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Abstract

Background: Radioisotope manufacturers, nuclear camera manufacturers, standard guidelines for myocardial perfusion imaging, all assume 
rapid isotope uptake followed by an essentially static retention mechanism. Contrariwise, the historic first nuclear cardiology study found 
measurement of nuclear isotope blood flow kinetics to be diagnostic of heart disease. No clinical investigations appear to have followed that 
classic finding. We assessed the clinical diagnostic utility of time course myocardial perfusion measurements following single injections. 
Method: One hundred twenty patients suspected of having heart disease underwent Sestamibi stress images taken at 5 and at 60 minutes 
following completion of cardiac stress. Quantitative (FRHWW) redistribution differences between the images were assessed. FHRWW results 
were compared with angiographic findings. 
Result: Parabolic regression of stenosis on redistribution yielded an effect size of R(CI95%) = 0.72 to 0.95, (P=3.8×10-8). Fifteen percent of 
individuals with “normal” appearing 60 minute SPECT images were noted to having coronary artery disease using both redistribution data and 
coronary angiography requiring stent placement. These individuals had “wash in” of Sestamibi (isotope uptake greater at 60 minutes than 5 
minutes) and signaled patients at risk of undergoing an acute cardiac event due to vulnerable plaques or tight lesions placing significant amounts 
of myocardium at risk of infarction. One of the individuals who did not require cardiac catheterization based upon the FHRWW data, underwent 
coronary angiography based upon rest-stress results AND had a major adverse event as a result of the subsequent cardiac catheterization.  There 
was no detectable CAD, confirming the FHRWW findings and the need for caution in individuals undergoing invasive procedures. 
Conclusion: Dynamic “uptake /release” models appear to be a superior alternative to the common “uptake/retention” models of technetium-
99m isotopes used in nuclear myocardial perfusion imaging. This sequential quantitative diagnostic model, reinforces the work by Blumgart, 
enabling more accurate diagnosis of coronary artery disease and providing for intervention in individuals requiring stents or bypass, whom 
would otherwise be missed on rest-stress imaging protocols while avoiding unnecessary coronary angiography among individuals with “normal” 
Sestamibi redistribution.

Keywords: (MeSH): FHRWW, Sestamibi redistribution, Heart Function Tests; Mathematical Models; Tomography; Emission-Computed, Single-
Photon; Vulnerable Plaque; Adverse Cardiac Events.

Introduction

While diagnostic testing and decision making in the treatment of 
atherosclerotic coronary artery disease (ASCAD/CAD) tends to 
revolve around evidence of anatomic (cardiac catheterisation,1 
coronary computed tomography, intravascular ultrasound,2,3 et cetera) 
disease, it has been well established that this inflammatory4-6 process 
may smolder for years and that up to 85% of all myocardial infarctions 
occur with <30% diameter narrowing. It is; therefore, important for 
us to look for new ways to uncover this smoldering inflammatory 
disease process when intervention may be more beneficial to the 

patient and potentially less costly to the patient and society at a time 
when health care costs are a major issue. 

When teenagers learn to buy their first automobile, they learn an 
important lesson. Not every car that looks good runs well. This same 
lesson applies to the diagnosis and treatment of ASCAD. The lesson 
is to determine how well the car runs, or in this case, how well the 
heart runs. Hence the importance of physiologic testing; ie. testing 
to see how well the heart runs. Prior to nuclear imaging of the heart, 
now called myocardial perfusion7,8 imaging (MPI), patients ran on a 
treadmill (exercise stress testing/EST) under the belief that this would 
precipitate chest pain (angina) and perhaps electrocardiographic 
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and hemodynamic changes which would indicate problems with 
coronary blood flow. Until recently, it was believed that this was 
purely the result of narrowing within the lumen of the artery.  It has 
since been demonstrated that angina is the result of regional blood 
flow9,10 differences; hence, the importance of quantifying such areas 
of the heart by analyzing regions of interest (ROI). These differences 
in regional blood flow work through mechanisms as of yet not 
completely understood. The ability to precipitate these differences 
in regional blood flow can be accomplished via the utilization of 
MPI and pharmacologic or exercise stress testing. A major limitation 
with utilizing single 60 minute images for interpreting the presence 
of ischemia on MPI are attenuation artifacts. Such artifacts include 
anterior attenuation from breast tissue, diaphragmatic attenuation 
from abdominal obesity, hypertrophic differences in walls of the 
heart, bundle branch anomalies, et cetera. These attenuation issues 
have not been significantly corrected with the addition of attenuation 
correction protocols. While nuclear tracers (isotopes) have improved 
over the years, many misconceptions11-17 have plagued the field 
limiting the accuracy of MPI with sensitivities and specificities 
remaining at 65-90% in most published investigations.18  

In 1926 Blumgart19 first proposed nuclear imaging techniques 
for the detection of heart disease. His method clearly proposed serial 
assessment of isotope count activity to determine cardiac function.  
Decades passed before Love20 discussed the potential future of 
Nuclear Cardiology and pointed out that rest images21 were useless 
in the detection of coronary artery narrowing. With the advent of 
technetium-99m- sestamibi, clinicians believed that the isotope 
was taken up by myocardial tissue within minutes of injection and 
remained fixed within myocytes. Crane22 demonstrated this was no 
so and demonstrated that retention of sestamibi was dependent upon 
ischemia and cellular viability. This opened the door to the discovery 
of changes in isotope count over the course of time and reinforced 
Blumgart’s 1926 paper. During our initial23,24 efforts to better 
understand the underlying inflammatory component of CAD via MPI, 
five and sixty minute imaging revealed differences in the qualitative 
appearances of images seen following pharmacologic stressing of 
individuals as predicted 
by Blumgart,19 Love20 
and Crane.22 As noted 
below, others have noticed 
these differences as well. 
Furthermore, comparisons of 
the initial 5-minute imaging 
with the 60-minute imaging 
demonstrated different results 
from the simple “uptake/
retention” rest-stress model. 
Other investigators have noted 
similar differences between 5 
minute and 60 minute imaging 
of the heart25-29 allowing 
for enhanced detection of 
congestive heart failure,26,30-33 
c a r d i o m y o p a t h i e s , 3 4 , 3 5 
Prinzmetal’s angina36,37 and 
underlying coronary artery 
disease26,31,38-49 including 
evidence of washin46,47 
indicative of critical lesions 
not detected by conventional 
MPI. In the same way that 
thrombolysis in myocardial 
infarction (TIMI) flow is used 

to look for changes (sometimes subtle, sometimes not) in coronary 
blood flow in the cath lab, multiple imaging following pharmacologic 
or EST allows us to take a more advanced look at the physiologic 
function of the heart, unmasking ischemic heart disease missed by 
rest-stress imaging.  

Given these recent investigations into improving the detection 
of ischemia by quantifying isotope counts on multiple (sequential) 
images following pharmacologic and exercise stress, we set out to 
determine (1) are nuclear cameras used in the “clinical” setting today 
able to detect differences in radioactive isotope counts over a period 
of time, which would allow these cameras to detect changes in flow 
and retention of isotope over time (2) what are the optimal imaging 
times for the detection of ischemia and (3) how do these changes in 
isotope counts compare with percent diameter stenosis as seen on 
coronary angiography?  

Methods

Single Photon Emission Computed Tomography (SPECT) 
Cameras

The Philips Forte Dual Head SPECT camera used general all (GAP) 
purpose collimators with the heads positioned at 90 degrees per 
manufacturers specifications. A 15% window was used with a 64 by 
64 matrix. In the first part of this study, we additionally looked at 
differences between 64 x 64 matrix and 128 x 128 matrix. Imaging 
occurred 5 and 60 minutes post stress with processing of images as 
described in the literature.17,23,24 Jet stream software was used per 
manufacturer’s instructions to quantitatively measure regions of 
interest (ROIs).  

