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RESULTS & CONCLUSIONS Generally the idea to improve CBF in cerebrovascular disease 
seems attractive and merits consideration, and the more if such 
therapeutic approach could be made operational on a 7x 24 h basis.  
P4 lines 26-27 This is too much of a speculation on the role of low 
and high pressure receptor afferent traffic on modulation. Also such 
a contribution cannot be demonstrated easily in humans anyway, 
where electively addressing the low pressure receptor area remains 
futile.  
P4 l 51-52 Is the increase in coronary perfusion through an increase 
in arterial pressure or in myocardial blood flow?  
p4 l 53 You do not mention the associated and from the point of view 
for the present study proposal also relevant non-homogeneous 
changes in PET regional CBF as reported in that paper.  
p 5 l 3 Why not also as orthodromic neural traffic?  
p5 l 6 This claim is not really supported by the paper made reference 
to. The limited message in that paper was that TENS may have a 
mild effect on reflexes which involve the autonomic nervous system, 
and even these data appeared not particularly convincing. The other 
paper does neither support the claim. The claimed increase in 
perfusion if any was not really substantiated considering a non-
significant change in a weak indirect PET parameter of coronary 
vascular resistance. The imaging techniques of today have improved 
a lot since that older low impact publication. When considering the 
sympathetic contribution to this subtile change in coronary perfusion, 
TENS actually reduced the rate pressure product which is the 
opposite of what is expected from sympathetic activation. TENS may 
have a mild effect on reflexes which involve the autonomic nervous 
system.  
p 5 l 13 First hypothesis: It should be realised that there is no 
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convincing evidence that TENS or SCS is able to effectively 
modulate CBF in a desired fashion. Vice versa it may justify to study 
it.  
Second hypothesis: This is rather vague and not quite new, taking 
into account that affected cerebrovascular autoregulation in stroke 
has been documented in numerous publications. So please refine 
this item at the background of what is known.  
P 5 l 19 Consider proof of concept. This requires documentation, 
preferably in healthy subjects, that TENS does or does not augment 
CBF in one hemisphere in the presence of intact CA. Second, what 
if cerebral vasodilatation is accompanied by a steal phenomenon 
going by unnoticed which could endanger penumbrial neuronal 
survival?  
P 6 l 27 Rasmussen et al demonstrated that NIRS measures a 
balance of arterial and jugular venous oxygenation (J.Cereb.Blood 
Flow Metab. 2007). Has it moved to the venous side since? In the 
Table it is even called SvO2, without firm evidence. If you think so 
please provide appropriate references that support your idea.  
P6 l 60 With vasospasm measurement of blood flow velocity is 
regularly not possible making bilateral dynamic CA comparison 
rather elusive. This is by no means a flaw in the design of the study 
but just a monitoring issue in these ill patients.  
P7 l 6 Explain how FFT would improve the V signal.  
P7 l 14 You provide no references for these proposed normal 
values. Values range between and within laboratories, and overlap 
between control subjects and patients is regularly seen, specifically 
in older subjects. Applying such rigid cut off seems not meaningful 
given the purposes of this study  
P 7 l 18 For beat-by-beat data at heart rate below 120 beats/min this 
high (re-)sampling frequency seems superfluous.  
P 7 l 24 The authors limit their TFA analysis on the LF range; by 
implication this means the authors consider LF to more accurately 
reflect dynamic CA. We cannot be certain whether these kind of 
assertions are to be made as it would require knowledge on what 
constitutes dynamic CA. The VLF range has been suggested to 
include confounding and ill-defined information but it could be 
defended that this is something to be found out, not imposed upon. 
So consider to provide data for all ranges knowing that the 
underlying physiology is not crystal clear where this information may 
be of interest to those in the field.  

 

REVIEWER J. Andrew Taylor, PhD  
Associate Professor 

REVIEW RETURNED 11-Apr-2011 

 

THE STUDY The authors propose to use 512 samples of 10 Hz data to estimate 
the cross-spectra and transfer function in the 0.06-0.12 Hz 
frequency range. This suggests that merely 50 seconds of data will 
be sued to estimate oscillations that are ~15 seconds. More than 
only three samples (i.e., ~45 seconds) are necessary to adequately 
derive an average amplitude of oscillation. At 10 Hz, to estimate 
0.06 Hz fluctuations, approximately 1700 samples should be used 
(i.e., roughly 3 minutes) and resulting spectra averaged. This last 
point is unclear. The authors suggest that 5 spectra will be 
averaged, but it is not clear whether they are overlapped or not. This 
has ramifications for interpretation of coherence and phase. (The 
authors do not suggest how phase will be interpreted if coherence is 
low. The error in the phase directly relates to coherence.)  
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In addition, the ARI index is an arbitrary curve that may not relate to 
actual autoregulatory function. 

