



XXXX Nuclear Facility
Myocardial Perfusion Imaging Protocol

Rationale TC "Rationale" \f C \l "2" :  
Myocardial perfusion imaging utilizes an intravenously administered radiopharmaceutical to show the distribution of blood flow in the myocardium. Perfusion imaging is useful to identify areas of relatively or absolutely reduced myocardial blood flow associated with ischemia or scar. The relative regional distribution of perfusion can be assessed at rest, cardiovascular stress or both. Perfusion images can be recorded with planar or tomographic single photon imaging techniques, utilizing radiopharmaceuticals that are extracted and retained for a variable period of time by the myocardium. The data can be analyzed utilizing visual inspection and/or by quantitative techniques. Some of the radiopharmaceuticals employed for myocardial perfusion imaging include: (a) thallium-201; and (b) the technetium-99m labeled radiopharmaceuticals such as sestamibi, tetrofosmin and teboroxime.
Patients with significant coronary artery stenosis due to abnormal coronary vasoreactivity or obstructive coronary artery disease have a zone of diminished radiopharmaceutical concentration in the area of decreased perfusion. If this area of decreased tracer concentration is worse when the tracer is administered during stress than when the tracer is administered at rest, the zone of decreased tracer concentration is most likely due to ischemia. If the area of diminished tracer concentration remains unchanged, even after injection at rest, the lesion most likely represents scar. Recording data with both SPECT and ECG gating permits evaluation of the relationship of perfusion to regional function.

Indications TC "Indications" \f C \l "2" :  

1. Detecting the presence, location and extent of coronary artery disease

2. Myocardial risk stratification
3. Evaluating the physiologic significance of known or suspected coronary artery stenosis

4. Determining the prognosis after myocardial infarction
5. Left ventricular function evaluation and wall motion
6. Myocardial viability determination
7. Monitoring the effects of revascularization and medical therapy
Contraindications and Precautions TC "Contraindications and Precautions" \f C \l "2"  (for post-stress imaging only):
1. Unstable angina with recent (<48 hrs) angina or congestive heart failure.

2. Acute myocardial infarction 

3. Uncontrolled systemic hypertension (systolic > 200 mm Hg or diastolic > 100 mm Hg) or pulmonary hypertension

4. Untreated arrhythmias

5. Untreated congestive heart failure

6. 2nd or 3rd degree AV block

7. Acute myocarditis

8. Acute pericarditis

9. Moderate mitral or aortic stenosis

10. Moderate obstructive cardiomyopathy

11. Acute systemic illness

Patient Preparation TC "Patient Preparation" \f C \l "2" :  

1. NPO for 3 hours

2. The patient should not take any medication the morning of the exam but should bring them to the appointment

3. Comfortable clothes

4. Removal of metal and objects that might attenuate in the field of view

5. Using universal precautions, an IV is placed preferably in the right antecubital vein for injection of both the rest and stress doses. Each injection is followed by a flush of 10 ml of normal saline and then 1.0 ml of Heparin flush.

Clearance Requirements TC “Clearance Data” \f C \l “2” : Cardiovascular history performed and reviewed by the stress physician.

Radiopharmaceuticals/Pharmaceuticals TC “Radiopharmaceuticals/Pharmaceuticals” \f C \l “2” :  Tc99m Myoview (tetrofosmin) 

Dose:
Rest – 8 mCi and Stress – 22 mCi IV


Patients > 250lbs = .31 mCi/kg

Dose is given under the direction of the authorized user as per this policy.

Procedure TC “Procedure” \f C \l “2” :
Rest Imaging: 

