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IMAGING FOR RADIOACTIVE 
MICROSPHERE TREATMENT 

PLANNING  
DIAGNOSTIC CT/MR, DSA, FPCBCT, NM 

SYSTEMS COVERED 

• CT/MR IMAGING FOR DIAGNOSIS 

• ANGIOGRAPHY FOR DETERMINING VASCULAR ANATOMY 

• DSA – DIGITAL SUBTRACTION ANGIOGRAPHY 

• FPCBCT – FLAT PANEL CONE BEAM CT 

• NM PLANAR IMAGING FOR LIVER TO LUNG SHUNT ESTIMATE (LSF) 

• SPECT/CT FOR DETERMINING MICROSPHERE DISTRIBUTION 

Dosimetry 

IR 

NM 

CT 

Labs 
NM, MR 

DOSIMETRY PARAMETERS 

• 61-YEAR-OLD MALE WITH CIRRHOSIS AND HCC 

• BSA =1.88 (HEIGHT 1.7 M, WEIGHT 77 KG) 

• CHILD-PUGH A 

• UNOS T3 

• ECOG 1 (FATIGUE) 

• AFP 809 

 AFP=alpha-fetoprotein; ECOG=Eastern Cooperative Oncology Group; 

HCC=hepatocellular carcinoma; UNOS=United Network for Organ Sharing. 
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ANGIOGRAPHY 

• VASCULAR ANATOMY AND NOMENCLATURE  

• LIVER SEGMENTS 

• STANDARD ANATOMY 

• COMMON VARIANTS 

• WHAT DOES THE PHYSICIST REALLY NEED TO KNOW 

Catalano, O. A. et al. Radiographics 2008;28:359-378 

TREATMENT PLANNING ANGIOGRAM + MAA 

• Treatment of right hepatic lobe with microcatheter to be placed in the 
RHA distal to the cystic artery 

 MAA=macro-aggregated albumin; RHA=right hepatic artery. 
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TUMOR VASCULARITY 

Atassi et al.  Radiographics 2008;28 (1): 81-99  

 Pretreatment angiogram demonstrating hepatic 

vein (hyperdynamic) flow 

 45 day post-treatment angiogram demonstrating 

elimination of tumor vascularity while preserving 

normal parenchymal flow 

LUNG SHUNT FROM NMI USING TC-99M MAA 

Total = 4438 Total = 6000 

Lungs = 5160 Liver = 219,021 

Total = 194,211 Total = 247,000 

Lungs 
LSF = 

Liver + Lungs 

LSF% = 2.3%  
 

TREATMENT VOLUME IS THE PERFUSED VOLUME 

• TREAT EVERYTHING THAT THE VESSEL SUPPLIES 

• DOES NOT NECESSARILY CORRESPOND WITH ORGAN GROSS ANATOMY 

• EXAMPLE RHA+4 

• EXAMPLE RHA+1 

• EXAMPLE RHA WITH GALLBLADDER 
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[99MTC]-MAA DISTRIBUTION WITHIN RIGHT HEPATIC 
LOBE AND CAUDATE LOBE 

• 50-YEAR-OLD MALE WITH A HISTORY OF HEPATITIS C AND NOW WITH HEPATOCELLULAR CARCINOMA WAS 

ADMINISTERED 110.7 MBQ OF [99MTC]-MAA THROUGH A CATHETER PLACED IN RIGHT HEPATIC ARTERY; FORTY-FIVE 

MINUTES FOLLOWING ADMINISTRATION, A SPECT/CT STUDY WAS PERFORMED AND SHOWED DISTRIBUTION 

WITHIN THE RIGHT HEPATIC LOBE AND THE CAUDATE LOBE. 

