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VERSION 1 - REVIEW 

REVIEWER Gaetano A. Lanza 
Catholic University  
Rome, Italy 

REVIEW RETURNED 13-Jul-2014 

 

GENERAL COMMENTS 1. The strongest limitation of this study is the very low number of 
patients included (only 6), which, in this reviewer‟s opinion, does not 
allow to derive valuable conclusions about the reproducibility of 
CMR perfusion data. The number should at least be doubled.  
 
2. Conclusions might only concern the anterior wall of the heart, 
where measurements were performed. Whether data also apply to 
other regions of the heart would remain uncertain.  
 
3. The authors state that they included only patients with a left 
vntricular ejection fraction (LVEF) <35%. Yet the average LVEF at 
CMR is reported to be 48%. Please explain this discepancy.  
 
4. Reporting interquartile values of data with only 6 patients seems 
unhelpful. Ranges seem more appropriate. 

 

REVIEWER Peter Gatehouse 
Cardiac MRI (physics)  
Royal Brompton Hospital  
London  
UK 

REVIEW RETURNED 24-Jul-2014 

 

GENERAL COMMENTS This is a technical paper on the reliability of measuring an “index 
value” related to myocardial perfusion (and reserve by stress/rest 
ratio). Although the work was done in non-ischemic dilated-
cardiomyopathy patients, it does not appear to answer any particular 
medical or clinical research question, they are simply the subjects 
used to assess reproducibility by scanning them twice.  
This reviewer is puzzled by the measurements from only the anterior 
segment of myocardium. It rather appears that the authors were 
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aiming for more but maybe have removed less reliable data from 
other myocardial segments (for reasons they do give), and also 
reduced this from perfusion data in a larger trial – please can the 
authors state the name of this trial? It might be better to include all 
the other segmental data into the work.  
Such a technical paper would generally appear in a more 
specialised cardiac imaging or radiology journal. The method used is 
subject to some well-publicised technical limitations (refs below).  
Even if these patients are on “stable” medical treatment, the idea of 
doing reproducibility in such a situation might be criticised strongly 
by clinical reviewers. Personally, I find the COV1 done across the 
patient group fairly pointless, as it simply reflects variable levels of 
disease between the patients.  
However, the COV2 results are impressively good for myocardial 
perfusion reproducibility in humans, which is notoriously highly 
variable (inhomogeneous, physiologically variable, seems unknown) 
according to other groups (refs below) and older PET data (e.g. 
Paolo Camici et al). It makes me wonder what we did wrong in the 
Elkington et al work! I hope the authors would next attempt a 
comparison between normals and NIDCM. (ref 14 does not include 
rest MPI in the normals, which are questionably abnormal also?)  
Specific comments  
Abstract – Confusingly states CoV where it means CoV2  
1. Intro/Methods – On the fundamental aim, the authors appear 
correct that reproducibility of myocardial perfusion in NIDCM hasn‟t 
been published yet. However, there are several more references on 
perfusion reproducibility, some of these seem relevant as they have 
used virtually the same method, and please consider adding some 
review or discussion of these (refs 1-4 and 6 below). Please also 
correct page 11 line 39 to include more of these reproducibility 
references.  
1A. Please amend page 3 line 13 “To date, only 2 studies...” it is 
rather more (at least, refs 1-4 and 6)  
2. Page 7 line 8 “total of 24 measurements of MPI”. Please add what 
the 3 slices were used for – were all 3 analysed and averaged, this 
is undefined.  
3. Intro/Methods – Please add some review of the limited response 
of normalised upslope analysis as found by Christian, Rettmann, 
Aletras et al Radiology 2004; 232:677-84 (= ref 5).  
4. Methods – Has this normalised-upslope as implemented by 
CMRTools been compared against any kind of “gold standard” such 
as PET , or against microspheres (in animals obviously).  
4A. For this journal, some more explanation that MPI and MPRI are 
just INDICES of perfusion, they are not attempting quantification, 
might be helpful to readers unfamiliar with the field.  
 
