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Abstract
The manufacturers and distributors of Sestamibi have long held that two doses of isotope are required for myocardial perfusion 

imaging (MPI), based upon their representation to physicians, hospitals, clinics, insurance companies including Medicaid and 
Medicare, the FDA and the Federal Courts, that Sestamibi does NOT redistribute. The requirement of two doses of injected isotope has 
not only increased the profits made by the companies who have owned Sestamibi, but it has also increased the amount of radiation 
that patients and clinical staff are exposed to. 

If these corporations are correct, then the initial and sequential images displayed here, will by virtue of having “no redistribution,” 
be easily “qualitatively” matched by the reader, as they will have to be completely “identical” to each other, for each individual 
patient. If; however, the reader is unable to “match” these sequential images, which must be “identical” by virtue of the corporations 
“no redistribution” representation, then the evidence speaks for itself; i.e. that Sestamibi redistributes and the corporations 
misrepresentations to physicians, hospitals, clinics, insurance companies including Medicaid and Medicare, the FDA and the Federal 
Courts are fraudulent. Furthermore, given the prior plethora of published studies showing Sestamibi redistributes, when imaged 
at the proper times to see the redistribution, which the company has been made aware of, this misrepresentation is accordingly 
intentional.
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Introduction

For decades the backbone of myocardial perfusion imaging 
(MPI) has been the “qualitative” comparison of two different 
images obtained sequentially. Thallium-201 (Tl-201) provided a 
single injection of isotope following efforts to change a patient’s 
blood flow by “stressing” them; a method well understood to put 
increased demand on the heart and increase coronary artery blood 
flow along with isotope, which is then delivered to myocardium 
for imaging. The pharmacokinetics and pharmacodynamics of 
Tl-201 required an hour before the initial image (called “stress”) 
could be obtained. The redistribution characteristics of Tl-201 
required three additional hours for a comparison image (called 
“redistribution”) to be obtained. The advantage was the use of a 

single dose of Tl-201, while the drawback was the amount of time 
required and a 72-hour half-life limiting the amount of Tl-201, 
which could be given in the single injection.

During the late 1980’s newer isotopes, with shorter physical 
half-lives (6-hours) allowed for higher millicurie (mCi) or European 
equivalent (mBq) doses, of the isotope to be given, improving 
“qualitative” appearance. The manufacturers and distributors of 
one of these agents, Sestamibi, a technetium-99m (Tc-99m) based 
compound have long held that Sestamibi, unlike Tl-201, does NOT 
redistribute and for that reason, two doses of the drug are required 
to look for evidence of MPI defects, comparing what would become 
commonly, albeit incorrectly [1,2], known as “stress” and “rest” 
imaging. 
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To convince physicians, hospitals, clinics, insurance companies 
including Medicaid and Medicare, the FDA and the Federal Courts, 
that these two injections are required to obtain serial images for 
comparison, the companies selling Sestamibi, directed physicians 
to begin “stress” imaging one-hour after Sestamibi injection, even 
though the companies have always maintained in the package 
insert that initial uptake of the isotopic compound begins as early 
as 5-minutes after injection. The “resting” [1,2] image acquisition 
can either be performed before or after the “stress” imaging is 
completed and there are various protocols proposed; all of which 
require a second dose of Sestamibi pursuant to the “Sestamibi does 
NOT redistribute” statements of the pharmaceutical companies 
which have sold Sestamibi.

Multiple papers [1-75] have now been published showing 
Sestamibi does in fact “redistribute.” Despite the abundance of 
evidence to the contrary [1-75], of which these references are not 
inclusive of all the published material available the corporations, 
which sell Sestamibi have refused to correct the record. 

These multiple publications not only include our work [1-
11,48-60] but work published in numerous peer reviewed 
medical journals by physicians and physician-scientists from 
around the world, including but not limited to, Brighman and 
Women’s, Harvard, Cedars Sinai and UCLA [13] showing Sestamibi 
Redistribution revealed by imaging earlier enough to see Seatmibi 
redistribution, in addition to Tehran and Shiraz Universities [14,15] 
showing the importance of acquiring images earlier enough to 
see Sestamibi redistribution. This research provided additional 
information supporting for the previously published studies 
showing Sestamibi redistribution, done by Taillefer [47] at the 
University of Montreal, who showed that despite the reports that 
Sestamibi didn’t redistribute, Sestamibi does in FACT redistribute 
and that it is preferable to image earlier noting a time period of 15-
30 minutes post isotope injection and Li‘s [18] worked discussed 
immediately below. 

DuPont itself, the original owner of Sestamibi published 
research, which included the CMO for Lantheus [16], published 
research showing how ischemic tissue impairs mitochondrial 
retention of Sestamibi, work which was further discussed by 
work from the Faculté de Médecine, Clermont-Ferrand, France 
[19] showing washout kinetics of Sestamibi by 28-minutes after 
injection. Further research published out of the University of 
Naples showed that the very fact that Sestamibi redistributes 
(washout) is clinically important in the treatment of cancer [20].

Other research work from Harvard [17] discussed the failure 
to see early Sestamibi redistribution when imaging is delayed for 
60-minutes. Researchers from Johns Hopkins University [18] also 
resulted in the statement that “Tc-Sestamibi clearly undergoes 
myocardial redistribution” noting that timing and the extent of 
ischemia were important determinants of redistribution detection.

Several studies looked at the importance of looking for this 
redistribution and pulmonary uptake in relation to cardiac uptake 
by looking at results obtained 4-minutes following Sestamibi 
injection in 1500 sequential patients [21-28], with an explanation 
of this failure to retain Sestamibi and increased Sestamibi washout 
(redistribution) resulting from damaged mitochondrial function 
[29] provided by research from the University of Fukui. 

Further work from Yale and the University of Virginia [46] 
concluded there is in fact redistribution of Sestamibi. It is not 
the intent of this paper to review yet again each of the papers 
referenced in this publication. The reader is encouraged to read all 
the references establishing Setamibi redistribution. The references 
do NOT include all of the published research establishing Sestamibi 
redistribution.

To find Sestamibi redistribution, or for that matter the redistri-
bution of any isotope used for medical imaging, it is a requirement 
that images be obtained at the times of redistribution. Acquiring 
images at the wrong time are no more useful than asking someone 
to describe the events of a traffic accident when that person failed 
to be looking at the site where the accident happened at the time it 
occurred. Coming upon the traffic accident later and claiming you 
know what happened does not make what you say true. Rather, it 
is a misrepresentation of the facts and if you do it intentionally and 
knowingly, it is something far worse than simply being wrong.