The Picker Axis Dual Head SPECT camera used a low energy 
general all (LEGAR-PAR) purpose collimator with parallel 
hole positioning. The heads were positioned at 102 degrees per 
manufacturer specifications.  Picker camera software was used for ROI 
measurements. 
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Figure 1: Verification of Technetium-99m-Sestamibi Count Imaging.
A 37.37 MBq syringe of technetium-99m-sestamibi is placed under the camera and counts acquired 
over 5 minutes. The same syringe is reimaged 55 minutes later for an equal amount of time. When the 
64 x 64 matrix was used, the original count was 1,405,721, the second image count was 1,251,359, 
representing 89% of the original count activity. When the resolution was increased to 128 x 128 
matrix, there was an additional 50% loss in data, with a 5-minute image (different syringe sample) 
count of 3,473,001. The second image count 55 minutes later was 2,966,394, representing a count 
decrease of 14.6%, 4.6 % more than should have been shown. This reduction is due to data lost as 
a result of increased grid lines forming the increased number of pixels per image. Subsequently, total 
information is lost at the gain of localization information (FH Uncertainty principle). Since we are 
looking for total cell uptake of the tracer, one must use the 64 x 64 matrix as a better index of isotope 
activity in exchange for resolution.

1,405,721

10.1 mCi 10.1 mCi

3,473,0011,251,359 2,966,394



Determining if Nuclear Cameras used in “Clinical” Practice 
are able to detect changes in isotope count over time

Establishing technetium-99m decay by radioactive count measurement: 
Based upon the half-life of technetium-99m, a stable source 
representing the “uptake/retention” model (viz. a syringe filled  
with the isotope) has a 10% decay over 55 minutes with a  
retention of ~90% of the radioactive counts over a 55 minute (the 
difference between 5 and 60 minute images) span of time. In an  
effort to establish whether “clinically” used cameras are able to 
measure this physical decay in technetium-99m, we studied a 37.37 
MBq (10.1 mCi) sample of sestamibi at baseline and again 55 minutes 
later. As shown in figure 1, the resting isotope count was 1,405,721 
while the second image obtained 55 minutes later was 1,251,359 
representing 89% of the original count activity. Independent 
of the actual amount of activity which is taken up by a region of  
myocardium, if the “uptake/retention” model was correct, images 
taken 55 minutes after the original image would yield counts of  

90% of that seen in the first image.
Fleming-Harrington Redistribution Washin Washout 

(FHRWW)50-52: Using Multiple SPECT Camera Images of the Heart 
to Determine Changes Between 5 and 60-Minute Images.

Optimal Timing to Measure Changes in Radioactive (Sestamibi) 
Isotope Activity

Measuring regions of interest (ROIs) to quantify changes in technetium-
99m isotopes between 5 and 60-minute images to look for changes in isotope 
“uptake/retention.” We began with the knowledge acquired from the 
first part of this study, that we needed to use the 64 x 64 matrix to 
accurately measure changes in radioactive decay.  We then proceeded 
to analyze ROIs at 5-minutes (figure 2) and at 60-minutes (figure 
3). FHRWW calculations (discussed below) demonstrated that the 
“uptake/retention” model was clearly wrong as seen by the increase 
in count activity in the anterior wall (23,600 at 5-minutes and 

30,470 at 60 minutes) while the 
inferior region without ischemia 
demonstrated a 6% reduction in 
count activity. 