5. Please add some discussion in Limitations of the following: Some 
of the references 1-4,6 and ref 5 (and the Elkington ref cited) 
suggest normalised-upslope is inferior to Fermi-function constrained 
deconvolution. The manuscript discussion suggests that the authors 
used normalised-upslope analysis because dual-bolus was 
unavailable, However, normalised-upslope analysis also depends on 
a reasonably accurate upslope of the arterial-input-function, which 
may not be the case if it is severely clipped. With sequence 
repetition time of 180ms I assume the saturation recovery delay (not 
stated) was around 90-100ms (from saturation to central rawdata 
acquisition). At a dose of 0.1mmol/kg (even at the slow injection-
rate) this is likely to have severely clipped the AIF peak (evident in 
Figure 1). The estimate of upslope in LV blood is therefore 
approximated by its earliest section (please specify how this was 
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fitted; the upper section is distorted).  
6. Methods – Cardiac MRI : Page 4 line 50 : “ in 12 NIDCM patients”, 
although the next line clearly states only 6 were scanned twice for 
reproducibility, this is confusing as we end up with 12 perfusion 
scans and 6 totally uninvolved patients. Please consider removing 
“in 12 NIDCM patients”.  
7. Page 5 line 23 “or decaffeinated” – very good! Many of us take 
those dubious „decaf‟ products when banned from our normal 
caffeine fix.  
8. Methods p.5 line 50: The injection rate is rather slow (2ml/s) , if 
this was a 0.5Molar contrast agent; normally faster injection rates 
are used in an attempt to minimise bolus dispersion (Elkington, He 
JMRI 2005)  
9. Antecubital vein - Please specify if it was always the same side 
(right preferred, I believe a marginally shorter return path to heart is 
hoped to reduce bolus dispersion, the more compact its arrival in LV 
the better)  
10. Please also add the amount of saline flush injected after the 
GBCA bolus, and its injection rate. This flush volume is essential to 
deliver the GBCA bolus, unfortunately details are often omitted (from 
our work too).  
11. Page 6 line 6 “5 minute delay” Why so short? It is normal to have 
a longer gap (15-20mins) to allow a bit more washout. Residual Gad 
in the second (the resting) scan has potential to somewhat distort 
the MPI estimation, although baseline subtraction would remove 
some of this. Please consider showing stress and rest curves on 
Figure 1 to alleviate or at least explain this concern.  
12. Page 6 line 12 “normalisation filter” , Please confirm this does 
not vary between each frame of the perfusion series, i.e. that it was 
“prescan” normalisation? Even if so, be very careful that such a filter 
is applied in exactly the same way for rest and stress (because it 
may repeat the prescan before each. While nominally giving the 
same result it has potential to generate intensity differences between 
stress&rest – i.e. just as you wouldn‟t move the coil, so you wouldn‟t 
like this Normalisation filter to be different).  
13. Page 6 line 17: Trigger delay for mainly diastolic imaging where 
possible. This is unlikely to be possible especially at stress, where 
typical RR was around 700ms, 3 slices of perfusion acquisition took 
most of the ccycle. (I am aware adenosine should not accelerate HR 
too much in theory, but it does somewhat in practice).  
14. Page 6 line 43: Just the anterior segment – this is unusual. 
Although reasons are given, the dark-rim artefact is often apparent 
in more than just the septal segment; please consider removing the 
term “susceptibility” as DRA is cited to occur also due to Gibbs 
artefact and myocardial border inplane motion during each perfusion 
image (abundant refs and review articles discuss this).  
15. Page 7 : Some MRI perfusion work uses RPP normalisation of 
resting MBF, I see RPP in Table 1, but was this used to correct 
Resting MPI ? (McGinn , White, Wilson Circulation 1990;81:1319-
30). I am not sure it is a good idea as it may add more noise than it 
might correct, but please maybe mention this topic.  
16. Table 1: it is trivial of me, but please specify the stats used here 
(non-parametric as n= only 6?). (The identical resting stats values 
0.528 and 0.600 twice, made me wonder)  
17. Limitations: Please delete page 12 line 20-33, that CoV and 
reproducibility of LV parameters is a completely different CMR 
technique and will confuse many readers.  
18. Figures 2-4 It might be better plot the line of identity in graph (A) 
of each case. This gives a clearer impression of the difference 
between Study 1 and Study 2 for each plotted.  

