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SUMMARY:  27 
Presented here is a protocol for antegrade endoscopic vein harvesting from the lower leg, which 28 
can safely be introduced in routine coronary artery bypass grafting. Vein grafts present excellent 29 
graft quality following this standardized protocol with positioning of the legs, minimally invasive 30 
access to the vein, and antegrade endoscopic vein harvesting. 31 
 32 
ABSTRACT:  33 
Antegrade endoscopic harvesting of autografts for bypass grafting may be an optimal strategy 34 
addressing excellent graft quality and reduced post-operative wound complications. This 35 
standardized protocol for antegrade endoscopic vein harvesting (EVH) from the lower leg has the 36 
potential to be introduced to routine coronary artery bypass grafting (CABG). Patients 37 
undergoing CABG surgery are positioned on a surgical table with two additional foam rollers 38 
below the extended legs, enabling antegrade EVH from the lower leg. Following minimally 39 
invasive surgical access through a bridging vein harvest technique, an endoscopic optical 40 
dissector is inserted antegrade into the wound. The main vessel and side branches are dissected 41 
under continuous optical control of vein quality status and the working channel. After, an 42 
endoscopic optical retractor is inserted with an internal bipolar electrocoagulation device for 43 
precise, safe, and tissue-protective interruption of side branches. After release of the vein, the 44 
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vessel is cut off at the proximal and distal ends under optical control, retrieved from the wound, 45 
then cannulated and flushed with heparinized saline. Finally, all side branches of the vein graft 46 
are double-clipped. Vascular histology is analyzed in a randomized selection of vein samples. 47 
After applying this standardized EVH protocol, the learning curve was shown to be steep, and 48 
graft quality was sufficient for coronary artery bypass grafting in every case. There was no 49 
conversion to surgical harvesting and low risks for tissue damage and bleeding. Leg positioning 50 
and synergizing EVH with bridging vein harvesting improved procedural success and vein graft 51 
quality. In our hands, antegrade EVH from the lower leg was feasible, demonstrating 52 
straightforward graft dissection as well as adequate macroscopic and microscopic graft quality 53 
with preserved endothelial integrity. In conclusion, the introduced technique is safe, shows 54 
excellent vein autograft quality, and illustrates feasibility for elective and urgent isolated CABG 55 
and combined CABG scenarios. 56 
 57 
INTRODUCTION:  58 
 59 
Open atraumatic “low-touch” and "no-touch" techniques have been developed over the years 60 
for harvesting saphenous veins in coronary artery bypass graft (CABG) surgery or peripheral 61 
bypass grafting, producing grafts with excellent endothelial integrity and long-term patency.  62 
However, wound complications remain a major problem when using the open technique, 63 
especially in obese, diabetic, and chronic venous insufficiency patients1-4. The question arises of 64 
how physicians can harvest the saphenous vein with optimal graft quality and reduced risk for 65 
wound complications. Endoscopic vein harvesting (EVH) techniques have been proven to be cost-66 
effective, and clinical outcome parameters are comparable with the open technique. However, 67 
strategies protecting endothelial integrity, histological structure, and physiological function of 68 
vein grafts during EVH are highly appreciated in order to preserve optimal graft quality2. Recent 69 
studies have presented superior graft patency after open harvesting compared to endoscopic 70 
techniques5. It has also been shown that bridging vein harvest techniques can directly improve 71 
vein quality6. Therefore, it is hypothesized that vein graft harvesting may be advanced through 72 
synergizing antegrade EVH with minimally invasive bridging vein harvesting, specific leg 73 
positioning, and vein isolation in a tensionless working channel.  74 
 75 
To date, conventional EVH techniques for harvesting great saphenous veins have used antegrade 76 
approaches for the upper leg and retrograde approaches for the lower leg. However, we have 77 
experienced limitations of these techniques and hold concerns about graft quality. The great 78 
saphenous vein from the knee and upper leg frequently have revealed numerous side branches 79 
and occasionally shown dilated vessel diameter, leading to impaired vessel quality and 80 
mismatching of conduit and target vessels that can negatively affect long-term graft patency after 81 
CABG and re-revascularization rate7-11. In our experience, the retrograde EVH approach for the 82 
lower leg has repetitively resulted in prolonged blood stasis inside the vessel (with augmented 83 
intravenous blood pressure due to closed venous valves), increased mechanical stress on the 84 
tissue, bleeding, thrombus formations, graft damage, and impaired graft quality. Consequently, 85 
this standardized protocol was developed for safe antegrade EVH from the lower leg, combining 86 
the bridging vein harvest technique for minimally invasive access site with antegrade EVH in a 87 
tensionless working channel for adequate vein graft quality. 88 



   

 89 
PROTOCOL:  90 
 91 
The study conforms to the Declaration of Helsinki. The protocol follows the guidelines of an 92 
independent institutional ethics committee, and human biomaterials were obtained after 93 
informed written consent (ethics committee approval: A 2018-0037).  94 
 95 
1. Positioning of the legs 96 
 97 
NOTE: Patient inclusion criteria included a history of coronary artery disease with elective/urgent 98 
indication for CABG surgery and the need for harvesting of at least one venous bypass graft for 99 
complete revascularization. Patients with debilitating chronic disease, emergency operations, 100 
status post-deep vein thrombosis, and active wet gangrene were excluded. Pre- and post-101 
operative procedures were comparable with previously described clinical studies12,13. 28 patients 102 
undergoing coronary artery bypass graft surgery were included for antegrade endoscopic vessel 103 
harvesting of 30 great saphenous veins from the lower leg after informed written consent. A 104 
cardiac surgeon certified and significant practical experience (>200 cases) executed the vein 105 
harvesting with antegrade endoscopic vessel harvesting of the great saphenous veins from the 106 
upper legs. 107 
 108 
1.1. Organization of the surgical theatre 109 

 110 
1.1.1. Before surgery, ensure supine position of the anesthetized patient on the surgical table 111 
following institutional standard procedures for CABG surgery.  112 
 113 
1.1.2. Place the vein harvester on the right side of the patient. Place the surgical team and 114 
instrumental set-up for cardiac surgery on the left side of the patient. Place the instrumental set-115 
up for EVH near the end of the table (Figure 1, Figure 2; see Table of Materials).  116 
 117 
1.2. Specific positioning of the legs 118 

