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SPECT Attenuation Correction: 
Clinical Perspectives 
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In Your Laboratory Today, How Do You 
Differentiate Attenuation Artifact From a 

Perfusion Defect?

1. ECG-gating
2. Prone imaging

3. Attenuation correction
4. Quantitation

5. “Deductive reasoning”
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Stress Rest

• Breasts

• Subdiaphragmatic structures

• Arms

• Under-arm fat pads
39 39

1. Not very predictable

2. Not always easy to recognize

3. Inconsistent effects on images

4. Commonly affects stress and rest images differently



SPECT Attenuation Correction: 
Clinical Perspectives

1. Why bother?

2. Line-source or CT attenuation correction 

3. Cost implications

4. Recouping the investment

5. A few clinical “pearls”



SPECT Attenuation Correction: 
Clinical Perspectives

1. Better quality images – AC, SC, RR

2. Fewer “false positives”: serious problem 
for nuclear cardiology, under siege for its 
limited specificity in range of 40 – 65% 

3. Competitive forces

Why Bother?



AC

No AC

AC

AC

AC

No AC

No AC

No AC

Comparison of Stress Images With and 
Without Attenuation Correction



Stress Testing in Women
Sensitivity and Specificity
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Tc-99m Sestamibi SPECT Rb-82 PET

Bateman, Circ 108: IV-454, 2003.
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100
Non-Gated

Gated

84.4%
92.2%

p = 0.17

Gating is very helpful if there is a regional 
WMA (CAD)

Not so helpful if normal, as reversible or 
partially reversible or even non-reversible 
perfusion defects can still be attenuation 
artifacts



SPECT Perfusion Defects: 
Real or Not?

Prone Imaging

• Fewer counts 

• Expensive to perform routinely

• Inefficient to perform selectively

• Cannot get paid for it

• Can sometimes help with inferior wall (be careful)

• Makes interpretation of anterior wall more difficul t

• Minimal literature on accuracy or outcomes (single ctr)



SPECT Perfusion Defects: 
Real or Not?

Quantitation

• Attenuation artifacts are the prime reason for fail ure of 
quantitative programs 

• Limits of normal vary by gender: broad for inferior  wall 
(males) and anterior wall (females) 

• Minimal literature on performance in patients with 
attenuation artifacts 

• Most helpful for “non-experts”



Non-AC

AC

Over-weight Female
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SPECIFICITY FOR SIGNIFICANT CAD
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ALL BMI < 30 BMI > 30

76%

41%

82%

64%

79%

50%

p = 0.02 p = 0.03

Thompson et al, JNC 12: 195-202, 2005

Non-AC

AC



Quantitative Accuracy of Uncorrected and 
Attenuation Corrected Tc-99m Sestamibi SPECT 

in Obese Patients

Grossman, JNC 11: 263-72, 2004
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Normalcy

Uncorrected Attenuation
Corrected

97%
90%

29%

57%
52%

90%
p = 0.015

p = 0.006



STRESS

REST

REST
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Non-AC
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Comparative Diagnostic Accuracy

0
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100
Static

Gated

Static & AC

Gated & AC

Sensitivity Normalcy

%

85
78

93 96

p = 0.05

54
62

77
85

p = 0.001

Links, JNC 2002: 183-187

66 pts: 27 with CAD; 34 < 5% likelihood; 5 cath nls



AC With Line Sources Improves Risk Stratification
480 pts; all scans interpreted twice – once with & 

once w/o AC; f/u 1.3 yrs

SSS > 3

SSS < 3

24.7%

9.8%
Reclassified by AC to SSS>3 (7.6%)

Remained normal by AC

31.6%

8%

Reclassified by AC to normal (21.6%)

28.3%Remained abnormal by AC

11.4%

All-Cause Mortality

Without AC With AC

Baghdasarian, JNC 2006 13: S36 



SPECT Attenuation Correction: 
Clinical Perspectives

1. Why bother?

2. Line-source or CT attenuation correction 

3. Cost implications

4. Recouping the investment

5. A few clinical “pearls”



Source-Based Attenuation Correction

Advantages

• Only approach that permits simultaneous acquisition of 
transmission and emission data

• Relatively simple to implement, understand

• Inexpensive relative to CT-AC

• Insignificant increase in radiation exposure to pat ient/staff 

• Validated for LFOV and SFOV Anger cameras



Source-Based Attenuation Correction

Disadvantages

• Vendor variability in performance standards

• Works with Tc-99m tracers; not as applicable to tha llium-201

• Can lengthen imaging time (large patients, weak sou rces)

• Seems to work with Astonish half-time acquisitions;  not 
studied with UltraSPECT; not available with Spectru m 
Dynamics, DigiRad

• No additional payment to offset the additional per pt costs



CT-Based Attenuation Correction

Advantages

• Higher quality transmission scan 

• Constant quality of transmission scan (patient-inde pendent)

• No annual costs

• Can use CT for other purposes (dependent on type) 



CT-Based Attenuation Correction

Disadvantages

• Transmission/emission scan misregistration (>20%)

• Breathing artifacts can make registration impossibl e

• Higher up-front costs (hardware & software, room si ze & 
shielding)