 on M
ay 16, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2014-005984 on 16 D

ecem
ber 2014. D

ow
nloaded from

 

http://bmjopen.bmj.com/


19. Limitations – please add the Christian et al ref 5 that Norm 
Upslope has been shown to “compress” higher MPRs compared to 
model-based deconvolution. This is not just a myocardial 
nonlinearity effect.  
20. Limitations – please add more examples/information showing 
why just the anterior segment was used, or add the other segments 
of data to results. I can see NIDCM is supposedly a global 
myocardial disease, but if this method is only reliable in the anterior 
segment this is a strong limitation.  
Typos: “Magentom” “antecubtial” Page 12 line 44 “ ...at casual 
glance...”  
 
References  
1. Larghat, Maredia, Biglands et al, JMRI 2013  
2. Jerosch-Herold , Vazquez, Wang et al Investigative Radiology 
2008  
3. (not quite the topic but very relevant for discussion!) Handayani, 
Sijens et al, Radiology 2013  
4. Please see 2 very authoritative commentaries on MRI Perfusion 
Reproducibility in J Thoracic Diseases, both in 2013 Bratis & Nagel , 
and Biglands & Plein.  
Some discussion on how your experience fits with these 
commentaries might interest readers.  
5. Christian, Rettmann, Aletras et al Radiology 2004; 232:677-84  
6. Eur Heart J Cardiovasc Imaging. 2012 Nov;13(11):954-60. doi: 
10.1093/ehjci/jes103. Epub 2012 May 25. Quantitative 
cardiovascular magnetic resonance perfusion imaging: inter-study 
reproducibility. Morton G1, Jogiya R, Plein S, Schuster A, Chiribiri A, 
Nagel E.  
  

 

VERSION 1 – AUTHOR RESPONSE 

Reviewer #1  

 

1) Low cohort number: Our study is of an exploratory nature since it tests a novel hypothesis using an 

innovative methodology to study myocardial perfusion indices. Similar CMR reproducibility studies of 

myocardial perfusion indices have also enrolled small numbers of patients and control subjects 

ranging between 7-11 individuals [3-5]. One paper reported reproducibility of absolute myocardial 

blood flow (MBF) in a cohort of the MESA (Multi-Ethnic Study of Atherosclerosis) trial with a larger 

number of participants (N=30) who underwent two CMR perfusion studies separated by 1 year [6]. 

The object of this paper, however, examined MBF changes observed over time. The cohort sizes of 

the other published papers which directly address the reproducibility of the upslope CMR technique 

have roughly similar enrollment numbers as our cohort. Despite a relatively small cohort, the results 

substantiate our hypothesis with consistent statistical strength.  

 

2) Analysis reported for only the anterior LV wall: We acknowledge that the analysis was limited to the 

anterior wall and detailed this in the Methods section. The anterior wall is generally considered to be 

the region with the fewest artifacts on CMR analysis. This proved to be the case in our study also. 

When we examined our cohort of 6 patients, the changes in MPI and MPRI were not limited to the 

anterior wall. The average MPRI for all segments showed similar significant results in 5 of 6 patients, 

but with obvious inferior wall artifact in 1 patient. Thus, to achieve the most valid statistical analysis, 

we utilized the anterior segment which had the no imaging artifacts. There are other potential sources 

of error that might affect MPI calculations. The interventricular septum is most prone to the so-called 

“dark rim artifact”. The septum is also the myocardial segment in NIDCM most likely to exhibit 

intramural myocardial fibrosis on late gadolinium enhancement which could affect MPI calculations. 
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The inferior and lateral LV myocardial segments exhibit the most irregular endocardial contour (from 

papillary muscles and the trabeculae carneae). To avoid LV blood pool signal contamination, the 

inferior and lateral wall endocardial boundary must be drawn with care favoring the myocardium. 