If the corporations are correct, and Sestamibi does not 
redistribute, then sequential images obtained after only a single 
injected dose of Sestamibi, completed in less than 4-hours, must 
be identical. If the images are not identical, i.e. if the “defects” 
noted on the first and second images obtained following a single 
injected dose of Sestamibi are different, then Sestamibi MUST 
be redistributing or the images would be identical and could 
not “qualitatively” be different; consequently demonstrating the 
pharmaceutical companies have been and continue to misrepresent 
the information they have been submitting to physicians, hospitals, 
clinics, insurance companies including Medicaid and Medicare, the 
FDA and the Federal Courts.
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Ten patient studies following single injection showing 
sestamibi redistribution

It would be too easy to provide the sequential images for 
people to compare and then listen to justifications as to why the 
images really are the same. To establish the truth as to SESTAMIBI 
REDISTRIBUTION, we are presenting the reader with 10-patients, 
each with an initial and sequential image for comparison. A letter 
of the English alphabet represents the initial image. An English 
number represents the sequential image. Each of the 10-patients 
signed an Informed Consent (IC) for myocardial perfusion imaging 
(MPI). The acquisition of the initial 5-minute image did not require 
IRB approval as it merely included the collection of an additional 
set of images following “stress” and injection of the isotope, all of 
which were covered under the standard IC. All patient information 
was redacted. 

If there is no redistribution, then the reader should have no 
difficulty matching each initial image “A” through “J”, with the 
corresponding sequential image “1 through 10”. Such matching 
types of questions are not uncommonly used in testing scenarios 
to determine what students have and have not learned. For those 
who have been trained in how to “interpret” MPI, and given 
the companies representation that the initial and sequential 
images must be identical pursuant to there being “no Sestamibi 
redistribution” then this should be an easy examination. If 
however Sestamibi redistributes, then the matching will be 
more problematic; at least for those trained to read MPI. Unlike 

crossword puzzles, where the reader can find the correct answers 
by looking for them on another page, the correct answers will not 
be provided in this particular paper. 

Readers are encouraged to submit their answers to the primary 
author through the email provided with this publication. The 
primary author will tally the results and report the findings in a 
future paper. One thing is crystal clear, either Sestamibi Redistributes 
or it doesn’t. If it doesn’t redistribute, the reader should have no 
difficulty matching the images. If there is NO redistribution, the 
initial image and the sequential image will match; i.e. they will have 
the same defects/disease. E.g. if the initial image has a basal inferior 
defect, then there should be a corresponding sequential image 
with only a basal inferior defect. Each initial and sequential image 
provides all the necessary information to perform the matching.

The matching of images is of course contingent upon the reader 
being able to see the exact same imaging defects on the initial and 
sequential images. If however, the isotope DOES redistribute and 
there is either Sestamibi “wash-in” or “washout” then there will be 
no matching images as there will be change; i.e. “redistribution” of 
the isotope. The inability of a clinician, trained to read myocardial 
perfusion imaging (MPI), to successfully match these images 
provides indisputable proof that Sestamibi must be redistributing 
in humans; just as it does in dogs, as specifically stated in the 
Sestamibi package insert required by and submitted to the FDA as 
shown in the Figure below. 

Figure 1
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The pharmaceutical company has supported its position that it 
need not go back and change what it has submitted to the FDA, 
because the company has held the position that it does NOT tell 
physicians how to practice medicine. However, the resulting 
package insert and stance of the FDA has been taken by the Federal 
Courts to mean that physicians must practice this two-injection 
method to compare sequential images for determination of heart 
disease or they are committing billing fraud. Hence, both the 
pharmaceutical company and Courts are now practicing medicine 
and directing how physicians must practice medicine.

Pursuant to the Company, and consequently the FDA and The 
Courts, comparison images for the purpose of myocardial perfusion 
imaging (MPI) are only clinically valid IF two injected doses of 
Sestamibi are administered to the patient given the statement 
by the Company that Sestamibi does NOT redistribute. Hence, 
the company is determining the practice of medicine and the 
pharmaceutical company’s fraudulent submission of information 
to the FDA has resulted in the FDA, Insurers, CMS and the Federal 
Courts, not to mention Physicians, Hospitals and Clinics where MPI 
is performed, to concluded that MPI requires two injected doses of 
Sestamibi; whereas only one injected dose of Sestamibi is actually 
required to perform sequential imaging and determine MPI if 
Sestamibi redistributes. 

Conclusion

While the literature is embarrassingly replete with evidence 
[inter alia 1-75] that Sestamibi and all isotopes actually 
redistribute, this particular pharmaceutical company continues 

to refuse to correct their misrepresentation of facts. This paper 
is the second part of a three part series. In the first paper [76] a 
detailed discussion of facutal information, explanations and emails 
as to why the company would wish to continue to promote this 
misinformation is provided. 

In this second paper, we discuss some of the published papers 
detailing Sestamibi redistribution and provide 10-specific patient 
examples for the reader and provide the reader with an opportunity 
to match 10-patients following a single injection of Sestamibi 
following “stress.” These images include the initially acquired 
5-minutes and their sequential images for each patient. The reader 
is encouraged to try to match these 10-patients based upon the 
premise that Sestamibi is immediately taken up by myocardium 
and is retained without redistribution. If this is in fact the truth, 
then the reader will have no difficulty matching the 10-patients 
initial and sequential images as they will be identical. If challenged, 
then the reader is left with the obvious conclusion; that the images 
are NOT identical and Sestamibi must in fact be redistributing 
between the initial and sequential images.

In the third and final paper, which has already been accepted 
for publication elsewhere, the results of the efforts of 19 trained 
professionals, “experienced” with MPI, to match these 10-patients 
will be published. Those results show that these “experienced 
professionals” were in fact unable to successfully match these 
10-patients, proving the initial and sequential images are in 
fact different from each other and that by definition, Sestamibi 
redistributes. 

Initial Image Letter Sequential Image Number
A
B
C
D
E
F
G
H
I
J

Table: Matching initial and sequential MPI.
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For each initial image, place the corresponding sequential 
image number in the column to the right of the initial image letter.