 119 
1.2.1. Place two foam rollers (length: 60 cm, diameter: 12 cm) below the extended legs. Place 120 
one half-cylindrical foam roller just above the knee in order to avoid overstretched knees and 121 
common peroneal nerve lesions. Then, place another full cylindrical foam roller below the 122 
Achilles tendon for lifted and outward rotated foot position (Figure 1A–D). 123 
 124 
2. Minimally invasive surgical access to the vein graft  125 

 126 
2.1. Access site 127 

 128 
2.1.1. Use institutional standard disinfection procedures with Octenidindihydrochlorid followed 129 
by standard sterile covering for aseptic surgical conditions.  130 
 131 
2.1.2. Make one longitudinal skin incision (length: 1.5–2 cm) with a curved scalpel (size 10) on 132 



   

the lower leg. Start the incision with the distance of approximately one index finger above the 133 
imagined ankle joint and proceed upwards parallel to the medial margin of the tibia bone (Figure 134 
2C).  135 
 136 
2.2. Bridging vein harvesting technique  137 

 138 
2.2.1. Obtain minimally invasive access to the great saphenous vein with surgical forceps, 139 
dissecting surgical scissors, and an electrosurgical pencil, if necessary. Starting from the skin 140 
incision, isolate the vessel 4 cm in each direction using a vessel loop, dissecting scissors, small 141 
soft tissue retractor, and Langenbeck hook, applying the standard bridging vein harvesting 142 
technique (Figure 2C).  143 
 144 
2.2.2. Continuously check vein quality status and surrounding subcutaneous tissue in the working 145 
channel. Visualize in order to avoid injury to the saphenous nerve. Avoid harvesting of 146 
progressive varicose veins.  147 
 148 
2.3. Practical hints 149 

 150 
2.3.1. Make sure that one small finger can easily access the working channel (antegrade). Avoid 151 
surgical clipping of side branches at this time. 152 
 153 
3. Antegrade EVH with the optical dissector  154 

 155 
3.1. Insertion of optical dissector 156 

 157 
3.1.1. Assemble the optical dissector by connecting an extended length endoscope (diameter: 7 158 
mm, length: 48 cm) to an optical camera and dissection tip from the endoscopic vessel harvesting 159 
system, according to the manufacturer’s instructions. Moisturize the optical dissector with saline 160 
containing heparin (i.e., NaCl + Hep: 5.000 per 200 mL).  161 
 162 
3.1.2. Put the inflatable blocker balloon (also provided by the endoscopic vessel harvesting 163 
system and moisturized with NaCl + Hep) over the optical dissector. Gently insert the optical 164 
dissector (antegrade) and, after, the inflatable blocker balloon into the wound under permanent 165 
optical control of the vein (Figure 2D–F).  166 
 167 
3.2. Dissection of the vein 168 

 169 
3.2.1. Block the inflatable blocker balloon with room air (10 mL). Flood the working channel with 170 
CO2 (flow: 5 L/min, pressure: 15 cm H2O) and indicate to the anesthetic medical staff. Make sure 171 
that the working channel is extended by the gas pressure.  172 
 173 
3.2.2. Move antegrade until reaching the imagined proximal medial end of tibial diaphysis using 174 
the optical dissector, following the manufacturer´s instructions. Gently dissect the main vessel 175 
from a majority of subcutaneous tissue until achieving clear identification of side branches.  176 



   

 177 
3.2.3. For optimal results, dissect the main vessel through antegrade movement of the optical 178 
dissector 1) above of, then 2) below, the main vessel. Then, selectively dissect the side branches, 179 
with one side of the vein preserving the perivascular tissue as far as possible, followed by the 180 
other side (Figure 2G–I). 181 

 182 
3.2.4.  Continuously check vein quality status and mechanical stress in the working channel. 183 
Visualize in order to avoid injury to the saphenous nerve. Avoid harvesting of progressive varicose 184 
veins. 185 
 186 
4. Antegrade EVH with the optical retractor  187 

 188 
4.1. Insertion of optical retractor  189 

 190 
4.1.1. Remove the optical dissector from the wound and disconnect the dissection tip.  191 
 192 
4.1.2. Adapt the blocker balloon for the optical retractor and block the working channel with a 5 193 
mL syringe. Assemble the optical retractor by connecting the extended length endoscope to the 194 
optical camera and retractor device from the endoscopic vessel harvesting system, which is 195 
provided with an internal bipolar electrocoagulation device (power output: level 3–4).  196 

 197 
4.1.3. Use anti-fog fluid for the tip of the endoscope (Figure 3A–C). Again, moisturize the optical 198 
retractor with NaCl + Hep before antegrade insertion through the blocked balloon.  199 
 200 
4.2. Isolation of the vein 201 

 202 
4.2.1. Advance the optical retractor antegrade to the end of the working channel. Release the 203 
vein from the surrounding subcutaneous tissue with the retractor device and selectively interrupt 204 
side branches with the bipolar electrocoagulation device in a retrograde fashion (Figure 3D–F). 205 
Here, the bipolar electrocoagulation device must be positioned with the convex ending away 206 
from the main vessel.  207 
 208 
4.2.2. Continuously check vein quality status and mechanical stress in the working channel. 209 
Visualize in order to avoid injury to the saphenous nerve. 210 
 211 
5. Vein graft retrieval 212 

 213 
5.1. Finishing of EVH 214 

 215 
5.1.1. Execute a stab incision in the skin with a sharp scalpel (size 11) at the distal end of the 216 
dissected vein (regarding venous flow direction). Insert a smooth (anatomical) clamp through the 217 
stab incision and clamp the vein under optical control with the optical retractor.  218 
 219 
5.1.2. Gently retrieve the clamped vein through the stab incision and cut it off proximally 220 



   

(regarding venous flow direction). Thereafter, gently remove the optical retractor through the 221 
blocked balloon simultaneously relieving the distal portion of the vein (Figure 3G). Deflate the 222 
blocker balloon and remove it from the wound.  223 

 224 
5.1.3. Switch off CO2 and indicate it to the anesthetic medical staff. At this time, use surgical clips 225 
and interrupt the remaining side branches before retrieval of the vein graft, if necessary.  226 
 227 
5.2. Finishing of bridging vein harvesting  228 

 229 
5.2.1. Execute a stab incision in the skin with a sharp scalpel (size 11) at the proximal end of the 230 
isolated vein approximately 3 cm above imagined ankle joint. Insert an anatomical clamp through 231 
the stab incision and retrieve the vein though the skin incision under digital and optical control. 232 
Visualize and avoid injury to the saphenous nerve.  233 
 234 
5.2.2. Then, clamp the vein under direct vision and cut off distally (regarding venous flow 235 
direction). Thereafter, gently relieve the entire vein graft through the initial minimally-invasive 236 
surgical access site and cannulate the proximal end with a 3.0 mm flexible vessel cannula (Figure 237 
3H).  238 
 239 
6. Final preparation of the vein graft 240 

