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ABSTRACT

The use of selective internal radiation therapy (SIRT) with
SIR-Spheres� (Sirtex, Sydney, Australia) is increasingly
recognized as a potential therapeutic modality of primary
and secondary malignant liver tumors. A number of treat-
ment-related complications have been described despite
technical expertise and detailed pretreatment investiga-
tions to assess suitability. We describe a case of gastric ul-
ceration from nontargeted deposition of SIR-spheres� in

the gastric mucosa with life-threatening consequences.
This case highlights the need for careful screening and ap-
propriate patient selection, and the need to recognize ul-
ceration from SIRT as a potential complication of
treatment. The characteristic endoscopic, radiologic, and
histopathologic findings are illustrated and recommenda-
tions are reviewed with regard to the current literature.
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CASE REPORT

Selective internal radiation therapy (SIRT) with yttrium-90
(90Y)-emitting microspheres is increasingly recognized as
an effective therapy of both primary and secondary hepatic
malignancies [1–5]. Increasing reports have shown this to
be a useful treatment for unresectable hepatic metastases
from colorectal carcinoma [6], neuroendocrine tumors [7],
and primary hepatocellular carcinoma [3, 8, 9]. A number
of treatment-related complications have been described de-
spite technical expertise and detailed pretreatment investi-

gations to assess suitability. We describe a case of gastric
ulceration from aberrant deposition of SIR-Spheres� (Sir-
tex, Sydney, Australia) in the gastric mucosa with life-
threatening consequences.

The patient, a 63-year-old male with metastatic colorec-
tal cancer, received SIRT 17 weeks earlier at another insti-
tution for recurrent, inoperable hepatic metastatic disease.
The original diagnosis of rectosigmoid adenocarinoma was
made 3 years earlier following an episode of infective en-
docarditis with Streptococcus viridians.
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Dual aortic and mitral valve replacements were under-
taken with metallic prostheses and, following resolution of
cardiac failure, a low anterior resection was performed for a
T3N1 tumor without complications. Subsequent staging
with positron emission tomography (PET), computed to-
mography (CT), and magnetic resonance imaging (MRI)
scans of the liver revealed two hepatic metastases confined
to the right lobe (segments 7 � 8) that were initially unre-
sectable and no extrahepatic disease. The patient declined
oxaliplatin because of the risks for neurotoxicity interfering
with his occupation; however, the hepatic metastases were
successfully resected following eight cycles of chemother-
apy with irinotecan, 5-fluorouracil, leucovorin, and bevaci-
zumab on the First-BEAT trial [10]. The patient declined
further chemotherapy post hemi-hepatectomy and was well
and disease free for 18 months.

Thirty months following his original diagnosis, he was
found to have asymptomatic hepatic-isolated recurrence of
disease that was deemed inoperable after investigation with
PET and MRI. The patient declined further systemic ther-
apy in favor of treatment with SIR-Spheres�.

Prior to receiving SIRT, pretreatment hepatic angiogra-
phy, CT hepatic arteriography, and a macroaggregated al-
bumin scan through the indwelling catheter was performed
to evaluate for liver-to-lung shunts and remaining vascular
connections between the liver and gastrointestinal tract.
Liver function tests were conducted to establish adequate
liver function prior to implantation. When the pretreatment
angiography was performed, the gastroduodenal artery
(GDA) was coil embolized to prevent nontargeted flow to
the bowel because the GDA was situated in close approxi-
mation to the origin of the left hepatic artery. Ten days later,
the hepatic angiogram was repeated and a whole liver im-
plantation with 1.70 Gbq of 90Y SIR-Spheres� was per-
formed. The patient took esomeprazole, 20 mg twice daily,
for one month following the procedure.

