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Abstract
Hepatic arterial infusion (HAI) pumps are a specialized therapeutic modality designed to deliver high dose local chemotherapy to hepatic metastases in carefully 
selected patients resulting in improved survival, with patients living an average of 2 years longer than those who did not receive HAI pumps [1]. While beneficial, 
these chemoinfusion pumps require a multidisciplinary approach to ensure safe and effective treatment for the patient. Here, we present a case where scintigraphic 
evaluation by the Nuclear Medicine department directly affected management of a patient with a hepatic arterial infusion pump. Variant vascular anatomy was 
initially discovered on the post-operative Tc-99m MAA SPECT/CT and was ultimately embolized by Interventional Radiology prior to initiation of chemoinfusion. 
This case report demonstrates the utility of obtaining nuclear medicine scintigraphy prior to chemoinfusion in patients with hepatic arterial infusion pumps.
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Introduction
Colorectal cancer remains a prevalent disease and is currently the 

third leading cause of cancer-related deaths in the United States [2]. 
Approximately 50% of patients with colorectal cancer will develop 
liver metastases during their disease course, which presents unique 
opportunities for management [4]. Surgical resection of hepatic 
metastases can improve long-term survival and can be potentially 
curative in selected patients. However, only about 15-20% of patients 
will be candidates for surgical resection at the time of presentation [4]. 
For patients who are not candidates for resection of metastatic lesions, 
there are a variety of locally-delivered therapies including hepatic 
arterial infusion pumps, radioembolization, and chemoembolization, 
which are usually combined with systemic therapies. In the case of the 
hepatic arterial pump, patients typically undergo hepatic artery infusion 
scintigraphy with Tc-99m MAA SPECT/CT after surgical implantation 
but prior to initiation of local chemoinfusion. This study allows for the 
evaluation of anticipated distribution of the chemoinfusion agent to 
maximize the potential benefit of therapy and pre-emptively identify 
complicating factors including perfusion shunts and variant anatomy. 

Case Report
A 45 year-old male patient presented to the Nuclear Medicine 

department for a post-operative Tc99m MAA SPECT/CT after surgical 
implantation of a hepatic arterial infusion pump and simultaneous 
microwave ablations of multiple hepatic metastases. This patient’s 
cancer history began 1 year previously when his metastatic colon 
cancer was initially discovered as hepatic metastatic disease. He was 

initially treated with systemic chemotherapy as he was not a candidate 
for surgical resection. The patient had an excellent response from 
systemic chemotherapy and was re-evaluated by Surgical Oncology 
who recommended microwave ablation of hepatic metastases and 
hepatic arterial infusion pump implantation, which he underwent 
without complication. During surgery, a replaced right hepatic artery 
was identified arising from the SMA and the infusion pump was placed 
in the left hepatic artery arising from the celiac axis. 

On the day of his first postoperative scintigraphic evaluation, 
the patient’s hepatic arterial infusion pump was accessed by the 
nuclear medicine physician and 2.53mCi of Tc-99m MAA was 
administered intra-arterially. Planar imaging and SPECT/CT of the 
chest and abdomen were performed. SPECT/CT demonstrated primary 
distribution of radiotracer within the left hepatic lobe with a lung shunt 
percentage of 7%, as expected. However, there were some unexpected 
findings including curvilinear region of radiotracer uptake in the left 
upper quadrant in the region of the left hemidiaphragm of unclear 
etiology (Figure 1) as well as free pertechnetate in the thyroid. The 
corresponding available anatomic imaging demonstrated expected 
positioning of the hepatic artery infusion pump with the tip in the 
region of the left hepatic artery. The etiology of the abnormal tracer 
uptake was unclear at this time as no other variant anatomy had been 
identified that would explain the SPECT/CT results. On possible 
explanation put forwards was free tracer within the abdomen due to 
pump access; although, the uncertainty was too high to rely on this 
supposition. Thus to be cautious, a repeat study was recommended. 

Patient then presented again to the nuclear medicine department 
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1 week after his initial imaging for the recommended repeat study. 
Unfortunately, there was difficulty accessing the hepatic artery pump 
for radiotracer injection and subsequent imaging showed radiotracer 
primarily within the port pocket itself (Figure 2). A repeat Tc-
99m MAA perfusion study was recommended in combination with 
Interventional Radiology to ensure successful pump access. 

Patient presented to Interventional Radiology 3 weeks later where 
his infusion pump was accessed by Interventional Radiology under 
fluoroscopy (Figure 3). 2mCi of Tc99m MAA was administered 
intra-arterially and repeat SPECT/CT was obtained. Abnormal tracer 
uptake was again noted in the left upper quadrant in the region of the 
left hemidiaphragm and splenic flexure in addition to expected tracer 
uptake within the left hepatic lobe. Lung shunt percentage remained 
within acceptable limits at 4%. Persistent abnormal uptake within the 
left upper quadrant across multiple examinations raised concern for 
variant vascular anatomy arising from the left hepatic artery. By this 
time, the clinical team was impatient to begin chemoinfusion and was 
anxious at the thought of delaying further. However, the importance 
of further evaluation by Interventional Radiology with angiogram 
was strongly conveyed, with the explanation that identification and 
embolization of variant anatomy could reducing related complications 
of extra-hepatic infusion. 