Establishing the optimal time 
sequence for image acquisition to 
measure radioactive counts: Using 
this particular individual (figure 2 
and 3), during this second phase of 
the investigation, we additionally 
compared the basal anterolateral, 
mid anterolateral, basal anterior, 
mid anterior, basal inferior, mid 
inferior basal inferoseptal and mid 
inferoseptal ROIs and compared 
the results with that obtained from 
coronary angiography. We then 
measured radioactivity in each 
of the 8 ROIs over the course of 
an hour, with the salient findings 
reported in Figure 4. These results 
were compared with our previous 
studies23,24 (which revealed the 
ideal timing for detection of 
inflammatory changes), and based 
upon the expected 10% decay 
of technetium-99m over a span 
of 55 minutes, the remained of 
our work (FRHWW) focused on 
ROIs obtained at 5 and 60 minutes 
post stress. These results confirm 
that Sestamibi does NOT follow 
an “uptake/retention” model; 
but rather an “uptake/release” 
model consistent with Sestamibi 
redistribution (FHRWW).

Calculating FHRWW:

By comparing 5 and 60- 
minute imaging, the expected 
decay of Tc-99m is 10%. Actual 
counts from individual ROIs 
can then be taken and actual 
redistribution (FHRWW) can be 
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Figure 2: SPECT image acquired 5 minutes post stress with regions of interest including the total 
heart, anterior and inferior myocardial regions.   
Static image acquired at 5 minutes with regions of interest (ROI) showing total heart count of 
374,930.  The anterior ROI representing the basal anterior region of the perfused by the left anterior 
descending artery shows 23,600 counts while the inferior ROI shows 27,110 counts. 

Figure 3: SPECT image acquired 60 minutes post stress with regions of interest including the total 
heart, anterior and inferior myocardial regions.  
Reconstruction of the same myocardial regions noted in figure 2, this time taken from the dynamic 
image result obtained at 60 minutes post stress, showing a total heart count of 216,886.  The anterior 
ROI shows an increase in count activity (washin) of 30,470 compared with the activity of 23,600 
(Figure 2) obtained at 5 minutes.  The inferior ROI shows a count of 25,472 compared with the 
count activity of 27,110 (Figure 2) obtained 5 minutes post stress.



calculated as follows.

(eq 1).   FHRWW (Total Heart) =      

ROI counts (total heart) at 5 minutes - ROI counts (total heart) at 60 minutes  x 100 - 10 
ROI counts (total heart) at 5 minutes

Where 100 places the answer in percent minus the 10 % expected 
decay.

(eq 2).   FHRWW for a particular myocardial ROI =                            

ROI counts (region) at 5 minutes -ROI counts (region) at 60 minutes  x 100 - 10
ROI counts (region) at 5 minutes

This can be re-written as: 

(eq 3).  Let the 5 minute counts = ‘x’, let the 60 minute counts = ‘y’, 
and let % washout = ‘100*w’.
 
Then w = (x - y)/x - 0.1 = x/x - y/x - 0.1 = 1.0 - y/x - 0.1 = 0.9 - y/x 
= .9 – 60 minute counts/5 minute counts. 

Comparing washout/washin results with coronary angiographic 
assessment of percent diameter stenosis

One hundred twenty patients (ages 25 to 82 years) with suspected 
coronary artery disease underwent myocardial perfusion imaging 
after signing informed consent per Institutional protocol following 
adenosine (n=30), lexiscan (n=61), dobutamine53-57 (n=4) or 
treadmill17,56 (n=25) stress. Following standardized protocols 
already published50-52 MPI using both the rest-stress and stress-stress 
(FHRWW) approach were compared with coronary angiography.58-59

Statistical Analysis. Quantification of 
isotope counts was made using the specific 
nuclear computer software provided by the 
nuclear camera companies. These quantified 
counts were recorded with calculations 
of FHRWW as noted above. Correlation 
coefficients, confidence intervals and p-value 
(significance levels) were determined between 
%DS and FHRWW using product-moment 
correlation and least squares regression fitting 
the hypothesized model of y=cx2. Using the 
null hypothesis for n = 120 patients, we 
estimated odds ratios (Ors) for predicting final 
diagnosis from nuclear procedures.  Ors were 
determined against coronary angiography 
results for both the rest/stress images and 
FHRWW images. Statistical analysis and 
graphics were developed using R-2.6.0 and 
GGobi software.