1. 30 – 45 minutes following intravenous injection of radiopharmaceutical, imaging is performed. The patient should be asked to drink 8 ounces of water during the wait.
2. The imaging procedure should be thoroughly explained to the patient before the acquisition. The patient should know exactly what is expected of him during the acquisition.
3. Patient is placed supine on the table with left arm raised above head.  Patient goes into the gantry head first. In instances of claustrophobia, attenuation or other discomfort, imaging may be performed in the prone position. Attention is given to ensure patient comfort (i.e., arm supports, blankets or leg supports). Use strap to secure patient’s body.
4. Patient should be instructed to remain as motionless as possible.
5. Effort should be made to insure that the rest and stress views are comparably positioned. In women attention should be paid to insure breast position is identical for stress and rest imaging.  
6. From the left lateral position move the camera head to within one or two inches of patient.
7. Position patients heart in the center of view.  Move camera head around patient insuring that heart remains in field of view and that the detector is clear of obstruction.
8. Move the camera to the RAO-45 position.
9. Press F1 on computer console to start acquisition.
10. The patient should be observed throughout the acquisition to ensure that there is no movement.  The patient should not be allowed to move, talk, breath irregularly or snore during the acquisition.
11. Immediately upon completion of the acquisition, review of the raw projection cine data should be done by the technologist to determine if there is any patient motion.  If there is any indication of patient motion or artifact, the acquisition should be repeated.
12. Expected range of counts per projection (Heart Average= Counts x 1000 (in the LAO projection)): Average Counts 21-77 and Max counts 190 – 298
Stress Imaging: 
1. 10-15 minutes following stress (45 minutes following Adenosine stress test) intravenous injection of radio-pharmaceutical, imaging is performed. The patient should be asked to drink 8 ounces of water during the wait.
2. The imaging procedure should be thoroughly reviewed again with the patient before the acquisition.  
3. Patient is placed supine on the table with left arm raised above head. Patient goes into the gantry head first. In instances of claustrophobia, attenuation or other discomfort, imaging may be performed in the prone position. Attention is given to ensure patient comfort (i.e., arm supports, blankets or leg supports). Use strap to secure patient body.
4. The patient is connected to 3 non-radiopaque ECG leads to gate the study.
5. Patient should be instructed to remain as motionless as possible.
6. In women attention should be paid to insure breast position is identical for stress and rest imaging.
7. From the left lateral position move the camera head to within one or two inches of patient.
8. Position patients heart in the center of view.  Move camera head around patient insuring that heart remains in field of view and that the detector is clear of obstruction.
9. Move the camera to the RAO-45 position.
10. Press F1 on computer console to start acquisition.
11. The patient should be observed throughout the acquisition to ensure that there is no movement.  The patient should not be allowed to move, talk, breath irregularly or snore during the acquisition.
12. The gated beats should be monitored to note for artifact or excessive arrhythmia.
13. Immediately upon completion of the acquisition, review of the raw projection cine data should be reviewed by the technologist to determine if there is any patient motion.  If there is any indication of patient motion or artifact, the acquisition should be repeated.

Image Acquisition TC "Image Acquisition" \f C \l "2" : Rest
Parameters TC "Parameters" \f C \l "3" :

	Acquisition
	
	

	
	Camera:
	Nuc Em Gamma 

	
	Computer/Monitor:
	Xeleris

	
	Gate:
	None

	
	Acquisition type:
	Step and Shoot

	
	Orbit:
	Circular

	
	Collimator:
	LEHR

	
	Nuclide:
	Tc99m

	
	Peak:
	140 kev

	
	Energy window:
	20%

	
	Acquisition matrix:
	64

	
	Acquisition time (sec):
	45

	
	Number of images:
	32

	
	Acquisition mode:
	Word (16)

	
	Zoom Number:
	1.45

	
	Identi – name, surname
	Yes

	
	Patient position (rotation):Autom. Uniformity correction
	Back (supine)No

	
	Isotope:Patient position (rotation):
	Tc99mBack (supine)

	
	Enable:Isotope:
	NoTc99m

	
	Number of images per cycle:Enable:
	8No

	ECG
	Interval limit (lower)%:Number of images per cycle:
	858

	
	Interval limit (upper)%:Interval limit (lower)%:
	11585

	
	Interval limit (upper)%:
	115

	
	Start position:
	-45

	

	Camera
	Rotation mode:Rotation:
	180 Half circleRight (CW)

	
	Orientation:Rotation mode:
	0180 Half circle

	
	Number of camera heads:Orientation:
	10

	
	Auto-Contouring:Number of camera heads:
	No1

	
	Auto-Contouring:
	NoNo

	
	
	128No

	
	Time filter (ECG):
	NoNo

	Decay correction
	Median filter:Time filter (ECG):
	1NoNo

	Pre-filter


	Linear smooth:Median filter:Time filter (ECG):
	11No

	
	Type:Linear smooth:Median filter:
	Filt. Backproj.11

	ECT camera controller (Hardware)
	Filter type:Type:Linear smooth:
	ButterwFilt. Backproj.1

	

	Reconstruction
	Cut-off frequency:Filter type:Type:
	0.5ButterwFilt. Backproj.