Thus, the anterior wall is the least problematic LV segment.  

 

3) Apparent discrepancy in LVEF: Patients were identified as having new-onset heart failure 

symptoms and an LVEF <35% on their initial screening echocardiogram. The LVEF we reported by 

CMR was obtained following treatment with beta-blocker, spironolactone, and either angiotension 

converting enzyme inhibitor or receptor blocker therapy. At enrollment, the LVEF on the screening 

echocardiogram was <35% (mean 24%, median 26%, SD 7.7%). To be clearer in the manuscript, we 

add the results of the screening echocardiogram. There is no discrepancy in LVEF, but rather an 

improvement in the CMR LVEF with anti-failure medications. We believe the addition of the screening 

echo LVEF will solve any confusion.  

 

4) Statistical methods (here we respond to questions for both Reviewer #1 and 2):  

a) Range vs. interquartile values: We have amended Table 2 to include the variable ranges as 

recommended by Reviewer #1.  

b) CoV1 was performed interstudy on the same patient, not across patients  

c) Non-parametric statistics: We performed non-parametic analysis. We have amended Table 1 with 

an “*” and added “Wilcoxon Signed Rank Test” to designated this class of analysis.  

d) Abstract CoV: There are multiple ways to calculate CoV, and we distinguish and define a CoV1 and 

a CoV2 in order to compare our results with other published data. Reviewer #2 is correct that the 

“CoV” mentioned in the Abstract is “CoV2” as we define it in the manuscript. We could not define the 

CoV1 and CoV2 equations given the strict space limitations for the Abstract. We believe that the CoV 

we present in the Abstract (which is CoV2) to be the better statistical definition for CoV and is not 

intended to confuse or mislead the reader.  

 

Reviewer #2  

 

1) Reproducibility studies to date: We thank the reviewer for alerting us to other references. We 

regrettably missed the excellent and important work of Larghat, et al., published in JMRI 2013;37:865. 

We have amended the manuscript with reference and discussion of this work. Four further papers 

were brought to our attention by Reviewer #2. One paper analyzed a single stress CMR study and 

addressed the inter- and intraobserver reproducibility [7]. One paper reported on reproducibility 

amongst various commercially available software analysis programs [8]. Two papers report on the 

reproducibility of CMR-derived measurements of absolute myocardial blood flow (whereas we present 

upslope data on the wash-in kinetics of a CMR contrast agent) [6,9]. Since the aim of this paper was 

to address the reproducibility of upslope analysis, we hope the editors will agree that our omission of 

these papers, though important, from our manuscript discussion is appropriate since these papers 

introduce entirely new concepts and methodologies which are beyond the scope of this work.  

 

2) Clarify which slices were used: Mid-ventricular slice was stated in paragraph 2 of the Methods.  

 

3) Intro/Methods Limited response of normalized upslope analysis:  

a) Reviewer #2 rightly cautions and we agree that the normalized upslope method presented in our 

paper is not a substitute for absolute myocardial blood flow (MBF) reported in ml/min/g. The 

manuscript is written so that the reader should not equate MPI with absolute MBF. The findings of 

Christian, et al., are valid in comparing semi-quantitative (i.e. upslope) and quantitative (absolute 

MBF) techniques. Although there is much promise, no current consensus within the CMR community 

has been achieved regarding the optimal acquisition and analysis methods to derive absolute MBF. 

