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Abstract

Importance: Sestamibi imaging has been available for approximately three decades. During that time there has been considerable evidence published in the 
medical literature demonstrating that Sestamibi redistributes. Despite these publications, Lantheus has continued to insist that Sestamibi does not redistribute and 
that two doses of radioactive isotope are needed to conduct myocardial perfusion imaging. Isotope package inserts have maintained that Sestamibi is initially taken up 
by the heart within minutes without redistribution making it not only possible but acceptable to wait until 60-minutes to begin imaging. This approach then requires a 
second dose of Sestamibi to acquire comparative images for clinical decision-making according to the Sestamibi package insert. 

Objective: This study not only considers those publications validating Sestamibi redistribution, but looked at whether experienced professionals were able to match 
10-patients initial 5-minute images with sequential 60-minute images, which would be identical if in fact there was no Sestamibi redistribution. 

Design: Nineteen trained and certifi ed nuclear medicine professionals were provided with two sets of images from 10-different patients, each of whom had different 
areas of ischemia on their myocardial perfusion imaging studies, making every patient different from the others. Professionals were then asked to match initial and 
sequential images of these 10-patients, basing their matching of images purely upon the premise that Sestamibi does NOT redistribute making the initial and sequential 
images identical. 

Setting: The images were presented at a Nuclear Medicine Conference, where professionals were receiving continuing medical education and credit. Participants 
were volunteers. Images were projected onto conference Screens and participants were allowed to examine the studies from any position in the conference hall. 

Results: Of the 19 participants, only one matched three of the patients, with one of these being the patient with a dilated cardiomyopathy. Five matched two of the 
patients while 31.6% matched only one patient and 36.8% matched none of the patients. When the patient with a dilated cardiomyopathy was removed from the data 
set, there were only 15 of 180 correct matches.

Conclusions: The failure of these professionals to match the two sets of images demonstrates that the sequential images are different from the initial images and 
that SESTAMIBI DOES IN FACT REDISTRIBUTE. By failing to image at 5-minutes post-stress and sequentially imaging at 60-minutes, there is a failure to fi nd up to 40% 
of actionable ischemic heart disease.
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Introduction

The introduction of technetium-99m (Tc-99m) isotopes in 
the late 1980s offered the promise of better qualitative imaging 
using higher doses of radioactive isotope than that made 
possible by thallium-201 (Tl-201). This was possible because 
the longer 73.01-hour half-life of Tl-201 limited the amount 
of Tl-201, which could be safely given to a patient to 2-3 mCi.

The shorter Tc-99m half-life of 6.01-hours, meant larger 
doses of such isotopes could be given; doses up to 30 mCi, 
thus increasing the amount of isotope available for emission 
imaging and presumptively providing better “appearing” 
qualitative imaging. 

To utilize nuclear isotopes for diagnostic imaging requires 
several fundamental steps: (1) You must have a patient; 
human or otherwise. (2) You must have an isotope, which will 
be delivered to the area within the body you are interested 
in determining if there is a problem. (3) You need to have a 
way to introduce that isotope into the body so it can arrive at 
the target organ. (4) You must have a nuclear camera, which 
can detect the emissions resulting from the isotope and that 
camera (SPECT/Planar or PET) is determined by the actual 
photon energy the isotope “emits.” (5) One must actually point 
the camera at the right area of the body to detect the emissions, 
and fi nally (6) You must actually point the camera at the right 
area of the body at the right time to detect these emissions. 

This later point is easy to understand using a simple 
example. Imagine, you are asked to describe an accident that 
just occurred. If you were looking in another direction at the 
time the accident happened and you were asked to describe 
what happened, you really cannot. You may have heard the 
crash and turned around, but the fact that you were not looking 
at the accident site at the right time means you cannot describe 
what you did not see.

Since the introduction of nuclear imaging with Blumgart in 
1926, two very important principles of nuclear imaging have 
been known; First, any isotope introduced into the human body 
moves around (redistributes) and Secondly, the best method 
for seeing this redistribution is to “measure” (quantify) it 
and not depend upon your eyes (qualitative imaging) to see it, 
because odds are, you won’t see changes with the naked eye.

When Tl-201 was introduced, it was well recognized that 
detection of its redistribution pattern required imaging the 
heart at 1-hour and 4-hours after the “single” injected dose 
of isotope was given. The importance of understanding this 
“redistribution pattern” made it possible to determine if there 
was either ischemic or infarcted tissue present.

Similarly, understanding the “redistribution patterns” of 
Tc-99m isotopes is important to fully appreciate if ischemia or 
infarcted tissue is present. There are multiple publications, by 
our group and others including papers from Harvard, Brigham 
Women’s, UCLA, Cedars Sinai, et cetera [1-38], showing 
sestamibi redistribution can bee seen when early images 
(approximately 5-minutes post injection) are compared 

with sequential images at 60-minutes post isotope injection. 
Lantheus has continued to deny Sestamibi redistribution, 
which we have addressed elsewhere [37,38]. Unfortunately the 
most critically ill individuals displaying “wash-in” may have 
coronary artery disease (CAD), CAD which can be missed by 
waiting for 1-hour following isotope injection and comparing 
that result with images taken after a second-injection of 
isotope is given hours later or on another day [39-40]. Just as 
the details of the traffi c accident are missed by not looking in 
the right direction at the right time, so too are the redistribution 
patterns of Tc-99m isotopes (Sestamibi, Teboroxime, 
Tetrafosmin) missed by not looking early enough to see them; 
resulting in the potential misdiagnosis of individuals while 
increasing their radiation exposure caused by the addition of a 
second injection of the isotope.

To further demonstrate that Sestambi redistributes, 
redistribution which is readily observable when comparing 
5-minute and 60-minute acquisitions [37,38], following 
“stress”, we provided an opportunity for attendees at a recent 
Nuclear Medicine Conference to participate in a study, asking 
professionals to match 10-patients [38], initial 5-minute 
images with their sequential images projected onto conference 
screens.

Methods

Nineteen experienced attendees at the 2019, 48th Annual 
Florida Nuclear Medicine Conference volunteered to undergo 
a matching exercise comparing initial and sequential images 
of 10-patients that had undergone “stress” followed by a 
single-injected dose of sestamibi and serial imaging. This 
conference is recognized by the State of Florida as meeting all 
the necessary requirements for continuing education of the 
attendees to maintain their licenses. 

All participants are certifi ed in Nuclear Medicine and are 
actively involved in Nuclear Imaging studies. Participants were 
told patients had undergone only one injection of sestamibi and 
to presume the isotope did not redistribute. Given the premise 
that sestamibi does not redistribute, the initial (5-minute) and 
sequential (60-minute) images would then be identical. 

The patient acquired images were displayed with the 
initial images projected onto one conference screen and the 
sequential images displayed on another conference screen. 
Participants were allowed to freely move around and analyze 
the images anywhere in the conference room, including going 
up to the screens based upon each individual’s preference for 
reading the images. The results were then recorded, analyzed 
and graphed as shown in fi gures 1-3.

Results

The actual clinical myocardial perfusion imaging (MPI) 
fi ndings, which were “measured/quantifi ed” [37-40] during 
the initial 5-minute and sequential 60-minute MPIs are shown 
in table 1. 

As shown in table 2 and fi gure 1, of the 19 participants, 7 
(36.8%) incorrectly matched all 10-patient studies. Six (31.6%) 
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individuals were able to match 1 of the 10 sets of images with 5 
participants correctly matching 2 of the 10 patient results. Only 
1 participant correctly matched a third study. No participants 
were able to match 4, 5, 6, 7, 8, 9 or 10 of the studies. The 
cumulative results are shown in fi gure 2.

Further analysis of the results reported by participants 
(Figure 3) revealed absolutely no pattern in the answers 
provided by participants absent the one patient who had a 
dilated heart (Table 1). On further questioning of participants, 
the cumulative correct matches (19 of 190) revealed that 4 
of the 19 (21% of correct matches) was the direct result of 
participants identifying the one heart as dilated and not based 
upon their ability to match perfusion results. Excluding this 
patient with a dilated heart; participants correctly matched 
images only 8% of the time (15 of 180).

Discussion

Based upon the premise that sestamibi does not redistribute 
and that the isotope is immediately (within 5-minutes) taken 
up by myocardial tissue and retained, any defects seen at 
60-minutes would be identical to that, which would be seen 
at 5-minutes. In each of these 10-patient studies the ischemia 
present in the sequential 60-minute images was different from 
the 5-minute images and they were different for each individual 
patient as detailed in table 1 [41]. The actual quantitatively 

measured redistribution varied depending upon the extent 
of ischemia determining wash-in and washout as already 
described [42] in this journal. Consequently, the corresponding 
initial 5-minute images would also be different from each 
other if there were no redistribution and sestamibi uptake was 
immediate as stipulated by Lantheus Medical Imaging. 

If the images are consequently identical, then the matching 
rate should be nearly 100% for individuals experienced in MPI. 
The participants in this study were in fact such experienced 
professionals. All individuals are licensed in the state of Florida 
and received continuing education credit by the State of Florida 
approved through Health and Human Services for attendance 
and participation. The Florida Board of Pharmacy has also 
submitted for approval. Many of these individuals had a decade 
or more of clinical experience with one having 49-years. 

As can be seen from the results (Table 2, Figures 1-3), more 
than two-thirds of the trained, experienced professionals 
matched one or none of the studies. If sestamibi does not 
redistribute, then it would have been relatively easy for 
these professionals to match the initial images with the 
corresponding identical sequential images. The only logical 
explanation for the inability of these professionals to be able 

Figure 1: Number of correct matches by each participant.