 241 
6.1. Gently flush the released venous graft with NaCl + Hep (in a 10 mL syringe) alternating with 242 
double-clipping of all side branches (Figure 3H). Continuously check vein quality status and repair 243 
injuries, if necessary, with polypropylene sutures (7-0 or 8-0). Finally, a vein harvester and 244 
primary surgeon must evaluate graft quality of the endoscopic vein, applying the same criteria as 245 
is executed for veins harvested by the open technique. 246 
 247 
6.2. If necessary, store the vein graft in a NaCl + Hep-moisturized compress at room temperature 248 
(RT) for short-term storage. However, avoid longer time periods of storage. Transfer the vein 249 
graft into heparinized blood as soon as arterial cannulation for cardiopulmonary bypass is 250 
accomplished.  251 
 252 
7. Wound closure 253 
 254 
7.1. Ligate the main vessel at both clamped vein ends, each with a 4-0 polyglactin 910 suture. 255 
Remove the clamps.  256 
 257 
7.2. Insert a 10Fr Redon drain into the wound (Figure 3I). Fixate the Redon drain with 2-0 poly 258 
ethylene terephthalate suture at the skin.  259 

 260 
7.3. Execute subcutaneous and intracutaneous wound closures at the minimally invasive access 261 
site with 2-0 and 4-0 polyglactin 910 sutures, respectively. Close the two small stab incisions at 262 
the proximal and distal ends, with one U-suture each, stitched intracutaneously (4-0 polyglactin 263 
910). Drape the wounds with sterile plasters. 264 



   

 265 
7.4. Wrap the leg, except in peripheral artery disease patients. 266 
 267 
REPRESENTATIVE RESULTS:  268 
 269 
A steep learning curve was demonstrated for an experienced cardiac surgeon performing 270 
antegrade EVH of the great saphenous vein from the lower leg (Figure 4). There were no 271 
conversions to surgical harvesting. However, there were four cases of vein injury in the beginning 272 
of the learning curve. In three of the four cases, major injuries occurred at the distal portion of 273 
the vein because of an inadequately narrow working channel when the surgeon isolated the vein 274 
above the tibial metaphysis. Disruption of a major side branch in two cases and dilaceration of 275 
the distal vein in one case were observed, leading to discarding of the distal portion of the vein. 276 
The remaining vein grafts were adequate for CABG in every case. In one of the four cases, minor 277 
injury was observed at two small side branches at the proximal portion of the vein, when surgical 278 
clipping of side branches was executed in the working channel before antegrade EVH. These 279 
injuries were repaired with polypropylene sutures. Final vein graft quality was macroscopically 280 
sufficient for CABG in every case regarding graft length, graft diameter, absence of injury, and 281 
vessel wall integrity.  282 
 283 
In three randomly selected patients, antegrade EVH (as explained above) was extended by 284 
additional open vein harvesting from imagined tibial metaphysis upwards to the distal third of 285 
the upper leg. Vein samples (about 3 mm in diameter) used for these studies were taken from 286 
excess material near the ankle joint (bridging vein harvesting technique), imagined tibial 287 
metaphysis (open harvesting technique), and proximal medial end of the imagined tibial 288 
diaphysis (antegrade EVH technique). The samples were blinded to the participating pathologist, 289 
fixed in formalin, sectioned transversely, and embedded in paraffin by routine procedures. 290 
Hematoxylin and eosin-stained 5 µm sections were prepared for light microscopy, and CD31 291 
immunostains were obtained to demonstrate further that endothelial cells and integrity 292 
remained intact. 293 
 294 
These randomized blind microscopic analyses revealed an intact vascular morphology (Figure 295 
5A,B) and completely preserved endothelial integrity (Figure 5C) in all analyzed vein samples 296 
after antegrade EVH as well as employed conventional alternatives. However, lack of experience 297 
and negligence for tissue preservation and vein quality can increase the risk for bleeding and 298 
graft injury. Therefore, a continuously optical vein quality control is highly recommended, as well 299 
as “tissue-gentle” vein isolation and preservation of especially perivascular tissue. In this regard, 300 
it should be noted that the lifted and outward-rotated foot position and a prolonged distance 301 
from the minimally-invasive access point to the ankle joint (one index finger) remarkably 302 
improved forward-downward movability of the endoscope. Consequently, synergizing antegrade 303 
EVH with bridging vein harvesting reduced mechanical stress and enhanced vein graft quality 304 
during antegrade EVH of the great saphenous vein from the lower leg. 305 
 306 
Antegrade EVH from the lower leg was feasible, demonstrating straightforward graft dissection 307 
and adequate graft quality. No blood stasis, no thrombus formation, and low risk for bleeding 308 



   