• No additional payment to offset the additional per pt costs

• CT technologist required

• Some patients cannot be imaged



SPECT Attenuation Correction: 
Clinical Perspectives

1. Why bother?

2. Line-source or CT attenuation correction 

3. Cost implications

4. Recouping the investment

5. A few clinical “pearls”



Assumptions: 

i) Purchase price ~ $25,000 more with free line-sour ces first year 

ii) Then ~ $12,000/year for set of sources

iii) 5-year amortization of expenses

SPECT Attenuation Correction: 
Clinical Perspectives

Cost Implications of Line-Source AC

Annual Pts Additional Cost/Pt

1000                                   ~ $15                

1500                                   ~ $10

2000                                   ~ $ 7



Assumptions: 

i) Purchase price ~ $175,000 more

ii) 5-year amortization of expenses

SPECT Attenuation Correction: 
Clinical Perspectives

Cost Implications of CT-Based AC

Annual Pts Additional Cost/Pt

1000                                   ~ $35                

1500                                   ~ $23

2000                                   ~ $18



SPECT Attenuation Correction: 
Clinical Perspectives

1. Why bother?

2. Line-source or CT attenuation correction 

3. Cost implications

4. Recouping the investment

5. A few clinical “pearls”



SPECT Attenuation Correction: 
Clinical Perspectives

1. Stress-only imaging

- Lower costs, advantageous payment

- More efficient use of equipment/staff

2.  Flow quantitation (bill with a modifier)

Recouping the Investment



ECG-Gated Myocardial Perfusion SPECT Without 
Attenuation Artifacts

Can we capitalize on this capability to improve our  efficiency?
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Potentially a large % of MPI studies 
could be done with stress only



Stress-Only ECG-Gated & Attenuation-Corrected 
Sestamibi SPECT Images
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Gated, AC

Gated, Non-AC

Blinded Read, 90 Pts
56 = Low-likelihood/nl cath
34 = cath pts with CAD

37 42

85

p < 0.05

Bateman, Circ, 2001

Definitely normal or abnormal
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Low Event Rate for Normal* Attenuation-
Corrected Stress-Only Perfusion Images in 

Hospitalized Chest Pain Patients

• 729 patients

• Pre-test CAD likelihood 37%

• Mean follow-up 22 months

• Overall cardiac event rate 0.6%

Gibson, JACC 39: 999, 2002

*37% of patients were abnormal (had perfusion defects) on 
the non-AC images 



All-Cause Mortality Following Stress-Only vs
Rest/Stress SPECT: A Propensity-Matched Study

Lee et al, Submitted ACC 2009

904 stress-only vs 3593 rest/stress pts, followed fo r 2.2 yrs

0

5

10

15

All-Cause 
Mortality 

(%)

SSS < 3 SSS > 4

1.5%
2.1%

8.6%
10.3%

Stress-Only

Rest/Stress
p = ns

p = ns



STRESS-ONLY IMAGES IN 
WOMEN WITH ANTERIOR 

WALL ATTENUATION

NO-AC

AC

STRESS-ONLY IMAGES IN 
MEN WITH INFERIOR WALL 

ATTENUATION



50 year-old man with atypical angina

Show Gateds
2000-CCI-09LW

If rest images were 
acquired, what would 
they show?

1. Normal or near 
normal inferior 
perfusion

2. Abnormal perfusion



FBP

½ AC

Full AC

FBP

½ AC

Full AC

FBP

½ AC

Full AC

Tc99m-Sestamibi Stress SPECT Images with Astonish™
and Bayesian* Attenuation Correction (LL CAD < 5%)

* CVIT, Kansas City, Missouri



SPECT Attenuation Correction: 
Clinical Perspectives

1. Why bother?

2. Line-source or CT attenuation correction 

3. Cost implications

4. Recouping the investment

5. A few clinical “pearls”



SPECT Attenuation Correction

Clinical “Pearls”

1. Pharmacologic stress

2. Poor quality transmission maps

3. Weak sources

4. Inspect the transmission images



Attenuation-Corrected SPECT
Combined Adeno-Ex StressAdenosine Stress

When possible, combine vasodilator stress with low- level exercise



BMI 58

Non-AC Images AC Images





Clinical Aspects of Attenuation Correction

How to adjudicate differences between AC 
& non-AC data

1.AC “normalizes” a non-AC abnormality

2.AC “creates” a new abnormality not present 
on non-AC images

• Real

• Artifact
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Attenuation Correction Improves Sensitivity 
for Detecting CAD: Potential Mechanisms

• More uniform tracer distribution will make milder 
perfusion defects more evident

• Relatively balanced attenuation can “obscure”
perfusion defects (AC eliminates regional “biases”)

• Readers may inappropriately interpret perfusion 
defects as attenuation artifacts

• Quantitative analysis may sometimes mislead the 
interpreter

Bateman, Cullom, Semin Nucl Med 2005; 35: 37-51



Non-AC Attenuation-Corrected

Your diagnosis?

1. RCA ischemia

2. RCA infarct

3. Normal



STRESS

REST

Weak 
Sources



Normal

Emphysema



RLL 
Carcinoma

Diffuse 
Pulmonary 
Infiltrates 

(Eosinophilic
Pneumonia)



Right Pleural 
Effusion

Small Bilateral 
Pleural 

Effusions



Cardiomyopathy
vs Pericardial 

Effusion

Morbidly Obese 
Woman c/o 

Dyspnea



Clinical Aspects of Attenuation Correction

Incorporating it into the workflow

1.Acquisition

2. Interpretation

Weak sources, large patients, 
and especially both together 
will increase imaging time

• Always look at rest & stress transmission scans

• Can look at non-AC & AC scans

• I only inspect AC images if normal

• I only inspect AC images if abnormal unless image 
quality poor (low-count study; hot liver/bowel, mot ion)



Clinical Applications of Attenuation Correction

1. Increase interpretive confidence and diagnostic 
specificity in daily practice

2. Improve diagnostic accuracy in the overweight

3. Occasionally improve sensitivity

4. Facilitate effectiveness of stress-only imaging f or 
selected patients

There are a few “tricks-of-the-trade”, but in gener al, 
SPECT attenuation correction, with line sources or 
with CT, will:


