delayed enhance-
ment equal to that of the surrounding parenchyma. This behaviour
of THPE could mimic  a well-differentiated HCC and therefore a
close follow-up is mandatory. Thus, when a nodule without the
typical HCC pattern is detected in a cirrhotic liver, the possibil-
ity of a pseudonodular THPE should be kept in mind [20]. THPE
with pseudonodular appearance can be mainly found in subcapsu-
lar areas and in the district of the “third hepatic supply”. It should
be underscored that in these areas, arterial phenomena can be
observed also in non-cirrhotic livers, especially after chemother-
apy, which can damage minor portal vessels and facilitate blood
inflow through systemic veins (i.e. the “third inflow”) (Fig. 4).
Clearly, appearance of these pseudonodular lesions in a patient

undergoing chemotherapy may  be challenging as they may  raise
the suspicion of a liver metastasis.

Sometimes localized THPEs are not triangular but polymor-
phous and/or round-shaped. These latter are usually not associated
with focal lesions and are mainly caused by APS, parenchymal
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Fig. 2. Example of a ‘hidden nodule’. (A) Presence of multiple Transient Hepatic Parenchymal Enhancements (THPE) (arrow for an example) in a patient without evidence of
nodular lesions. (B) In a follow-up computed tomography scan after 6 months, there is clear evidence of multiple metastases in areas where THPE were previously detected
(arrow).
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ig. 3. Diagram of the nodular appearance of a Transient Hepatic Parenchymal
nhancement. The drawing shows how in axial images the shape of a Transient
epatic Parenchymal Enhancement (THPE) depends on the plane orientation with

espect to the arterialized area. This may  mimic  a nodular lesion.

njury, extrinsic compression or inflammation (Fig. 1) [21]. A
articular condition where multiple APS may  be present is hered-

tary haemorrhagic telangiectasia (Rendu–Osler–Weber disease)
7].  Anomalous arteries or accessory veins, as in the “third hep-

tic supply” (see above) are another cause of altered blood supply
hat may  lead to appearance of this type of THPE.

There are polymorphous THPEs which are not closely related to
ortal hypoperfusion. These forms of THPE are prevalently linked

ig. 4. Transient Hepatic Parenchymal Enhancement in the district of the ‘third hepatic sup
can  (B) show the presence of a nodular Transient Hepatic Parenchymal Enhancement ne
Fig. 5. Example of a localized, polymorphous Transient Hepatic Parenchymal
Enhancement. Arterial phase-computed tomography image showing an arterial
phenomenon with a polymorphous pattern (arrow) in a patient with cholecystitis
(inflammatory pathogenesis).

to inflammation of bile ducts and/or adjacent organs (cholecystitis,
pancreatis, abscesses) [6] (Fig. 5). These include conditions defined
increased blood flow from a dilated aberrant cystic vein [22]. In
these cases, arterial phenomena are located around the inflamed
area. Their morphogenesis is related to the spread of inflammatory
mediators to the parenchyma, by contiguity, although increased

ply’. Arterial phases of magnetic resonance imaging (A) and computed tomography
ar to the gallbladder (arrows) as a typical area of ‘third inflow’.
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Fig. 6. Example of a diffuse, peribiliary. Transient Hepatic Parenchymal Enhance-
S. Colagrande et al. / Digestive a

rterial flow may  also be secondary to portal inflow reduction due
o interstitial oedema [10].

A third, less common type of localized THPE, not related to
ortal hypoperfusion, is the so-called “sump effect”, also known
s “syphoning phenomenon”, which is associated with haeman-
iomas, focal nodular hyperplasia, or hypervascular tumours,
sually larger than 3 cm and benign [23]. These tumours can
arkedly increase the arterial blood supply to the lobe or segment
here it is contained, resulting in a transiently higher arterial atten-
ation in the lobar area surrounding the tumour. In contrast, the
ontralateral lobe receives a less abundant arterial blood supply and
hows lower arterial attenuation. Another related phenomenon,
lthough rarely occurring, is the ‘steal phenomenon’, the explana-
ion of which exceeds the scopes of this review [7].

.2. Diffuse THPEs

These types of THPE involve the entirety or the most part of
he liver with a patchy, central–peripheral or peribiliary pattern
Table 1). They are usually associated with portal and/or biliary
bstruction, and the imaging appearance depends on both the level
nd the type of obstruction [5,6,18,24]. A patchy pattern is usu-
lly due to post-sinusoidal obstruction of the portal flow, which
an occur at the level of the hepatic veins, such as in case of heart
ailure, Budd–Chiari syndrome or inferior vena cava obstruction
yndrome. In these conditions, occlusion of the hepatic veins results
n increased sinusoidal pressure and reverses the pressure gradi-
nt between the sinusoidal and portal veins. The portal vein then
ecomes a draining vein, causing an increase in arterial blood flow,
nd resulting in a functional APS [25,26].  At dynamic imaging,
his appears as an enhancement of the central part of the hepatic
arenchyma (centrilobular enhancement) with a mottled/marbled
ppearance. This pattern is evident in the arterial phase, but is
ypically maintained in the portal phase (Fig. 1).