and tissue damage were observed. Leg positioning and synergizing the antegrade EVH with 309 
bridging vein harvest technique were the two main factors leading to procedural success. Great 310 
saphenous vein grafts from the lower leg showed normal diameters (approximately 3–4 mm). 311 
After graft retrieval, veins usually demonstrated slight spasms, comparable to our institutional 312 
experiences for conventional vein harvesting techniques. Therefore, matching of vein grafts from 313 
the lower leg with cardiac target vessels was deemed appropriate for CABG. Thus, the introduced 314 
antegrade approach was applicable for both legs. In two cases, antegrade EVH from both lower 315 
legs was successfully executed. No wound complications were experienced in this small initial 316 
series. Patient acceptance of the method was high. 317 
 318 
FIGURE LEGENDS: 319 
 320 
Figure 1: Organization of surgical theatre and specific positioning of legs. (A–C) The 321 
instrumental set-up for EVH was prepared and placed near the end of the surgical table. (D) The 322 
instrumental set-up for cardiac surgery was placed on the left side of the anesthetized patient. 323 
Two foam rollers (dotted line, one half-cylindrical foam roller just above the knee, one full-324 
cylindrical foam roller below the Achilles tendon) were placed below the extended legs. Foot 325 
position was lifted and outward-rotated for direct vision on imagined ankle joint (short line), 326 
expected minimally invasive access site (bold line), and medial margin of the tibial metaphysis 327 
(dashed line). a-z are described in the Table of Materials. 328 
 329 
Figure 2: Minimally invasive surgical access and antegrade EVH allowed safe and unimpeded 330 
dissection of the great saphenous vein. (A–C) Following sterile draping of patients, the great 331 
saphenous vein from the lower leg was isolated and (C) looped through minimally invasive 332 
surgical access via the bridging vein harvesting technique. (D–F) The optical dissector was 333 
assembled under sterile conditions (D) and inserted antegrade through the inflatable blocker 334 
balloon (solid arrow) into the wound (E,F). (G–I) The protocol allowed for a simplified forward-335 
downward movement (dotted arrow) of the optical dissector during EVH (G,H) without impeding 336 
the work of the primary surgeon and surgical nurse (I). aa-af are described in the Table of 337 
Materials. 338 
 339 
Figure 3: Following antegrade EVH, all isolated vein grafts demonstrated adequate quality for 340 
CABG. (A–E) After removal of the optical dissector the working channel was blocked with a 5 mL 341 
syringe (A, arrow), the optical retractor was assembled, prepared with anti-fog fluid (B), and 342 
inserted antegrade through the inflatable blocker balloon into the wound (C). Again, the protocol 343 
allowed for a simplified and unimpeded forward-downward movement of the optical retractor 344 
during EVH (D,E). (F–I) An anatomical clamp was inserted into a stab incision (F, dotted arrow) 345 
and used to clamp the main vessel under endoscopic control before retrieval of the distal portion 346 
of the vein (G). Thereafter, another anatomical clamp was inserted into a stab incision at the 347 
proximal end of the isolated vein (G) followed by complete retrieval of the vein, proximal venous 348 
cannulation, clipping of side branches (H, dashed arrow), and wound closure (I). ag is described 349 
in the Table of Materials. 350 
 351 
Figure 4: Learning curve for antegrade EVH from the lower leg. A total of 30 great saphenous 352 



   

veins from the lower leg were isolated from 28 CABG patients using antegrade EVH. The graph 353 
illustrates an immediate dynamic reduction in time expenditure (min) starting from insertion of 354 
the optical dissector until termination of vein graft retrieval.  355 
 356 
Figure 5: Antegrade EVH preserved integrity of endothelium and vascular wall. (A–C) 357 
Representative images from vein cross sections after antegrade EVH for hematoxylin/eosin 358 
staining (A,B), as well as for CD31 immunostaining (C), illustrated normal morphology of vascular 359 
wall and completely preserved endothelial integrity, respectively. No differences in histology 360 
were detected after comparing all harvesting techniques in the department (open vein 361 
harvesting, bridging vein harvesting, antegrade EVH). 362 
 363 
DISCUSSION: 364 
 365 
It should be stated that we prefer complete arterial coronary revascularization in our 366 
department. There is rising evidence that CABG using bilateral internal mammary artery (IMA) 367 
grafts can significantly improve long-term survival of patients14-17. However, there are valid 368 
reasons for a “single IMA plus vein grafts” strategy, especially in patients at advanced ages, 369 
patients with high risks for surgical site infection, patients in which the radial artery graft is not 370 
available, and in cases with chronically occluded coronary target vessels. In these scenarios, this 371 
protocol offers a standardized technique for safe antegrade EVH from the lower leg. Optimal vein 372 
grafts for CABG will reduce short-term wound complications and improve long-term outcomes 373 
with diminished revascularization and higher quality of life1,2,8.  374 
 375 
The protocol is based on three essential pillars: (1) specific positioning of the leg, (2) bridging vein 376 
harvesting technique for minimally invasive access site, and (3) antegrade EVH in a tensionless 377 
working channel. Sufficient leg positioning prevents interference of optical dissector and 378 
retractor with the food, guaranteed undisturbed EVH in the surgical theatre, allowed for easy 379 
graft preparation through forward-downward movement of the endoscope in the working 380 
channel, and reduced the risk of common peroneal nerve lesions. Sufficient bridging vein harvest 381 
technique simplified the insertion of endoscopic devices, reduced the tension in the working 382 
channel especially near the access site, and minimized the possibility of vein graft damage 383 
through improved movability of optical dissector and retractor. Moisturizing the EVH equipment 384 
with heparinized saline further simplified antegrade insertion of the EVH equipment as well as 385 
allowed for unimpeded endoscope movements. Instead of systemic heparin infiltration, heparin 386 
was administered locally in the working channel, which was sufficient here to prevent from both 387 
thrombus formation and bleeding. Most importantly, the tensionless working channel allowed 388 
for antegrade EVH with minimal risk for graft injury.  389 
 390 
In this procedure, the surgeon’s attention must be concentrated on several aspects. The working 391 
channel must be extended by gas pressure before graft preparation. The optical dissector and 392 
retractor must be utilized to enlarge the working channel, and the vein harvester may need to 393 
enlarge the minimally invasive access site. To the greatest extent possible, the harvester should 394 
preserve perivascular tissue (especially near side branches of the vein graft) and be able to use 395 
the precise and tissue-protective bipolar electrocoagulation device for interruption of side 396 



   

