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SUMMARY:  41 
Lower limb amputation may occur even after angioplasty of obstructed vessels in Critical Limb 42 
Ischemia (CLI). Mononuclear Progenitor Cells (MPCs) reflect vascular repair. The present protocol 43 
describes the quantification of MPCs from circulation close to angioplasty, and its relationship 44 
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with endothelial dysfunction and prediction of lower limb amputation. 45 
 46 
ABSTRACT:  47 
Critical limb ischemia (CLI) represents an advanced stage of the peripheral arterial disease. 48 
Angioplasty improves the blood flow to the lower limb; however, some patients irreversibly 49 
progress to limb amputation. The extent of vascular damage and the mechanisms of vascular 50 
repair are factors affecting post-angioplasty outcome. Mononuclear Progenitor Cells (MPCs) are 51 
reactive to vascular damage and repair, with the ability to reflect vascular diseases. The present 52 
protocol describes quantification of MPCs obtained from blood circulation from vessel close to 53 
the angioplasty site, as well as its relationship with endothelial dysfunction and its predictive 54 
ability for limb amputation in the next 30 days after angioplasty in patients with CLI. 55 
 56 
INTRODUCTION: 57 
Peripheral Arterial Disease (PAD) is characterized by a chronic and progressive vascular 58 
obstruction with limitation of blood supply1. At a global scale, PAD of the lower limbs affects 59 
around 10% of the elderly population, while up to 7% of such cases are submitted to limb 60 
amputation2,3. 61 
 62 
Critical Limb Ischemia (CLI) represents the most serious presentation of PAD1. Patients usually 63 
experience pain at rest, ulcers, or gangrene attributable to occluded arteries; while clinical 64 
prognosis is unfavorable and marked by a 30% risk of limb amputation and mortality during 1 65 
year3-5. 66 
  67 
Angioplasty is a minimally invasive endovascular procedure that can restore blood flow to the 68 
lower limb in patients with CLI; however, some patients will inevitably require major limb 69 
amputation, even after angioplasty therapy1,5. Early identification of unfavorable outcomes after 70 
angioplasty is quite valuable, due to the possibility of therapy enforcement.  71 
 72 
Traditional risk factors may provide a limited predictive ability for major limb amputation in 73 
patients with CLI undergoing angioplasty6. Pathophysiology-oriented biomarkers represent novel 74 
methods with potential clinical applications, which may result specifically useful in diseases 75 
related to vascular injury7. Nowadays, the participation of cellular populations owning 76 
endothelial repair properties, at the site of the atherosclerotic plaque, has been increasingly 77 
recognized8,9.  78 
 79 
Mononuclear Progenitor Cells (MPCs) are derived from the bone marrow and own structural and 80 
functional characteristics of stem cells with vascular regenerative abilities. Due to MPC’s ability 81 
to proliferate, migrate and show vascular adherence; these cells have become good candidates 82 
to reflect endothelial repair in response to ischemia10-12. In addition, continuous interest in 83 
mechanisms underlying vascular injury has motivated exploring the prognostic role of local 84 
occurring biomarkers, since they are considered to reflect vascular damage and repair7,13,14. 85 
 86 
The purpose of the present study is to describe how to determine the amount of MPCs that 87 
circulate close to the vascular obstruction in patients with CLI undergoing angioplasty; and how 88 



   