Seventeen weeks after receiving SIRT, the patient pre-
sented to the emergency department with a 3-day history of
melaena, increasing lethargy, and presyncope. He was tak-
ing warfarin for his metallic cardiac valve prostheses. On
admission, his hemoglobin (Hb) was 44 g/l, international
normalized ratio (INR) was 4.2, platelet count was 426 �

Figure 1. Gastrectomy specimen. SIR-Spheres� can clearly be seen within the gastric mucosa in close proximity to a clean-based
ulcer. Magnification, 10�; hematoxylin and eosin stain.
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109/l (normal range, 150–450), albumin was low at 22 g/l
(normal range, 33–48), and �-glutamyl transferase was 97
U/l (normal range, 0–50), but other liver function tests, in-
cluding bilirubin, were within normal limits. He was hemo-
dynamically unstable and an urgent gastroscopy was
performed, which revealed a 2-cm oozing linear ulcer at the
pylorus. Hemostasis was achieved with adrenaline injection,
and his INR was lowered with fresh frozen plasma and main-
tained in the range of 1.5–2.0 with i.v. unfractionated heparin.
In total, eight units of packed RBCs were transfused during the
admission. He was discharged on the fifth day after admission
following resolution of bleeding and reinstitution of warfarin.
On the day of discharge, his INR was 2.7 and Hb was 130 g/l.
Serology for Helicobacter pylori was negative.

Thirteen days after discharge, the patient represented
with melaena of 2 days duration. On admission, his INR
was 1.8, Hb was 100 g/l and platelet count was 459 � 109/l
(normal range, 150–450). Infusion of a proton pump inhib-
itor was commenced and a gastroscopy was performed
within 24 hours. The area of anteropyloroduodenal ulcer-
ation with active bleeding was again visualized. This was

treated with thermocoagulation and hemostasis was
achieved. However, on the fourth postprocedure day the pa-
tient had further episodes of melaena, and over the next 2
weeks he continued to have active upper gastrointestinal
bleeding with a labile INR of 1.8–3.6. A further gastros-
copy was performed on day 17 of the admission. Three
raised, pigmented vessels were visualized after an overly-
ing fresh clot was washed away. Two vessels in the prepy-
loric portion and one in the pyloric channel were coagulated
with a gold probe, and two endoclips were deployed in the
prepylorus. The duodenum was normal.

Despite maintaining an INR in the range of 1.8–2.5, the
patient experienced further major bleeding, and 6 weeks af-
ter his initial presentation with melaena a palliative partial
gastrectomy was performed. In a slide from the gastrec-
tomy, SIR-Spheres� can clearly be seen within the gastric
mucosa in close proximity to a clean-based ulcer at 10�
magnification (Fig. 1). In the second slide (Fig, 2, hematox-
ylin and eosin stained, 20� magnification), multiple round,
purple orbs are visualized within lamina propria vessels
within the gastric mucosa.

Figure 2. Gastrectomy specimen. SIR-Spheres� are visualized as round, purple orbs within lamina propria vessels in the gastric
mucosa. Magnification, 20�; hematoxylin and eosin stain.
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On review of the pretreatment hepatic arteriograms
(Fig. 3) and CT hepatic angiogram (Fig. 4), an accessory
right gastric artery branching off the base of the left hepatic
artery was identified, allowing passage of 90Y 90 SIR-
Spheres� into gastric mucosa. In Figure 3, the accessory
right gastric artery (large arrow) is seen branching off the
left hepatic artery, with coils seen in place in the GDA
(short arrow). Retrospectively, enhancement of the gastric
mucosa was appreciated on the CT hepatic angiogram (Fig.
4, small arrow), with coils seen in situ in the GDA (Fig. 4,
large arrow).

Although no acute perioperative morbidity occurred,
the subsequent 2-week postoperative period was compli-
cated by ongoing fever, poor wound healing, and hospital-
acquired pneumonia. A transesophageal echocardiogram
excluded bacterial endocarditis as a cause for the fever, and
multiple blood cultures were negative. Anticoagulation was
achieved with i.v. unfractionated heparin with a target acti-
vated partial thromboplastin time of 40–60 seconds.

Throughout this period, his liver function tests gradu-
ally worsened in a mixed pattern. Four weeks after gastrec-
tomy, an abdominal ultrasound was performed that

confirmed intrahepatic disease progression. At that point,
the patient had an Eastern Cooperative Oncology Group
(ECOG) performance status score of 3 and was unfit for fur-
ther systemic treatment. He was discharged home for palli-
ation and died 32 weeks after treatment with SIRT.

