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                SIR-Spheres® 
          (Yttrium-90 Microspheres) 

 
 
 

 
1. DESCRIPTION 
 
SIR-Spheres consists of biocompatible microspheres 
containing yttrium-90 with a size between 20 and 60 microns in 
diameter.  Yttrium-90 is a high-energy beta-emitting isotope 
with no primary gamma emission.  The maximum energy of the 
beta particles is 2.27MeV with a mean of 0.93MeV.  The 
maximum range of emissions in tissue is 11mm with a mean of 
2.5mm.  The half-life is 64.1 hours.  In therapeutic use, 
requiring the isotope to decay to infinity, 94% of the radiation is 
delivered in 11 days.  SIR-Spheres is a permanent implant.  
Each device is moist heat sterilized and for single use only. 
 
SIR-Spheres is provided in a vial with water for injection.  
Each vial contains 3GBq of yttrium-90 (at the time of 
calibration) to a total of 5ml  water for injection.  The vial is 
shipped in a 6.4mm thick, lead pot.  The package consists of a 
crimp-sealed SIR-Spheres glass vial within the lead pot, and a 
package insert within Type A packing bucket.  
 
The vial and its contents should be stored inside its 
transportation container at room temperature. 
(15-25° C, 59-77° F). 
 
The calibration date (for radioactive contents) and the expiry 
information are on the vial label.  SIR-Spheres is usable up to 
24 hours from the time of calibration. 
   
SIR-Spheres is implanted into hepatic tumours by delivery via 
either the common hepatic artery or the right or left hepatic 
artery using a catheter or implanted port .  SIR-Spheres 
distributes non-uniformly in the liver due to the physiology of 
hepatic arterial flow, the tumour to normal liver ratio of the 
tissue vascularity, and tumour size.  The rim of the tumour gets 
higher density per unit distribution of SIR-Spheres than the 
normal liver.  Once SIR-Spheres is implanted into the liver, it 
is not metabolised or excreted and it stays permanently in the 
liver.  
 
2. INTENDED USE 
 
SIR-Spheres is intended for implantation into hepatic tumours 
via the hepatic artery. 
 
3. INDICATIONS FOR USE 
 
SIR-Spheres is indicated for the treatment of patients with 
advanced non-operable liver cancer. 
 
4. ACCESSORIES 
 
Accessories that may be used for the implant procedure include: 
• SIR-Spheres Delivery Set and Sirtex V-vial 
• Delivery Box and V-vial Holder 
• Syringe Shield 
 
5. INSTRUCTIONS FOR USE 
 
5.1  PATIENT SELECTION AND PRE-TREATMENT 

TESTING 
 
Patients with non-resectable tumours may be considered for 
treatment with SIR-Spheres Patient selection for treatment with 
SIR-Spheres® requires a medical opinion that control of tumour 
within the liver will result in patient benefit. 
 

 

 
Patient Tests Before Treatment with SIR-Spheres 
 
The following tests are recommended before treatment: 
• A hepatic angiogram should be performed to establish 

arterial anatomy of the liver. 
• A nuclear medicine break-through scan (Intrahepatic 

Technetium MAA Scan) to determine the percent lung 
shunting. This is performed through the hepatic artery 
catheter or implanted port. 

• Serologic tests of liver function should be performed to 
determine the extent of liver function damage.  

 

Other imaging studies, such as chest x-ray, CT scan of chest and 
abdomen, abdominal ultrasound and a bone scan are 
recommended to determine the extent of disease.   
 
5.2 RADIATION DOSIMETRY 
 
The radiation dosimetry of the SIR-Spheres can be a complex 
and difficult task due to the non-uniform distribution of the 
microspheres in the normal liver and the tumours.  In general, 
1 GBq (27 mCi) of Yttrium-90/kg of tissue provides the 
equivalent of 50 Gy of radiation dose.1  However, because of the 
non-uniform distribution of the dose between the tumour and the 
normal liver tissue, a proportionally larger amount of radiation 
will be delivered to the tumour tissue. 
 