to evaluate the relation between MPCs with indicators of endothelial dysfunction and limb 89 
amputation. 90 
 91 
Compared to the prognosis based on comorbidities and intrinsic vascular features, the amount 92 
of local MPCs show specific ability to predict clinical outcome regarding endothelial dysfunction 93 
and limb amputation. Consistently, some studies have described the prognostic role of similar 94 
biomarkers during the evaluation of patients with PAD15,16.   95 
 96 
Based on previous results7, the method described here may be useful for an early identification 97 
of population at risk of adverse vascular outcomes in several clinical settings, such as lower limb 98 
and coronary ischemia, stroke, vasculitis, venous thrombosis and others involving vascular injury 99 
and repair. 100 
 101 
PROTOCOL:  102 
The institutional research ethics committee from Centro Médico Nacional “20 de Noviembre” 103 
ISSSTE approved this prospective protocol, all enrolled patients provided written informed 104 
consent.  105 
 106 
1.  Evaluation of vascular block of lower limb, blood sampling and balloon angioplasty  107 
 108 
NOTE: The study sample used for this experiment comprised of 20 diabetic patients, aged 68 109 
years old and 10 out of 20 were males. Half of the sample were smokers and most prevalent co-110 
morbidities were type 2 diabetes mellitus, systemic arterial hypertension and/or dyslipidemia. 111 
The sample was intended to be standardized for age-, sex- and co-morbidities. Possible bias due 112 
to clinical-demographic influence on the relation between MPCs and CLI could not be ruled out.  113 
 114 
1.1. Evaluate clinical severity of limb ischemia according to the Rutherford classification13 (see 115 
Supplementary Table 1). 116 
 117 
1.2. Perform lower limb angiography, blood sampling and balloon angioplasty. 118 
 119 
1.2.1. Use anticoagulant and anesthetic drugs before surgery. 120 
 121 
1.2.2. Place an 18 G needle into the blood vessel at the groin site selected.  122 
 123 
1.2.3. Place an introducer and advance a flexible guide wire. Then, the initial guide is further 124 
changed for a 6 Fr introducer. 125 
 126 
1.2.4. Use periodic injection of contrast media or CO2 under fluoroscopic guide to identify artery 127 
trajectory and vascular blocked sites (Figure 1). 128 
 129 
NOTE: Use contrast media 40 cc, diluted 1:1 in 0.9% saline, or CO2 at 10 to 20 mL per shot at a 130 
pressure of 12 psi.   131 
 132 



   

1.2.5. Introduce two 0.014 Fr navigation guide wires and two 0.014 Fr support guide wires into 133 
the vessel and advance them up to the blocked site.  134 
 135 
NOTE: Two 0.014 Fr guide wires (260 cm long) are used for navigation and two 0.014 Fr guide 136 
wires (260 cm long) are used for support, during a single procedure. 137 
 138 
1.2.6. Introduce 5 Fr and 3 Fr catheters sequentially and collect 10 mL of blood from the closest 139 
site to the vascular obstruction. Maintain blood samples on ice. 140 
 141 
NOTE: Catheters sizes may be 5 Fr and 3 Fr, and they are changed during the procedure.  142 
  143 
1.2.7. Advance a guide wire again. Then, introduce an angioplasty balloon catheter, which 144 
contains an inflatable balloon located at the end of the catheter. Advance the angioplasty balloon 145 
catheter and place the balloon right at the site of lesion. Perform the angioplasty by inflating the 146 
balloon against the blocking plaque located at the vascular wall. Verify blood flow restoration. 147 
  148 
NOTE: A stent may be placed in the blocked area to help keep the artery open after the 149 
procedure. 150 
 151 
1.2.8. Introduce a catheter and advance up to the closest site to the vascular block. Collect 10 mL 152 
of blood at 30 min time interval after angioplasty. Maintain blood samples on ice. 153 
 154 
NOTE. Collection of blood samples before and after the angioplasty is recommended to further 155 
evaluate the influence of the angioplasty on the number of MPCs. 156 
 157 
1.2.9. Remove all the wires under fluoroscopic guidance. 158 
 159 
1.2.10. Provide post-operative care procedures, including anti-coagulation therapy using 160 
enoxaparin at 1 mg/kg subcutaneous every 12 h, aspirin 100 mg, statin, and analgesia. Compress 161 
at the site of vascular puncture during 24 h.  162 
 163 
2. Quantification of circulating mononuclear progenitor cells (MPCs) (Figure 2) 164 
 165 
2.1. To a fresh 15 mL conical tube, transfer 6 mL of the collected blood and dilute 1:1 (v/v) with 166 
PBS. 167 
 168 
NOTE: Process the blood within 1 h from collection.  169 
 170 
2.2. Prepare for density gradient separation, by adding 2 mL of the density gradient medium to 3 171 
test tubes each. Then, add 3 equal volume aliquots of the diluted blood into each test tube. 172 
 173 
NOTE: Do not exceed three-fourths of the test tube maximal capacity.  174 
 175 
2.3. Centrifuge at 1,800 x g for 30 min at 4 °C. Collect the interface layer present as a ring using a 176 



