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ABSTRACT

Tc-99m macroaggregate albumin (MAA) scintigraphy was routinely used to estimate the hepatopulmonary
shunt prior to Yttrium-90 microsphere therapy. Visualisation of the recanalised umbilical vein / falciform
artery in the breakthrough scan was not uncommon. Most centres believe that it is safe to proceed to selective
internal radiation treatment with or without prophylactic embolisation based on clinical experience. This report
aimed to calculate the patient-specific skin dosimetry based on the MAA single-photon emission computed
tomography | computed tomography images and estimate the effect on skin after radioembolisation in patients
with MAA uptake in recanalised umbilical vein.
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INTRODUCTION

Selective internal radiotherapy (SIRT) with
Yttrium-90 is currently used to treat primary and
metastatic unresectable liver tumours. Pretherapy Tc-

99m macroaggregate albumin (MAA) scan before
Yttrium-90 radioembolisation is mandatory to assess
lung shunting and extrahepatic uptake. Occasionally,
we observe recanalised umbilical vein / falciform artery
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in the breakthrough scan.!

There have been some case reports of supraumbilical
skin rash or even necrosis following conventional
transarterial chemoembolisation or intra-arterial
chemoinfusion in patients with hepatocellular
carcinoma, caused by the flow of chemotherapeutic
agents or ischaemic changes induced by embolisation
of the hepatic falciform artery.>* Nonetheless, the
results of several studies of SIRT in patients with
patent falciform arteries — including patients who had
superselective canalisation of hepatic arteries, had metal
coils placed inside the falciform arteries, or had no
prophylactic embolisation — suggest that the degree of
radiation injury to the abdominal wall is not severe.>”

This report aimed to calculate the skin dosimetry in
patients with recanalised umbilical vein who underwent
SIRT based on the MAA single-photon emission
computed tomography / computed tomography (SPECT/
CT) images.

CASE REPORT

In 2011, a routine ultrasound in a 61-year-old man
revealed a liver lesion in segment VIII. Subsequent
magnetic resonance imaging (MRI) scan confirmed the
diagnosis of hepatocellular carcinoma. The patient was
referred for radiofrequency ablation and chemotherapy.
One year after treatment, MRI showed a new liver
lesion in segment IVa. Given his progressive liver
metastases despite chemotherapy, he was scheduled
for SIRT using Yttrium-90 microspheres. Triphasic
CT examination of the liver 3 weeks before MAA scan
showed a 2.6 x 2.6 x 2.8 cm liver lesion with arterial
enhancement and portal venous washout in segment
IVa. Additionally, the patient had a similar lesion at the
lateral and medial margins of the previously ablated
area at segment VIII. Both lesions were suggestive of
hepatocellular carcinoma. Triphasic CT examination of
the liver also revealed a recanalisation of the umbilical
vein and evidence of portal hypertension (Figure 1).

Three weeks after the triphasic CT scan, an angiogram
was performed. The results showed normal hepatic
artery anatomy without accessory or replaced hepatic
artery from the superior mesenteric artery. We
administered 159 MBq (4.3 mCi) Tc-99m MAA via
the hepatic proper artery. Apart from uptake in the liver
tumours, there was a linear pattern of tracer activity
in the right paramedian region (Figure 2). The uptake
was confirmed to be in the recanalised umbilical vein
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Figure 1. Axial triphasic computed tomographic scan of the
abdomen shows a dilated vascular structure in the falciform
ligament (arrow).

Figure 2. Whole-body
planar images show
a linear abdominal
macroaggregate albumin
uptake.

corresponding to the SPECT/CT images (Figure 3).

The dose estimation was based on the MAA SPECT/
CT image (Figure 4). It was assumed that the
MAA distribution was similar to the distribution of
Yttrium-90. The 3D activity distribution on the Tc-
99m MAA SPECT/CT images was convolved with the
dose kernel of Yttrium-90 to compute the dose’® To
compute the skin dose, the patient body was revealed
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on the CT transaxial images automatically using
segmentation technique based on the CT density. Pixels
with Hounsfield unit of > —350 were assigned as the
body. Then a 5-mm wall was extracted from the body
as the skin. The dose-volume histogram of the skin was
computed.

Estimation of the side-effect on skin after
radioembolisation was made by calculation of the
maximum and mean skin dose based on this Tc-99m
MAA SPECT/CT isodose map. The maximum skin
dose estimated was low, with average maximum skin

Figure 3. Axial single-photon emission computed tomography /
computed tomography image shows the linear activity in a
recanalised umbilical vein.
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dose of 1.8 Gy, and mean dose of 0.045 Gy. Acute
dose-dependent effects of radiation on skin have been
described. No acute effect is expected at skin doses of
up to 2 Gy. Early transient erythema with a threshold
dose of 2 Gy may develop as an acute reaction. In dose
range of 6 Gy, erythema occurs. Between 14 and 18
Gy, dry and moist desquamation appears. For doses of
>24 Gy, blister formation, ulceration, and necrosis may
occur.”” In our case, it was clear that the risk of severe
radiation dermatitis to the abdominal wall was minimal.

DISCUSSION

Patients with primary or metastatic non-resectable
liver tumours were selected for SIRT. Tc-99m MAA
was administered via the hepatic artery to simulate
microsphere treatment. Tc-99m MAA scintigraphy
preceded radioembolisation to assess the presence of
extrahepatic deposition,'"'? calculate the percentage
of lung shunting, and estimate the uptake in normal
liver-to-tumour ratio. In case of shunting, prophylactic
embolisation of the extrahepatic vessels at the time of
the Tc-99m MAA assessment was recommended to
prevent complications from extrahepatic deposition of
microspheres.’

In our case, there was a linear accumulation of Tc-
99m MAA in the right paramedial region on planar
and SPECT/CT scan consistent with uptake in the
recanalisation of the umbilical vein. Umbilical vein
recanalisation occurs in about 9% of patients with
portal hypertension'*!* or abnormal venous drainage
of the liver. During fetal development, the umbilical
vein directly communicates with the sinus venosus

Figure 4. Dose distribution based on macroaggregate albumin single-photon emission computed tomography / computed tomography.
The maximum skin dose is 1.8 Gy, and mean dose 0.045 Gy.
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via the ductus venosus and eventually drains into the
portal vein. The umbilical vein is obliterated within
2 to 3 weeks of birth. In portal hypertension, there is
increased vascular resistance at the hepatic sinusoid that
results in collateral pathways of portosystemic shunting.
The importance of reopening of the umbilical vein in
patients scheduled for SIRT is that the abdominal wall
might receive radioactive microspheres through the
recanalised umbilical vein.

To assess the feasibility of further SIRT, we generated
a MAA SPECT/CT isodense map for the patient to
estimate the accrual dose. The result signified that the
dose received on the skin was not severe, even though
no embolisation was performed or coils placed. With
dose estimation, further treatment with SIRT remains
feasible.

Based on the radiation dosimetry calculated from a
MAA SPECT/CT-based isodose map, we conclude
that it is feasible and safe to perform SIRT in patients
with portal hypertension associated with recanalised
umbilical vein.
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