Accordingly, our goal was to demonstrate that a transmural perfusion gradient and blunted perfusion 

reserve exists in NIDCM and that the upslope method is reproducible when performed twice in the 
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same patient.  

b) We acknowledge the complexities of contrast kinetics, the multicompartmental distribution of 

gadolinium, and the saturation effect of contrast doses. The contrast dose we selected for our study is 

consistent with other studies previously published. Reviewer #2 correctly warns of potential saturation 

effects of the LV signal intensity-time curve (Figure 1) which would result in a plateau or “clipping” of 

the peak of the curve which could adversely affect the upslope calculation of the curve. Figure 1 

demonstrates a rounded peak and the fidelity of upslope analysis of this curve is reliably assured. As 

requested by Reviewer #2, we have added comments about upslope analysis vs absolute MBF in the 

Limitations section.  

 

4) Methods/CMR Tools software vs. gold-standard: We are unaware whether the CMR Tools software 

product has been compared directly with PET or microsphere data. However, the concept of upslope 

analysis implemented by CMR Tools is similar to Christian, et al., who showed a positive (although 

not identical) correlation with MBF by microsphere [10]. Additionally, CMR Tools has been 

successfully used by Panting, et al., to study indices of endocardial hypoperfusion in patients with 

Syndrome X [11].  

 

5) Limitations/please discuss limitations of MPI: We have expanded the Limitations section according 

the suggestion of the Reviewer (see also 3b above).  

 

6) Total number of patients: As stated in the Method section, of the 12 patients enrolled in the NIDCM 

study, 6 patients underwent 2 identical adenosine stress CMR studies under the same treatment 

conditions to verify the reproducibility of the MRI measurements. We mentioned our total cohort of 12 

patients as useful background for the reader of which half underwent reproducibility analysis.  

 

7) Withholding decaffeinated beverages: We agree with the Reviewer‟s approbation.  

 

8) Injection protocol: We regret a typographical error in our preparation of the manuscript. The 

contrast injection rate was 5 mL/s. This has been corrected.  

 

9) Antecubital vein: We agree with Reviewer #2 that the right antecubital vein is the preferred injection 

location. The injection location has been have been added to the Methods. Despite 3 of 12 antecubital 

vein injections from the left, the correlation is so strong that the injection site did not result in a 

statistical difference.  

 

10) Saline flush: A 15 mL saline bolus “chase” or flush followed the contrast injection at 5 mL/s.  

 

11) A 5-minute delay time between stress and rest scans: We acknowledge the reviewer‟s opinion 

that while this may affect the qualitative visual assessment of myocardial perfusion, we still found a 

significant difference in a quantitative myocardial perfusion index which describes the kinetics of 

contrast behavior, namely the slope of the contrast delivery curve. By selecting 5 min, we hoped to 

minimize the potential criticism that a longer time interval between contrast injections would adversely 

affect and reduce the accuracy of delayed enhancement imaging for myocardial fibrosis.  

 

12) Normalization filter: We agree with the Reviewer here. The normalization is performed prescan.  

 

13) Trigger delay: As stated in the Methods, we attempted to add a trigger delay “where possible” to 

shift imaging into as much of diastole as possible. We agree with Reviewer #2 that a higher heart rate 

during the adenosine infusion will shorten the R-R interval sufficiently that some images may be 

acquired in systole. However, we feel we are not misleading the reader by acknowledging we added a 

delay “where possible.”  
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14) Anterior segment analysis: Discussed in Item 2 under Reviewer #1.  

 

15) RPP (rate-pressure product) normalization: We do not correct MPI for RPP nor is an RPP 

correction mentioned in the Method section. No additional “noise” was added into the calculations as 

Reviewer #2 rightly cautions. However, the inclusion of RPP in Table 1 is appropriate as many 

readers use this value to gauge a hemodynamic response to adenosine.  

 

16) Statistics: Discussed in Item 2 under Reviewer #1. We have reviewed our calculations of the p-

values and they are correct.  

 

17) Limitations/Remove line page 12, 20-23: Reviewer #2 felt that our comparison of MPI 

reproducibility with other MRI-derived parameters (such as LV volume and mass) detracts from our 

discussion as we address the limitation of the cohort size. However, our reasoning for keeping this is 

that a variety of MRI measurements are reproducible even in small numbers of patients as shown by 

Grothuses, et al., and this reproducibility also extends to MPI and MPRI measurements as we have 

shown. It is noteworthy that MRI is a highly reproducible noninvasive imaging modality and its ability 

to detect statistically significant changes in LV structure or performance can be seen even when 

studying smaller numbers of patients. We believe this comparison strengthens the validity of the 

reproducibility findings we report in a relatively small cohort. More observations may not be necessary 

to prove reproducibility given the strength of the statistical analysis.  