   

pipette, and transfer into a new tube. Add 2 mL of PBS and spin at 1,800 x g for 6 min at 4 °C. 177 
Save the pellet as this will contain MPCs. 178 
 179 
2.4. Wash the pellet containing MPCs with PBS by centrifugation as described in step 2.3. Use 180 
fresh PBS for each wash and spin at 1,800 x g for 2 min at 4 °C. Repeat the process for 6 times.  181 
 182 
2.5. After the last wash, use 1 mL of PBS to resuspend the cell pellet. Dilute 20 µL of the cell 183 
suspension with 20 µL of 0.4% trypan blue, 1:1 (v/v). Use 10 µL of this cell suspension for cell 184 
counting using hemocytometer and a light microscope.  185 
 186 
2.6. Aliquot 1 x 106 MPCs in previously labeled 5 mL flow cytometry tubes.  187 
 188 
NOTE: Prepare corresponding isotype-matched control antibodies.  189 
 190 
2.7. Centrifuge the tubes at 1,800 x g for 6 min at 4 °C. Aspirate and discard the supernatant. 191 
 192 
2.8. Dilute primary antibody in 100 µL of antibody incubation solution [1x PBS, pH 7.4, EDTA 2 193 
mM, BSA 0.05%] and add to the tube. Resuspend for 10 s and incubate for 20 min at 4 °C, in the 194 
dark.   195 
 196 
NOTE: Final concentrations of primary antibodies used in the present protocol were CD45 1:50, 197 
CD34 1:20, KDR 1:50, CD184 1:20, CD133 1:50. Protocol may be stopped at this step by fixing 198 
lymphocytes in 4% paraformaldehyde in PBS and storing samples up to 24 h at 4 °C. 199 
 200 
2.9. Centrifuge at 1,800 x g for 2 min at 4 °C and discard the supernatant. Resuspend in 500 µL of 201 
1x PBS, pH 7.4, EDTA 2 mM. 202 
 203 
2.10. Perform flow cytometry analysis.  204 
 205 
2.10.1. Set up the background with isotype-matched control antibodies. Then, at the FSC/SSC 206 
plot select lymphocytes spread, trying to exclude cellular debris, residual granulocytes, and other 207 
particles. Such distribution is considered as 100%. 208 
 209 
NOTE: Lymphocytes usually spread in the lower-left region of the plot.  210 
 211 
2.10.2. Use a gate with common immunophenotype containing high number of cells CD45+ and 212 
CD34+. Then, select for double positive immunophenotypes using gate which previously 213 
identified CD45+, CD34+, and adding either KDR (VEGFR-2)+, CD133+ or CD184+. Identify MPCs 214 
subpopulations by their specific cell surface markers. Report as the percentage of gated events.  215 
 216 
2.11. Identify main subpopulations of MPCs. In the present study the immunophenotypes 217 
analyzed were CD45+CD34+CD133+; CD45+CD34+CD184+; CD45+CD34+CD133+CD184+; 218 
CD45+CD34+KDR+; CD45+CD34+KDR+CD133+ and CD45+CD34+KDR+CD1847,17.  219 
 220 



   

NOTE: These cell surface markers were used for the study: CD45 (lymphocytes), CD34 221 
(endothelial and/or vascular cells), KDR (VEGFR-2) (membrane marker of endothelial cells), 222 
CD133 (endothelial progenitor cells) and CD184 (hematopoietic stem cells and endothelial cells). 223 
 224 
3.     Relation of MPCs with modification of endothelial function and hemodynamic test (FMD) 225 
 226 
3.1. Determine flow-mediated dilation (FMD), pre- and post-angioplasty. 227 
 228 
3.1.1. Use a vascular linear transducer to measure the diameter of the brachial artery.  229 
 230 
3.1.2. Place the cuff of the sphygmomanometer above the measurement site in the forearm and 231 
insufflate at 50 mmHg above the systolic blood pressure for 5 min and deflate. 232 
 233 
3.2.3. Determine again the diameter of the brachial artery within the next 60 s. Use the equation 234 
below to estimate FMD.  235 
 236 
NOTE: Calculate the degree of dilatation using the equation (%) = (maximum diameter after 237 
transient ischemia - basal diameter) × 100 / basal diameter. 238 
 239 
3.2. Correlate the number of MPCs with the baseline FMD value and post-angioplasty delta of 240 
FMD. 241 
 242 
4.    Prognostic ability of MPCs for limb amputation  243 
 244 
4.1. Schedule periodic medical appointments after balloon angioplasty and patient discharge, to 245 
evaluate the quality of blood flow to the lower limb.  246 
 247 
4.2. Evaluate clinical severity of limb ischemia at 2 weeks after angioplasty. Evaluate resolving 248 
rest pain, lower ischemia, and preservation of a functional foot, according to the Rutherford 249 
classification13. 250 
 251 
4.3. Compare clinical severity of limb ischemia, at baseline versus follow up. Identify those cases 252 
requiring major amputation due to unfavorable outcome. 253 
 254 
4.4. Correlate the number of MPCs with the proportion of patients requiring major amputation 255 
of the lower limb. 256 
 257 
REPRESENTATIVE RESULTS:  258 
Blood samples from blocked arteries, at the site addressed for angioplasty, were collected from 259 
20 diabetic patients, aged 68 years old and 10 out of 20 were males. Half of sample population 260 
were smokers. Vascular lesions were mainly scored as Rutherford class VI; whereas patients 261 
showed a higher prevalence of type 2 Diabetes Mellitus (100%), hypertension (70%) and 262 
dyslipidemia (55%).  263 
 264 