branches through free movability of the endoscopic vessel harvesting system. In any case, it is 397 
recommended to avoid clips in the working channel before EVH. Harvesting beyond the imagined 398 
tibial metaphysis requires a higher level of experience, because the working channel became 399 
progressively narrow and the graft may be damaged.  400 
 401 
Some specific tips for successful antegrade EVH include: Avoid bleeding. It is recommended to 402 
avoid a narrow working channel. If necessary, the surgeon should use fine surgical forceps to 403 
retract the skin incision during material insertion or enlarge the skin incision with the curved 404 
scalpel (and fixate the blocker balloon with an additional intracutaneous U-suture). It should be 405 
repetitively evaluated if the working channel is extended by the gas pressure and tension-free. 406 
The working channel should be enlarged with the optical dissector or retractor, if necessary. The 407 
side branches should be sufficiently dissected with the optical dissector. The integrity of the 408 
subcutaneous (especially the perivascular) tissue should be preserved as much as possible, 409 
addressing both graft injury prevention and maximal reduction of mechanical stress in the 410 
working channel. Surgeons should be aware of sufficient interruption of all side branches from 411 
the main vessel with the optical retractor. Additional skin incisions will be required if interruption 412 
of side branches was incomplete. Surgeons should be “tissue-gentle” through avoidance of 413 
extensive traction forces affecting the vein, especially in chronic venous insufficiency, diabetes, 414 
peripheral artery disease, obese, and elderly female patients. Antegrade EVH from the lower leg 415 
should be stopped, at the furthest, next to the imagined tibial metaphysis.  416 
 417 
Following this protocol, the antegrade EVH approach enables “tissue-gentle” vein preparation at 418 
the lower leg, with adequate vein graft quality and low risk of wound complication, even in 419 
chronic venous insufficiency, diabetes, peripheral artery disease, obese, and elderly female 420 
patients3,8-10. Initial randomized histological analyses of vein grafts illustrated completely 421 
preserved endothelial and vessel wall integrity after all harvesting techniques in the department 422 
(open vein harvesting, bridging vein harvesting, antegrade EVH). Moreover, antegrade EVH from 423 
the lower leg illustrated vein grafts with low side-branching and adequate matching of conduit 424 
and target vessels during CABG. Therefore, it was hypothesized that this approach may be 425 
advantageous compared to the antegrade EVH approach from the upper leg in follow-up studies. 426 
Vein grafts harvested from the knee and upper leg usually show frequent side branching and 427 
occasional mismatching of dilated conduit vessels (diameters above 5 mm) with coronary target 428 
vessels, which can create more turbulent intraluminal flow conditions and lead to an increased 429 
risk for graft occlusion after CABG11.  430 
 431 
Further, the proposed technique may eliminate a majority of wound complications, especially 432 
after open vein isolation in the region of the knee where wound healing can be compromised 433 
due to tissue tension during post-operative mobilization of the patient. The manuscript lacks a 434 
systematic in-depth analysis of vein graft histology and its endothelial functionality. However, 435 
initial data point to possible non-inferiority of antegrade EVH compared to other harvesting 436 
techniques. The protocol emphasizes maximal protection of the surrounding subcutaneous 437 
(especially perivascular) tissue, addressing both preserved graft integrity and reduced 438 
mechanical stress in the working channel. Further studies are required on controlling the graft 439 
long-term patency. The small sample of patients may implicate that the learning curve is not 440 



   

finished. Therefore, the protocol for antegrade EVH from the lower leg was established and 441 
performed by surgeons experienced with the technique for the upper leg, which should 442 
guarantee sufficient vein graft quality18,19. Further investigation is warranted. 443 
 444 
Antegrade EVH with the endoscopic vessel harvesting system produced additional peri-operative 445 
procedural costs during CABG and is not reusable. However, cost efficiency was proven, and the 446 
closed tunnel EVH system demonstrates multiple highly appreciated advantages over existing 447 
reusable or open EVH techniques2,20. In this set-up, a closed tunnel EVH system was chosen 448 
because it offers a long (maximum 35–40 cm), small lumen working channel and allows for 449 
antegrade EVH from the lower leg with only one minimally invasive skin incision. A single switch 450 
from optical dissector to optical retractor and the integration of directed, precise, and graft-451 
protective electrocauterisation enabled a short time expenditure and optimized cost efficiency, 452 
quality of life, and vein graft histology2. Moreover, the antegrade approach can be applied for 453 
the full length of the leg if a second small incision (standard incision, recommended by the 454 
manufacturer) is added next to the imagined tibial metaphysis. As shown, antegrade EVH of the 455 
great saphenous vein can be repeated in the second lower leg. Apart from that, antegrade EVH 456 
of the small saphenous vein was enabled through specific positioning of the leg with lifted and 457 
inward-rotated foot position and lateral minimally invasive access site in two patients 458 
(unpublished data by A. Kaminski, 2018), comparable with the work of Rustenbach et al.21 459 
 460 
The introduced antegrade EVH concept for the great saphenous vein from the lower leg 461 
illustrates feasibility for straightforward graft dissection and adequate graft quality, indicating a 462 
promising clinical perspective for routine use in CABG. The protocol has a steep learning curve in 463 
experienced cardiac surgeons. Besides the explained benefits, the antegrade EVH approach for 464 
the great saphenous vein from the lower leg displayed low risks for blood stasis, thrombus 465 
formation, bleeding, and graft injury, which was previously seen with the conventional 466 
retrograde approach. For these reasons, we had cancelled the retrograde approach earlier in 467 
patients before starting this study. However, there is a lack of data supporting a general 468 
assumption of superiority of the antegrade over the retrograde approach.  469 
 470 
Absence of blood stasis (with augmented intravenous blood pressure because of closed venous 471 
valves) and limited mechanical stress on the vein may reduce the risk for graft injury and 472 
thrombosis as well as improve long-term patency of bypass grafts18,22. The data showed that all 473 
great saphenous veins isolated by antegrade EVH were adequate grafts for CABG surgery with 474 
respect to general macroscopic and randomly selected microscopic evaluations. However, we 475 
discarded distal vein graft parts with major injuries resulting from EVH preparation in an 476 
inadequately narrow working channel in the early phase of the learning curve. There were no 477 
graft injuries during the last 21 EVH procedures. The cardiac surgeon should not accept 478 
inadequate bypass graft material, because in these cases, graft occlusion is more frequent and 479 
could worsen clinical outcomes23.  480 
 481 
A study by Kodia et al. underlined that currently applied EVH protocols should be advanced in 482 
order to improve vein graft quality5. Nonetheless, a recent prospective randomized controlled 483 
trial clearly depicted that closed tunnel EVH demonstrated gains in quality of life, superior cost-484 



   

effectiveness, and minor differences in graft integrity compared to open vein harvesting without 485 
affecting major adverse cardiac event (MACE) rate after CABG surgery2. Another prospective pilot 486 
study similarly showed improved post-operative physical recovery, better quality of life, and 487 
equal MACE rates after CABG with EVH compared to open vein harvesting24. Moreover, the 488 
question arises whether or not post-operative outcome after CABG with vein grafts isolated by 489 
conventional EVH (in clear majority from the upper leg) may be further enhanced with the 490 
described antegrade EVH approach for the lower leg. Follow-up studies are warranted. 491 
Experienced surgeons and a structural, protocol-based education of inexperienced colleagues 492 
may help maintenance of a higher vein graft quality standard isolated by antegrade EVH and 493 
broadening of the technique. Besides isolated and combined CABG scenarios, EVH was also 494 
shown to be feasible in elective and high-urgency peripheral bypass grafting scenarios25,26. 495 
However, caution should be taken. In high-urgency CABG scenarios, a higher level of experience 496 
in EVH is required in order to minimize the time exposure and guaranty adequate vein graft 497 
quality.  498 
 499 
In conclusion, antegrade EVH from the lower leg is a safe method for the isolation of venous graft 500 
material for CABG. Macroscopic evaluation and initial histological analyses demonstrated 501 
excellent graft quality with preserved endothelial integrity, and this leads to promising clinical 502 
results underlining that the method may be a valid alternative to conventional antegrade EVH 503 
from the upper leg. Also illustrated is a steep learning curve in experienced cardiac surgeons and 504 
low risks for graft-associated complications. The protocol offers a specific institutional step-by-505 
step procedure for antegrade EVH from the lower leg with practical hints, troubleshooting, and 506 
possible solutions. Three essential pillars for success were highlighted: (1) specific positioning of 507 
the leg, (2) synergizing with bridging vein harvesting technique for minimally invasive access site, 508 
and (3) antegrade EVH in a tensionless working channel under continuously optical control of 509 
vein graft quality. Therefore, it is proposed that this protocol may help both cardiac and vascular 510 
surgeons in developing optimal approaches for high-quality vein graft isolation.  511 