Initial Images of 10-patients with different ischemic coronary 
artery disease labeled Image A through J.

Figure 2

Sequential Images of 10-patients with different ischemic coronary 
artery disease labeled Image 1 through 10.

Citation: Richard M Fleming., et al. “Definitive Human Studies Demonstrating Clinically Important Sestamibi Redistribution”. Acta Scientific Medical  
Sciences 3.7 (2019): 66-77.



71

Definitive Human Studies Demonstrating Clinically Important Sestamibi Redistribution

Citation: Richard M Fleming., et al. “Definitive Human Studies Demonstrating Clinically Important Sestamibi Redistribution”. Acta Scientific Medical  
Sciences 3.7 (2019): 66-77.



72

Definitive Human Studies Demonstrating Clinically Important Sestamibi Redistribution

Citation: Richard M Fleming., et al. “Definitive Human Studies Demonstrating Clinically Important Sestamibi Redistribution”. Acta Scientific Medical  
Sciences 3.7 (2019): 66-77.

Figure 3



73

Definitive Human Studies Demonstrating Clinically Important Sestamibi Redistribution

Bibliography

1. Fleming RM., et al. “FMTVDM©℗ stress-first/stress-only 
imaging is here! But first we need to clarify the use of what 
(1) Stress, (2) rest, (3) redistribution and (4) quantification, 
really mean”. Journal of Nuclear Medicine and Radiation 
Therapy 9.4 (2018).

2. Fleming RM., et al. “FMTVDM©℗ Nuclear Imaging Artificial 
(AI) Intelligence but fires we need to clarify the use of (1) 
Stress, (2) Rest, (3) Redistribution and (4) Quantification”. 
Biomedical Journal of Scientific and Technical Research 7.2 
(2018):1-4.

3. Fleming RM., et al. “FMTVDM©℗ Provides the First Nuclear 
Quantitative Method for Nuclear Cardiology and Introduces 
a New Era for Nuclear Cardiology. 25th Annual Scientific 
Session of the American Society of Nuclear Cardiology: 
Bridging Quality Imaging and Patient Care”. San Francisco, CA, 
USA, September 7 (2018): 206-207.

4. Fleming RM., et al. “FMTVDM – FHRWW & B.E.S.T. The 
FIRST TRUE “Quantitative” Nuclear Imaging Protocols 
with Proprietary Equations following The Fleming Method 
(TFM) for Nuclear Scintillation Equipment Quantitative 
Standardization”. Biomedical Journal of Scientific and Technical 
Research 4.5 (2018):1-4. 

5. Fleming RM., et al. “FMTVDM-TFM©℗: True Quantification 
requires Standardization of the tool being used to Measure, 
with a Known, Unchanging Standard to produce accurate, 
consistent and reproducible Quantified Measurements”. 
Journal of Nuclear Cardiology (2018).

6. Fleming RM., et al. “USVAH Study demonstrates statistically 
significant improvement in diagnosis and care of U.S. Veterans 
using FMTVDM-FHRWW ©℗ “Quantitative” Nuclear Imaging. 
The era of truly quantitative stress-first, stress-only imaging 
has begun!”. Journal of Nuclear Medicine and Radiation 
Therapy (2018). 

7. Fleming RM., et al. “Semi-quantification limitations: 
FMTVDM©℗ demonstrates quantified tumor response 
to treatment with both regional blood flow and metabolic 
changes”. Journal of Nuclear Medicine 59.10 (2018):1643-
1644.

8. Fleming RM., et al. “Multi Center Clinical Trial Confirms 
FMTVDM©℗ MPI in Seven Modern Clinical Laboratories 
in the U.S.A. and Asia. Artificial Intelligence (AI) with True 
Quantification”. Journal of Nuclear Medicine and Radiation 
Therapy 9(2018):4. 

9. Fleming RM., et al. “Virtual quantification is not True 
quantification. FMTVDM-TFM©℗ Provides True quantification 
for SPECT and PET”. Archives of Medicine 10.5 (2018): 7. 

10. Fleming RM. “FMTVDM©℗ Provides the First True SPECT 
and PET Quantification and Not Virtual Guesstimation 
Produced by SUV and Extraction Fraction, Yielding First 
Accurate Theranostic Method”. Journal of Nuclear Medicine 
and Radiation Therapy 9.5 (2018): e118. 

11. Fleming RM., et al. “FMTVDM©℗ Provides the First Nuclear 
Quantitative Method for Nuclear Cardiology and Introduces a 
New Era for Nuclear Cardiology”. Journal of Nuclear Cardiology 
25.4 (2018):1453. 

12. Sheikh A. “Evolution of Quantification in Clinical Nuclear 
Medicine: A Brief Overview of Salient Uses and Upcoming 
Trends”. Journal of Nuclear Medicine and Radiation Therapy 
9.5 (2018): 375. 

13. Sheikine Y., et al. “Technetium-99m-Sestamibi Redistribution 
after Exercise Stress Test Identified by a Novel Cardiac Gamma 
Camera: Two Case Reports”. Clinical Cardiology 33.4 (2010): 
E39-E45.

14. Fallahi B., et al. “Comparative evaluation of the diagnostic 
accuracy of 99mTc-sestamibi gated SPECT using five different 
sets of image acquisitions at stress and rest phases for the 
diagnosis of coronary artery disease”. American Journal of 
Nuclear Medicine and Molecular Imaging 4.1 (2014):10-16.

15. Beiki D., et al. “Initial and delayed stress phase imaging in 
a single-injection double-acquisition SPECT. The potential 
value of early 99mTc-MIBI redistribution in assessment of 
myocardial perfusion reversibility in patients with coronary 
artery disease”. Nuklearmedizin 49.1 (2010):19-27.

16. Crane P., et al. “Effect of mitochondrial viability and metabolism 
on technetium-99m-sestamibi myocardial retention”. 
European Journal of Nuclear Medicine 20.1 (1993):20-25.