   

A 30 days clinical follow up after lower limb angioplasty was carried out. The percentage of MPC 265 
subpopulations at baseline or dynamics after angioplasty were correlated (Spearman analysis) 266 
with the degree of endothelial dysfunction, as evaluated by FMD; and the baseline number of 267 
MPCs were compared between patients undergoing, or not, limb amputation after angioplasty 268 
(U-Mann Whitney). The study showed that baseline MPCs subpopulation CD45+CD34+KDR+ 269 
negatively correlated with FMD (Figure 3A, left), whereas the change of MPCs 270 
CD45+CD34+CD133+CD184+ after angioplasty significantly correlated with FMD improvement 271 
(Figure 3B, right). Furthermore, increased baseline number of MPCs subpopulation 272 
CD45+CD34+KDR+ (Figure 4A,B, left) were observed in those patients who evolved to limb 273 
amputation; as well as post-angioplasty reduction of MPCs subpopulation 274 
CD45+CD34+CD133+CD184+ (Figure 4A,C, right). 275 
 276 
FIGURE LEGENDS: 277 
 278 
Figure 1: Lower limb angiography and blood collection. (A) Vascular trajectory evidenced by 279 
contrast media under fluoroscopy. (B) Vascular obstruction before angioplasty. (C) Vascular 280 
obstruction after angioplasty. (D) Vascular surgeon uses a catheter to collect blood from the 281 
closest location to the vascular obstruction and atheroma plaque, and Lab researcher is ready to 282 
obtain the blood sample. Arrows indicate the site of vascular obstructions. 283 
 284 
Figure 2: Blood sample preparation and mononuclear progenitor cells (MPCs) determination. 285 
(A) Density gradient preparation. (B) Lymphocytes ring separation after blood centrifugation. (C) 286 
Collection of the lymphocyte phase. (D) Centrifugation. (E) Pellet formation at the bottom of the 287 
test tube. (F) Cell suspension count. (G) Preparation of lymphocytes for flow cytometry. (H) 288 
Determination of cell subpopulations by flow cytometry. 289 
 290 
Figure 3: Relation of MPCs with hemodynamic indicators. (A) Position of the ultrasound to 291 
acquire FMD and representative results. (B) Relationship between baseline %MPCs 292 
subpopulations (left, CD45+CD34+KDR+; right, CD45+CD34+CD133+CD184+) and baseline FMD 293 
values; as well as the relation of (C) %MPCs after angioplasty with FMD improvement after 294 
angioplasty. Abbreviatures: MPCs, Mononuclear Progenitor Cells; FMD, Flow Mediated Dilation. 295 
 296 
Figure 4: MPCs and prognosis of lower limb amputation after angioplasty. (A) Representative 297 
flow cytometry images of MPCs subpopulations. (B) The association of baseline %MPCs 298 
subpopulations (left, CD45+CD34+KDR+; right, CD45+CD34+CD133+CD184+), or (C) %MPCs after 299 
angioplasty, with lower limb amputation after angioplasty, during a 30-days follow up. 300 
Abbreviatures: MPCs, Mononuclear Progenitor Cells. 301 
 302 
Supplementary File 1: Rutherford’s classification of severity of limb ischemia. 303 
 304 
DISCUSSION: 305 
Blood collection at the precise site of the vascular block may show technical difficulties; 306 
therefore, we performed blood collection in the proximity to vascular block. Likewise, the 307 
amount of MPCs close to the vascular plaque seems to be highly dynamic and may originate 308 