 512 
ACKNOWLEDGMENTS:  513 
We thank the entire surgical staff for excellent technical assistance.  514 
 515 
DISCLOSURES:  516 
Manuscript publication was funded by Getinge Group (Germany). Alexander Kaminski is a 517 
consultant to Getinge Group and receives speaker honoraria from Getinge Group. All authors 518 
declare study conduction and entire scientific analyses were executed independently from 519 
industrial partners. All authors declare responsibility for the integrity of the work as a whole and 520 
have given final approval to the version to be published. All authors declare that there are no 521 
conflicts of interest. 522 
 523 
REFERENCES  524 
 525 

1. Kopjar, T., Dashwood, M. R. Endoscopic Versus "No-Touch" Saphenous Vein Harvesting 526 
for Coronary Artery Bypass Grafting: A Trade-Off Between Wound Healing and Graft 527 
Patency. Angiology. 67 (2), 121-132 (2016). 528 



   

2. Krishnamoorthy, B. et al. Study Comparing Vein Integrity and Clinical Outcomes in Open 529 
Vein Harvesting and 2 Types of Endoscopic Vein Harvesting for Coronary Artery Bypass 530 
Grafting: The VICO Randomized Clinical Trial (Vein Integrity and Clinical Outcomes). 531 
Circulation. 136 (18), 1688-1702 (2017).  532 

3. Andreas, M. et al. Endoscopic vein harvesting is influenced by patient-related risk factors 533 
and may be of specific benefit in female patients. Interactive CardioVascular and Thoracic 534 
Surgery. 17 (4), 603-607 (2013). 535 

4. Deppe, A. C. et al. Endoscopic vein harvesting for coronary artery bypass grafting: a 536 
systematic review with meta-analysis of 27,789 patients. Journal of Surgical Research. 180 537 
(1), 114-124 (2013). 538 

5. Kodia, K. et al. Graft patency after open versus endoscopic saphenous vein harvest in 539 
coronary artery bypass grafting surgery: a systematic review and meta-analysis. The 540 
Annals of Thoracic Surgery. 7 (5), 586-597 (2018). 541 

6. Krishnamoorthy, B. et al. A randomized study comparing three groups of vein harvesting 542 
methods for coronary artery bypass grafting: endoscopic harvest versus standard bridging 543 
and open techniques. Interactive CardioVascular and Thoracic Surgery. 15 (2), 224-228 544 
(2012). 545 

7. Harskamp, R. E., Lopes, R. D., Baisden, C. E., de Winter, R. J., Alexander, J. H. Saphenous 546 
vein graft failure after coronary artery bypass surgery: pathophysiology, management, 547 
and future directions. Annals of Surgery. 257 (5), 824-833 (2013). 548 

8. Paz, M. A., Lupon, J., Bosch, X., Pomar, J. L., Sanz, G. Predictors of early saphenous vein 549 
aortocoronary bypass graft occlusion. The GESIC Study Group. The Annals of Thoracic 550 
Surgery. 56 (5), 1101-1106 (1993). 551 

9. Lopes, R. D. et al. Project of Ex Vivo Vein Graft Engineering via Transfection IV (PREVENT 552 
IV) Investigators. Relationship between vein graft failure and subsequent clinical 553 
outcomes after coronary artery bypass surgery. Circulation. 125 (6), 749-756 (2012). 554 

10. Goldman, S. et al. Predictors of graft patency 3 years after coronary artery bypass graft 555 
surgery. Department of Veterans Affairs Cooperative Study Group No. 297. Journal of the 556 
American College of Cardiology. 29 (7), 1563-1568 (1997). 557 

11. Sarzaeem, M. R. et al. Scoring system for predicting saphenous vein graft patency in 558 
coronary artery bypass grafting. Texas Heart Institute Journal. 37 (5), 525-530 (2010). 559 

12. Yerebakan, C., Kaminski, A., Liebold, A., Steinhoff, G. Safety of intramyocardial stem cell 560 
therapy for the ischemic myocardium: results of the Rostock trial after 5-year follow-up. 561 
Cell Transplantation. 16 (9), 935-940 (2007).  562 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Sarzaeem%20MR%5BAuthor%5D&cauthor=true&cauthor_uid=20978562
https://www.ncbi.nlm.nih.gov/pubmed/20978562


   

13. Stamm, C. et al. Intramyocardial delivery of CD133+ bone marrow cells and coronary 563 
artery bypass grafting for chronic ischemic heart disease: safety and efficacy studies. The 564 
Journal of Thoracic and Cardiovascular Surgery. 133 (3), 717-725 (2007). 565 

14. Kinoshita, T. et al. Bilateral versus single internal thoracic artery grafting in dialysis 566 
patients with multivessel disease. The Heart Surgery Forum. 13 (5), E280-E286 (2010). 567 

15. Grau, J. B. et al. Propensity matched analysis of bilateral internal mammary artery versus 568 
single left internal mammary artery grafting at 17-year follow-up: validation of a 569 
contemporary surgical experience. European Journal of Cardio Thoracic Surgery. 41 (4), 570 
770-776 (2012). 571 

16. Lytle, B. W. et al. The effect of bilateral internal thoracic artery grafting on survival during 572 
20 postoperative years. The Annals of Thoracic Surgery. 78 (6), 2005-2014 (2004). 573 

17. Lytle, B. W. Prolonging patency--choosing coronary bypass grafts. The New England 574 
Journal of Medicine. 351 (22), 2262-2264 (2004).  575 

