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SUMMARY:

Presented here is a protocol for antegrade endoscopic vein harvesting from the lower leg, which
can safely be introduced in routine coronary artery bypass grafting. Vein grafts present excellent
graft quality following this standardized protocol with positioning of the legs, minimally invasive
access to the vein, and antegrade endoscopic vein harvesting.

ABSTRACT:

Antegrade endoscopic harvesting of autografts for bypass grafting may be an optimal strategy
addressing excellent graft quality and reduced post-operative wound complications. This
standardized protocol for antegrade endoscopic vein harvesting (EVH) from the lower leg has the
potential to be introduced to routine coronary artery bypass grafting (CABG). Patients
undergoing CABG surgery are positioned on a surgical table with two additional foam rollers
below the extended legs, enabling antegrade EVH from the lower leg. Following minimally
invasive surgical access through a bridging vein harvest technique, an endoscopic optical
dissector is inserted antegrade into the wound. The main vessel and side branches are dissected
under continuous optical control of vein quality status and the working channel. After, an
endoscopic optical retractor is inserted with an internal bipolar electrocoagulation device for
precise, safe, and tissue-protective interruption of side branches. After release of the vein, the
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vessel is cut off at the proximal and distal ends under optical control, retrieved from the wound,
then cannulated and flushed with heparinized saline. Finally, all side branches of the vein graft
are double-clipped. Vascular histology is analyzed in a randomized selection of vein samples.
After applying this standardized EVH protocol, the learning curve was shown to be steep, and
graft quality was sufficient for coronary artery bypass grafting in every case. There was no
conversion to surgical harvesting and low risks for tissue damage and bleeding. Leg positioning
and synergizing EVH with bridging vein harvesting improved procedural success and vein graft
quality. In our hands, antegrade EVH from the lower leg was feasible, demonstrating
straightforward graft dissection as well as adequate macroscopic and microscopic graft quality
with preserved endothelial integrity. In conclusion, the introduced technique is safe, shows
excellent vein autograft quality, and illustrates feasibility for elective and urgent isolated CABG
and combined CABG scenarios.

INTRODUCTION:

Open atraumatic “low-touch” and "no-touch" techniques have been developed over the years
for harvesting saphenous veins in coronary artery bypass graft (CABG) surgery or peripheral
bypass grafting, producing grafts with excellent endothelial integrity and long-term patency.
However, wound complications remain a major problem when using the open technique,
especially in obese, diabetic, and chronic venous insufficiency patients“. The question arises of
how physicians can harvest the saphenous vein with optimal graft quality and reduced risk for
wound complications. Endoscopic vein harvesting (EVH) techniques have been proven to be cost-
effective, and clinical outcome parameters are comparable with the open technique. However,
strategies protecting endothelial integrity, histological structure, and physiological function of
vein grafts during EVH are highly appreciated in order to preserve optimal graft quality?. Recent
studies have presented superior graft patency after open harvesting compared to endoscopic
techniques®. It has also been shown that bridging vein harvest techniques can directly improve
vein quality®. Therefore, it is hypothesized that vein graft harvesting may be advanced through
synergizing antegrade EVH with minimally invasive bridging vein harvesting, specific leg
positioning, and vein isolation in a tensionless working channel.

To date, conventional EVH techniques for harvesting great saphenous veins have used antegrade
approaches for the upper leg and retrograde approaches for the lower leg. However, we have
experienced limitations of these techniques and hold concerns about graft quality. The great
saphenous vein from the knee and upper leg frequently have revealed numerous side branches
and occasionally shown dilated vessel diameter, leading to impaired vessel quality and
mismatching of conduit and target vessels that can negatively affect long-term graft patency after
CABG and re-revascularization rate’*. In our experience, the retrograde EVH approach for the
lower leg has repetitively resulted in prolonged blood stasis inside the vessel (with augmented
intravenous blood pressure due to closed venous valves), increased mechanical stress on the
tissue, bleeding, thrombus formations, graft damage, and impaired graft quality. Consequently,
this standardized protocol was developed for safe antegrade EVH from the lower leg, combining
the bridging vein harvest technique for minimally invasive access site with antegrade EVH in a
tensionless working channel for adequate vein graft quality.
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PROTOCOL:

The study conforms to the Declaration of Helsinki. The protocol follows the guidelines of an
independent institutional ethics committee, and human biomaterials were obtained after
informed written consent (ethics committee approval: A 2018-0037).