Example, a patient has a 1500g liver with a 4cm size tumour in 
the right lobe, and a 3cm size nodule in the left lobe.  The 
technetium-99 scan shows a 5:1 density ratio per unit volume 
between the tumour and the liver. The patient receives 2 GBq of 
SIR-Spheres.  The radiation dose to the tumour is 294 Gy and 
to the liver tissue is 58.5 Gy. 
 
The radiation dose for other organs would be minimal or 
negligible, except for the organs adjacent to the liver, such as the 
stomach, large intestine and gall bladder, and the lung.  The 
radiation dose may increase significantly when there is shunting 
of the arterial blood to the lung, or if SIR-Spheres® are 
inadvertently delivered to others organs such as the stomach or 
pancreas. 
 
5.3 TECHNIQUE FOR PERFORMING THE INTRA-

HEPATIC TECHNETIUM MAA SCAN 
 
Technetium-99m MAA (Macro-Aggregated Albumin) 150MBq 
(4mCi) is injected via the hepatic artery catheter or implanted 
port to assess the fraction that passes through the liver to the 
lungs and the relative distribution of MAA (and hence SIR-
Spheres®) between tumour and normal liver. The patient is 
placed supine. Anterior and posterior images of the abdomen 
and thorax, and right lateral images of the abdomen are taken. 
Regions of interest are drawn around the whole of lung fields 
and the whole of liver field.  
 
The percent lung shunting =  
counts of total lung   x 100 
counts of total lung plus counts of liver 
 
This same technique can be used to calculate the relative 
distribution of MAA (and hence SIR-Spheres®) between 
tumour and normal liver. This is only possible when clearly 
defined tumour and normal liver ‘areas-of-interest’ can be 
determined on the MAA scan. 
 
If percent lung shunting is >10% then there is need for dose  
reduction of SIR-Spheres® (see Table 1 below) 

Table 1 – Dose Reduction Recommendations 

Percent Lung 
Shunting 

Activity of SIR-Spheres® 

< 10% Deliver full amount of SIR-Spheres® 
10% to 15% Reduce amount of SIR-Spheres®  by 20% 
15% to 20% Reduce amount of SIR-Spheres® by 40% 

> 20 % Do not give SIR-Spheres® 
 
 
5.4 CALCULATION OF INDIVIDUAL DOSE 
 
There are three accepted methods for calculating the patient 
radiation dose, these being the empirical model, the BSA model 
and the partition model.   
 
Empirical 
The empirical model accepts the safety margins of the doses 
known from the previously published clinical data and can be 
determined according to Table 2. 
 
 
 
Table 2 – The Recommended Patient Dose 

The % Involvement by the 
Tumour in the Liver 

Recommended 
Y-90 Dose* 

> 50 % 3.0   GBq 
25 % - 50 % 2.5   GBq 

< 25 % 2.0   GBq 
 
*When there is 10 % or more lung shunting, the patient dose 
should be reduced according to Table 1. 
 

                                                 
1  Russell, Carden, Herron: ‘Dosimetry Calculations of 

Yttrium-90 used in the treatment of liver cancer.’ 
Endocurietherapy/Hypertherm Oncol. 1988;4:171-186 

 

BSA 
 
The BSA method varies yttrium-90 activity according to the size 
of the patient and the size of the tumour within the liver and is 
the most widely used method. 
 
The BSA method uses the patient’s Body Surface Area (BSA) 
(calculated from the patient’s weight and height) and the 
percentage of the liver (by volume) that is replaced with tumour 
(calculated from the CT scan).  Most patients will receive between 
1.3-2.5GBq of yttrium-90 if the whole liver is to be treated. 
 