Caudate 

Artery 

MICROCATHETER   POSITION DETERMINES TREATMENT VOLUME 

• Microcatheter placement determines treatment volume 

PATIENT Z – VOLUMES FROM MRI 

Location Volume (cc) 

Right Hepatic Lobe 1075 

Left Hepatic Lobe 628 

Whole Liver 1703 

Tumor (segment 8) 134 

Tumor (segment 5) 21 

Total Tumor 155 
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CONVERSION OF TREATMENT VOLUME TO MASS  

Treatment mass = treatment volume • tissue density 

Tissue density = 1.03 g/cc • 1 kg/1000 g 

 

 mass (kg)      = volume (cc) • 0.00103 kg/cc 

               = 1075 cc • 0.00103 kg/cc 

               = 1.10725 kg 

VARIANT ANATOMY LEADING TO UNWANTED 
MICROSPHERE UPTAKE 

• DESCRIBE MOST COMMON CORRECTABLE VESSELS 

• 3 METHODS TO DETECT THESE VESSELS 

• DSA 

• SPECT/CT 

• FPCBCT 

DISTRIBUTION FROM GASTRODUODENAL ARTERY 

• 63-YEAR-OLD MALE WITH COLON CARCINOMA 

METASTATIC TO THE LIVER WAS ADMINISTERED 85.1 MBQ 

OF 99MTC-MAA THROUGH A CATHETER PLACED IN THE 

RIGHT HEPATIC ARTERY. THERE WAS REFLUX OF TRACER 

INTO THE GASTRODUODENAL ARTERY; SEVENTY-FIVE 

MINUTES FOLLOWING ADMINISTRATION, SPECT/CT STUDY 

WAS PERFORMED.  THE TRANSAXIAL SLICE FROM THE 

RECONSTRUCTED SPECT/CT IMAGE SHOWED ACTIVITY IN 

THE SECOND PORTION OF THE DUODENUM.  
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DISTRIBUTION FROM PROXIMAL PROPER HEPATIC 
ARTERY 

• A PATIENT WITH UNRESECTABLE 

HEPATOCELLULAR CARCINOMA WAS 

ADMINISTERED 85.1 MBQ OF 99MTC-MAA VIA A 

MICROCATHETER PLACED JUST PROXIMAL TO 

THE PROPER HEPATIC ARTERY. THE SAGITAL 

SPECT/CT IMAGE DEMONSTRATES ACTIVITY 

WITHIN THE STOMACH, DUODENUM, AND 

SMALL INTESTINE. 

DISTRIBUTION FROM LEFT GASTRIC ARTERY 

• 76 YEAR-OLD FEMALE WITH A HISTORY OF HEPATITIS C 

INFECTION AND HEPATOCELLULAR CARCINOMA WAS 

ADMINISTERED 81.4 MBQ OF 99MTC-MAA THROUGH A 

CATHETER PLACED IN MIDDLE HEPATIC ARTERY AND 

REPLACED LEFT HEPATIC ARTERY.  SPECT/CT IMAGES WERE 

SUBSEQUENTLY OBTAINED.  TRANSAXIAL RECONSTRUCTED 

SPECT/CT FUSED IMAGE OF THE MEDIAL LEFT HEPATIC 

LOBE, STOMACH, AND SPLEEN SHOWS FOCAL ACTIVITY 

CORRESPONDING WITH THE LEFT LOBE HEPATOMA AND 

SHOWS FOCAL ACTIVITY IN THE MEDIAL WALL OF THE 

PROXIMAL STOMACH, INDICATING A SIGNIFICANT 

ABNORMAL SHUNTING OF THE LIVER ACTIVITY.  

DISTRIBUTION FROM THE FALCIFORM ARTERY 

58 year-old male with a history of metastatic neuroendocrine disease with hepatic involvement was 
administered 173.9 MBq of 99mTc-MAA through a microcatheter placed the middle hepatic artery. The 
transaxial and sagital reconstructed SPECT/CT image shows 99mTc-MAA uptake within the anterior abdominal 
wall due to flow from the falciform artery, which originated from the middle hepatic artery. 
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FREE TC-99M PERTECHNETATE DISTRIBUTION 

45 year-old male with metastatic adenocarcinoma of the gastroesophageal junction with hepatic involvement was administered 
155.4 MBq of Tc-99m MAA through a catheter placed in right hepatic artery.  The transaxial slice from the reconstructed 
SPECT/CT image of the abdomen reveals that both the right hepatic and caudate lobes were perfused with an inhomogeneous 
distribution of activity corresponding to the patient's multifocal intrahepatic lesions. In addition, free Tc-99m pertechnetate  can 
be observed in the lumen of the stomach. Incidentally noted is a focal area of increased uptake in the region of the left upper 
pole of the thyroid gland.  
 