 

18) Plot the line of identity in figures: We agree with Reviewer #2 that showing the line of identity is 

useful. When we examined adding the line of identity to the figures, it resulted in an almost 

superimposable line with the regression analysis. We hope the editors agree that readers are more 

keen to see the regression analysis, and thus, we leave the figures unaltered to avoid cluttering the 

figures.  

 

19) Add Christian, et al., to Limitations: We agree with Reviewer #2 that a discussion of the work by 

Christian, et al., is relevant and has been added to the Limitations section. They studied several MRI-

derived parameters of myocardial perfusion (including MPI) vs. absolute MBF using microspheres in 

dogs. Although MPI did not fall on the line of identity with absolute MBF, a linear relationship was 

nevertheless demonstrated between MPI and MBF such that a decline in MBF resulted in a lower 

MPI.  

 

20) Limitations/anterior segment: Discussed in Item 2, Reviewer #1.  

 

Typographical errors were fixed. Additions to the original text appear in red typeface in the revised 

manuscript.  

 

We are appreciative of the reveiwers‟ critiques and believe they have strengthened our manuscript. 

We have addressed their concerns in this letter and/or by revising the manuscript where indicated. I 

am pleased to submit this revision to our manuscript. We are enthusiastic about our results and trust 

that our manuscript revision will be acceptable for publication in BMJ Open. 

VERSION 2 – REVIEW 

REVIEWER Peter Gatehouse 
Brompton Hospital  
London  
England 

REVIEW RETURNED 14-Nov-2014 

 

GENERAL COMMENTS I thank the authors for listening to the review comments, and I 
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apologise if I am being over-fussy, and also that I asked for some 
details which were already in the original text.  
I fully recognise that a reviewer should not add new comments on 
2nd review, and I am certainly not asking for more revisions at this 
point. However, since it‟s open review:  
On first review, I should have asked if the authors have any idea 
why the CoV2 is so good in this work compared to previous 
publications. Likely it is down to the use of anterior-only data (as the 
authors have explained), which is fine in global-myocardial diseases 
I guess. However, I should have asked the authors to clarify more 
about the ROIs for perfusion – for example, whether ROI drawing 
was randomised/repeated by 2nd observers(seems not), or on the 
repeat study was performed blinded and randomised from the first 
study. Even if all of this was not done, the CoV2 is interestingly 
good, I mean given concerns about true physiological MBF 
variability beginning from old PET work (Camici and others).  
The MPRI values are low as explained by ref 23 and the authors 
have added this point in Limitations, thank you.  
I have only 2 specific comments remaining as I think all my other 
points were completely answered. I use the comment numbers from 
Reviewer #2‟s first review.  
3)b) I am sorry but I believe that there is a little confusion here. 
Under open review just leave it on record for readers to decide. The 
term “AIF clipping” used in the field is confusing and does not help. 
The impact of the distortion caused by short T1 leading to full-
recovery of the image response to GBCA is not a sharp “clip” of the 
top of the AIF (which occurred in older systems for totally other 
reasons of pixel scaling over top limits). It is a gradual effect, leaving 
a rounded summit exactly as seen on Figure 1. While I cannot prove 
it, the give-away is the ratio of the peak of the AIF to the level at the 
end of the plot on the right. Compare that ratio to the ratio in work 
using a correctly-sampled AIF (e.g. a dual-bolus AIF). It is 
impossible to know how much this mattered for upslope analysis 
since an unknown fraction of the upslope in AIF is not there (and this 
fraction is highly patient-dependent – so it is possible that this was 
partially replicated between the two studies!.....etc)  
3)b) I apologise that I did not notice this in first review, but page 31 
line 14-18 could be misread as implying that a correct AIF is not 
required for norm-upslope analysis, based on the Elkington 
reference. “dual bolus necessary for Fermi deconvolution” - it 
potentially impacts norm-upslope. I can‟t see that statement in 
Elkington 2005, although it might be unclear. However, readers 
should note, if performing analysis involving any aspect of the AIF 
please consider AIF distortion could be relevant.  
I have scored “accept” and am not asking for revisions. I thank the 
authors for their clear responses and taking the time to answer. 