Results

To the best of our knowledge verification of the 
ability of a nuclear camera used for “clinical” 
purposes to measure sequential radioactive 
counts confirming differences in technetium-
99m-sestamibi resulting from the physical decay 
of the isotope has not previously been reported 

in the literature. The first phase of this study was to confirm that 
cameras used clinically are able to detect differences in radioactivity 
accurately, assuming they employ the correct matrix to do so. To prove 
this, we used 37.37 MBq of technetium-99m-sestamibi with both a 64 
x 64 matrix and a 128 x 128 matrix. The results of the 64 x 64 and 
128 x 128 matrices are shown in figure 1.  Over a 55 minute period of 
time, the expected decay of technetium-99m would be 10%, leaving 
a residual activity of 90% of the original counts. This represents a true 
“uptake/retention” model since the radioactive compound is retained 
within the syringe. Using the 64 x 64 matrix, the radioactive counts 
went from 1,405,721 to 1,251,359 representing an 11% decay with a 
residual 89% of the original isotope activity. The 128 x 128 matrix 
reported 3,473,001 at baseline and a count of 2,966,394 55-minutes 
later for a decay of 14.6% with a residual of 85.4% of the original 
isotope activity. For this reason, the 64 x 64 matrix more correctly 
demonstrated the expected decay of the isotope based upon the 
physical half-life of Tc-99m and was therefore chosen as the standard 
for performing these studies.

The second question related to the timing of data collection. Prior 
studies23,24 demonstrated the ability to detect inflammatory markers on 
SPECT images at 5 minutes; but, not at later periods of time.  Figure 4 
displays the results of radioactivity measured using the clinical camera 
with a 64 x 64 matrix. As shown, the peak detectable radioactivity 
was measured between 5 and 10 minutes post injection for individuals 
with “no” coronary artery disease or coronary artery disease without 
“critical” lesions or “vulnerable” plaques.  In individuals with “critical” 
lesions and/or vulnerable plaques, radioactive counts increase from 
5 to 60 minutes (viz. washin)50-52. Combined with the results of 
instrumentation (figure 1), the ability to detect ischemia based upon 
blood flow and cellular uptake and release of sestamibi, is best made 
by comparing counts at 5 minutes and 60 minutes.  

The final component of our study compared results of rest-stress 
imaging and FHRWW with angiographic (%DS) data. There were 
no differences observed between individuals who were stressed either 
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Figure 4: Determination of Optimal Timing of Image Acquisition.
The radioactive counts acquired in eight different myocardial regions vary with time and 
disease. This graphic demonstrates changes between 5, 10 and 45 minutes post stress. 
This graph demonstrates that the “uptake/retention” model of technetium-99m-sestamibi 
is incorrect and that “uptake/release” of technetium-99m-sestamibi occurs throughout 
the first 45 minutes following stress.  
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physically or pharmacologically. Outcomes were not changed by the 
stressor used, as the comparison between rest/stress and FHRWW 
determination of redistribution was independent of the type of 
stress. The use of regional wall motion information was used with 
both the rest/stress protocol and the FHRWW approach, which 
made it possible to look for wall motion abnormalities and ejection 
fraction using either approach. Since these observations are identical, 
regardless of which method was used to report ischemia, we do not 
report them here.  

We analyzed the results of rest/stress image comparisons and 
FHRWW redistribution images and compared them with findings 
obtained from coronary angiography.For the rest/stress images, 
the OR for detecting ischemia was 4.9 with a CI (95%) of 2.3 to 
10.3. For FHRWW, the OR was 56.8 with a CI (95%) of 27.5 to 
117.2. When the results of these ORs were compared, the t value 
was greater than 6.6 (P < .0001). We obtained results of %DS for 
each of the epicardial arteries and their branches, and plotted these 
results against the redistribution results for each of the eight ROIs. 
This could only be done with the redistribution data, which provided 
quantitative results, which could be compared with the quantitative 
results obtained angiographically.

