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Abstract

Background—Congenital portosystemic shunt (CPSS) is a rare malformation in which
splanchnic venous flow bypasses the liver. CPSS is associated with other congenital anomalies and
syndromes and can be associated with life-threatening complications. CPSS and their management
remain underreported in the literature. Here, we review the clinical characteristics, management,
and outcomes of a cohort of children and young adults with CPSS from two pediatric centers.

Methods—Cases of CPSS from Cincinnati Children’s Hospital Medical Center and C.S. Mott
Children’s Hospital were reviewed to define CPSS anatomy, associated anomalies, complications,
interventions, and outcomes. The imaging features and histopathology of liver lesions were
characterized in detail.
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Results—A total of 11 cases were identified. Median age was 10 years (range 0-26); 8 (73%)
cases were female. Associated anomalies included six patients with heterotaxy (55%), five patients
with congenital heart disease (45%), three patients with Turner syndrome (27%), and two patients
with omphalocele, exstrophy, imperforate anus, spinal defects (OEIS) complex (18%). Eight
(73%) cases had hyperammonemia + encephalopathy. A 4-month-old presented with
hepatopulmonary syndrome, and 12-year-old presented with pulmonary hypertension. Eight
patients (73%) had liver lesions including five with premalignant adenomas and three with well-
differentiated hepatocellular carcinoma (HCC). Four children underwent successful CPSS
occlusion/ligation. Three children underwent liver transplant (2) or resection (1) for HCC without
recurrence at extended follow-up.

Conclusions—CPSS is associated with multiple anomalies (heterotaxy, congenital heart
disease) and syndromes (Turner syndrome). CPSS liver lesions should be very carefully evaluated
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due to risk of premalignant adenomas and HCC. Serious complications of CPSS can occur at a
young age but can be managed endovascularly or with open surgery.
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Introduction

Congenital portosystemic shunt (CPSS) is a malformation in which venous outflow from the
intestines and spleen is diverted directly into the systemic circulation via an anomalous
vascular connection (shunt), thereby bypassing the liver. The shunt may arise from any root
of the portal vein (e.g., superior mesenteric vein, inferior mesenteric vein, or splenic vein),
from the main portal vein, or from a branch of the portal vein. The systemic termination site
is commonly the inferior vena cava but can be any systemic vein including a branch of the
hepatic veins, the renal veins, or the iliac veins. The location of the shunt vessel may be
intrahepatic or extrahepatic. The historical term for extrahepatic CPSS is “Abernethy
malformation.” In patients with extrahepatic CPSS, the portal vein and intrahepatic portal
venous branches may be absent (type 1) or patent (type 2) [1].

CPSS is regarded as a rare anomaly, but the prevalence of CPSS is unknown, as diagnosis
requires clinical suspicion. The number of reported cases has increased over time, due to
heightened awareness and improved imaging techniques [1]. Recognition of CPSS is
essential since, in the appropriate circumstances, intervention in the form of obliterating the
shunt or liver transplantation can improve clinical outcomes. Decisions regarding the timing
and type of intervention are impacted by many factors including the anatomy of the shunt
and portal vein, complications of CPSS (including masses in the liver) or the estimated risk
of complications over time, and the presence of comorbidities that might influence the risk/
benefit ratio of an intervention.

CPSS has been associated with complications during childhood including neonatal
cholestasis, hyperammonemia and encephalopathy, hepatopulmonary syndrome, pulmonary
hypertension, and benign and malignant liver masses [1, 2]. A recent review identified 82
published cases of liver masses associated with CPSS, most commonly focal nodular
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hyperplasia and nodular regenerative hyperplasia, but also hepatocellular adenoma,
hepatoblastoma, and hepatocellular carcinoma (HCC) [2].

Knowledge of the various clinical presentations in children with CPSS and approaches to
management are limited due to the rarity of CPSS. Here, we add to the existing literature by
reviewing our experience caring for eleven children and young adults with CPSS, with
details of clinical presentations, clinical associations, shunt anatomy, complications
including liver masses, and outcomes following intervention.