   

variations before and after angioplasty. According to our observations, it is recommended to 309 
evaluate baseline- and 30min-post-angioplasty changes in the number of MPCs, since they may 310 
reflect several pathophysiological processes occurring within vascular damage and repair. 311 
 312 
Blood sample processing for MPCs determination is recommended to be performed within the 313 
first 3 h; therefore, adequate organization plan, and even a previous simulation practice, may be 314 
established between angiology-vascular surgery team and lab researchers. MPCs isolation should 315 
be carefully performed, particularly deposing blood sample into density gradient and washes of 316 
the pellet containing MPCs. Our group use to transfer cells into cytometry tube, add primary 317 
antibodies, fix, and store cells overnight at 4 °C; due to time-administration convenience, and 318 
flow cytometry reading would be performed the day after.  319 
 320 
Regarding the role of circulating MPCs as a useful clinical biomarker of vascular damage and 321 
repair, important efforts have been reported to standardize immunophenotypes between 322 
progenitor cells17. A comprehensive characterization should include subpopulations of circulating 323 
progenitor cells participating in the different clinical scenarios within vascular diseases. Using the 324 
methods described here, we found that post-angioplasty reduction of MPCs subpopulation 325 
CD45+CD34+CD133+CD184+ is predictive for major amputation. This finding supports the notion 326 
that inflammatory response during vascular injury or angioplasty stimulate homing signals for 327 
MPCs, promoting local tissue repair18,19.  328 
 329 
Likewise, the observation is consistent with reported effect of reduced number of 330 
CD45+CD34+CD133+ and CD45+CD34+CD133+184+ subpopulations of MPCs as a predictor of 331 
adverse cardiovascular outcomes after coronary angioplasty7, which may be explained by the 332 
increased ability of less differentiated phenotypes of endothelial progenitors to adhere to 333 
extracellular matrix, to proliferate and to respond to vasculogenic stimulus 18. 334 
 335 
Furthermore, we observed that an increased number of CD45+CD34+KDR+ subpopulation of MPCs 336 
after angioplasty was related with limb amputation although they have been considered to 337 
contribute to vascular repair. This controversy may be explained due to: 1) variations in the study 338 
design, since other studies have compared the number of CD45+CD34+KDR+ MPCs between 339 
patients with CLI and healthy controls19; 2) variations in the methods for blood sampling, 340 
including the site and the time regarding the angioplasty; and 3) the type of artery blocked and 341 
vascularized. 342 
 343 
Prognostic characterization of novel biomarkers, based on mechanisms responsible for vascular 344 
repair in several diseases, has received significant attention in translational research. This is the 345 
first description of a method to explore the role of MPCs, locally determined at a site close to the 346 
vascular block, in the prognosis of limb amputation after angioplasty in cases with CLI. One 347 
limitation is the lack of MPCs determination at more time points after angioplasty. However, we 348 
believe that our findings enrich the field of vascular research by characterizing the translational 349 
role of MPCs during vascular damage, repair, and prognostic potential for major amputation in 350 
patients with CLI. Particularly, we consider that the method described here may be useful in the 351 
prediction of adverse vascular outcomes in clinical settings involving a vascular injury and repair 352 



   

mechanisms, such as lower limb and coronary ischemia, stroke, vasculitis, and/or venous 353 
thrombosis. 354 
 355 
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BSA Roche 10735086001
Bovine Serum Albumin (BSA) as a buffering 

agent, stabilizer, standard and for blending.

Calibration Beads Miltenyi Biotec / MACS #130-093-607

MACQuant calibration beads are supplied in 

aqueous solution containing 0.05% sodium 

azide. 3.5 ml for up to 100 tests

CD133/1 (AC133)-PE Milteny Biotec / MACS #130-080-801
Antibody conjugated to R-Phycoerythrin in 

PBS/EDTA buffer
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CD45- VioBlue Miltenyi Biotec / MACS #130-092-880 Monoclonal CD45 Antibody, human conjugated 

Conical Tubes Thermo SCIENTIFIC #339651 15ml conical centrifuge tubes

Cytometry Tubes FALCON  Corning Brand #352052
5 mL Polystyrene Round-Bottom Tube. 12x75 

style. Sterile.

EDTA BIO-RAD #161-0729
Heavy metals, (as Pb) <10ppm, Fe<0.01%, 

As<1ppm, Insolubles<0.005%

Improved Neubauer Without brand
Without catalog 

number

Hemocytometer for cell counting. (range 

0.1000mm, 0.0025mm2)

 K2 EDTA  Blood Collection Tubes BD Vacutainer #367863 Lilac plastic vacutainer tube (K2E) 10.8mg, 6 mL.