	Back projection
	Butterworth number:Cut-off frequency:Filter type:
	50.5Butterw

	
	Number of iterations:Butterworth number:Cut-off frequency:
	250.5

	Iterative
	Center of rotation:Number of iterations:Butterworth number:
	Original data25

	
	Upper limit %:Center of rotation:Number of iterations:
	80Original data2

	Corrections
	Lower limit %:Upper limit %:Center of rotation:
	2080Original data

	Calculation
	Automatic after acquisition (ECTPP):Lower limit %:Upper limit %:
	No2080

	
	Automatic after acquisition (ECTPP):Lower limit %:
	No20

	
	Color scale number:Automatic after acquisition (ECTPP):
	6No

	
	Use large image size:Color scale number:
	Yes6


Step-by-Step TC "Step-by-Step" \f C \l "3" :
1. ECT 5.11 Program
2. “F2” – Acquisition
3. “F1” – Protocol.  Use arrows to choose “Rest” protocol. “Term”
4. “F3” – Enter patient demographic information:  Last Name, First Name, Birthdate, M or F, label = “Raw Rest”, protocol = rest.  Then “term,” “term”
5. “F4” – Scintigram to view positioning
6. “F1” – Camera start 
Stress (Gated) - 
Parameters TC "Parameters" \f C \l "3" :

	Acquisition
	
	

	
	Camera:
	Nuc Em Gamma

	
	Computer/Monitor:
	Xeleris

	
	Gate:
	Accusync

	
	Acquisition type:
	Step and Shoot

	
	Orbit:
	Circular

	
	Collimator:
	LEHR

	
	Nuclide:
	Tc99m

	
	Peak:
	140 kev

	
	Energy Window:
	20%

	
	Acquisition matrix
	64

	
	Acquisition time (sec)
	40

	
	Number of images
	32

	
	Acquisition mode
	Word (16)

	
	Zoom Number
	3

	
	Organ
	Myocard

	
	Identi – name, surname
	Yes

	
	Autom. Uniformity correction
	No

	
	Patient position (rotation)
	Back (supine)

	
	Isotope
	Tc99m

	ECG
	Enable
	Yes

	
	Number of images per cycle
	8

	
	Interval limit (lower)%
	85

	
	Interval limit (upper)%
	115

	

	Camera
	Start position
	-45

	
	Rotation
	Right (CW)

	
	Rotation mode
	180 Half circle

	
	Orientation
	0

	
	Number of camera heads
	1

	
	Auto-Contouring
	No

	

	Decay correction
	
	No

	Prefilter
	Time filter (ECG)
	T-3

	
	Median filter
	1

	
	Linear smooth
	1

	Reconstruction
	Type
	Filt. Backproj.

	Backprojection
	Filter typ
	Butterw

	
	Cut-off frequency
	0.5

	
	Butterworth number
	7

	Iterative
	Number of iterations
	2

	Corrections
	Center of rotation
	Original data

	Calculation
	Upper limit %
	80

	
	Lower limit %
	20

	
	Automatic after acquisition (ECTPP)
	No

	


Step-by-Step TC "Step-by-Step" \f C \l "3" :

1. ECT 5.11 Program

2. “F2” – Acquisition

3. “F1” – Protocol.  Use arrows to choose “Gated” protocol. “Term”

4. “Shift+F3” and arrows to choose resting patient demographic data. Change label to “Raw Gated” and protocol to “Stress” then  hit “Term”

5. “F4” – Scintigram to view positioning. Verify accurate and even gating from graph on screen.  

6. “F1” – Camera start.  To open gate window, press “F6” and use arrows to center and expand window. “Enter” 

Processing TC "Processing" \f C \l "2" :  

Parameters TC "Parameters" \f C \l "3" :
1. Reconstruction:  Filtered back projection with a Butterworth (5 or 7) Filter with a cut-off of (.5).  The filter cut-off may be manipulated to obtain the best image of the heart.
2. Reorientation: The data must be manually reoriented by first centering the image and then aligning the transverse and sagittal images parallel to the axis of the heart. This must be consistent between the rest and stress images. This results in display of coronal, sagittal or transverse images (short axis, horizontal long-axis, and vertical long-axis).
3. Display of the cine is performed by the technologist during processing and physician during interpretation to detect: patient motion, heart motion, “upward creep,” breast shadow due to attenuation, diaphragmatic attenuation, and superimposed abdominal visceral activity.  All may create artifacts in the reconstructed image.
4. Creation and Display of SPECT Images. Display of images and review should be performed from the computer screen as opposed to paper hard copies.   However hard copies should be maintained for documentation purposes.
5. Create Gated EF using fully automated software. Note: instances where the EF seems over or underestimated, manual selection of the apical, basilar, and mid slices and position of the center can be performed.  
6. Create Polar Maps to determine size, extent and severity of defects.