18. Kiani, S. et al. Endoscopic venous harvesting by inexperienced operators compromises 576 
venous graft remodeling. The Annals of Thoracic Surgery. 93 (1), 11-18 (2012). 577 

19. Nezafati, M. H., Nezafati, P., Amoueian, S., Attaranzadeh, A., Rahimi, H. R. 578 
Immunohistochemistry comparing endoscopic vein harvesting vs. open vein harvesting 579 
on saphenous vein endothelium. Journal of Cardiothoracic Surgery. 9, 101 (2014). 580 

20. García-Altés, A., Peiró, S. A systematic review of cost-effectiveness evidence of 581 
endoscopic saphenous vein harvesting: is it efficient? European Journal Of Vascular And 582 
Endovascular Surgery. 41 (6), 831-836 (2011). 583 

21. Rustenbach, C. J., Wachter, K., Franke, U. F. W., Baumbach, H. Expanding Surgical 584 
Opportunities: Endoscopic Harvesting of the Vena Saphena Parva in Supine Position. The 585 
Thoracic and Cardiovascular Surgeon. 65 (4), 322-324 (2017). 586 

22. Raja, S.  G., Sarang, Z. Endoscopic vein harvesting: technique, outcomes, concerns & 587 
controversies. Journal of Thoracic Disease. 5 Suppl 6, S630-S637 (2013). 588 

23. Desai, P. et al. Impact of the learning curve for endoscopic vein harvest on conduit quality 589 
and early graft patency. The Annals of Thoracic Surgery. 91, 1385-1392 (2011). 590 

24. Luckraz, H., Cartwright, C., Nagarajan, K., Kaur, P., Nevill, A. Major adverse cardiac and 591 
cerebrovascular event and patients' quality of life after endoscopic vein harvesting as 592 
compared with open vein harvest (MAQEH): a pilot study. Open Heart. 5, e000694 (2018). 593 

25. Khan, S. Z. et al. Endoscopic vein harvest does not negatively affect patency of great 594 
saphenous vein lower extremity bypass. Journal of Vascular Surgery. 63 (6), 1546-1554 595 
(2016). 596 



   

26. Santo, V. J. et al. Open versus endoscopic great saphenous vein harvest for lower 597 
extremity revascularization of critical leg ischemia. Journal of Vascular Surgery. 59 (2), 598 
427-434 (2014). 599 

  600 



Figure 1 Click here to access/download;Figure;re-rev Figure 1-1.tif

https://www.editorialmanager.com/jove/download.aspx?id=980180&guid=e32fca9e-8b79-4b7a-bade-63bf76352267&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=980180&guid=e32fca9e-8b79-4b7a-bade-63bf76352267&scheme=1


Figure 2 Click here to access/download;Figure;re-rev Figure 2.tif

https://www.editorialmanager.com/jove/download.aspx?id=980181&guid=1cf484da-481b-4083-a32f-e76ac2777e7a&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=980181&guid=1cf484da-481b-4083-a32f-e76ac2777e7a&scheme=1


Figure 3 Click here to access/download;Figure;re-rev Figure 3.tif

https://www.editorialmanager.com/jove/download.aspx?id=980182&guid=66336664-6f4b-46a1-b3c1-558d6938e577&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=980182&guid=66336664-6f4b-46a1-b3c1-558d6938e577&scheme=1


Figure 4 Click here to access/download;Figure;re-rev Figure 4.tif

https://www.editorialmanager.com/jove/download.aspx?id=980183&guid=648d704f-76e2-4872-9194-9f1401026753&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=980183&guid=648d704f-76e2-4872-9194-9f1401026753&scheme=1


Figure 5 Click here to access/download;Figure;re-rev Figure 5.tif

https://www.editorialmanager.com/jove/download.aspx?id=980184&guid=edf73a5c-a66e-4a96-861d-8e85fb4be63f&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=980184&guid=edf73a5c-a66e-4a96-861d-8e85fb4be63f&scheme=1


Name of Material/Equipment Company Catalog Number

disposable scalpel (size 11, Präzisa Plus) Dahlhausen, Germany 

small curved smooth (anatomical) clamps  B. Braun Aesculap, Germany 

toothed (surgical) forceps B. Braun Aesculap, Germany 

surgical scissors  B. Braun Aesculap, Germany 

holder for scalpel blade (size 10) B. Braun Aesculap, Germany 

fine smoth (anatomical) forcep B. Braun Aesculap, Germany 

sponge-holding clamp B. Braun Aesculap, Germany 

clipping device Fumedica, Switzerland 

18 Gauge cannula (Sterican) B. Braun, Germany 

light handle Simeon Medical, Germany 

needle holder B. Braun Aesculap, Germany 

tissue retractor B. Braun Aesculap, Germany 

Redon needle B. Braun Aesculap, Germany 

adhesive hook and loop fastener Mölnlycke, Germany 

extended length endoscope  Karl Storz, Germany 

optical cable Karl Storz, Germany 

transparent drap camera cover ECOLAB Healthcare, Germany 

connection cable for electrocauterisation Maquet, Getinge Group, Germany  

gas insufflation set Dahlhausen, Germany 

Fred Anti-Fog Solution  Medtronic, USA 

bipolar electrocoagulation device  Maquet, Getinge Group, Germany  

monitor (WideView) Karl Storz, Germany 

light source (xenon 300) Karl Storz, Germany 

gas insufflation controller (Endoflator) Karl Storz, Germany 

half-cylindrical foam roller Almatros, Gebr. Albrecht KG, Germany 

full-cylindrical foam roller Almatros, Gebr. Albrecht KG, Germany 

bulldog clamp B. Braun Aesculap, Germany 

flexible vessel cannula Medtronic, USA 

vessel loop (Mediloops) Dispomedica, Germany 

Heparin-Natrium (5000 U) in 200ml saline B. Braun, Germany 

Langenbeck hooks B. Braun Aesculap, Germany 
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sutures (polygalctin 910, Vicryl 2-0, 4-0; 

poly ethylene terephthalate, Ethibond 2-0) Ethicon, Johnson & Johnson, USA 
Endoscopic vessel harvesting system, 

Vasoview Hemopro II Maquet, Getinge Group, Germany  

Octenidindihydrochloride, Octeniderm Schuelke & Mayr GmbH ,  Germany 
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Editorial comments: 

 

1. Please take this opportunity to proofread your manuscript. 

Thank you for the advice. The manuscript was proofread thoroughly.  