Comparison of the rest/stress image results with the angiographic 
results showed a sestamibi rest/stress imaging sensitivity of 67%. Of 
the false negative results (n = 22), 18% (n = 4) had critically narrowed 
arteries or arteries with vulnerable plaques whose 60-minute images 
appeared completely normal.24,25 However, evaluation of the 5-minute 
images for redistribution (using FHRWW), revealed both qualitative 
and quantitative decreased uptake, demonstrating a washin effect. 
The 60-minute post stress images miss this washin phenomena when 
looked at independent of the 5-minute images, yielding incorrect 
results.  

The standard rest/stress images also yielded a specificity of 88%; 
of which, only one participant (0.8%) who underwent a coronary 
angiogram had an adverse outcome requiring cardiopulmonary 
resuscitation.27 

FHRWW calculation was made first by comparing the total 
radioactive counts of the heart at 5 minutes with the total counts 
of the heart measured at 60 minutes. The eight regions of interest 
(ROIs) were then compared using both the 5 and 60-minute image 
information. Analysis of eight ROIs appears to provide the optimal 
analysis of specific coronary artery beds (left anterior descending, 

circumflex and right). These regions include the basal anterior, mid 
anterior, basal anterolateral, mid anterolateral, basal inferior/posterior, 
mid inferior, basal inferoseptal and mid inferoseptal. Examples 
of some of these regions are shown in figures 2, 3, 5 and 6. These 
multiple examples show how, independent of different color scales 
and cameras used to qualitatively estimate ischemia; quantitative 
measurements can be made independently and without interference 
from hepatic and other tissue uptake. Washout (counts greater at 5 
minutes than 60 minutes, excluding the expected isotope decay) and 
washin (noted counts greater at 60 minutes than 5 minutes) were 
plotted against the percent diameter stenosis (%DS) determined on 
coronary angiography. Washin was seen in 15% of the individuals 
studied and was associated with “normal” appearing 60-minute 
images. When the results of washout/washin were compared with 
%DS, a parabolic relationship   was demonstrated with F = 70.4, 
df(1,21),  (P=3.8×10-8), R(CI95%) = 0.72 to 0.95.  

Discussion

The advent of nuclear cardiology by Blumgart19 in 1925 yielded a 
new era of medicine with the use of radioactive materials to perform 
physiologic testing which requires sequential measurements as 
described by Blumgart to be performed correctly. Unfortunately, 
decades elapsed20 before such nuclear materials were made readily 
available for “clinical” use. The first agent being Thallium-201 
(Tl-201) was plagued with limitations including a long half-life 
(72 hours) resulting in the need to use relatively low doses (6.8-
11.1 MBq) of the isotope. Given the limitations57,58 of Compton 
scatter, tissue attenuation and the emission of mercury x-rays from 
the isotope, cameras could not acquire adequate counts for imaging 
until 60 minutes had elapsed. Given the passage of time, much of 
what Blumgart discussed had been lost to history.20  ith the advent of 
Molybdenum-99, Technetium-99m generators, the ability to perform 
clinical studies using technetium tagged agents (eg. teboroxime, 
sestamibi, myoview, et cetera) with shorter half-lifes (6 hours) 
allowing greater doses (up to 1110 MBq) and less Compton scatter 
and tissue attenuation issues yielded what “appeared to be cleaner 
images”.  These images were still plagued with attenuation issues 
and were reported to be “taken up and retained” within minutes of 
intravenous injections.  Despite the report by DuPont22 and multiple 
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Figure 5: Radioactive Counts Acquired at 5 and 60 Minutes Post Stress.
Anterior images reveal ROI counts at 5 and 60 minutes in the basal anterolateral (A, K), mid anterolateral (B, L), mid 
inferoseptal (D, N) and basal inferoseptal (C, M) respectively.  The counts are shown below the images.  The lateral images 
reveal ROI counts at 5 and 60 minutes in the basal anterior (G, O), mid anterior (H, P), mid inferior (J, R) and basal 
inferoposterior (I, Q) regions respectively.  The total heart and lung counts are not shown or discussed in this paper; however, 
their ROIs are represented by square boxes of equal size in the anterior images.



other research studies23-49,62 to the contrary, most clinicians have 
ignored Blumgart’s teaching and have limited their investigation to 
single post-stress imaging despite the teaching of nuclear imaging60 
which notes that “a better indicator of organ function is the change 
in the activity in a particular organ with time”.  