DISCUSSION

SIR-Spheres� consist of microspheres containing 90Y, a
high-energy pure �-emitting isotope with a range of tissue
penetrance of 2.5–11 mm [11]. The spheres are 20–30 �m
in diameter and their size allows them to become preferen-
tially lodged in the microvasculature of the tumor. Com-
bined with selective angiography, this allows focused
delivery of ionizing radiation to tumors, which derive their
blood supply almost exclusively from the hepatic artery
[12], although some irradiation of surrounding normal tis-
sue does occur.

Used alone or in combination with systemic chemother-
apy, SIR-Spheres� are approved for use in a number of
countries, including Australia, for the treatment of inoper-
able primary or secondary neoplasms of the liver. Recent
reports have described their use as monotherapy for inop-

Figure 3. Pretreatment hepatic arteriogram illustrating the accessory right gastric artery (large arrow) branching off the left he-
patic artery, with coils in place in the gastroduodenal artery (short arrow).
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erable hepatoma [3, 5], as well as in combination with che-
motherapy for unresectable hepatic metastases from
colorectal cancer [1]. Although potentially an effective
therapy, a number of complications can occur, even in the
hands of an experienced operator. Gastrointestinal side ef-
fects are common, ranging from nausea, epigastric discom-
fort, vomiting, and anorexia [13] to cholecystitis, hepatitis,
and gastroduodenal ulceration [14–16]. However, the ma-
jority of side effects are mild and serious complications are
uncommon in appropriately selected patients, with several
large series documenting the feasibility of delivering this
treatment to a wide variety of patients, including a signifi-
cant number of elderly patients (�65 years) and those with
an ECOG performance status score �1 [4, 17].

Prior to treatment, it is recommended that all patients
undergo routine assessments to exclude those individuals at
high risk for serious or potentially fatal complications, such
as hepatic decompensation, radiation pneumonitis, or non-
targeted flow to the gastrointestinal tract [12, 14, 16, 18]. A
diagnostic hepatic angiogram is performed to define aber-

rant vascular anatomy and embolize any anomalous arterial
branches of the hepatic arteries that may provide connec-
tions between the liver and gastrointestinal tract [19]. Non-
hepatic arteries supplying the antrum of the stomach or
duodenum frequently arise from the hepatic arteries or its
branches, as in this patient. One reported angiographic se-
ries of 250 patients describes the prevalence of right gastric
artery and accessory left gastric artery arising from hepatic
arteries as 78.4% and 17.2% of patients, respectively [20].

Despite a detailed pretreatment angiography, cases of
duodenal ulceration from inadvertent deposition of SIR-
Spheres� have been reported in the literature [21, 22], with
reported incidence rates of 0%–20% (median, 8%) [12, 13,
16]. The two largest series of patients with secondary liver
tumors from colorectal or other malignancies reported rates
of grade 3 gastrointestinal ulceration of 1%–2% [4, 17].
Cases have been reported both with and without the use of
prophylactic proton pump inhibitors, with ulcers most com-
monly occurring in the pylorus, antrum, or duodenum [12,
13, 16]. Aside from aberrant vasculature, no series have

Figure 4. Computed tomography hepatic angiogram revealing enhancement of the gastric mucosa (small arrow) with coils seen
in situ in the gastroduodenal artery (large arrow).
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identified other risk factors for ulceration, although cases
with poor outcomes have described other comorbidities
complicating treatment options, as with our case.

When gastric or duodenal ulceration is attributed to
SIRT, it occurs as a consequence of indirect irradiation or
direct deposition of 90Y microspheres. In patients with non-
healing ulceration after SIRT, biopsy can help differentiate
between the two pathologies. The characteristic appearance
of perfectly round, purple microspheres under light micros-
copy, as seen in Figures 1 and 2, is pathognomonic of this
type of injury. The absence of lamellation differentiates the
spheres from psammoma bodies [12, 23, 24].

In our patient, aberrant microsphere deposition oc-
curred despite detailed pretreatment investigations. The
combination of nonhealing pyloric ulceration together with
an ongoing need for anticoagulation for prevention of

thromboembolism with dual metallic cardiac valves re-
sulted in significant, near fatal toxicity. Our case illustrates
the need to consider the potential side effects of treatment in
their differential diagnoses, even in well-screened and ap-
propriately selected patients.
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