 

VERSION 1 – AUTHOR RESPONSE 

Dear Editor,  

 

Thank you for the opportunity to respond to the reviewers’ comments. We would like to extend our 

gratitude to the reviewers for their extensive and interesting comments. In the following we will 

provide a point by point answer to all comments. Amendments have been made guided by the 

reviewers’ suggestions and this has lead to considerable improvement of the manuscript.  

 

Yours sincerely,  

 

M. ter Laan  

 

On behalf of all authors  

 

 

“Generally the idea to improve CBF in cerebrovascular disease seems attractive and merits 

consideration, and the more if such therapeutic approach could be made operational on a 7x 24 h 

basis.  

P4 lines 26-27 This is too much of a speculation on the role of low and high pressure receptor afferent 

traffic on modulation. Also such a contribution cannot be demonstrated easily in humans anyway, 

where electively addressing the low pressure receptor area remains futile.”  

 

>>>It is not our intention to speculate on afferent ANS effects via baroreflexes, the lines are merely 

meant to illustrate the several pathways along which ANS can influence CBF. Since the baroreflexes 

influence MAP and pulse via the sympathetic nervous system, this illustrates another (indirect) 

pathway of ANS influencing CBF. To clarify this we have amended the text.  

 

“P4 l 51-52 Is the increase in coronary perfusion through an increase in arterial pressure or in 

myocardial blood flow? “  

 

>>>We have clarified this in the text.  

 

“p4 l 53 You do not mention the associated and from the point of view for the present study proposal 

also relevant non-homogeneous changes in PET regional CBF as reported in that paper. “  

 

>>>We have not mentioned these, since we believe in this study the rCBF changes represent 

neuronal metabolic changes in the brain reflecting a changed perception (reduction) of angina. As 

stated by the authors: “The antianginal effect of spinal cord stimulation may therefore be the result of 

centrally mediated analgesic effects. An additional anti-ischaemic  

action due to centrally mediated changes in myocardial blood flow cannot be concluded from our 

findings, since no vegetative reactions were noticed.”  

 

“p 5 l 3 Why not also as orthodromic neural traffic?”  

 

>>>We did not mean to exclude this possibility and have amended the text.  

 

“p5 l 6 This claim is not really supported by the paper made reference to. The limited message in that 

paper was that TENS may have a mild effect on reflexes which involve the autonomic nervous 
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system, and even these data appeared not particularly convincing. The other paper does neither 

support the claim. The claimed increase in perfusion if any was not really substantiated considering a 

non-significant change in a weak indirect PET parameter of coronary vascular resistance. The 

imaging techniques of today have improved a lot since that older low impact publication. When 

considering the sympathetic contribution to this subtile change in coronary perfusion, TENS actually 

reduced the rate pressure product which is the opposite of what is expected from sympathetic 

activation. TENS may have a mild effect on reflexes which involve the autonomic nervous system.“  

 

>>>We have removed ref 41 from this statement and amended the text as suggested.  

 

“p 5 l 13 First hypothesis: It should be realised that there is no convincing evidence that TENS or SCS 

is able to effectively modulate CBF in a desired fashion. Vice versa it may justify to study it.  

Second hypothesis: This is rather vague and not quite new, taking into account that affected 

cerebrovascular autoregulation in stroke has been documented in numerous publications. So please 

refine this item at the background of what is known.”  

 

>>>Our hypothesis is not aimed at showing changed CA in stroke, but at showing that the effect of 

sympathetic modulation under these changed circumstances is more substantial. We have amended 

the text in order to clarify this.  

 

“P 5 l 19 Consider proof of concept. This requires documentation, preferably in healthy subjects, that 

TENS does or does not augment CBF in one hemisphere in the presence of intact CA. Second, what 

if cerebral vasodilatation is accompanied by a steal phenomenon going by unnoticed which could 

endanger penumbrial neuronal survival?”  

 

>>>In our previous study we did not find an effect of TENS on CBF in healthy subjects. We think the 

role of neurogenic regulation of CBF is too small in healthy subjects to show an effect of electrical 

stimulation (whether TENS or SCS). Therefore patients with vasospasm after SAH (especially when 

asymmetrical) are thought to be better candidates to show proof of concept. We have clarified this in 

the text.  

The second remark is an interesting concern. We think the vasoconstriction as seen by vasospasm in 

SAH might be the result of decreased chemical, metabolic and vasomotor autoregulation. This results 

in a relative increase in neurogenic control resulting in vasoconstriction as a result of sympathetic 

tone. If electrical stimulation can modulate this neurogenic effect we expect a reduction of 

vasoconstriction in the areas of reduced autoregulation towards a normal vascular diameter, while the 

areas with intact CA are not affected. This will result in a more homogeneous distribution of CBF.  

To our knowledge other methods of increasing CBF by electrical, chemical or surgical means do not 

report steal phenomena.  