Inconsistencies in analysis of cardiac imaging have lead some 
researchers63-65 to recommend that these clinical studies be standardized 
quantitatively; something this study has accomplished.  In medical 
school we were taught that there were two ways to understand the 
results of a test. The first is to compare it against the population (eg. 
one obtains an electrocardiogram to look for evidence of ischemia 
or infarction), the second is to compare it with the results of that 
test which the patient had previously (eg. poor R-wave progression 
may actually represent loss of R-waves and evidence of a prior 
anteroseptal injury/infarction which can be made more confidently 
in the presence of a change in the electrocardiogram for that patient, 
opposed to the confidence one has in making such a diagnosis when 
this is the first electrocardiogram). The same problem applies with 
looking at a region of the heart on a single 60 minute image post 
stress. Issues of tissue attenuation including (1) breast artifacts in 
the anterior wall, (2) diaphragmatic attenuation inferiorly, (3) 
differences in wall thickness (asymmetric septal hypertrophy) and 
(4) conduction disturbances influencing timing of systole (left 
bundle branch morphology) are examples of errors made when one 
region of myocardium is compared with another region (eg. a single 
60 minute image) instead of comparing a region with itself (5 and 
60 minute images) and looking for change. Unless there is a change 
in breast tissue or abdominal obesity between the 5 and 60 minute 
image, errors resulting from soft tissue attenuation of photon activity 
are eliminated. The same applies for changes in wall thickness and 
conduction issues; unless there is a change between the 5 and 60 

minute image, the region is being compared with itself and such 
artifacts are eliminated.

Despite an absence of research to support the ability of “clinical” 
nuclear cameras to accurately detect changes in radioactive counts 
which match the expected decay of the nuclear isotope in question 
clinicians have used these cameras to assess the presence or absence 
of disease in patients. As Archie Cochrane and history has taught 
us it is truly dangerous to assume that the way we have been doing 
something is the correct way to do it in the absence of data to 
confirm we are right. The first part of this study demonstrated that 
the cameras we used in this study were able to accurately detect the 
decay of technetium-99m-sestamibi over a 10% decay. This was best 
appreciated using the 64 x 64 matrix. Even though manufactures 
support the use of 128 x 128 matrix as giving greater detail, the use 
of the 128 x 128 matrix reported a greater decay in the isotope than 
is physically possible suggesting that information is lost; perhaps as 
a result of “modulation transfer function” (a concept well known to 
photographers and imaging engineers).  

During the second and third part of our study we looked at the 
timing sequence, which would yield the most valuable information, 
not only regarding detecting changes in radioactivity with cardiac 
tissue, but the ability to detect markers of inflammation5-7,23,24.  Our 
previous findings clearly demonstrated the importance of looking for 
markers of inflammation when detectable, i.e. at 5 minutes post stress.  
During this study and our most recent work50-52 we clearly demonstrated 
that in individuals who had ischemia with non-critical narrowing of 
arteries, that maximum radioactivity was present during the first 5 
to 10 minutes. The inability to maintain the Sestamibi in regions 
of ischemia has previously been termed “washout” and represents an 
inability to retain the isotope within the mitochondria in the region. 
This clearly confirms the work of Crane22, who demonstrated that 

FHRWW Stress SPECT Protocol Reduces Radioactive Dosage and Increases Ischemia Detection