 

2. Please remove 'Figure 1.A-1.D', etc., from the Figures themselves. 

Thank you for the advice. We removed the chronological order in the figures.  

 

 

Reviewer comments 

 

Reviewer #2: 

 

Reviewer #2: 

Major Concerns: 

1-The title states an improved vein graft quality that is not shown or analyzed in your manuscript. I 

think you should be more cautious in your statements and revise to "may advance great saphenous 

vein graft quality". 

We appreciate the reviewer´s comments. We revised the title as suggested by the reviewer. We think 

the reader is now able to understand that the herein described methodology for antegrade EVH 

definitely improved vein graft quality in our hands compared with our historic experiences and may 

also advance EVH procedural success in other centers. 

 

 

2-One of the most important aspect of vein grafts is it's long term patency. A recent study showed that 

open harvesting has a much better graft patency than the endoscopic harvesting. I think this should be 

studied in the grafts harvested by your technique. (Kodia K, Patel S, Weber MP, Luc JGY, Choi JH, 

Maynes EJ, et al. Graft patency after open versus endoscopic saphenous vein harvest in coronary 

artery bypass grafting surgery: a systematic review and meta-analysis. Annals of Cardiothoracic 

Surgery 2018). 

We thank the reviewer again for this criticism. The reference has been already included in the 

manuscript during the first revision step (see reference no. 5). Our manuscript focussed on the 

methodological description of an antegrade EVH approach for the great saphenous vein from the 

lower leg for CABG. There is obviously a lack of long term patency data, which will be focussed in 

follow-up studies. However, our initial histological analyses of vein grafts illustrated preserved 

endothelial and vessel wall integrity after all harvesting techniques in our department: open vein 

harvesting, bridging vein harvesting and antegrade EVH. These initial data point at a possible non-

inferiority of antegrade EVH compared with the other harvesting techniques. The study of Kodia et al. 

underlined the cause for concern when vein graft integrity and long term patency of bypass grafts were 

addressed after EVH. However, a recent prospective randomized controlled clinical trial clearly 

depicted that closed tunnel EVH demonstrated gains in quality of life, superior cost-effectiveness and 

minor differences in graft integrity compared with open vein harvesting without affecting major 

adverse cardiac event (MACE) rate after CABG surgery (see reference no. 2). Another prospective 

pilot study similarly addressed improved postoperative physical recovery, better quality of life and 

equal MACE rate after CABG with EVH compared with open vein harvesting [Luckraz, H., 

Cartwright, C., Nagarajan, K., Kaur, P., Nevill, A. Major adverse cardiac and cerebrovascular event 

and patients' quality of life after endoscopic vein harvesting as compared with open vein harvest 

(MAQEH): a pilot study. Open Heart. 5, e000694 (2018)]. Moreover, it is questionable if post-

operative results from vein grafts isolated by conventional EVH (in clear majority from the upper leg) 

can be compared with the herein described new antegrade EVH approach for the lower leg. Follow-up 

studies are warranted. The manuscript was revised. 

 

3-Unclear to me the advantages that this procedure provides. I recognize that you state that the 

technique prevents blood stasis in the vein and concomitant complications, that conclusion is yet to be 

shown. 
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This issue has already been discussed during the first revision step. The retrograde EVH approach for 

the lower leg demonstrated repetitively severe blood stasis during the EVH procedure leading to 

concomitant complications. Therefore, it was early cancelled in our department before we started our 

antegrade EVH study for the lower leg. Applying the antegrade EVH approach we have not seen any 

issues with blood stasis and concomitant complications. Our study did not directly compare the 

antegrade and retrograde EVH approaches. Therefore, there is obviously a lack of data supporting the 

general assumption of superiority of the antegrade approach from the lower leg over the conventional 

EVH alternatives. However, the collected data set was compared with our former institutional 

experiences for the antegrade approach from the upper leg and retrograde EVH approach from the 

lower leg. 

 

4-4/19 (21%) of the vein grafts were damaged by this procedure, not entirely unsubstantial. Did this 

occur in the beginning of the learning curve? 

This issue has already been discussed during the first revision step. We had 4 cases of vein injury in 

the beginning of the learning curve. We had included 11 additional antegrade EVH procedures in the 

mean time (in total 30 EVH procedures). Moreover, during the last 21 EVH procedures we did not 

experience any graft injury. The manuscript was revised underlining the safety of the procedure in the 

late phase of the learning curve. 

 

 

Reviewer #3:  

Manuscript Summary: 

The manuscript describes the method for antegrade harvesting of the saphenous vein in patients 

undergoing bypass surgery and demonstrates the feasibility of this approach and, moreover, the high 

quality of the vein grafts after harvesting. This method may be of major importance to thoracic and 

vascular surgeon that perform by pass surgery 

 

Major Concerns: 

well written manuscript, excellent description of the methodology. My only concern relates to the use 

NaCl+Hep for flushing and storing the grafts after harvesting (point 7.1). Using NaCl + Hep is a very 

poor perservation fluid, often resulting in endothelial activation, with frequent endothelial dysfunction 

or late endothelial loss, why don't the authors use at least heperanized blood or any other state-of-the-

art preservation fluids for the harvested vein graft? 

We thank the reviewer for the evaluations and this highly important concern. There are different 

opportunities available for graft storage during CABG surgery that definitely can affect graft quality. 

In our department the veins were transferred into heparinized blood for storage as soon as arterial 

cannulation for cardiopulmonary bypass was accomplished. The manuscript (especially the protocol) 

was revised.  

 

 

Reviewer #4: 

Manuscript Summary: 

The authors presented their protocol for antegrade endoscopic vein harvesting from the lower leg 

which can be used in routine coronary artery bypass grafting. 28 patients were enrolled to the study. 

Endoscopic vein harvesting was combined with bridging vein harvesting as a novel method. Vascular 

histology was analyzed in a randomized selection of vein samples. Although comparative studies and 

long-term results are needed, early results from this paper say us this new technique may provide 

surgeons high-quality vein graft isolation. 

 

Major Concerns: 

There is no major concern. 

 

Minor Concerns: 

Introduction is enough. 

Surgical technique is well-described. 

Discussion is satisfactory. 



Minor correction for line 395: "…nein graft…" 

We thank the reviewer for the evaluations and the minor concern. The manuscript was revised.  

 

 

 

We hope that the paper will now find your approval for publication in the Journal of Visualized 

Experiments. 

 

Yours sincerely, 

 

 

 

Dr. Christian Klopsch 

  

 

 

 