Step-by-Step TC "Step-by-Step" \f C \l "3" :  

Rest 3D
1. “F1” – Directory.  Select the “Raw Rest” study (#10) then “Enter”
2. “F3” – Reconstruction.  Then “F1” – protocol.  Select the “Rest Protocol” then “Enter”.  Use the mouse to position the upper and lower borders outside of the heart.  Now, left click the mouse in the center region of the heart.  This will place a green line through the heart.  A slice of the heart will be displayed.  Keep positioning the green line until you are satisfied with the image slice.
3. “F3” – Recon again.  In the text (comment) space write: “Rest Recon” then “Enter” “Enter”
4.  “F4” – Display
5. Center image.  Centering is accomplished by clicking the mouse in the center of the traverse or coronal image.  Click “Zoom x 2”, Center, “Zoom x 1.25” (1.5 for females) Center.  Align the transverse and sagittal images parallel to the heart axis.  Select the “Rotate” icon then left click and drag the right click.
6. Press the “Tab” (contrast) key.  Adjust the color scale until the background has been reduced to a “15”

7. “Shift+3” – 3D Save will save the Rest 3D.  In the text (comment) space, write: “Rest 3D” then “Enter”
Stress 3D

1. “F1” – Directory.  Select the Gated 3D study then “Enter”

2. “Shift+F3” – Convert the “Shift+F6” – ECG Add.  (Sum the R-R images) “Enter” “Enter”   The 8 ECG frames will be summed together.

3. In text (comment) space type: “Stress 3D” then “Enter”

Stress/Rest Final Report

1. “F1” – Directory. Highlight the “Rest 3D” study by pressing the “Tab” key.  Highlight the “Stress 3D” then “Enter”.

2. “F4” – Display. Using the “1” and “2” icons, toggle back and forth between the Stress and Rest images to correct for alignment of the heart axis.

3. “F4” – Slices.  On the display monitor, select from the “Slice-Display” Icon Pallet the “3” (three image view) icon.  Also select the “Dual” icon.  View the Stress/Rest slices on the display monitor.

4. With the “1+2” icon selected, you can move both the Rest and Stress slices.  With the “1” icon selected, you can move the Rest images.  With the “2” icon selected, you can move the Stress images.  Use the arrow keys to move the slices and align the Stress and Rest images.

5. When all 3 views are appropriately aligned, to the “F7” – Document.  This will apply the proper labels and documentation. “F8” – Save will save the Stress/Rest Display.  In the Text (comment) space, write:  *Final Report.  “Shift+F8” – Print will print the final report.  Use the “Contrast” Button to change the window or background or color scale.

Ejection Fraction (EF) Calculation

1. “F5” – Program List. Select the “Bulls Eye” program then “Enter”

2. “F1” – Directory.  Scroll to the “Gated 3D” study the “Enter.”  From the “Bulls Eye” Icon Pallet on the display monitor, select the “EF” icon.  EF will now be calculated.  

3. To calculate the EF manually, press “Enter”.  Use the mouse to choose first the “Apex,” second the “Base” and finally the “Middle.”  Select the “EF” icon from the Bulls Eye icon pallet and the EF will be recalculated.  

4. “F7” to label images.

5. “F8” – Save.  In the text comment type: *EF XX%.  “Shift+F8” – Print then “Enter”.
Image Display for Interpretation TC "Image Display" \f C \l "2" :

Parameters:

1. The cine data should be displayed first to evaluate for motion and artifact of the rest and stress images.

2. The final image results with all three views and labeling.

3. The polar maps and rest – stress polar map should be displayed.

4. The gated wall motion images in three views should be displayed.

5. The calculated EF and volumes should be displayed.

Step-by-Step:

1. Display of Rest Cine: “F1” – Directory.  Select the “Raw Rest” study (#10) then “Enter”  “F3” – Reconstruction.  Then “F1” – protocol.  Select the “Rest Protocol” then “Enter”
2. Display of Gated Cine: “F1” – Directory.  Select the “Raw Gated” study (#20) then “Enter”  “F3” – Reconstruction.  Then “F1” – protocol.  Select the “Gated Protocol” then “Enter”
3. Display the Final Report: “F1” – Directory.  Select the “*Final Report.” Use the “Contrast” Button and mouse to change the window or background or color scale.

4. Display the Wall Motion Images:  “F1” – Directory and select the “Gated 3D” image” and then hit “Return”.  “F4” – Display and then using the mouse click on “Cine” on the display screen.  Use the “Contrast” Button and mouse to change the window or background or color scale.

5. Display the EF Report:  “F1” – Directory, select “*EF = X” report and then “Return”
6. Display the Polar Map: “F1” – Directory, select “*Polar Map” report and then “Return” 

7. Display the Rest - Stress Polar Map: “F1” – Directory, select “*Polar R-S” report and then “Return”
Sources of Error TC "Sources of Error" \f C \l "2" :

1. Extravasation of the dose

2. Patient motion

3. Suboptimal stress test

4. Inappropriate image processing, poor slice alignment or region of interest placement

5. Attenuation artifact
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Myocardial Perfusion Imaging Protocol (SAMPLE)
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NOTE: This is a SAMPLE only. Protocols submitted with the application MUST be customized to reflect current practices of the facility.