 

“P 6 l 27 Rasmussen et al demonstrated that NIRS measures a balance of arterial and jugular venous 

oxygenation (J.Cereb.Blood Flow Metab. 2007). Has it moved to the venous side since? In the Table 

it is even called SvO2, without firm evidence. If you think so please provide appropriate references 

that support your idea.”  

 

>>>Thank you for bringing this to our attention. We mean to measure cerebral oxygenation, which 

should be referred to as ScO2.  

 

“P6 l 60 With vasospasm measurement of blood flow velocity is regularly not possible making bilateral 

dynamic CA comparison rather elusive. This is by no means a flaw in the design of the study but just 

a monitoring issue in these ill patients.”  

 

>>>We have a lot of experience with routine TCD measurements in patients with vasospasm after 
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SAH. While in some the measurements are difficult because of reduced consciousness or physical 

unrest, most of the time adequate blood flow velocities can be measured.  

 

“P7 l 6 Explain how FFT would improve the V signal.”  

 

>>>This applies to the comparison of serial measurements. Since phase differences are less 

dependent on absolute values, a frequency domain analysis using normalisation could make 

comparison of serial measurements more reliable. We have made changes to the text explaining this.  

 

“P7 l 14 You provide no references for these proposed normal values. Values range between and 

within laboratories, and overlap between control subjects and patients is regularly seen, specifically in 

older subjects. Applying such rigid cut off seems not meaningful given the purposes of this study”  

 

>>>We have rephrased this statement, providing references.  

 

“P 7 l 18 For beat-by-beat data at heart rate below 120 beats/min this high (re-)sampling frequency 

seems superfluous.”  

 

>>>We agree; on the other hand this provides smoother signals. Comparing signals of several 

subjects at different sampling rates produced no differences in results.  

 

“P 7 l 24 The authors limit their TFA analysis on the LF range; by implication this means the authors 

consider LF to more accurately reflect dynamic CA. We cannot be certain whether these kind of 

assertions are to be made as it would require knowledge on what constitutes dynamic CA. The VLF 

range has been suggested to include confounding and ill-defined information but it could be defended 

that this is something to be found out, not imposed upon. So consider to provide data for all ranges 

knowing that the underlying physiology is not crystal clear where this information may be of interest to 

those in the field.”  

 

>>>We agree with the point made and we will report on other frequencies as well. To compensate for 

our lack of knowledge of which frequency reflects dynamic CA best, the AR index is used, taking into 

account all relevant frequency domains.  

The text is accordingly amended.  

 

Reviewer: J. Andrew Taylor, PhD  

Associate Professor  

Spalding Rehabilitation Hospital, Cardiovascular Research Laboratory  

 

“The authors propose to use 512 samples of 10 Hz data to estimate the cross-spectra and transfer 

function in the 0.06-0.12 Hz frequency range. This suggests that merely 50 seconds of data will be 

sued to estimate oscillations that are ~15 seconds. More than only three samples (i.e., ~45 seconds) 

are necessary to adequately derive an average amplitude of oscillation. At 10 Hz, to estimate 0.06 Hz 

fluctuations, approximately 1700 samples should be used (i.e., roughly 3 minutes) and resulting 

spectra averaged. This last point is unclear. The authors suggest that 5 spectra will be averaged, but 

it is not clear whether they are overlapped or not. This has ramifications for interpretation of 

coherence and phase. (The authors do not suggest how phase will be interpreted if coherence is low. 

The error in the phase directly relates to coherence.)  

In addition, the ARI index is an arbitrary curve that may not relate to actual autoregulatory function.”  

 

>>>The epoch length of 51,2 sec results in a frequency resolution of 0,019 Hz, which is considered 

adequate by most researchers in the field. (Grommer et al., Med Biol Eng Comput, 2010, Panerai et 

al., Am J Physiol Circ Physiol 1999, Panerai et al. Clin Auton Res 2009)  
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We use the Welch method of spectral estimation, i.e. 50% overlap of segments, which are windowed 

with a Hanning window. Therefore, spectral averages were calculated over at least 9 segments of 

data in all measurements. This is sufficient to estimate transfer function i.e. gain and phase 

parameters.  

When coherence is <0.5, a phase difference cannot be determined reliably.  

The text was changed accordingly.  

VERSION 2 - REVIEW 

REVIEWER Johannes J. van Lieshout, MD, PhD  
Director, Special Medical Care, Dpt. Internal Medicine &  
Laboratory for Clinical Cardiovascular Physiology, Center for Heart 
Failure Research,  
University of Amsterdam, Netherlands 

REVIEW RETURNED 28-May-2011 

 

GENERAL COMMENTS Think it is a nice study approach; second hypothesis on the relative 
increase in neurogenic regulation of CBF .... in certain CV diseases 
is a bit vague but this is an investigational protocol, not a 
manuscript. And yes, think the study remains in need for control 
subjects.  
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