Citation: Richard M Fleming., et al. “Definitive Human Studies Demonstrating Clinically Important Sestamibi Redistribution”. Acta Scientific Medical  
Sciences 3.7 (2019): 66-77.

https://biomedres.us/pdfs/BJSTR.MS.ID.001116.pdf
https://biomedres.us/pdfs/BJSTR.MS.ID.001116.pdf
https://biomedres.us/pdfs/BJSTR.MS.ID.001116.pdf
https://biomedres.us/pdfs/BJSTR.MS.ID.001116.pdf
https://biomedres.us/pdfs/BJSTR.MS.ID.001116.pdf
https://biomedres.us/pdfs/BJSTR.MS.ID.001116.pdf
https://www.ncbi.nlm.nih.gov/pubmed/29923099
https://www.ncbi.nlm.nih.gov/pubmed/29923099
https://www.ncbi.nlm.nih.gov/pubmed/29923099
https://www.ncbi.nlm.nih.gov/pubmed/29923099
https://www.ncbi.nlm.nih.gov/pubmed/29923099
https://www.ncbi.nlm.nih.gov/pubmed/30030345
https://www.ncbi.nlm.nih.gov/pubmed/30030345
https://www.ncbi.nlm.nih.gov/pubmed/30030345
https://www.ncbi.nlm.nih.gov/pubmed/30030345
https://www.ncbi.nlm.nih.gov/pubmed/30030345
http://www.archivesofmedicine.com/medicine/virtual-quantification-is-not-true-quantification-fmtvdmtfm-provides-true-quantification-for-spect-and-pet.php?aid=23227
http://www.archivesofmedicine.com/medicine/virtual-quantification-is-not-true-quantification-fmtvdmtfm-provides-true-quantification-for-spect-and-pet.php?aid=23227
http://www.archivesofmedicine.com/medicine/virtual-quantification-is-not-true-quantification-fmtvdmtfm-provides-true-quantification-for-spect-and-pet.php?aid=23227
https://www.omicsonline.org/open-access/fmtvdmcopy8471provides-the-first-true-spect-and-pet-quantification-and-not-virtual-guesstimation-produced-by-suv-and-extraction-fr-2155-9619-1000e118-104437.html
https://www.omicsonline.org/open-access/fmtvdmcopy8471provides-the-first-true-spect-and-pet-quantification-and-not-virtual-guesstimation-produced-by-suv-and-extraction-fr-2155-9619-1000e118-104437.html
https://www.omicsonline.org/open-access/fmtvdmcopy8471provides-the-first-true-spect-and-pet-quantification-and-not-virtual-guesstimation-produced-by-suv-and-extraction-fr-2155-9619-1000e118-104437.html
https://www.omicsonline.org/open-access/fmtvdmcopy8471provides-the-first-true-spect-and-pet-quantification-and-not-virtual-guesstimation-produced-by-suv-and-extraction-fr-2155-9619-1000e118-104437.html
https://www.omicsonline.org/open-access/fmtvdmcopy8471provides-the-first-true-spect-and-pet-quantification-and-not-virtual-guesstimation-produced-by-suv-and-extraction-fr-2155-9619-1000e118-104437.html
https://www.omicsonline.org/open-access/evolution-of-quantification-in-clinical-nuclear-medicine-a-brief-overview-of-salient-uses-and-upcoming-trends-2155-9619-1000375-104170.html
https://www.omicsonline.org/open-access/evolution-of-quantification-in-clinical-nuclear-medicine-a-brief-overview-of-salient-uses-and-upcoming-trends-2155-9619-1000375-104170.html
https://www.omicsonline.org/open-access/evolution-of-quantification-in-clinical-nuclear-medicine-a-brief-overview-of-salient-uses-and-upcoming-trends-2155-9619-1000375-104170.html
https://www.omicsonline.org/open-access/evolution-of-quantification-in-clinical-nuclear-medicine-a-brief-overview-of-salient-uses-and-upcoming-trends-2155-9619-1000375-104170.html
https://www.ncbi.nlm.nih.gov/pubmed/20358533
https://www.ncbi.nlm.nih.gov/pubmed/20358533
https://www.ncbi.nlm.nih.gov/pubmed/20358533
https://www.ncbi.nlm.nih.gov/pubmed/20358533
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3867725/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3867725/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3867725/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3867725/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3867725/
https://www.ncbi.nlm.nih.gov/pubmed/20162245
https://www.ncbi.nlm.nih.gov/pubmed/20162245
https://www.ncbi.nlm.nih.gov/pubmed/20162245
https://www.ncbi.nlm.nih.gov/pubmed/20162245
https://www.ncbi.nlm.nih.gov/pubmed/20162245
https://www.ncbi.nlm.nih.gov/pubmed/7678396
https://www.ncbi.nlm.nih.gov/pubmed/7678396
https://www.ncbi.nlm.nih.gov/pubmed/7678396


74

Definitive Human Studies Demonstrating Clinically Important Sestamibi Redistribution

17. Holman BL., et al. “A new Tc-99m-labeled myocardial imaging 
agent, Hexakis(t-butylisonitrile)-Technetium(I) [Tc-99m TBI]: 
Initial experience in the human”. Journal of Nuclear Medicine 
25.12 (1984): 1350-1355.

18. Li Q-S., et al. “Myocardial redistribution of Technetium-99m-
Methoxyisobutyl Isonitrile (SESTAMIBI)”. Journal of Nuclear 
Medicine 31.6 (1990):1069-1976.

19. Maublant JC., et al. “Hexakis (2-methoxy isobutylisonitrile) 
technetium-99m and thallium-201 chloride: uptake and 
release in cultured myocardial cells”. Journal of Nuclear 
Medicine 29.1 (1988): 48-54.

20. Pace L., et al. “Washout of [99mTc] sestamibi in predicting 
response to chemotherapy in patients with multiple 
myeloma”. The Quarterly Journal of Nuclear Medicine and 
Molecular Imaging 49.3 (2005):281-285. 

21. Hurwitz GA., et al. “Pulmonary uptake of Technetium-99m-
Sestamibi induced by dipyridamole-based stress or exercise”. 
Journal of Nuclear Medicine 39.2 (1998): 339-345. 

22. Hurwitz GA., et al. “Pulmonary uptake of sestamibi on early 
post-stress images: angiographic relationships, incidence and 
kinetics”. Nuclear Medicine Communications 14.1 (1993): 15-
22.  

23. Saha M., et al. “Lung uptake of technetium-99m-sestamibi: 
relation to clinical, exercise, hemodynamic, and left ventricular 
function variables”. Journal of Nuclear Cardiology 1.1 (1994): 
52-56. 

24. Giubbini R., et al. “Evaluation of technetium-99m-sestamibi 
lung uptake: correlation with left ventricular function”. The 
Journal of Nuclear Medicine 36.1 (1995): 58-63. 

