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TECHNICAL ADVANCES 
History 



Blumgart and Weiss 

1927 



Ernest Lawrence 

First cyclotron - 1929 



Benedict Cassen 

1950 



Hal Anger 

1958 



Kuhl and Edwards 









Dual-head, 90-degree Geometry 
Camera 



Digirad Cardius 3 XPO camera 

Reported spatial resolution – 15.4 mm 
Sensitivity – 234 cpm/uCI 



Conventional SPECT 

Cardius 3 XPO 



CardiArc camera 

Reported spatial resolution values: 3.6 – 7.8 mm 





CardiArc Images 

Data Spectrum anthropomorphic chest phantom with 2 lesions 

Conventional SPECT 

CardiArc 

11.3 min 168 sec 

10.7 min 168 sec 



Convention SPECT images – 10.6 min acquisition 

CardiArc images – 3.3 min acquisition 



D-SPECT 

Measured spatial resolution: 4.36 mm 
FWHM 



Single-detector column 



D-SPECT ROI-centric acquisition 

1-min pre-scan to define the ROI 

Scan limits set for each detector column 

Final scan with each detector rotating 
with the limits set from the prescan data 



Relative Sensitivity Measurements 

                                                         SPECT      D-SPECT  Ratio                 
 
Scan duration (min)    12.5    2.0   0.16 
Total Counts     15.83 M   2.67 M  0.17 
Myocardial counts     1.44 M   1.90 M  1.32 
Myocardial counts/total    9.1%   71.4% 
CPM – myocardium    113,667   953,333  8.39 







Advances in Image Reconstruction 

• Early reconstruction methods – filtered 
backprojection 

• Iterative reconstruction (maximum-likelihood 
and ordered subsets maximization) 

• Depth-dependent and resolution recovery 
techniques 

• WBR (wide beam reconstruction – UltraSPECT) 



Dual-heal SPECT acquisitions using the same camera 



“Motion-Frozen” Processing of Gated 
SPECT 

• Eliminates blurring due to cardiac motion 
• Applies a nonlinear thin plate-spline warping 

algorithm and shifts counts from the whole 
cardiac cycle into the ED position 

• Appear like ED frames but are significantly less 
noisy 





Software Advances 

• Rationale – MPI can guide therapy 
• Key information – amount of hypoperfusion at 

stress and rest and the difference between 
stress and rest (diminished perfusion reserve) 

• Additional information – LV systolic function 
(LVEF); LV geometry; segmental wall motion 
and thickening; diastolic function; and 
transient dilatation 

• Direct quantitation of relative changes by 3-D 
alignment of 2 scans 
 





Imaging of Known or Suspected CAD 

• CVD – leading cause of death worldwide 
• 2010 – 379,559 U.S. deaths 
• New, non-fatal MIs – 620,000 per year 
• Recurrent MIs – 295,000 
• New silent MIs – 150,000 



Atherosclerosis 
Evaluation - 2016 = Atherosclerosis 

Treatment Options 
 

Risk factor modification 
Antianginal medications 
Revascularization 
Aggressive lipid therapy 
Correct endothelial dysfunction 
Correct chronic inflammation 
 

Find patients with disease or at risk 
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Progression of coronary plaque over time Clinical Findings 

Acute Coronary Syndromes 
Sudden Cardiac Death 

Acute silent 
occlusive 
process 

 

Angina  
pectoris 

Thrombogenic 
risk factors 
 

Atherogenic risk 
factors 

Endothelial dysfunction 

20 years 60 years 
Age 
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CAD - Clinical Spectrum 
• Chronic ischemic heart disease  
     Ischemia precipitated by increased myocardial oxygen demand in 

the setting of a fixed, not vulnerable atherosclerotic lesion.  It is 
called Stable Angina when the clinical characteristics (Angina 
attacks) do not change in frequency, duration, precipitating causes, 
or easy with the angina is relieved, for at least 60 days. 

   -Silent Ischemia,   -Mixed Angina     -Syndrome X     -
Stunning & Hibernating. 

• Acute Coronary Syndromes (ACS) 
    Ischemia or infarction are caused from a primary reduction in 

coronary flow, precipitated by plaque disruption and subsequent 
thrombus formation: 

  Unstable Angina,  NSTEMI,   STEMI 
    Prinzmetal Angina 
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Acute MI 
Typical rise and gradual 
fall (troponin) or more 
rapid rise and fall of CK-
MB, markers of 
myocardial necrosis, 
with at least one of the 
following: 

•Ischemic symptoms 

•EKG changes 
indicative of ischemia 
(ST-seg elevation or 
depression) 
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Acute Coronary Syndromes Coronary 
Atherothrombosis 
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-RCA, 1yr. Before of the 
acute MI (B) 



The First Coronary Angioplasty 
 for Stable CAD;  1977 

First coronary angioplasty lesion (circles) two days before (A), 
immediately after (B), and one month after (C) balloon dilation 