Lymphoprep Stemcell Technologies 01-63-12-002-A
Sterile and checked on the presence of 

endotoxins. Density: 1.077±0.001g/mL 

Paraformaldehyde SIGMA-ALDRICH #SZBF0920V Fixation of biological samples, (powder, 95%)

Pipette Transfer 1,3mL CRM Globe PF1016, PF1015
The transfer pipette is a tool that facilitates 

liquid transfer with greater accuracy.
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ANSWER TO REVIEWERS 

 

 
Editorial comment. 

The editor has formatted the manuscript to 
match the journal's style. Please retain. 
 
 

 
The authors appreciate the comment. 
The manuscript format was retained. 

 
Editorial comment.  

Employ professional copyediting services. 
 

 
The authors appreciate the comment. 
The manuscript was submitted to proofreading. 
 

 
Editorial comment. 

Please address all specific comments 
marked in the manuscript. 
 

 
The authors appreciate the comment. 
Title proposal is acceptable: “Predicting Amputation Using Local 
Circulating Mononuclear Progenitor Cells in Angioplasty-treated 
Patients with Critical Limb Ischemia”  
 

 
Editorial comment.  

The manuscript needs a thorough 
proofreading, please use professional 
copyediting services. 
 

 
The authors appreciate the comment. 
The manuscript was submitted to proofreading. 
 

 
Editorial comment.  

Please ensure that summary is no more 
than 50 word limit. Also please ensure that 
summary clearly states the goal of the 
protocol: “This protocol presents…” 
 

 
The authors appreciate the comment. 
The summary was modified to express clearer ideas and fit word 
number limit, as follows: “Lower limb amputation may occur even 
after angioplasty of obstructed vessels in Critical Limb Ischemia 
(CLI). Mononuclear Progenitor Cells (MPCs) reflect vascular 
repair. The present protocol describes the quantification of MPCs 
from circulation close to angioplasty, and its relation with 
endothelial dysfunction and prediction of lower limb amputation”. 
 

 
Editorial comment.  

Please ensure that the Abstract is within 
150-300-word limit and clearly states the 
goal of the protocol. 
 

 
The authors appreciate the comment. 
The abstract was modified to express clearer ideas (word number 
limit was correct), as follows: “…Mononuclear Progenitor Cells 
(MPCs) are reactive to vascular damage and repair, with ability to 
reflect vascular diseases. The present protocol describes 
quantification of MPCs obtained from blood circulation from vessel 
close to the angioplasty site, as well as its relation with endothelial 
dysfunction and its predictive ability for limb amputation in the next 
30 days after angioplasty in patients with CLI.” 
 

 
Editorial comment.  

Please revise the Introduction to include all 
of the following:  
 
a) A clear statement of the overall goal of 
this method 
 
 
 
 
 
 
 

 

The authors appreciate the comment. 
 
 
 
The introduction was modified to clearly express: 
 
a) the goal of this method: “The purpose of the present study is to 
describe how to determine the amount of MPCs circulating close 
to the vascular obstruction in patients with CLI undergoing 
angioplasty; and how to evaluate the prognostic relation between 
MPCs with indicators of endothelial dysfunction and limb 
amputation.” 
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b) The rationale behind the development 
and/or use of this technique 
 
 
 
 
 
c) The advantages over alternative 
techniques with applicable references to 
previous studies 
 
 
 
 
 
 
 
d) A description of the context of the 
technique in the wider body of literature 
 
 
 
 
e) Information to help readers to determine 
whether the method is appropriate for their 
application 
 

 
b) the underlying rationale: “Due to MPC’s ability to proliferate, 
migrate and vascular adherence; these cells have become good 
candidates to reflect endothelial repair in response to ischemia; 
while the local determination of MPC’s has been considered useful 
to reflect clinical outcome.”  
 

 
c) the advantages over alternative techniques: “Compared with the 
prognosis based on comorbidities and intrinsic vascular features, 
the amount of local MPCs show specific ability to predict clinical 
outcome regarding endothelial dysfunction and limb amputation. 
Consistently, some studies have described the prognostic role of 
similar biomarkers during the evaluation of patients with PAD”.   

 
 
d) the context of the technique: “In addition, continuous interest in 

mechanisms underlying vascular injury has motivated exploring 
the prognostic role of local occurring biomarkers, since they are 
considered to closer reflect vascular damage and repair”.  
 
 
e) information to help readers: “Based on previous results, the 
method described here may be useful for an early identification of 
population at risk of adverse vascular outcomes in several clinical 
settings, such as lower limb and coronary ischemia, stroke, 
vasculitis, venous thrombosis and others involving vascular injury 
and repair”. 