Activity of SIR-Spheres in GBq  
 
=  (BSA – 0.2) + 









100
% tinvolvementumour  

 
 
Body Surface Area (BSA) is calculated from a weight/height chart 
% tumour involvement = volume of tumour   x  100 

                 volume of tumour + liver 
 
Partition Model  
 
This method involves selecting safe radiation doses to the normal 
liver and lung and implanting the maximum activity that will not 
exceed these limits.  The radiation dose to the normal liver 
parenchyma should not exceed 80Gy in patients with normal liver 
and 70Gy in patients with cirrhosis.  The dose to the lung should 
not exceed 25Gy and preferably be less than 20Gy.  The dose 
received by the tumour has no upper limit. 
 
The technique requires two measurements to be made: 
1. Measurement of the volume of tumour and normal liver 

determined from a CAT scan 
2. Measurement of the proportions of technetium-99 labelled 

MAA activity that lodges in the tumour, normal liver and 
lung as determined from a gamma scan. 

 
As the lung is largely filled with air, the CAT scan cannot be used 
to measure the volume of the lung parenchyma, and hence an 
estimation of 1000cc is made.  For the purpose of calculating 
tissue mass, all tissue densities are all estimated at 1gm/cc. 
 
Equation 1 is used to calculate the radiation dose received by an 
organ after SIR-Spheres has been delivered to that organ. 
 
Equation 1: 
Tissue Radiation Dose (Gy)    =  
49670 x Total yttrium-90 activity in the organ or tissue (in GBq) 

Mass of the organ or tissue (in grams) 
 
Therefore, to calculate the activity to be implanted, it is necessary 
to 
1. from the liver CT scan, calculate the volumes of the 

normal liver and tumour  
2. convert each volume to mass on the basis of 1g/cc  
3. from a lung CT scan, determine the volume of the lung and 

convert to mass (or estimate it as 1000g)   
4. from the nuclear medicine break-through scan, determine 

the activity in the lung, tumour and liver 
5. determine the T/N activity ratio (calculated as activity per 

unit mass of organ or tissue) using Equation 2 
6. determine the percentage shunted to the lungs using 

Equation 3. 
 
To determine the T/N ratio, the following equation should be 
used. 
 
Equation 2: T/N = r = (ATumour/MTumour)/(ALiver/MLiver) 
Where 
T/N (r) is the tissue/normal ratio of the activity in the tumour and 
normal liver per unit mass of each of these compartments. 
ATumour is the activity in tumour 
MTumour is the mass of tumour 
ALiver if the activity in the normal liver 
MLiver is the mass of the normal liver 
 
Equation 3:  Lung Activity (ALung) = ATotal x L 
                       100 
Where ATotal is the total activity implanted for the nuclear 
medicine break-through scan and L is the percentage lung 
shunting. 
 
Percent lung shunting = 100 x ALung/(ALung + ALiver + ATumour) 
 
To calculate the total activity to be implanted, use the following 
equations.  The activity required should be calculated using the 
lung dose as the limiting factor, and then again using the normal 
liver dose as the limiting factor.  The lower of the two activities 
calculated should be used. 
 
To determine the activity implanted to accommodate a limiting 
lung dose: 
 
Equation 4: ATotal = D  LungM  Lung100/L 
  49670 

0086 
2002 
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Where: 
DLung is the dose to the lung 
MLung is the mass of the lung 
ALung is the activity to the lung 
ATotal  is the total activity 
L = the percentage lung shunting 
 
To determine the activity implanted to accommodate a limiting 
normal liver dose: 
 
Equation 5: ATotal = [D  Liver((T/N M  Tumour) + M  Liver)] 
  [49670 (1-L/100)] 
 
The partition model can only be used where the tumour mass is a 
discrete area within the liver.  This is more likely patients with 
Primary Hepatocellular Carcinoma (HCC) where there is often a 
large single tumour mass.  Patients with metastatic disease usually 
have multiple areas of metastatic spread that precludes defining 
the tumour and normal parenchymal compartments. 
 