Conventional Wisdom 
Treatment Assumptions in CAD Management: 
•  Patients with symptomatic CAD and chronic angina who have significant coronary 
stenoses “need” revascularization 
•Revascularization is required to improve prognosis 
•PCI is less invasive than CABG surgery (i.e., is safer) and, therefore, should be selected 

 

Clinical Outcomes Utilizing Revascularization and 
Aggressive Guideline-Drive Drug Evaluation 

Background: > 1 million PCI procedures/year 
Majority – patients with stable CAD 
Does PCI reduce mortality, MI, or hospitalization 
for ACS 



COURAGE Results 

As an initial management strategy in patients with stable CAD, PCI did NOT 
reduce mortality, MI, or other major cardiovascular events (MACE) when added 
to optimal medical therapy. It did result in better angina relief during most of the 
follow-up but this difference was negligible at 5 years 



158 vb38/interm.RCA/Buddem (1) 

• 58F 
• underwent PCI of severe LCX lesion a minute before  
• 50 % stenosis in mid RCA 
           

Should this lesion be stented ?? 



DEFER and FAME 
DEFER – compare Deferral vs. PCI of Non-ischemia producing stenoses 

FAMR – FFR vs. angiography for guiding PCI in patients with MVCAD 





Hybrid Imaging 



Molecular Imaging of Angiogenesis 

Molecular imaging targets for cardiovascular disease. It introduces 
some imaging targets using different imaging techniques or multimodality imaging 
platforms. The set includings are monocytes (iron oxide nanoparticles, T2-weighted 
MRI), myeloperoxidase (MPO-Gd, T1-weighted MRI), proteases (FMT-CT), 
angiogenesis (integrin, PET-CT), myocyte death (annexin V-decorated iron oxide 
nanoparticles), myofibroblasts (integrin, fused SPECT/MR), collagen (MRI), 
transglutaminase (factor XIII, SPECT- CT). Among them, angiogenesis is one of the 
most characteristic targets 
used in molecular imaging in monitoring and diagnosis. 
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The Anger technology used in the majority of systems currently utilized for nuclear 
cardiology is now 
 
A) 20 years old 
B) 30 years old 
C) 40 years old 
D) > 50 years old 



Nuclear Cardiology / coronary angiography correlations may not accurately reflect 
the information gained for patient management because: 
 
A) Lesions graded at > 70% luminal diameter narrowing are always 

hemodynamically significant 
B) Angiographic severity of CAD correlates better with patient outcomes – MACE 
C) Patients with LVH and lesions graded at 50% may have “real” perfusion defects 
D) Angiography reflects coronary perfusion reserve better than perfusion imaging 
E) Angiography is a better means of evaluating “coronary  steal” 



A 59M with no history of CAD but with significant cardiovascular risk factors 
presents to your ER with a 30 minute history of severe chest pain/discomfort 
radiating to his L arm with associated nausea and diaphoresis.  His EKG shows 
anterior ST-elevation.  The imaging procedure of choice is: 
 
A) Echocardiography to assess LV systolic function and segmental wall motion  
B) Nuclear MPI to evaluate global and segmental perfusion and LV systolic function  
C) Emergent LHC 
D) CCTA  
E) Cardiac MRI with first pass perfusion imaging and delayed imaging to evaluate 

scar 



65F with no reported history of CAD but with significant cardiovascular risk factors 
including hypertension, dyslipidemia, and a family history of CAD presents to your 
hospital/facility with atypical (non-exertional) chest pain/discomfort.  Your 
management strategy should include: 
 
A) Re-assurance and aggressive medical management 
B) Immediate LHC and coronary angiography 
C) CCTA 
D) Nuclear MPI 
E) Cardiac MRI 



MPI shows a large volume, mild severity, reversible perfusion defect involving in the 
base/mid/apical-inferior segments in the expected distribution of the PDA. There are 
no associated transient changes in LV geometry and post-stress gated images show 
normal LV systolic function with no visible segmental wall motion abnormalities. 
Cardiology opts for LHC with coronary angiography. She is reported to have non-
obstructive CAD with a 50-60% focal stenosis in the mid RCA and only luminal L system 
disease. Her follow-up should be: 
 
A) Reassurance that she is at low risk for future cardiac events 
B) Aggressive management of her risk factors and close clinical follow-up of her 

symptoms 
C) Repeat LHC with coronary angiography in 6-12 months 
D) Report your MPI study as a “false-positive” in your MPI/catheterization correlation 

statistics 



Advantages of improvements in imaging technology and software processing of 
nuclear cardiology studies include 
 
A) Better correlations with coronary angiography 
B) Improved image quality because of better attenuation correction 
C) Improved  patient comfort because of positioning and shorter acquisition times 
D) A five-fold improvement in spatial resolution 
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