Interventional Radiology performed a diagnostic angiogram 
supplemented by cone beam CT 1 week later which demonstrated an 
aberrant left phrenic artery arising from the left hepatic artery which 
accounted for the abnormal radiotracer distribution (Figures 4 and 5). 
This aberrant left phrenic artery was successfully embolized with coils 

without residual filling on post-embolization angiogram (Figure 6). 
The next day, patient was able to safely receive a therapeutic infusion 
through his pump and avoid potential complication related to his rare 
aberrant vascular anatomy.

Discussion
Hepatic arterial infusion (HAI) pumps have been shown to 

be efficacious in combination with systemic chemotherapy when 
treating colorectal liver metastases [10]. These pumps require a 
multidisciplinary approach for successful therapy and are usually 
limited to large, specialized centers. The HAI device is typically 
implanted into a subcutaneous pocket in the abdominal wall and 
connected to a surgically or percutaneously placed catheter in the 
hepatic or gastrodudodenal arteries [10]. Prior to placement, CTA of 

Figure 1: SPECT/CT of the upper abdomen with abnormal Tc-99m MAA uptake in the left 
upper quadrant along the left hemidiaphragm (arrow).

Figure 2: SPECT/CT of the abdomen shows radiotracer accumulation within the pocket 
surrounding the infusion pump.

Figure 3: Fluoroscopic image of the abdomen obtained during IR assisted pump access.

Figure 4: Angiogram demonstrates aberrant left phrenic artery (arrow) arising from the 
left hepatic artery.

Figure 5: Selective angiogram of the aberrant left phrenic artery.
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on pre-operative CTA or during pump placement, small aberrant 
vessels can be missed or not evident due to modality limitations. 
Because of the sensitivity of perfusion SPECT/CT, extrahepatic 
uptake on post-operative HAI flow studies should be taken seriously 
and investigated further with a diagnostic angiogram, even if variant 
anatomy is not identified prospectively on CTA. In a prior case series, 
approximately 9.5% of HAI patients had extra-hepatic uptake on post-
operative perfusion scans, with the majority undergoing selective 
arterial embolization [8]. Our case demonstrates the direct impact 
the Nuclear Medicine department can have on HAI patients. Nuclear 
Medicine physicians should diligently search for areas of extra-hepatic 
uptake, correlate with anatomic imaging to identify variant vascular 
anatomy, and recommend further workup with diagnostic angiogram 
if appropriate. 

Conclusion
Our case illustrates the importance of nuclear medicine imaging 

during the assessment of complex oncologic patients and provides an 
example of a direct change in management based on hepatic artery 
perfusion scintigraphy. Identification of variant vascular anatomy 
prior to chemoinfusion can improve patient outcomes and improve 
morbidity. A multidisciplinary approach including surgical oncology, 
medical oncology, interventional radiology, and nuclear radiology was 
required in order for this patient to receive safe and effective therapy. 
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the abdominal vasculature should be obtained to define any aberrant 
vascular anatomy. Post-operative complications occur in approximately 
20% of patients and can include arterial thrombosis, extra-hepatic 
perfusion, hepatitis and biliary sclerosis. Extra-hepatic uptake occurs 
in approximately 2-9% of cases, with the most common sites being 
the stomach, duodenum, and pancreas [10]. Extra-hepatic uptake can 
be discovered on the post-operative HAI perfusion SPECT/CT or 
symptomatically after the initiation of chemoinfusion. The source of 
extra-hepatic uptake should be identified and treatment is selective 
embolization of the causative vessel to avoid complications such as 
gastritis, duodenitis, and ulcer formation. 

Standard celiac axis anatomy is present when the first celiac branch 
is the left gastric artery after which the vessel divides into the splenic 
artery and common hepatic artery. The common hepatic artery then 
bifurcates into the proper hepatic artery and the gastroduodenal artery 
with the proper hepatic bifurcating again to form the right and left 
hepatic arteries. This standard or classical anatomy is only present in 
approximately 60% of patients on angiography with the remainder 
showing some degree of variant anatomy [6]. The most common 
variants include replaced hepatic arteries where the right hepatic 
artery arises from the SMA or the left hepatic artery arises from the 
left gastric artery [6]. The inferior phrenic artery, as demonstrated in 
our case, is an important artery to be aware of. The right and left IPAs 
commonly arise from the abdominal aorta or celiac trunk and supply the 
diaphragm, adrenals, and esophagus. The liver can also be supplied by 
the right inferior phrenic artery, and it is the most common extrahepatic 
arterial supply of a hepatocellular carcinoma [7]. More uncommonly, 
the inferior phrenic artery can arise from the renal arteries, left gastric 
artery, hepatic artery, or SMA. In a collection of 383 Interventional 
Radiology cases, only 2.1% of patients demonstrated an inferior 
phrenic arising from the hepatic artery, as our patient did [7]. 

Hepatic artery perfusion SPECT/CT is typically performed after 
HAI pump placement to confirm hepatic perfusion and to exclude extra-
hepatic uptake. Although variant vascular anatomy is often recognized 

Figure 6: Post embolization angiogram demonstrates coil occlusion of the aberrant left 
phrenic without residual flow. 
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