 

 
Accordingly, some references were added: 

 
Ding, N. et al. Fibrosis and Inflammatory Markers and Long-Term Risk of 
Peripheral Artery Disease: The ARIC Study. Arterioscler Thromb Vasc Biol. 
40(9), 2322-2331 (2020). 
 
Potier, L. et al. Plasma Copeptin and Risk of Lower-Extremity Amputation in 
Type 1 and Type 2 Diabetes. Diabetes Care. 40(12), 2290-2297 (2019). 
 
Kremastinos, D.T., Iliodromitis, E.K., Markianos, M., Apostolou, T.S., Kyriakides, 
Z.S., Karavolias, G.K. Intracoronary cyclic-GMP and cyclic-AMP during 
percutaneous transluminal coronary angioplasty. International Journal of 
Cardiology. 53(3), 227-232 (1996). 
 
Truong, Q.A., Januzzi, J.L., Szymonifka, J., Thai, W.E., Wai, B., Lavender, Z. 
Coronary sinus biomarker sampling compared to peripheral venous blood for 
predicting outcomes in patients with severe heart failure undergoing cardiac 
resynchronization therapy: the BIOCRT study. Heart Rhythm. 11(12), 2167-2175 
(2014). 
 
 
 

 
Specific comment: Please reword to bring 
out clarity. 

 
 

 

The authors appreciate the comment. 
The introduction was modified to: “…..; while clinical prognosis is 
unfavorable, and marked by a 30% risk of limb amputation and 
mortality during 1 year”.  
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Specific comment: Please include the 
name of the institute. 
 

 
The authors appreciate the comment. 
The following sentence in the section of PROTOCOL was 
modified to:“…committee of the Centro Médico Nacional “20 de 
Noviembre”, ISSSTE.” 
 

 
Specific comment: Any age or sex specific 
bias of the patient undergoing surgery? 
Please include details about the patient 
cohort. This is important to bring out the link 
between MPC and CLI as the relationship 
might differ in different category of patients.   
 

 

The authors appreciate the comment. 
The following note was added: “Our study sample was constituted 
by 20 diabetic patients, aged 68 years old and 10 out of 20 were 
males. Half of the sample were smokers and most prevalent co-
morbidities were type 2 diabetes mellitus, systemic arterial 
hypertension and/or dyslipidemia. The sample was intended to be 
standardized for age-, sex- and co-morbidities. Therefore, possible 
bias due to clinical-demographic influence on the relation between 

MPCs and CLI could not be ruled out”. 
 

 
Specific comment: Please include how 
each step is performed. 
 

 

The authors appreciate the comment. 
A detailed description of the steps was added. 

 
Specific comment:  
This (regarding Rutherford’s classification) 
can be moved to a table in .xlsx format and 
uploaded separately to your editorial 
manager account. 
 

 

The authors appreciate the comment. 
Rutherford’s Classification was described in an excel file, and it 
was included as additional material. 

 
Specific comments:  
 
 
 
 
Size of the needle? 
 
Diameter and length?  
 
Amount (contrast media) / concentration 
introduced (CO2)? 
 
 
Please label the individual panels as A, B, 
C, D. Please use an arrow to show the 
blocked site/s 
 
Is this wire same as 1.2.3? Size? 
 
 
 
Catheter size? 
 
 
 
How is this done (catheterism)? Impacting 
how? Please reword for clarity. 
 
 
 
 
 

 

The authors appreciate the comment. 

The information requested was provided, and included in the text. 

 

Gauge size was 18g 

The initial guide is further changed for a 6 Fr introducer.  

The amount of contrast media used is 40 cc, diluted 1:1 in 0.9% 

saline. CO2 is used at 10 to 20 mL per shot at a pressure of 12 

psi.   

Individual panels were labelled as A, B, C, D, and arrows were 
used to show blocked site/s. Figure legend was also modified. 

 

No. Two 0.014 Fr wires (260 cm long) are used for navigation and 

two 0.014 Fr wires (260 cm long) are used for support, during a 

single procedure. 

Catheters sizes are 5 Fr and 3 Fr, and they are changed during 

the procedure.   

The text was modified to increase clarity: “Advance a guide wire 

again. Then, introduce an angioplasty balloon catheter, which 

contains an inflatable balloon located at the end of the catheter. 