5.5 DOSE PREPARATION PROCEDURE 
 
• Unpack SIR-Spheres, leaving shipping vial in lead pot. 
• Place on the bench top in a lead or acrylic shielded box if 

available. 
• Remove the centre of aluminium seal from sterile v-vial 

with forceps, and clean the septum with an alcohol swap. 
• Place the v-vial in an empty lead pot (10 cm x 6 cm) for 

stability and shielding. 
• Insert a short 25gauge needle through the septum of the 

v-vial until it just pierces the septum to create a vent. 
• Remove the SIR-Spheres shipping vial from the lead 

pot and shake vigorously to disperse the SIR-Spheres®. 
• Using a dose calibrator, determine the activity in the 

shipping vial and return it to the lead pot.  
• Determine the volume to be withdrawn to provide the 

required patient radiation dose 
• Partially remove the aluminium seal of the SIR-Spheres 

shipping vial, clean with alcohol swap. 
• Insert a 25 gauge needle through the septum of the 

shipping vial to create a vent, ensuring the needle is well 
clear of the contents in the shipping vial 

• Use a shielded 5ml syringe with a 20-22 gauge spinal 
needle at least 70mm long to puncture the septum of the 
SIR-Spheres shipping vial, and quickly draw back and 
forth several times in order to mix the SIR-Spheres 
thoroughly. 

• Quickly withdraw the pre-calculated patient radiation 
dose, and transfer into the vented v-vial in the other lead 
pot.  Withdraw the required amount quickly before the 
contents of the shipping vial start to settle. 

• Verify the patient dose in the v-vial by re-measuring the 
activity in the shipping vial with the dose calibrator, and 
correct, if necessary. 

• Put the v-vial, containing the confirmed patient dose into 
the dedicated acrylic shield. 

The patient dose is now ready for transport to the SIR-Spheres 
implantation room. 
 
5.6 IMPLANT PROCEDURE 
[Doctors must refer to the Sirtex Medical User’s Manual for 
delivering SIR-Spheres before attempting to implant this device]. 
 
SIR-Spheres can be implanted via the hepatic artery using an 
implanted catheter with port or transfemorally. 
 
Hepatic Artery Port Implantation 
This method is generally used if the port is being used for other 
treatment, such as regional hepatic perfusion chemotherapy. A 
surgeon who is totally familiar with this technique must undertake 
insertion of the hepatic artery port. Attention to small surgical 
details can have a dramatic effect on the success or complications 
of the procedure. 
 
Several additional factors are to be noted if SIR-Spheres is to be 
implanted through the port.  These include: 
• The hepatic artery catheter should be placed into the 

arterial supply of the liver so that all the liver is perfused 
by the catheter. 

• There are frequently small arteries that pass from the 
common hepatic artery (and sometimes even from the right 
or left hepatic arteries) to the stomach and duodenum that 
must be ligated at the time of inserting the port/pump.  
Failure to ligate these vessels may result in SIR-Spheres 
lodging in the stomach and duodenum at the time of 
implant and this may result in severe complications. 

• The catheter is usually placed into the hepatic artery by 
inserting it through the gastro-duodenal artery, but may 
need to be placed into another artery. 

• The catheter should be at least 0.8mm internal diameter.  If 
smaller diameter catheters are used, they may block during 
the delivery of SIR-Spheres. 

• The gallbladder should always be removed to prevent SIR-
Spheres causing radiation necrosis of the gallbladder in 
conjunction with HAC. 

• The patient must recover from any surgical operations 
before being treated with SIR-Spheres. 

• It is important to deliver the SIR-Spheres slowly into the 
hepatic artery to prevent the microspheres refluxing back 
down the hepatic artery and lodging in the pancreas, 
stomach or other organs.  The catheter should be flushed at 
regular intervals during the delivery procedure to ensure 
the microspheres do not block the catheter. 

• If a pump has been inserted, SIR-Spheres is delivered 
through the side port of the pump.  In some types of pumps 
the side port can only be accessed with a gauge 24 or 
smaller needle.  While SIR-Spheres can be delivered 
through this small needle, there is an increased risk of the 
spheres clogging the needle.  Therefore, the operator 
should deliver a very dilute suspension of SIR-Spheres to 
prevent clogging of the needle.  

• If the pump does not have a separate side port, then it 
cannot be used to deliver SIR-Spheres. 

 
Transfemoral Implantation 
The hepatic artery catheter is inserted via the femoral artery under 
X-ray guidance.  If this is the preferred method of implantation, a 
trained  interventional radiologist must perform the procedure.   
 
This method allows complete control of exactly where the catheter 
is placed and allows routine checking of the catheter position 
throughout the implant procedure.  A transfemoral catheter can 
also be inserted further into the liver and helps avoid the 
possibility of reflux of SIR-Spheres into small arteries supplying 
the gut.  This is not possible with implanted catheters attached to 
port/pumps.  
 
The procedure for delivering the SIR-Spheres is similar to using 
a port/pump once the catheter has been correctly sited and the end 
of the catheter is connected to the SIR-Spheres Delivery Set.  
The radiologist must repeatedly check the position of the catheter 
during the procedure to ensure it remains correctly sited and that 
reflux of the SIR-Spheres into other organs does not occur.  This 
is performed by injecting contrast medium through the left hand 
port of the Delivery Set during the delivery of SIR-Spheres. 
 
SIR-Spheres must be delivered slowly at a rate of no more than 
5ml per minute as rapid delivery may cause reflux back down the 
hepatic artery and into other organs. At the conclusion of the 
procedure, the catheter is removed. 
 
Radiological Placement of Catheter 
The radiologist must be familiar with the frequent arterial 
abnormalities in the blood supply to the liver and from the 
liver to the gut.  Every attempt should be made to deliver the 
SIR-Spheres into the main hepatic artery so that radiation is 
distributed to both lobes of the liver.  If the tumours are limited to 
one lobe, the catheter can be selectively inserted into the lobar 
artery supplying only that lobe, thus sparing the normal lobe.  
 
It is essential that SIR-Spheres not be delivered to other organs, 
in particular the pancreas, stomach or duodenum.  The catheter 
must be placed well distal to the gastro-duodenal artery 
(GDA) and any other artery that is supplying blood to the gut 
in order to prevent SIR-Spheres going to the duodenum and 
stomach.  If there is any possibility of SIR-Spheres passing 
down the GDA then the implantation must not proceed.  It maybe 
preferable to block the GDA with an intraluminal coil or other 
agent to prevent SIR-Spheres from flowing to the duodenum.  No 
harm will occur if the gastro-duodenal artery is blocked.  
 
Note: Virtually all complications from SIR-Spheres arise 
from the inadvertent delivery of SIR-Spheres into small 
blood vessels that go to the pancreas, stomach or duodenum.   
 
The apparatus can all be assembled on a steel tray and placed at 
the side of the patient.  Directions for the use of the Delivery Set 
are included with the device. These directions should be read in 
their entirety prior to use. 
 
6. RADIATION SAFETY 
 
Regulatory and local radiation usage guidelines should be 
followed concerning implantation and post-implantation care. 
 
Personnel Exposure (thermo luminescent dosimetry - TLD)  
 
Table 3 – Typical Exposure Dose Per Patient for Implant 
Preparation (Technologist) for a 3GBq Device (30 minutes) 

 Trunk 
mSv (mrem) 

Lens of the Eye
mSv (mrem) 

Hands 
mSv (mrem)

Shallow Dose 
(0.07mm) 

0.027 (2.7) 0.026 (2.6) 0.35 (35) 

Deep Dose 
(10 mm) 

0.003 (0.3) 0.004 (0.4)  

 

Table 4 – Typical Exposure Dose Per Patient for Implant 
Procedure (Physician) for a 2GBq implant (20 minutes) 

  
Trunk 

mSv (mrem) 

Lens of the 
Eye 

mSv (mrem) 

Hands 
mSv 

(mrem) 
Shallow Dose 
(0.07mm) 