Vol. 41.   No. 4         23

Figure 6.  Radioactive Counts acquired at 5 and 60 Minutes Post Stress.
Anterior images reveal ROI counts at 5 and 60 minutes in the basal 
anterolateral (1, 1), mid anterolateral (2, 2), mid inferoseptal (4, 4) 
and basal inferoseptal (3, 3) respectively.  The counts are shown below 
the images.  The lateral images reveal ROI counts at 5 and 60 minutes 
in the basal anterior (1, 1), mid anterior (2, 2), mid inferior (4, 4) and 
basal inferoposterior (3, 3) regions respectively.  The total heart and lung 
counts are not shown or discussed in this paper; however, their ROIs are 
represented by square boxes of equal size in the anterior images.



sestamibi redistributes AND is not retained in regions of “ischemia.”  
Our studies also proved this to be the case, independent of which 
technetium-99m isotope50 was used or which form of stressor50-52 was 
used. Our current study clearly demonstrates this to be true in the 
“clinical” setting and disproves the “uptake/retention” theory in favor 
of an continual FHRWW “uptake/release” model which would explain 
not only the loss of isotope to an ischemic myocardial region over 
time; but, also accounts for “washin”.  “Washin” was noted in 15% of 
the cases where regions of myocardium were supplied by “critically” 
narrowed arteries and arteries whose “vulnerable plaques” were ready 
to rupture.  In these individuals the combination of severely disturbed 
flow through critically narrowed and/or unstable coronary lumen 
passages and relatively large regions of ischemic myocardium with 
impaired ability to accumulate sestamibi, results in a delay in initial 
isotope counts.  From this perspective, uptake is a function of isotope 
availability (myocardial blood flow) and cellular health; retention 
is transient with release of the isotope back into the blood stream 
or redistribution to other cells, a function of cellular health and re-
uptake subject to a cellular refractory period. As a result the delay in 
isotope delivery is not noted if stress imaging is limited to 60 minute 
imaging. These individuals, despite “normal” appearing 60 minute 
images, were at risk of experiencing an acute coronary event with loss 
of substantial amounts of myocardial tissue.  

Conclusion

The standard “uptake/retention” model was observed only in subjects 
who demonstrated no evidence of coronary ischemia or infarction.  
In reality, such an “uptake/retention” model is simply an illusion.  It 

is the rapid “uptake/release”, “uptake/release”, “uptake/release” in 
non-ischemic, non-infarcted myocardial tissue that makes it appear 
that the isotope is taken up and retained. In other words, if the 
amount being released and the amount being taken up are equal, 
one will not detect a change in isotope count over time, minus the 
slight decrease occurring from isotope decay. Such individuals would 
appear to have no change in isotope concentration despite continual 
turnover of isotope. “Uptake/release” was demonstrated via washout 
in individuals with coronary ischemia and a delayed “uptake/release” 
in individuals with washin due to critically narrowed and unstable 
plaqued regions supplying significant amounts of myocardium.  Washin 
and washout are terms used to convey different types of CHANGE 
in isotope concentrations which occur over time at different rates to 
indicate the type of lesions present in the individual being studied.  
The results of these changes can be compared with changes found 
on cardiac catheterization as shown in figure 7.  As we continue to 
expand the number of individuals being studied with this method, 
it is clear that specific regional information can be determined from 
the parabolic equations used here and graphically displayed in figure 
7.  The utilization of this knowledge will allow us to better determine 
which patients will benefit most from coronary angiography and has 
now been confirmed “qualitatively” by investigators at UCLA and 
Harvard Universities66. With the advent of nuclear cameras capable 
of fasting image acquisition, we expect that FHRWW will replace 
rest-stress imaging as the protocol of choice allowing (1) a further 
reduction in the amount of radioactive material required for ischemic 
imaging, (2) fasting imaging times (3) with FHRWW the ability to 
calculate %DS directly from nuclear imaging and (4) when coupled 
with previously published flow reserve equations, the ability to 
calculate stenosis67 flow reserve directly from FHRWW.
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