Materials and Methods

This study was approved by the Institutional Review Board at Cincinnati Children’s Hospital
Medical Center and C.S. Mott Children’s Hospital. We systematically queried the electronic
medical record at CCHMC by available encounter codes likely to be associated with the
diagnosis of CPSS, including all available codes containing the words portosystemic shunt,
as well as those for known associations including /inferior vena cava interruption, congenital
bilateral superior vena cava, heterotaxy, polysplenia, and intestinal malrotation. For rigor,
we included all pertinent encounter codes related to vascular disorders and anomalies.

After preliminary review of charts and cross-sectional imaging (CT or MR) to confirm a
diagnosis of CPSS, we collected the following data: age at diagnosis of CPSS, gender,
coexisting diagnoses, physical examination findings, laboratory and imaging results,
complications, details of interventions, and clinical outcomes following interventions. Shunt
anatomy was categorized according to the system proposed by Gauthier and colleagues [3].
The categories include: extrahepatic portosystemic (EHPS; origin is any root vessel draining
into the portal vein, and termination is lower inferior vena cava or other systemic vein),
portocaval (PC; origin is portal vein or branch of portal vein, and termination is inferior vena
cava between the renal veins and hepatic veins), and portohepatic (PH; origin is portal vein
or branch of portal vein, and termination is one of the hepatic veins).

Liver biopsies, resections, and explants in our cohort of CPSS patients with specimens were
identified in the pathology archives. Liver lesions and background liver when available were
reviewed by two or more pathologists (A.G., R.S., and K.B.). Specimens were evaluated
using hematoxylin and eosin (H&E) stains, special stains including reticulin, and
immunohistochemical stains related to evaluation of subtypes of hepatocellular adenoma
(HCA), as previously described by Zucman-Rossi and colleagues [4—6]. Immunostains for
glutamine synthetase and B-catenin (diffuse to heterogeneous strong glutamine synthetase
positivity and * nuclear B-catenin signal) were considered indicative of B-catenin-activated
adenoma. Loss of fatty acid binding protein immunoexpression was considered consistent
with hepatocyte nuclear factor 1-alpha (HNF1a)-inactivated adenoma. Diffuse
overexpression of C-reactive protein and/or serum amyloid-A was considered consistent
with inflammatory adenoma. In addition, we performed glypican-3 immunostaining which
highlights an onco-fetal protein expressed in hepatoblastomas, some hepatocellular
carcinomas, and dysplastic nodules, and is negative in all adenomas and macroregenerative
nodules [7].
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As per the International Consensus Group for Hepatocellular Neoplasia, early well-
differentiated hepatocellular carcinoma (eHCC) was identified in cases of well-differentiated
hepatocellular neoplasms lacking a well-defined capsule, containing some portal tracts,
unpaired arteries, pseudoglandular structures, and either intratumoral lymphovascular
invasion or portal tract invasion [8]. Well-differentiated HCC has similar findings as eHCC
with the addition of being partially or completely encapsulated/pseudocapsule and showing
morphologic variability of tumor cells.

Our preliminary query generated a list of 345 individual patients. Of these, a total of 11
patients were confirmed by chart and imaging review to have CPSS, including eight females
(73%) and three males (27%). Demographics, patency status of the portal vein, and shunt
anatomy for each patient are summarized in Table 1. The median age at time of diagnosis of
CPSS was 10 years, with a range from the neonatal period to 26 years of age.

Associated anomalies and syndromes were present in nine patients (82%) and are
summarized in Table 2. Congenital heart lesions were present in five of the patients, and one
or more laterality defects (such as persistent left superior vena cava, malrotation,
polysplenia, bilateral SVC, situs inversus) were present in six patients.

All patients underwent cross-sectional imaging with either CT or MRI, and ten patients
(90%) were additionally assessed by catheter-based angiography or operative inspection.
Five patients (45%) were found to have complete absence of the portal vein with an EHPS.
Each had undergone either catheter-based angiography with wedge hepatic venography or
operative inspection, which confirmed absence of the portal vein. Notably, for Patient 5,
cross-sectional imaging was initially interpreted to show complete absence of the portal
vein. Subsequent catheter-based venogram showed a hypoplastic but patent portal vein
which was visible in retrospect on the CT scan (Fig. 1).