FLAT PANEL CONE BEAM CT 

• C-ARM COMPUTED TOMOGRAPHY (CT; ALSO COMMONLY REFERRED TO AS CONE-BEAM 

CT) IS A THREE-DIMENSIONAL (3D) CT-LIKE FILTERED BACK- PROJECTION 

RECONSTRUCTION AFTER A ROTATIONAL ANGIOGRAM IS OBTAINED WITH THE USE OF A 

FLAT-PANEL DETECTOR.  

• POTENTIAL ADVANTAGES OF C-ARM CT INCLUDE IMPROVED TUMOR DETECTION AND 

EXTRAHEPATIC PERFUSION DETECTION, 3D VASCULAR MAPPING, AND REAL-TIME 3D 

GUIDANCE DURING ANGIOGRAPHIC PROCEDURES  

• RADIOLOGY 2015; 274: 320-334. 

 

[99MTC]-MAA DISTRIBUTION WITHIN RIGHT HEPATIC LOBE 
SHOWING CENTRALLY DECREASED UPTAKE WITHIN TUMOR 

• 44 YEAR-OLD FEMALE WITH METASTATIC COLON CARCINOMA WITH HEPATIC INVOLVEMENT AND STATUS POST CHEMOEMBOLIZATION OF THE 

RIGHT HEPATIC LOBE WAS ADMINISTERED 170.2 MBQ OF [99MTC]-MAA VIA A MICROCATHETER PLACED INTO THE RIGHT HEPATIC ARTERY.  THE 

SPECT/CT IMAGES SHOW FOCAL AREAS OF INCREASED UPTAKE LIKELY CORRESPONDING TO SOME OF THE PATIENT'S FOCAL INTRAHEPATIC 

LESIONS, INCLUDING PROMINENT UPTAKE IN THE MEDIAL PERIPHERAL ASPECT OF ONE OF THE LARGEST LESIONS IN THE RIGHT LOBE LATERALLY, 

WITH CENTRALLY DECREASED ACTIVITY, SUGGESTING AN AREA OF NECROSIS OR CYSTIC CHANGE.  

Cone Beam CTA  SPECT/CT 
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[99MTC]-MAA DISTRIBUTION WITHIN MIDDLE HEPATIC 
LOBE 

• 65-YEAR-OLD FEMALE WITH THE CIRRHOSIS AND HEMOCHROMATOSIS WITH HEPATOCELLULAR CARCINOMA WAS ADMINISTERED 

155.4 MBQ OF [99MTC]-MAA VIA A CATHETER PLACED IN THE MIDDLE HEPATIC ARTERY.  TRANSVERSE SPECT/CT IMAGE SHOWS  

MIDDLE HEPATIC LOBE DISTRIBUTION CORRESPONDING TO THE CONE BEAM CT ANGIOGRAM CONTRAST DISTRIBUTION. 

Cone Beam CTA SPECT/CT 

RIGHT TO LEFT HEPATIC SHUNT 

• 56-YEAR-OLD MALE WITH HEPATITIS C VIRUS AND UNRESECTABLE HEPATOCELLULAR CARCINOMA AND PORTAL VEIN TUMOR THROMBOSIS 

ADMINISTERED 85.1 MBQ OF [99MTC]-MAA VIA A MICROCATHETER PLACED IN THE RIGHT HEPATIC ARTERY. THE CORONAL SPECT/CT IMAGE 

AND CONE BEAM CTA DEMONSTRATES RIGHT TO LEFT HEPATIC SHUNT MOST LIKELY AS A RESULT OF PORTAL VEIN TUMOR INVASION. 