25. Sugiura T., et al. “Usefulness of Tc-99m methoxyisobutylisonitrile 
scintigraphy for evaluating congestive heart failure”. Journal 
of Nuclear Cardiology 13.1 (2006): 64-68.

26. Kumita S., et al. “Assessment of myocardial washout of Tc-99m-
sestamibi in patients with chronic heart failure: comparison 
with normal control”. Annals of Nuclear Medicine 16.4 (2002): 
237-242.

27. Matsuo S., et al. “A novel clinical indicator using Tc-99m 
sestamibi for evaluating cardiac mitochondrial function in 
patients with cardiomyopathies”. Journal of Nuclear Cardiology 
14.2 (2007): 215-220.

28. Sugiura T., et al. “Usefulness of Tc-99m methoxyisobutylisonitrile 
scintigraphy for evaluating congestive heart failure”. Journal 
of Nuclear Cardiology 13.1 (2006): 64-68. 

29. Ikawa M., et al. “Evaluation of respiratory chain failure in 
mitochondrial cardiomyopathy by assessments of 99mTc-
MIBI washout and 123I-BMIPP/99mTc-MIBI mismatch”. 
Mitochondrion 7.1-2 (2007): 164-170.

30. Meissner K., et al. “Expression and localization of 
P-glycoprotein in Human Heart: Effects of Cardiomyopathy”. 
Journal of Histochemistry and Cytochemistry 50.10 (2002): 
1351-1356.

31. Ono S., et al. “Rest delayed images on 99mTc-MIBI myocardial 
SPECT as a noninvasive screen for the diagnosis of vasospastic 
angina pectoris”. Kaku Igaku 39.2 (2002): 117-124. 

32. Ono S., et al. “Enhanced regional washout of technetium-99m-
sestamibi in patients with coronary spastic angina”. Annals of 
Nuclear Medicine 17.5 (2003): 393-398.

33. Fukushima K., et al. “Myocardial kinetics of (201) Thallium, 
(99m) Tc-tetrofosmin, and (99m) Tc-sestamibi in an acute 
ischemia-reperfusion model using isolated rat heart”. Annals 
of Nuclear Medicine 21.5 (2007): 267-273.

34. VanBrocklin HF., et al. “Mitochondrial avid radioprobes. 
Preparation and evaluation of 7’(Z)-[125I] iodorotenone and 
7’(Z)-[125I] iodorotenol”. Nuclear Medicine and Biology 34.1 
(2007): 109-116. 

35. Tanaka R., et al. “Clinical implication of reverse redistribution 
on 99mTc-sestamibi images for evaluating ischemic heart 
disease”. Annals of Nuclear Medicine 20.5 (2006): 349-356.

36. Liu Z., et al. “Detection of myocardial viability in ischemic-
reperfused rat hearts by Tc-99m sestamibi kinetics”. Journal 
of Nuclear Cardiology 8.6 (2001): 677-686. 

Citation: Richard M Fleming., et al. “Definitive Human Studies Demonstrating Clinically Important Sestamibi Redistribution”. Acta Scientific Medical  
Sciences 3.7 (2019): 66-77.

https://www.ncbi.nlm.nih.gov/pubmed/6334145
https://www.ncbi.nlm.nih.gov/pubmed/6334145
https://www.ncbi.nlm.nih.gov/pubmed/6334145
https://www.ncbi.nlm.nih.gov/pubmed/6334145
https://www.ncbi.nlm.nih.gov/pubmed/2140856
https://www.ncbi.nlm.nih.gov/pubmed/2140856
https://www.ncbi.nlm.nih.gov/pubmed/2140856
https://www.ncbi.nlm.nih.gov/pubmed/3335927
https://www.ncbi.nlm.nih.gov/pubmed/3335927
https://www.ncbi.nlm.nih.gov/pubmed/3335927
https://www.ncbi.nlm.nih.gov/pubmed/3335927
https://www.ncbi.nlm.nih.gov/pubmed/16172574
https://www.ncbi.nlm.nih.gov/pubmed/16172574
https://www.ncbi.nlm.nih.gov/pubmed/16172574
https://www.ncbi.nlm.nih.gov/pubmed/16172574
https://www.ncbi.nlm.nih.gov/pubmed/9476947
https://www.ncbi.nlm.nih.gov/pubmed/9476947
https://www.ncbi.nlm.nih.gov/pubmed/9476947
https://www.ncbi.nlm.nih.gov/pubmed/8423929
https://www.ncbi.nlm.nih.gov/pubmed/8423929
https://www.ncbi.nlm.nih.gov/pubmed/8423929
https://www.ncbi.nlm.nih.gov/pubmed/8423929
https://www.ncbi.nlm.nih.gov/pubmed/9420670
https://www.ncbi.nlm.nih.gov/pubmed/9420670
https://www.ncbi.nlm.nih.gov/pubmed/9420670
https://www.ncbi.nlm.nih.gov/pubmed/9420670
https://www.ncbi.nlm.nih.gov/pubmed/7799083
https://www.ncbi.nlm.nih.gov/pubmed/7799083
https://www.ncbi.nlm.nih.gov/pubmed/7799083
https://www.ncbi.nlm.nih.gov/pubmed/16464718
https://www.ncbi.nlm.nih.gov/pubmed/16464718
https://www.ncbi.nlm.nih.gov/pubmed/16464718
https://www.ncbi.nlm.nih.gov/pubmed/12126092
https://www.ncbi.nlm.nih.gov/pubmed/12126092
https://www.ncbi.nlm.nih.gov/pubmed/12126092
https://www.ncbi.nlm.nih.gov/pubmed/12126092
https://www.ncbi.nlm.nih.gov/pubmed/17386384
https://www.ncbi.nlm.nih.gov/pubmed/17386384
https://www.ncbi.nlm.nih.gov/pubmed/17386384
https://www.ncbi.nlm.nih.gov/pubmed/17386384
https://www.ncbi.nlm.nih.gov/pubmed/17280875
https://www.ncbi.nlm.nih.gov/pubmed/17280875
https://www.ncbi.nlm.nih.gov/pubmed/17280875
https://www.ncbi.nlm.nih.gov/pubmed/17280875
https://www.ncbi.nlm.nih.gov/pubmed/12364568
https://www.ncbi.nlm.nih.gov/pubmed/12364568
https://www.ncbi.nlm.nih.gov/pubmed/12364568
https://www.ncbi.nlm.nih.gov/pubmed/12364568
https://www.ncbi.nlm.nih.gov/pubmed/12058420
https://www.ncbi.nlm.nih.gov/pubmed/12058420
https://www.ncbi.nlm.nih.gov/pubmed/12058420
https://www.ncbi.nlm.nih.gov/pubmed/12971638
https://www.ncbi.nlm.nih.gov/pubmed/12971638
https://www.ncbi.nlm.nih.gov/pubmed/12971638
https://www.ncbi.nlm.nih.gov/pubmed/17634844
https://www.ncbi.nlm.nih.gov/pubmed/17634844
https://www.ncbi.nlm.nih.gov/pubmed/17634844
https://www.ncbi.nlm.nih.gov/pubmed/17634844
https://europepmc.org/abstract/med/17210467
https://europepmc.org/abstract/med/17210467
https://europepmc.org/abstract/med/17210467
https://europepmc.org/abstract/med/17210467
https://www.ncbi.nlm.nih.gov/pubmed/16878707
https://www.ncbi.nlm.nih.gov/pubmed/16878707
https://www.ncbi.nlm.nih.gov/pubmed/16878707
https://www.ncbi.nlm.nih.gov/pubmed/11725264
https://www.ncbi.nlm.nih.gov/pubmed/11725264
https://www.ncbi.nlm.nih.gov/pubmed/11725264


75

Definitive Human Studies Demonstrating Clinically Important Sestamibi Redistribution

37. Shin WJ., et al. “Reverse redistribution on dynamic exercise 
and dipyridamole stress technetium-99m-MIBI myocardial 
SPECT”. The Journal of Nuclear Medicine 36.11 (1995): 2053-
2055.

38. Takeishi Y., et al. “Reverse redistribution of technetium-
99m-sestamibi following direct PTCA in acute myocardial 
infarction”. The Journal of Nuclear Medicine 37.8 (1996): 
1289-1294. 

39. Fujiwara S., et al. “Prediction of functional recovery in acute 
myocardial infarction: comparison between sestamibi reverse 
redistribution and sestamibi/BMIPP mismatch”. Journal of 
Nuclear Cardiology 5.2 (1998): 119-127.

40. Ayalew A., et al. “A comparison of the overall first-pass kinetics 
of thallium-201 and technetium-99m MIBI in normoxic and 
low-flow ischaemic myocardium”. European The Journal of 
Nuclear Medicine 27.11 (2000): 1632-1640.

41. Richter WS., et al. “Washout and redistribution between 
immediate and two-hour myocardial images using 
technetium-99m sestamibi”. European The Journal of Nuclear 
Medicine 22.1 (1995): 49-55.

42. Meerdink DJ and Leppo JA. “Myocardial transport of hexakis(2-
methosyisobutyl isonitrile) and thallium before and after 
coronary reperfusion”. Circulation Research 66 (1990): 1738-
1746. 

43. Ayalew A., et al. “201 Tl and 99m Tc-MIBI retention in an 
isolated heart model of low-flow ischemia and stunning: 
Evidence of negligible impact of myocyte metabolism on 
tracer kinetics”. The Journal of Nuclear Medicine 43.4 (2002): 
566-574.

44. Takahashi N., et al. “Myocardial uptake of 99m Tc-tetrofosmin, 
Sestamibi, and 201 Tl in a model of acute coronary 
reperfusion”. Circulation 94.10 (1996): 2605-2613.

45. Tanaka R., et al. “Clinical implication of reverse redistribution 
of 99mTc-sestamibi images for evaluating ischemic heart 
disease”. Annals of Nuclear Medicine 20.5 (2006): 349-356.

46. Sinusas AJ., et al. “Redistribution of 99mTc-Sestamibi and 
201-Tl in the Presence of a Severe Coronary Artery Stenosis”. 
Circulation 89.5 (1994): 2332-2341.

47. Taillefer R., et al. “Technetium-99m-Sestamibi Myocardial 
Perfusion Imaging in Detection of Coronary Artery Disease: 
Comparison Between Initial (1-Hour) and Delayed (3-Hour) 
Postexercise Images”. The Journal of Nuclear Medicine 32.10 
(1991): 1961-1965.

48. Fleming RM., et al. “Use of Parabolic Model in Tomographic 
Diagnosis of Infarction and Stenosis. The 1st Congress 
on Controversies in Cardiovascular Diseases: Diagnosis, 
Treatment and Intervention (C-Care), Berlin, Germany 4.5 
(2008).

49. Fleming RM., et al. “The Clinical Importance of Multiple 
SPECT Images Following Stress – A New Standard of Care”. 
Poplar Bluff, MO. (2009).

50. Fleming RM., et al. “Multiple post stress imaging more 
accurate than rest-stress imaging in detecting ischemia. 9th 
International Conference on Nuclear Cardiology (ICNC 9). 
Barcelona, Spain. 11 May 2009”. European Heart Journal 11.b 
(2009): S18.

51. Fleming RM., et al. “Sestamibi Redistribution Provides Better 
Detection of Ischemia than Rest-Stress Comparisons. BITs 
1st International Congress of Cardiology: Combating Heart 
Disease, Track 5: Diagnostics, Therapeutics and Clinical 
Management”. Shanghai, China. 5.7 (2009).

52. Fleming RM., et al. “Quantitative measurement of sestamibi 
redistribution to detect hidden ischemia made possible by 
application of Blumgart’s method. 58th SNM Annual Meeting, 
San Antonio, TX, USA. 6 June 2011”. Journal of Nuclear 
Medicine52 (2011): 1162.

53. Fleming RM. et al. “Reducing patient radiation exposure 
while improving diagnostic testing. Continuing Education 
Credits for the 58th SNM Annual Meeting, San Antonio, TX, 
USA. (2011).

54. Fleming RM and Harrington GM. “TAM-A.7 Sestamibi 
redistribution measurement defines ischemic coronary 
artery lumen disease”. 56th Annual Meeting of the Health 
Physics Society. (American Conference of Radiological Safety) 
West Palm Beach, FL, USA, 30 (2011). 

Citation: Richard M Fleming., et al. “Definitive Human Studies Demonstrating Clinically Important Sestamibi Redistribution”. Acta Scientific Medical  
Sciences 3.7 (2019): 66-77.

https://www.ncbi.nlm.nih.gov/pubmed/7472597
https://www.ncbi.nlm.nih.gov/pubmed/7472597
https://www.ncbi.nlm.nih.gov/pubmed/7472597
https://www.ncbi.nlm.nih.gov/pubmed/7472597
https://www.ncbi.nlm.nih.gov/pubmed/8708758
https://www.ncbi.nlm.nih.gov/pubmed/8708758
https://www.ncbi.nlm.nih.gov/pubmed/8708758
https://www.ncbi.nlm.nih.gov/pubmed/8708758
https://www.ncbi.nlm.nih.gov/pubmed/9588663
https://www.ncbi.nlm.nih.gov/pubmed/9588663
https://www.ncbi.nlm.nih.gov/pubmed/9588663
https://www.ncbi.nlm.nih.gov/pubmed/9588663
https://www.ncbi.nlm.nih.gov/pubmed/11105819
https://www.ncbi.nlm.nih.gov/pubmed/11105819
https://www.ncbi.nlm.nih.gov/pubmed/11105819
https://www.ncbi.nlm.nih.gov/pubmed/11105819
https://www.ncbi.nlm.nih.gov/pubmed/7698155
https://www.ncbi.nlm.nih.gov/pubmed/7698155
https://www.ncbi.nlm.nih.gov/pubmed/7698155
https://www.ncbi.nlm.nih.gov/pubmed/7698155
https://www.ncbi.nlm.nih.gov/pubmed/11937603
https://www.ncbi.nlm.nih.gov/pubmed/11937603
https://www.ncbi.nlm.nih.gov/pubmed/11937603
https://www.ncbi.nlm.nih.gov/pubmed/11937603
https://www.ncbi.nlm.nih.gov/pubmed/11937603
https://www.ncbi.nlm.nih.gov/pubmed/8921807
https://www.ncbi.nlm.nih.gov/pubmed/8921807
https://www.ncbi.nlm.nih.gov/pubmed/8921807
https://www.ncbi.nlm.nih.gov/pubmed/16878707
https://www.ncbi.nlm.nih.gov/pubmed/16878707
https://www.ncbi.nlm.nih.gov/pubmed/16878707
https://www.ncbi.nlm.nih.gov/pubmed/8181159
https://www.ncbi.nlm.nih.gov/pubmed/8181159
https://www.ncbi.nlm.nih.gov/pubmed/8181159
https://www.ncbi.nlm.nih.gov/pubmed/1833517
https://www.ncbi.nlm.nih.gov/pubmed/1833517
https://www.ncbi.nlm.nih.gov/pubmed/1833517
https://www.ncbi.nlm.nih.gov/pubmed/1833517
https://www.ncbi.nlm.nih.gov/pubmed/1833517


76

Definitive Human Studies Demonstrating Clinically Important Sestamibi Redistribution

55. Fleming RM and Harrington GM. “FHRWW release of WiWo 
increases diagnostic detection of Coronary Artery Disease and 
specifically the detection of Vulnerable Inflammatory Plaques 
(Cardiology’s Black Holes). 1st Lombardy International 
Meeting of Cardiovascular Surgery”. Milan Italy, 13-14. (2012).

56. Fleming RM., et al. “Myoview and Sestamibi redistribution, 
stress once – image twice protocol improves detection of 
ischemia in addition to improving patient throughput and 
reducing patient radiation to 3.75 mSv”. The Journal of Nuclear 
Medicine 53.1 (2012): 1831.

57. Fleming RM. “FHRWW: The end of the era of rest-stress 
nuclear cardiac imaging and why it misses critical heart 
disease”. International Conference on Translational Medicine. 
San Antonio, TX, USA. 17-19, (2012).

58. Fleming RM., et al. “Rapid Image Acquisition and Assessment 
of Coronary Ischemia using FHRWW protocol. 4th Annual 
International Conference of Cardiology”. Guangzhou, China, 
Dec. 2-4, (2012).

59. Fleming RM. “The redistribution properties of Tc-99m isotope 
agents, sestamibi and myoview. Invited Presentation”. Toronto 
International Pharmacy Conference, Toronto, Canada. 27.29 
(2012).

60. Fleming RM and Harrington GM. “RIA-FHRWW analysis of the 
redistribution properties of Tc-99m isotope agents, Sestamibi 
and Myoview, enhances the detection of ischemic heart 
disease. Invited Presentation. 3rd International Conference on 
Clinical & Experimental Cardiology. Emerging interventions 
in clinical cardiology and cardiac surgery”. Journal of Clinical 
and Experimental Cardiology 4.4 (2013):131.

61. Won KS and Kim SH. “Five minutes post-stress gated 
myocardial perfusion SPECT using Tc-99m tetrofosmin”. The 
Journal of Nuclear Medicine 53.1 (2012):1836.

62. Keys Jr JW. “SUV: Standard Uptake or Silly Useless Value?”. The 
Journal of Nuclear Medicine 36.10 (1995): 1836-1839.

63. Bailey DL., et al. “Positron Emission Tomography” Springer-
Verlag, London (2005).

64. Fleming RM., et al. “A Comparison of Technetium 99-m 
Teboroxime Tomography to Automated Quantitative 
Coronary Arteriography and Thallium - 201 SPECT”. Journal 
of the American College of Cardiology 17.6 (1991): 1297-1302.

65. Fleming RM., et al. “Patterns in Visual Interpretation of 
Coronary Arteriograms as Detected by Quantitative Coronary 
Arteriography”. Journal of the American College of Cardiology 
18.4 (1991): 945- 951.

66. Fleming RM., et al. “Using Quantitative Coronary 
Arteriography to Redefine SPECT Sensitivity and Specificity”. 
American Journal of Physiology Imaging7.2 (1992): 59-65.

67. Fleming RM. “Detecting Coronary Artery Disease Using SPECT 
Imaging: A Comparison of Thallium-201 and Teboroxime”. 
American Journal of Physiology Imaging 7.1 (1992):20-23.

68. Fleming RM., et al. “Comparing a High Dose Dipyridamole 
SPECT Imaging Protocol with Dobutamine and Exercise 
Stress Testing Protocols”. Angiology 46.7 (1995): 547-556.