 

 

VERSION 2 – AUTHOR RESPONSE 

1. Region of interest (ROI) methodology: The endocardial and epicardial ROIs were semi-

automatically drawn with manual editing (to exclude contamination by blood pool or epicardial fat) by 

one of the authors (DWA) using the analysis software (CMRTools, London, UK). The accuracy of the 

ROI was verified in a blinded fashion on randomly presented studies by a second author (MAL) with 

only a few minor edits required. No reference was made to the Study 1 ROI when processing Study 2. 

While this work is disclosed in the Contributorship Statement, we have revised the Methods to clarify 

this workflow. The ROI drawing was not repeated on the same study by the same or a second 
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investigator, and we have no data to present on interobserver and intraobserver ROI variability since 

this was not the aim of our investigation.  

2. CoV performance: Our research probes a mechanistic hypothesis that patients with NIDCM have 

relative endocardial hypoperfusion and a blunted vasodilator response which contributes to “energy 

starvation” in heart failure. We agree with the reviewer that there exists “true physiologic myocardial 

blood flow (MBF)" variability, but to the extent that coronary autoregulation is relatively conserved 

under resting conditions and that maximal coronary vasodilation can be achieved with adenosine, 

CoV may be expected to be low since individual patients are compared to themselves and no 

significant hemodynamic differences were found between Study 1 and 2 (Table 1). Further, CoV may 

be lower than reported in previous studies since only the anterior segment (with the fewest artifacts) 

was used in the analysis, as the reviewer also points out.  

3. Arterial Input Function (AIF) distortion: When performing first-pass imaging of contrast transit, 

“tracer” kinetics are dependent on the AIF. The ideal AIF maintains a broad 1:1 relationship mirroring 

tracer behavior with MBF and avoids non-linear behavior where a blunted or “saturated” signal could 

be observed, especially when using larger volume contrast injections. This behavior along with patient 

dependent factors affects the AIF (conceptually, the LV blood pool curve) and may result in a 

“rounded summit” as the reviewer describes in Figure 1. The reviewer is also concerned that the ratio 

of peak signal intensity to equilibrium signal intensity (at the end of the curve) is small; however, it is 

also possible that lower ejection fraction and retained “tracer” may also contribute to the appearance 

of Figure 1. As the reviewer indicates when calculating slope, an identical experimental design for 

Study 1 and 2 may replicate a fractional error resulting from a rounded peak, but does so in the same 

proportion in the same patient under the nearly identical hemodynamic conditions present in both 

Study 1 and 2. Nevertheless, our experimental design to calculate MPI is similar to Christian, et al. 

who found a linear relationship was maintained between the upslope technique and MBF, although 

not as perfectly as the Fermi deconvolution technique.  

4. Confusing language Page 31, Lines 14-18: We agree with the reviewer that the wording may be 

confusing and have revised the sentence to prevent the reader from concluding that an accurate AIF 

is not necessary in first-pass techniques. Rather, the wording should convey to the reader that the 

Fermi deconvolution technique to calculate absolute MBF is performed using a dual-bolus contrast 

injection (subject to its own challenges and complexities) as compared to the single-bolus normalized 

upslope technique we selected to use in our study.  

 

On this manuscript copy we submit to you today, changes submitted with the first revision remain 

highlighted in red and changes on the current revision are highlighted in purple. In proof reading our 

manuscript, we discovered one typographical error (an orphaned “the”) which has been removed. 
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