In sinusoidal and pre-sinusoidal obstruction, the interconnect-
ng shunts between the arterial and the portal systems play an
mportant role, in particular the opening of the peribiliary plexus,

hich determines the central–peripheral pattern, i.e. an arterial
nhancement of the peripheral subcapsular parenchyma with rel-
tive hypodensity of the perihilar area. The block occurs either at
he portal trunk (before the sinusoids), as in portal vein thrombosis,
r at sinusoidal level, as in cirrhosis [7].  Portal flow usually remains
dequate in the central area of the liver (segments I and IV), and
n segments II and III, whilst in the periphery its relative deficiency
eads to an increase in arterial flow, with opening of shunts at the
evel of the peribiliary plexus.

A pattern intermediate between the patchy and the
entral–peripheral phenomenon, with variable expression,
ay  be noted during veno-occlusive disease, more recently

amed sinusoidal obstruction syndrome. This describes a non-
hrombotic obstruction of the hepatic sinusoids with or without
enular involvement, based on endothelial toxicity mainly due to
hemotherapy and/or radiotherapy. The consequent congestion
f the liver parenchyma may  lead to a light patchy pattern with
inear hypodensity due to sinusoidal wall oedema. Nonetheless,
he diagnosis of this condition is based on liver biopsy [27].

A peribiliary pattern may  be observed in the case of long-
tanding bile duct dilation (e.g. due to choledocholithiasis,
ancreatic cancer or ampulloma). Increased pressure causes com-
ression of the peribiliary plexus, which surrounds the bile duct and

acks a muscular wall. This may  cause a reduction of blood flow from

he portal vein to the sinusoids, resulting in an arterial compen-
ation and a diffuse and irregular enhancement of the peribiliary
arenchyma (Fig. 6). If the cause of obstruction is not removed,
ersistence of cholestasis leads to parenchymal atrophy, especially

n the presence of portal vein obstruction [28] whilst if the block
ment. Arterial phase-computed tomography image showing a Transient Hepatic
Parenchymal Enhancement with peribiliary pattern (arrow) in a patient with dilata-
tion of the intrahepatic branches of the biliary tree (star) associated with stenosis
of  the distal tract of the common bile duct.

is removed, the THPE phenomena disappear [18,29]. This pattern
may  be present also in the case of cholangitis, when the peribiliary
plexus is blocked because of the involvement by the inflammation.
This can be of clinical utility, supporting the diagnosis of cholangitis,
that may  be difficult in the absence of bile duct dilation.

This type of THPE usually presents in a diffuse form, but it may
be appearing also in a triangular shape if only a branch of the bil-
iary tree is involved. In these latter cases, if CT scan is not sufficient
to detect the cause of obstruction, additional investigation with
ultrasound and/or MRI  should be performed. After removal of the
obstruction (such as in case of biliary stones), follow-up is manda-
tory because THPE tend to disappear in these cases. In contrast, in
the case of malignant disease, THPE tend to persist and additional
efforts must be put to identify its cause.

4. Evolution of THPE

In general, if the cause of THPE is removed, arterial phenom-
ena rapidly disappear. However, even if the cause persists, imaging
alterations tend to become less evident with time and eventu-
ally disappear within months. This may  be explained by the fact
that in normal conditions the liver needs low oxygen tension and
high levels of nutrients. When these conditions are not met, as in
the case of a persistently increased arterial blood flow, the liver
parenchyma undergoes metabolic changes that present as an area
of hypodensity on imaging. This is likely due to the presence of
oedema, fibrosis and/or depletion of hepatocytes in the underlying
parenchyma [7,25,30].

5. Conclusion

Several studies in recent years have highlighted the potential
relevance of THPE phenomena observed by hepatic imaging per-
formed by CT scan or MR  imaging. The clinical relevance of these
forms is based on the possibility to be misdiagnosed as cancerous
lesions, to hide an underlying cancer, or to be expression of severe
hepatic diseases. In all these cases, incorrect recognition and clas-
sification of a THPE will prompt costly and possibly unnecessary

tests and will be a source of considerable distress for the patient.
Thus, a close collaboration between the radiologist and the clin-
ician is necessary to discuss the clinical and imaging findings of
each controversial case, thus increasing the possibility to reach a
correct diagnosis.
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