1. Positioning of the legs

NOTE: Patient inclusion criteria included a history of coronary artery disease with elective/urgent
indication for CABG surgery and the need for harvesting of at least one venous bypass graft for
complete revascularization. Patients with debilitating chronic disease, emergency operations,
status post-deep vein thrombosis, and active wet gangrene were excluded. Pre- and post-
operative procedures were comparable with previously described clinical studies??13. 28 patients
undergoing coronary artery bypass graft surgery were included for antegrade endoscopic vessel
harvesting of 30 great saphenous veins from the lower leg after informed written consent. A
cardiac surgeon certified and significant practical experience (>200 cases) executed the vein
harvesting with antegrade endoscopic vessel harvesting of the great saphenous veins from the
upper legs.

1.1. Organization of the surgical theatre

1.1.1. Before surgery, ensure supine position of the anesthetized patient on the surgical table
following institutional standard procedures for CABG surgery.

1.1.2. Place the vein harvester on the right side of the patient. Place the surgical team and
instrumental set-up for cardiac surgery on the left side of the patient. Place the instrumental set-
up for EVH near the end of the table (Figure 1, Figure 2; see Table of Materials).

1.2. Specific positioning of the legs

1.2.1. Place two foam rollers (length: 60 cm, diameter: 12 cm) below the extended legs. Place
one half-cylindrical foam roller just above the knee in order to avoid overstretched knees and
common peroneal nerve lesions. Then, place another full cylindrical foam roller below the
Achilles tendon for lifted and outward rotated foot position (Figure 1A-D).

2. Minimally invasive surgical access to the vein graft

2.1. Access site

2.1.1. Use institutional standard disinfection procedures with Octenidindihydrochlorid followed
by standard sterile covering for aseptic surgical conditions.

2.1.2. Make one longitudinal skin incision (length: 1.5-2 cm) with a curved scalpel (size 10) on
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the lower leg. Start the incision with the distance of approximately one index finger above the
imagined ankle joint and proceed upwards parallel to the medial margin of the tibia bone (Figure
2C).

2.2. Bridging vein harvesting technique

2.2.1. Obtain minimally invasive access to the great saphenous vein with surgical forceps,
dissecting surgical scissors, and an electrosurgical pencil, if necessary. Starting from the skin
incision, isolate the vessel 4 cm in each direction using a vessel loop, dissecting scissors, small
soft tissue retractor, and Langenbeck hook, applying the standard bridging vein harvesting
technique (Figure 2C).

2.2.2. Continuously check vein quality status and surrounding subcutaneous tissue in the working
channel. Visualize in order to avoid injury to the saphenous nerve. Avoid harvesting of
progressive varicose veins.

2.3. Practical hints

2.3.1. Make sure that one small finger can easily access the working channel (antegrade). Avoid
surgical clipping of side branches at this time.

3. Antegrade EVH with the optical dissector
3.1. Insertion of optical dissector

3.1.1. Assemble the optical dissector by connecting an extended length endoscope (diameter: 7
mm, length: 48 cm) to an optical camera and dissection tip from the endoscopic vessel harvesting
system, according to the manufacturer’s instructions. Moisturize the optical dissector with saline
containing heparin (i.e., NaCl + Hep: 5.000 per 200 mL).

3.1.2. Put the inflatable blocker balloon (also provided by the endoscopic vessel harvesting
system and moisturized with NaCl + Hep) over the optical dissector. Gently insert the optical
dissector (antegrade) and, after, the inflatable blocker balloon into the wound under permanent
optical control of the vein (Figure 2D—F).

3.2. Dissection of the vein

3.2.1. Block the inflatable blocker balloon with room air (10 mL). Flood the working channel with
CO; (flow: 5 L/min, pressure: 15 cm H,0) and indicate to the anesthetic medical staff. Make sure
that the working channel is extended by the gas pressure.