0.038 (3.8) 0.12 (12) 0.32 (32) 

Deep Dose 
(10 mm) 

0.004 (0.4) 0.054 (5.4)  

 
Post-Implant ExposureExposure from patients implanted with 
an average of 2.1GBq  approximately 5-6 hours post 
implantation at various distances from the patient’s abdomen: 
(1mSv = 100 mrem) 
 
 0.25m 18.8 µSv/hr 
 0.5m 9.2 µSv/hr 
 1m 1.5 µSv/hr 
 2m 0.4 µSv/hr 
 4m <0.1 µSv/hr   
 
7. ADVERSE EVENTS 
The common adverse events after receiving the SIR-Spheres 
result from a mild post-embolisation syndrome and include 
fever, mild to moderate abnormality of liver function tests (mild 
increase in SGOT, alkaline phosphatase, bilirubin), abdominal 
pain, nausea, vomiting, and diarrhoea. 
 
Potential Serious Adverse Events Due to High Radiation 
 
• Acute pancreatitis ---- causes immediate severe 

abdominal pain. Verify by gamma camera  imaging of 
the abdomen and test for serum amylase. 

• Radiation Pneumonitis ---- causes excessive 
nonproductive cough.  Verify by X-ray evidence of 
pneumonitis. 

• Acute Gastritis ---- causes abdominal pain.  Verify by 
standard methods to diagnosis gastritis/ulceration. 

• Radiation Hepatitis ---- causes unexplained progressive 
deterioration of liver function. Verify by exclusion of 
other causes and core biopsy of the liver. 

• Acute cholecystitis ---- causes significant pain and may 
require cholecystectomy for resolution. 

 
8. WARNINGS 
• Inadvertent delivery of SIR-Spheres to the 

gastrointestinal tract or pancreas will cause acute 
abdominal pain, acute pancreatitis or peptic ulceration. 
This may occur with greater frequency if SIR-Spheres 
is delivered via an implanted hepatic artery port where 
there is less control over catheter placement. 

• High levels of implanted radiation and/or excessive 
shunting to the lung may lead to radiation pneumonitis. 

• Excessive radiation to the normal liver parenchyma may 
result in radiation hepatitis. 

• Inadvertent delivery of SIR-Spheres to the gallbladder 
may result in  abdominal pain and cholecystitis that may 
require a cholecystectomy for resolution. 

 
9. CONTRAINDICATIONS 
SIR-Spheres is contraindicated in patients who have: 
• had previous external beam radiation therapy to the liver; 
• ascites or are in clinical liver failure; 
• markedly abnormal synthetic and excretory liver 

function tests (LFTs); 
• greater than 20% lung shunting of the hepatic artery 

blood flow determined by Technetium MAA scan; 
• pre-assessment angiogram that demonstrates abnormal 

vascular anatomy that would result in significant reflux 
of hepatic arterial blood to the stomach, pancreas or 
bowel; 

• been treated with capecitabine within the two previous 
months, or who will be treated with capecitabine at any 
time following treatment with SIR-Spheres; 

• complete portal vein thrombosis. 
  
10. PRECAUTIONS 
• Safety and effectiveness of this device in pregnant 

women, nursing mothers or children have not been 
established. 

• A SPECT scan of the upper abdomen may be performed 
immediately after implantation of SIR-Spheres®.  The 
SPECT scan will detect the Bremsstrahlung radiation 
from the yttrium-90 to confirm placement of the 
microspheres in the liver. 

• This product is radioactive.  Local regulations must be 
followed when handling this device. 

• Some patients may develop gastritis following treatment.  
Gastric acid blocking drugs may be used the day before 
implantation of SIR-Spheres and continued as needed 
to reduce gastric complications.  

• Many patients may experience abdominal pain 
immediately after administration of SIR-Spheres® and 
pain relief may be required. 

• SIR-Spheres demonstrated a mild sensitisation potential 
when tested dermally in an animal model 