Advance the angioplasty balloon catheter and place the balloon 

right at the site of lesion. Perform the angioplasty by inflating the 

balloon against the blocking plaque located at the vascular wall. 

Verify blood flow restoration.” 



 
 
Do you store the blood on ice or room 
temp?  
 
 
 
Please include post-operative procedures. 
 
 
 
 
 
 
Please use micro symbol throughout. 
 
10 microliters 
 
 
 
Please include all the button clicks. 
 
 
 
Citation to show that these phenotype are 
actually associated with MPCs. 
 
Calculation steps cannot be filmed. 
 
 
How is this done (clinical endpoints)? 
 
 
 
 
 
 
 
 
 
So which means 10 out of 20 were males? 
Please bring out clarity. 
 
 

 

Yes. We maintain on ice blood samples. This specification was 

added. 

 

Provide post-operative care procedures, including anti-coagulation 

therapy using enoxaparin at 1mg/kg subcutaneous every 12 

hours; aspirin 100 mg, statin and analgesia. Compress at the site 

of vascular puncture during 24 hours.  

 

The text was modified as suggested. 

The text was modified as suggested 

 

The description of the spread of lymphocytes was added as a 

NOTE.  

 

References were added. 

Calculation were re-redacted as a NOTE. 

 

The text was modified to increase clarity: “Step 4.2. Evaluate 
clinical severity of limb ischemia at 2 weeks after angioplasty. 
Evaluate resolving rest pain, lower ischemia and preservation of a 
functional foot, according to the Rutherford classification 13. Step  
4.3. Compare clinical severity of limb ischemia, at baseline vs 
follow up. Identify those cases requiring major amputation 
because of unfavorable outcome.” 

 

The text was modified to increase clarity: “…were collected from 

20 patients, aged 68 years old and 10 out of 20 were males. Half 

of sample population were smokers”. 

 
Please upload high resolution figures. 
 

 
Figures were uploaded at higher resolution. 

 

Please ensure that the Discussion 

explicitly cover all of the following in detail 

in 3-6 paragraphs with citations: 

a) Critical steps within the 
protocol 
b) Any modifications and 
troubleshooting of the technique 
c) Any limitations of the technique 
d) The significance with respect 
to existing methods 
e) Any future applications of the 
technique 

 

 

The aspects recommended were covered. 



 
Editorial comment. 

Please ensure that the references appear 
as the following: [Lastname, F.I., 
LastName, F.I., LastName, F.I. Article 
Title. Source. Volume (Issue), FirstPage – 
LastPage, (YEAR).] For more than 6 
authors, list only the first author then et al. 
 

 

The authors appreciate the comment. 
The references were re-formatted as recommended. 

 
Editorial comment 4. 

Please include patient details as asked by 
the reviewer. 
 

 

The authors appreciate the comment. 
The following note was added: “Our study sample was constituted 
by 20 diabetic patients, aged 68 years old and 10 out of 20 were 
males. Half of the sample were smokers and most prevalent co-
morbidities were type 2 diabetes mellitus, systemic arterial 
hypertension and/or dyslipidemia. The sample was intended to be 
standardized for age-, sex- and co-morbidities. Therefore, possible 
bias due to clinical-demographic influence on the relation between 

MPCs and CLI could not be ruled out”. 
 

 
Editorial comment 5. 

Once done please ensure that the highlight 
is no more than 2.75 pages including 
headings and spacings. 
 

 

The authors appreciate the comment. 
The highlight text is no more than 2.75 pages including headings 
and spacings. 
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Category Characteristic Definition
0 asymptomatic Normal treadmill

1 mild claudication Ankle pressure (AP) after exercise >50 mmHg, but at least 20 mmHg lower than resting value

2 moderate claudication Between categories 1 and 3

3 severe claudication Cannot complete standard treadmill exercise and AP after exercise <50 mmHg

4 ischemic rest pain Resting AP <40 mmHg, flat or barely pulsatile ankle or metatarsal pulse volume recording (PVR), toe pressure (TP) <30 mmHg

5 minor tissue loss Resting AP <60 mmHg, flat or barely pulsatile ankle or metatarsal PVR, TP <40 mmHg

6 major tissue loss Same as category 5, extending above transmetatarsal level, functional foot no longer salvageable

RUTHERFORD'S CLASSIFICATION OF SEVERITY OF LIMB ISCHEMIA
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