Figure 2: Bar graph representation showing the actual number of participants able 
to match 10-patient studies.

Figure 3: Actual recorded values by participants.

Table 1: The actual fi ndings of the initial (5-minute) and sequential (60-minute) 
myocardial perfusion imaging studies.

Initial 5-minute results Sequential 60-minute results

Thymus, dilated LV, apical 
ischemia.

Inferior, apical and anterior ischemia not present at 
5 minutes.

No ischemia. Mild anterior, apical region and dilated RV.

No ischemia. Inferior and anterior ischemia.

Mild basal anterior ischemia
Distal anterior to apical and inferoapical and 

posterolateral ischemia.

Apical ischemia Anteroseptal and inferoapical ischemia.

Basal anterior ischemia Anteroseptal ischemia.

Thymus and No ischemia Inferolateral ischemia.

No ischemia. Anteroseptal and inferior ischemia.

No ischemia. No defects

No ischemia. Inferoposterior, anterior and anteroseptal ischemia.
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to match the initial and sequential images is that the results of 
the cardiac images changed between the initial and sequential 
images. The only way these images could have changed is if the 
results of the perfusion imaging had changed. The only way the 
perfusion imaging could have changed is for redistribution to 
have occurred. 

The only alternative to this logical conclusion is that these 
trained professionals are the cause of the failure to correctly 
match images from 10-patients. If this is the case then we 
have a much more serious problem in our medical system than 
anyone can account for or consider acceptable considering the 
critical signifi cance of coronary artery disease and the potential 
loss of life from diagnostic errors. It would mean that the entire 
training, certifi cation and continued education of professionals 
within the nuclear imaging component of medicine is fl awed 
and would require correction. No, this is not the problem!

The misrepresentation that sestamibi does not redistribute, 
has resulted in each patient undergoing myocardial perfusion 
imaging (MPI) receiving a second injection of radioactive 
isotope since the introduction of the Tc-99m isotopes in 
the late 1980’s. Using a conservative estimate [43] there are 
approximately 10 million MPI studies performed each year in 
the United States. Using 10 mCi as an estimate for these second 
injected doses of radioactive isotope, this means there has been 
an additional 3 Billion millicuries or an extra 3 Million curies 
radiation being given to patients; radiation which hospital and 
clinic personnel have been exposed to, which was not medically 
needed. Placed in perspective, the Fukushima Daiichi 2011 
event released 10 Million curies.

These same conservative estimates would place the sale 
of these 300 million additional second injections around $12 
billion. Diagnostically, by failing to image at 5-minutes post-
stress and sequentially initiating imaging at 60-minutes, 
there is a failure to fi nd up to 40% of actionable ischemic 
heart disease (redistribution “wash-in”). Hence, there is a 
conservative [43] death rate of 100 thousand Americans each 
year equaling approximately 3 million potential deaths due to 
misdiagnosis by failing to look for ischemic heart disease at the 
right time. This is a problem much more critical than simply 
looking the wrong direction to witness a car accident.

Conclusion

The evidence from multiple clinical studies have clearly 
demonstrated that based upon ischemia and consequential 
cellular injury, sestamibi is taken up by cells of the heart 
beginning almost immediately, with sequential changes 
occurring based upon regional blood fl ow changes and cellular 
metabolism/viability [1-34]. The extent of this disease is 
refl ected by the “redistribution pattern” (wash-in or washout) 
seen when image acquisition occurs at the correct time [37-
42] to see the redistribution. While quantifi cation of these 
differences enhances the diagnostic capabilities of MPI, it is 
clear that Sestamibi redistributes, just like Tl-201 redistributes 
and every other drug introduced into the body redistributes. 

This information has been publicly available through peer 
reviewed medical journals since the introduction of sestamibi. 
Despite multiple published papers [1-34], Lantheus has 
continued to deny sestamibi Redistribution; denial of which 
has resulted in (1) a signifi cant increase in isotope sales, (2) 
increased radiation exposure of patients and clinical imaging 
and ancillary personnel and (3) the failure to detect critical 
heart disease by the insistence of a timing sequence too late to 
discover many critically ill patients. 

Compliance with Ethical Standards

Possible COI: “The Fleming Method for Tissue and Vascular 
Differentiation and Metabolism (FMTVDM) using same state 
single or sequential quantifi cation comparisons” patent 
issued to fi rst author. However, the MPIs used in this study 
were qualitatively compared by the experts and did not use 
the quantitative results obtained using FMTVDM, therefore we 
believe there is no actual COI.

The study did not require experimentation on human 
subjects or animals. All MPIs were from prior studies performed 
in diagnostic clinical laboratories where informed consent was 
obtained for MPI imaging. No other informed consent was 
required. The nuclear medicine professionals all volunteered to 
participate in this study. 
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