Complications of CPSS

All patients had complications of CPSS. Hyperammonemia (maximum measured range, 97—
219) was documented in eight patients (73%). Patients 7 and 9 had longstanding
neurocognitive deficits ascribed to chronically elevated ammonia levels, and Patient 4 had
discrete episodes of disorientation and irritability (encephalopathy) which were temporally
linked to worsening elevations of serum ammonia. A total of four patients were given trials
of rifaximin, with or without lactulose, without significant improvement in serum ammonia
levels. Three patients, each with a patent portal vein, subsequently underwent endovascular
occlusion of the CPSS, and two patients with absent portal veins underwent liver
transplantation, with immediate normalization of serum ammonia levels in all and resolution
of behavioral changes in Patient 4 following intervention to occlude the shunt. Patients 3 and
11 have had persistent hyperammonemia but have been maintained on rifaximin with or
without lactulose at the discretion of their clinician, and remained without episodes of
hepatic encephalopathy or neurocognitive disturbance.
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Patient 2 presented with hepatopulmonary syndrome (HPS) with severe hypoxemia in the
setting of diffuse, large pulmonary arteriovenous malformations. After liver transplantation,
she was weaned to room air in 3 months. Patient 8 had severe pulmonary hypertension
(cardiac catheterization showed mean pulmonary artery pressure of 52 mm Hg) and
hypoxemia which has responded to intravenous treprostinil and sildenafil therapy. This
patient also has innumerable liver lesions. Endovascular occlusion of the CPSS was
considered but was deemed not to be technically possible due to the size and anatomy of the
shunt. In view of this, plus the presence of at least one liver lesion with evidence of beta-
catenin activation (high malignant potential), liver transplantation has been recommended.

Liver Tumors

Intrahepatic masses were identified in eight patients (73%), and six patients (55%) had
multiple masses (Fig. 2). During our study review, Patient 5 was noted to have a 9-mm
hypervascular liver lesion which was not reported at the time of her original CT scan; repeat
MRI 2 years after endovascular occlusion of her CPSS demonstrated that the lesion had
decreased to 6 mm in size. The remaining seven patients initially underwent biopsies of one
or more lesions, followed by resection in Patients 6 and 10 (one lesion each), radiofrequency
ablation in Patient 10 (one lesion), or liver transplantation (Patients 7 and 9) due to concern
for hepatocellular carcinoma or adenomatosis. Paraffin-embedded blocks were available for
six out of seven cases. A summary of the pertinent microscopic findings and abnormal
immunostains, including histologic classification of lesions according to World Health
Organization (WHO) system, is provided in Table 3.

The most common liver lesion was hepatocellular adenoma (six of seven patients), with p-
catenin-activated adenomas being the most common subtype (five of six patients) (Fig. 3a—e€)
[9]. A total of five inflammatory adenomas were identified in three patients (Fig. 3f). Three
of the four inflammatory adenomas (case 4 could not be worked up) also demonstrated p-
catenin activation (diffuse glutamine synthetase expression and + nuclear p-catenin
positivity) and both of the lesions in Patient 11 had foci suspicious for stromal portal
invasion within the lesion (eHCC).

Three patients (Patients 6, 7, and 9) had lesions consistent with early to well-differentiated
(Edmondson grade 1-2) hepatocellular carcinoma arising in either p-catenin-activated
(Patients 7 and 9) or HNF1a-inactivated (Patients 6 and 9) adenomas (Fig. 4). The resected
adenoma in Patient 6 showed expansion of the cell plates (greater than 2-3 cell plate
thickness), patchy loss of reticulin, and strong, diffuse glutamine synthetase expression
suggesting an acquired Wnt/p-catenin pathway activation. In addition, correlative next gene
sequencing for Patient 7 demonstrated CTNNB1 (confirming p-catenin mutation) and
BRIP1 alteration in the hepatocellular carcinoma, and for Patient 11 showed BCL6, MLL,
and MYCN variants with unknown significance. In Patient 11, glutamine synthetase was
diffusely positive within the adenoma in the biopsy consistent with g-catenin pathway
activation in the absence of a CTNNB1 mutation [4, 6]. This may suggest another
component of the WNT/B-catenin pathway is involved with tumorigenesis. All seven
patients with liver lesions had normal serum alpha fetoprotein levels.
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Interventions to Occlude CPSS

Endovascular interventions targeting the shunt for occlusion were performed in three
patients (36%). Patient 4 had a large circuitous shunt vessel (superior mesenteric vein to left
iliac vein), which was occluded in two stages (Fig. 5). In stage 1, via femoral venous
approach, two Amplatzer Vascular Plug Il (AVPII; St. Jude Medical, St. Paul, MN) devices
were deployed into the caudal aspect of the shunt resulting in decreased shunt flow. A
second endovascular procedure was performed 6 weeks later, at which time complete shunt
occlusion was achieved by endovascular deployment of Nester embolization coils (Cook
Medical, Bloomington, IN) and Complex Helical-18 Fibered Platinum coils (Boston
Scientific Corporation, Marlborough, MA). Follow-up MRI 5 months after complete shunt
occlusion showed a decrease in size of a known inflammatory adenoma from 4.4 to 2.3 cm.
Surveillance ultrasounds have shown no residual lesion.