69. Fleming RM and Feldmann KM. “Comparing a High Dose 
Dipyridamole SPECT Imaging Protocol with Dobutamine 
and Exercise Stress Testing Protocols. Part II: Using High-
Dose Dipyridamole to Determine Lung-to-Heart Ratios”. 
International Journal of Angiology 7.4 (1998): 325-328.

70. Fleming RM and Feldmann KM. “Comparing a High Dose 
Dipyridamole SPECT Imaging Protocol with Dobutamine and 
Exercise Stress Testing Protocols. Part III: Using Dobutamine 
to Determine Lung-to-Heart Ratios, Left Ventricular 
Dysfunction and a Potential Viability Marker”. International 
Journal of Angiology 8.1 (1999): 22-26.

71. Fleming RM. “High-Dose Dipyridamole and Gated Sestamibi 
SPECT Imaging Provide Diagnostic Resting and Stress Ejection 
Fractions Useful for Predicting the Extent of Coronary Artery 
Disease”. Angiology 53.4 (2002): 415-421.

72. Fleming RM. “A Tate-en-Tate Comparison of Ejection Fraction 
and Regional Wall Motion Abnormalities as Measured by 
Echocardiography and Gated Sestamibi SPECT”. Angiology 
53.3 (2002): 313-321.

Citation: Richard M Fleming., et al. “Definitive Human Studies Demonstrating Clinically Important Sestamibi Redistribution”. Acta Scientific Medical  
Sciences 3.7 (2019): 66-77.

http://jnm.snmjournals.org/content/53/supplement_1/1831
http://jnm.snmjournals.org/content/53/supplement_1/1831
http://jnm.snmjournals.org/content/53/supplement_1/1831
http://jnm.snmjournals.org/content/53/supplement_1/1831
http://jnm.snmjournals.org/content/53/supplement_1/1831
http://jnm.snmjournals.org/content/53/supplement_1/1836
http://jnm.snmjournals.org/content/53/supplement_1/1836
http://jnm.snmjournals.org/content/53/supplement_1/1836
https://www.ncbi.nlm.nih.gov/pubmed/7562051
https://www.ncbi.nlm.nih.gov/pubmed/7562051
https://www.ncbi.nlm.nih.gov/pubmed/2016447
https://www.ncbi.nlm.nih.gov/pubmed/2016447
https://www.ncbi.nlm.nih.gov/pubmed/2016447
https://www.ncbi.nlm.nih.gov/pubmed/2016447
https://www.ncbi.nlm.nih.gov/pubmed/1894868
https://www.ncbi.nlm.nih.gov/pubmed/1894868
https://www.ncbi.nlm.nih.gov/pubmed/1894868
https://www.ncbi.nlm.nih.gov/pubmed/1894868
https://www.ncbi.nlm.nih.gov/pubmed/1419121
https://www.ncbi.nlm.nih.gov/pubmed/1419121
https://www.ncbi.nlm.nih.gov/pubmed/1419121
https://www.ncbi.nlm.nih.gov/pubmed/1520504
https://www.ncbi.nlm.nih.gov/pubmed/1520504
https://www.ncbi.nlm.nih.gov/pubmed/1520504
https://www.ncbi.nlm.nih.gov/pubmed/7618757
https://www.ncbi.nlm.nih.gov/pubmed/7618757
https://www.ncbi.nlm.nih.gov/pubmed/7618757
https://www.ncbi.nlm.nih.gov/pubmed/9716797
https://www.ncbi.nlm.nih.gov/pubmed/9716797
https://www.ncbi.nlm.nih.gov/pubmed/9716797
https://www.ncbi.nlm.nih.gov/pubmed/9716797
https://www.ncbi.nlm.nih.gov/pubmed/9716797
https://www.ncbi.nlm.nih.gov/pubmed/9826402
https://www.ncbi.nlm.nih.gov/pubmed/9826402
https://www.ncbi.nlm.nih.gov/pubmed/9826402
https://www.ncbi.nlm.nih.gov/pubmed/9826402
https://www.ncbi.nlm.nih.gov/pubmed/9826402
https://www.ncbi.nlm.nih.gov/pubmed/9826402
https://www.ncbi.nlm.nih.gov/pubmed/12143946
https://www.ncbi.nlm.nih.gov/pubmed/12143946
https://www.ncbi.nlm.nih.gov/pubmed/12143946
https://www.ncbi.nlm.nih.gov/pubmed/12143946
https://www.ncbi.nlm.nih.gov/pubmed/12025919
https://www.ncbi.nlm.nih.gov/pubmed/12025919
https://www.ncbi.nlm.nih.gov/pubmed/12025919
https://www.ncbi.nlm.nih.gov/pubmed/12025919


77

Definitive Human Studies Demonstrating Clinically Important Sestamibi Redistribution

Volume 3 Issue 7 July 2019
©  All rights are reserved by Richard M Fleming., et al.

73. Fleming RM., et al. “USVAH Study demonstrates statistically 
significant improvement in diagnosis and care of U.S. Veterans 
using FMTVDM-FHRWW ©℗ “Quantitative” Nuclear Imaging. 
The era of truly quantitative stress-first, stress-only imaging 
has begun!”. Journal of Nuclear Medicine and Radiation 
Therapy (2018). 

74. Fleming RM., et al. “Multi Center Clinical Trial Confirms 
FMTVDM©℗ MPI in Seven Modern Clinical Laboratories 
in the U.S.A. and Asia. Artificial Intelligence (AI) with True 
Quantification”. Journal of Nuclear Medicine and Radiation 
Therapy 9 (2018): 4. 

75. Melon PG., et al. “Comparison of Technetium-99m Sestamibi 
and Thallium-201 Retention Characteristics in Canine 
Myocardium”. Journal of the American College of Cardiology 
20.5 (1992): 1277-1283.

76. Fleming RM., et al “Sestamibi Redistribution and 
Quantification”. Acta Scientific Pharmaceutical Sciences 3.5 
(2019): 47-69. 

Citation: Richard M Fleming., et al. “Definitive Human Studies Demonstrating Clinically Important Sestamibi Redistribution”. Acta Scientific Medical  
Sciences 3.7 (2019): 66-77.

https://www.ncbi.nlm.nih.gov/pubmed/1401632
https://www.ncbi.nlm.nih.gov/pubmed/1401632
https://www.ncbi.nlm.nih.gov/pubmed/1401632
https://www.ncbi.nlm.nih.gov/pubmed/1401632

	_GoBack
	_GoBack