 

FOLLOW-UP IMAGING 

• Y-90 SPECT/CT OR Y90 PET/CT FOR IMMEDIATE DISTRIBUTION/UPTAKE 

• CT/MR FOR TUMOR RESPONSE AT 1 MONTH….ETC 

• FDG PET/CT FOR SOME METASTATIC DISEASES  
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MICROSPHERE TREATMENT 
EFFICACY  

FIRST INTRA-ARTERIAL USE: EARLY 1960S  

CASE STUDY: 

• A 51-YEAR-OLD MAN WITH A PRIMARY HEPATOMA; A CATHETER WAS 

INSERTED RETROGRADE THROUGH  THE GASTROEPIPLOIC ARTERY INTO 

THE HEPATIC ARTERY 

• PATIENT WAS TREATED WITH 60 MCI 90Y MICROSPHERES PLUS 50 MG 

METHOTREXATE 

• HEPATIC PHOTOSCANS PRE-TREATMENT AND 4 MONTHS POST-

TREATMENT SHOWED SHRINKAGE OF THE HEPATIC CANCER TO A POINT 

WHERE IT COULD NOT BE PALPATED 

• THE PATIENT REMAINED WELL 5 MONTHS POST-TREATMENT 

 

 

 Ariel IM. Ann Surg. 1965;162(2):267-278; Ariel IM. Cancer. 1967;20(5)793-804. 
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RADIOLOGIC-PATHOLOGIC CORRELATION 
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RESPONSE CRITERIA 

• WHO CRITERIA  

• THE RESPONSE EVALUATION CRITERIA IN SOLID TUMORS (RECIST AND MRECIST 

• EUROPEAN ASSOCIATION FOR THE STUDY OF THE LIVER (EASL)DOSE RESPONSE ASSESSMENT  

• TUMOR DOSE RESPONSE CHARACTERISTICS BASED ON Y-90 SPECT/CT OR Y-90 PET/CT  

• SUMMARY OF VARIOUS TUMOR DOSE RESPONSE STUDIES 

J Interv Radiol 2017; 28:1-15  
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LONG-TERM HEPATOTOXICITY OF YTTRIUM-90 RADIOEMBOLIZATION AS TREATMENT OF 
METASTATIC NEUROENDOCRINE TUMOR TO THE LIVE 

VASC INTERV RADIOL 2017; ▪:1–7 

 

• RESULTS: AMONG PATIENTS WHO UNDERWENT UNILOBAR RADIOEMBOLIZATION, IMAGING 

FOLLOW-UP AT A MEAN OF 4.1 YEARS (RANGE, 2.0–15.2 Y) REVEALED CIRRHOSIS-LIKE 

MORPHOLOGY IN 26.7% (4 OF 15), ASCITES IN 13.3% (2 OF 15), VARICES IN 6.7% (1 OF 15), AND 

A 21.9% INCREASE IN SPLENIC VOLUME. THE RESPECTIVE INCIDENCES IN PATIENTS 

TREATED WITH WHOLE-LIVER 90Y RADIOEMBOLIZATION WERE 56.4% (22 OF 39), 41.0% (16 OF 

39), AND 15.4% (6 OF 39), WITH A 64.7% INCREASE IN SPLENIC VOLUME. PATIENTS TREATED 

WITH WHOLE-LIVER RADIOEMBOLIZATION EXHIBITED SIGNIFICANTLY DECREASED PLATELET 

COUNTS (P 1⁄4 .023) AND LOWER ALBUMIN LEVELS (P 1⁄4 .0002). EIGHT PATIENTS (20.5%) 

TREATED WITH WHOLE-LIVER RADIO- EMBOLIZATION WHO EXHIBITED CIRRHOSIS-LIKE 

MORPHOLOGY SHOWED CLINICAL SIGNS OF HEPATIC DECOMPENSATION; ONLY 2 OF 39 
PATIENTS (5.1%) HAD NO OTHER CAUSES OF HEPATOTOXICITY. 

• CONCLUSIONS: WHOLE-LIVER 90Y RADIOEMBOLIZATION FOR PATIENTS WITH MNET RESULTS 

IN LONG-TERM IMAGING FINDINGS OF CIRRHOSIS-LIKE MORPHOLOGY AND PORTAL 

HYPERTENSION IN > 50% OF TREATED PATIENTS, BUT THE MAJORITY REMAIN CLINICALLY 

ASYMPTOMATIC. LONG-TERM HEPA- TOTOXICITY SOLELY ATTRIBUTABLE TO 90Y DEVELOPS 

IN A SMALL PERCENTAGE OF PATIENTS. 
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