Patients 5 and 10 underwent endovascular shunt occlusion in single stages using AVPII, and
both patients have had decreasing size of their liver lesions documented on surveillance MR
imaging.

Patient 6 underwent surgical ligation of his large portocaval shunt at the time of resection of
his large liver masses by a left lateral sectionectomy; he has had no recurrence of liver
lesions at follow-up of nearly 6 years after resection.

Discussion

Congenital portosystemic shunts are rare. Associations with other syndromes and anomalies
continue to be recognized. This is important since specific investigation for CPSS is often
prompted by the recognition of known associations. Several forms of congenital heart
disease, various vascular anomalies, and heterotaxy are clearly linked to CPSS in our series
and in the literature [2, 10-18]. In addition, our series shows an association with Turner
syndrome, and associations with other syndromes, such as Down syndrome and Noonan
syndrome, have been reported [2, 18-23].

Genitourinary and abdominal wall anomalies may also be associated with CPSS, with our
series being the first to show the association of CPSS with the omphalocele, exstrophy,
imperforate anus, spinal defects (OEIS) complex. Several reported cases of CPSS have
musculoskeletal abnormalities including polydactyly, thumb/radial hypoplasia, rib
anomalies, vertebral and sacral anomalies, and spina bifida occulta [17, 19, 24-27].

When CPSS is suspected, cross-sectional imaging of the abdomen (CT or MRI) is indicated
as the initial investigation to assess for the presence of a shunt, evaluate the anatomy of the
shunt, evaluate the patency of the portal vein, evaluate for liver masses, and assess for
associated anomalies. In patients with EHPS shunt, the portal vein may be absent or patent
which is a critical distinction. Surgical ligation or endovascular occlusion of CPSS is a
potential intervention for patients with a patent portal vein, even if the extra- and
intrahepatic portal venous systems are extremely hypoplastic [3]. When ligation or
endovascular occlusion is considered, the shunt may need to be occluded in stages, in order
to avoid a dangerous increase in portal pressure. Protocols for staged closure of CPSS have
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been described by other centers [19, 28]. Liver transplantation is an important therapeutic
option, especially in patients with innumerable liver masses with increased risk of malignant
transformation, and in patients with an absent portal vein.

Patient 5 highlights the importance of careful characterization of the portal vein. This patient
was initially thought to have an absent portal vein by computed tomography, but was found
to have a patent but hypoplastic extrahepatic portal vein by transjugular retrograde
cannulation of the shunt vessel with venography. This finding made endovascular occlusion
of the CPSS an option, which was accomplished in one stage without an excessive increase
in portal pressure. There are other reports of CPSS in which a hypoplastic native portal vein
is identified only by angiography and some authors believe a hypoplastic portal vein is
present in all cases [29]. Cases like these suggest that catheter-based venography should be
strongly considered prior to intervention in patients with CPSS and an apparently absent
portal vein, to definitively characterize the patency of the portal vein and thus determine
options for intervention.

Hepatic encephalopathy, hepatopulmonary syndrome, and pulmonary hypertension are well-
documented complications of CPSS and warrant intervention to obliterate the shunt (shunt
occlusion if there is a patent portal vein or liver transplant if the portal vein is absent). Our
data show that such complications can present at very early ages. We identified severe
hepatopulmonary syndrome in a 4-month-old and severe pulmonary hypertension in a 12-
year-old. Several reports of hepatopulmonary syndrome and pulmonary hypertension in
children with CPSS within the first decade of life exist in the literature. Both
hepatopulmonary syndrome and pulmonary hypertension have been reported to improve or
resolve following surgical ligation or endovascular occlusion of the shunt or by liver
transplantation [14-16, 19, 24, 29-32]. Indeed, Patient 2 in our series showed definitive
reversal and resolution of hepatopulmonary syndrome following liver transplantation.

There is a known association between CPSS and intrahepatic masses [1]. The cause of lesion
development in patients with CPSS is unknown. Hypothetically, the abnormal hepatic
vasculature (i.e., abnormal systemic shunting, intermittent blood flow, regurgitation) may
result in alternating hypoxia and/or hyperoxia, and disturbed micronutrient balance [33].
This in turn can result in altered glucose uptake, ATP, and pH imbalance, and it may provide
decreased opportunity for nutrient and waste product exchange resulting in tissue acidosis.
Previously reported liver lesions include focal nodular hyperplasia, regenerative nodules/
nodular regenerative hyperplasia, hepatic adenomas, hemangiomas, and hepatocellular
carcinoma [21, 34]. A recent report describes two young children with CPSS and
hepatoblastoma. In one case, the primary mass was initially misdiagnosed as nodular
regenerative hyperplasia by computed tomography (CT) scan prior to biopsy [35]. This
mischaracterization by imaging exemplifies the fact that liver lesions may, to some degree,
mimic one another on imaging, particularly with regard to retaining contrast during the
hepatocyte phase of imaging when using a hepatocyte-specific contrast agent [36]. In our
series, Patient 8 exemplifies this observation. This patient had innumerable liver lesions by
imaging that had features that overlap with FNH; however, biopsied lesions have been
shown to be inflammatory adenomas (Table 3) with and without -catenin activation, the
latter of which confers risk of malignant transformation [4, 6]. Imaging mimicry, the fact
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that in many reports the described imaging features are not typical for the reported lesion
(e.g., T1 hyperintensity in focal nodular hyperplasia), and the fact that many lesions reported
in the literature were incompletely microscopically characterized (no
immunohistochemistry) raises questions about the correct classification of previously
reported lesions in patients with CPSS. We recommend yearly screening liver imaging in
patients with CPSS. When lesions are identified, strong consideration should be given to
biopsy of liver lesions, in order to definitively characterize them and include/exclude
premalignant adenomas and HCC.

To our knowledge, the histologic phenotypic properties of adenomas in children with CPSS
have not been previously reported. In our series, there were five patients with p-catenin-
activated adenomas in three of whom histological changes fulfilled criteria for a
classification of early- to well-differentiated hepatocellular carcinoma according to WHO
criteria. Our findings suggest that adenomas discovered in children with CPSS should be
carefully evaluated for evidence of B-catenin activation. Once identified, p-catenin-activated
adenomas should be ablated or resected, or liver transplant considered if such lesions cannot
be safely ablated or resected, due to the risk of malignant transformation.

The association between CPSS and malignant lesions (hepatoblastoma and HCC) both in
prior reports and in our series deserves expanded discussion. There are four reported cases
of hepatoblastoma in patients with CPSS, all under the age of 10 [12, 37-39]. Hepatocellular
carcinoma has been reported in 13 patients with CPSS [19, 21, 25, 34, 40-47]. All but three
of the previously reported cases occurred in adult patients between 19 and 68 years of age.
Three children with CPSS have been reported with HCC, a 10-year-old, an 8-year-old, and a
12-month-old; our series adds three additional pediatric patients ranging in age from 10 to
12 years. Nearly all reported tumors were moderately to well-differentiated where histology
was reported with one reported to be focally poorly differentiated, and in no case was
metastatic disease present at the time of diagnosis or during follow-up (maximum 4 years)
[43]. Importantly, in one of the adult cases, evidence of hepatitis B infection was present in
the background liver [44]. Of note, a 19-year-old patient with HCC was found at autopsy to
have multifocal liver disease, similar to Patients 7 and 9 in our series, but no metastases.

Congenital portosystemic shunt is a rare malformation that is associated with multiple
clinical associations. Intervention may not be warranted in the absence of complications.
Serious complications of CPSS may manifest in early childhood years, and vigilance for
signs and symptoms of encephalopathy, hepatopulmonary syndrome, and pulmonary
hypertension should be maintained, as the occurrence of these complications warrants
intervention to obliterate the shunt. Cross-sectional imaging is critical to identify and
characterize the shunt, define patency of the portal vein, and to screen for liver lesions which
may be benign or malignant. The most diminutive portal veins may require interventional
venography to identify as this has significant implications for management. Vigilance should
be maintained regarding identified liver lesions, and immunohistochemical staining should
be routine in the CPSS population.
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Fig. 1.

Pa%ient 5. Coronal oblique maximum intensity projection (MIP) image (a) from a CT of the
abdomen performed with intravenous contrast in the portal venous phase shows a large shunt
(S) from the confluence of the superior mesenteric vein (SMV) and splenic vein (SV)
coursing toward the left hepatic vein, where it terminates. An extrahepatic portal vein (PV)
is present tapering toward the hepatic hilum. Mean portal vein pressure was 4 mm Hg. Other
images (not shown) showed hypoplastic intrahepatic portal venous branches which were not
recognized on the initial interpretation. Subsequently performed catheter venogram (b) with
the catheter positioned across the abnormal shunt (S) and into the portal vein shows the
tapering extrahepatic portal vein (PV) and hypoplastic but patent intrahepatic portal veins
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Fig. 2.
Patient 8. Coronal spoiled 3D gradient echo postcontrast image (a) obtained during the

hepatocyte phase (20-min delay) following administration of gadoxetate disodium (Eovist®,
Bayer, Whippany, NJ) shows innumerable hepatic lesions with variable retention of the
contrast material. The two larger lesions (arrows) were biopsied. Both lesions were
inflammatory adenomas with the lesion on the right (white arrow) showing p-catenin
activation. Both lesions show some retention of contrast material during the hepatocyte
phase, a feature of FNH. However, findings on other sequences including: suggestion of an
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atoll sign (rim of T2 hyperintense signal) surrounding the lesion on the right (white arrow)
and with central irregular T2 signal in the lesion on the left (black arrow) on axial T2
weighted imaging (b) and focal loss of signal on opposed phase imaging in the lesion on the
left (not shown) suggesting focal steatosis, suggests that these are, in fact, adenomas
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Fig. 3.

Hig;tology of B-catenin-activated and inflammatory adenomas. Lesions from five patients
showed B-catenin-activated adenomas. Liver needle core biopsy shows a lesion lacking
portal tracts, with scattered mildly dilated sinusoids, suggestion of unpaired arteries, and foci
of inflammation (a). High magnification confirms scattered unpaired arteries (b),
pseudoacini (c), and mild cytological atypia (d). Immunostains for glutamine synthetase (e)
and p-catenin (e insert) demonstrate an abnormal strong, checkboard-like pattern of
expression and patchy nuclear positivity, respectively, within the tumor cells consistent with

Dig Dis Sci. Author manuscript; available in PMC 2021 June 06.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

DiPaola et al.

Page 16

[B-catenin-activated adenomas. Biopsy of right lobe lesion in Patient 8 showed the same
histology findings as described above with the addition of diffuse, strong overexpression of
C-reactive protein (f) with the lesional cells consistent with inflammatory adenoma with -
catenin activation
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Fig. 4.
Hepatocellular carcinoma arising in a p-catenin-activated adenoma. Sections from a liver

explant (Patient 7) demonstrates two B-catenin-activated adenomas with one of these lesions
demonstrating a “nodule within a nodule” pattern characteristic of hepatocellular carcinoma
arising within an adenoma (a). Histology confirms the central lesion as a well-differentiated
hepatocellular carcinoma, Edmondson score of 1-2 (b)
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Fig. 5.

Pa%ient 4. Coronal obligue maximum intensity projection (MIP) image (a) from a CT of the
abdomen performed with intravenous contrast in the portal venous phase shows a large shunt
(S) between the superior mesenteric vein (SMV) and the left common iliac vein (LIV).
Subsequently performed catheter venogram (b) with the catheter coursing over the iliac vein
confluence, through the left iliac vein and into the circuitous shunt (S). The wire (arrow)
extends up through the shunt toward the SMV (not opacified). ¢ Catheter venogram
performed after deployment of two Amplatzer vascular plugs (white arrow) shows
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incomplete occlusion of the shunt with some contrast visible on the mesenteric venous side
of the plugs (black arrow). d Splenoportogram performed after second-stage coil
embolization (arrow) of the shunt shows no residual connection between the mesenteric
venous system and left common iliac vein and demonstrates good opacification of the main
portal vein and its intrahepatic branches
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