3.2.2. Move antegrade until reaching the imagined proximal medial end of tibial diaphysis using
the optical dissector, following the manufacturer’s instructions. Gently dissect the main vessel
from a majority of subcutaneous tissue until achieving clear identification of side branches.
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3.2.3. For optimal results, dissect the main vessel through antegrade movement of the optical
dissector 1) above of, then 2) below, the main vessel. Then, selectively dissect the side branches,
with one side of the vein preserving the perivascular tissue as far as possible, followed by the
other side (Figure 2G—l).

3.2.4. Continuously check vein quality status and mechanical stress in the working channel.
Visualize in order to avoid injury to the saphenous nerve. Avoid harvesting of progressive varicose
veins.

4. Antegrade EVH with the optical retractor

4.1. Insertion of optical retractor

4.1.1. Remove the optical dissector from the wound and disconnect the dissection tip.

4.1.2. Adapt the blocker balloon for the optical retractor and block the working channel with a 5
mL syringe. Assemble the optical retractor by connecting the extended length endoscope to the
optical camera and retractor device from the endoscopic vessel harvesting system, which is

provided with an internal bipolar electrocoagulation device (power output: level 3—4).

4.1.3. Use anti-fog fluid for the tip of the endoscope (Figure 3A-C). Again, moisturize the optical
retractor with NaCl + Hep before antegrade insertion through the blocked balloon.

4.2. Isolation of the vein

4.2.1. Advance the optical retractor antegrade to the end of the working channel. Release the
vein from the surrounding subcutaneous tissue with the retractor device and selectively interrupt
side branches with the bipolar electrocoagulation device in a retrograde fashion (Figure 3D-F).
Here, the bipolar electrocoagulation device must be positioned with the convex ending away

from the main vessel.

4.2.2. Continuously check vein quality status and mechanical stress in the working channel.
Visualize in order to avoid injury to the saphenous nerve.

5. Vein graft retrieval

5.1. Finishing of EVH

5.1.1. Execute a stab incision in the skin with a sharp scalpel (size 11) at the distal end of the
dissected vein (regarding venous flow direction). Insert a smooth (anatomical) clamp through the

stab incision and clamp the vein under optical control with the optical retractor.

5.1.2. Gently retrieve the clamped vein through the stab incision and cut it off proximally
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(regarding venous flow direction). Thereafter, gently remove the optical retractor through the
blocked balloon simultaneously relieving the distal portion of the vein (Figure 3G). Deflate the
blocker balloon and remove it from the wound.

5.1.3. Switch off CO; and indicate it to the anesthetic medical staff. At this time, use surgical clips
and interrupt the remaining side branches before retrieval of the vein graft, if necessary.

5.2. Finishing of bridging vein harvesting

5.2.1. Execute a stab incision in the skin with a sharp scalpel (size 11) at the proximal end of the
isolated vein approximately 3 cm above imagined ankle joint. Insert an anatomical clamp through
the stab incision and retrieve the vein though the skin incision under digital and optical control.
Visualize and avoid injury to the saphenous nerve.

5.2.2. Then, clamp the vein under direct vision and cut off distally (regarding venous flow
direction). Thereafter, gently relieve the entire vein graft through the initial minimally-invasive
surgical access site and cannulate the proximal end with a 3.0 mm flexible vessel cannula (Figure
3H).

6. Final preparation of the vein graft

6.1. Gently flush the released venous graft with NaCl + Hep (in a 10 mL syringe) alternating with
double-clipping of all side branches (Figure 3H). Continuously check vein quality status and repair
injuries, if necessary, with polypropylene sutures (7-0 or 8-0). Finally, a vein harvester and
primary surgeon must evaluate graft quality of the endoscopic vein, applying the same criteria as
is executed for veins harvested by the open technique.

6.2. If necessary, store the vein graft in a NaCl + Hep-moisturized compress at room temperature
(RT) for short-term storage. However, avoid longer time periods of storage. Transfer the vein
graft into heparinized blood as soon as arterial cannulation for cardiopulmonary bypass is
accomplished.

7. Wound closure

7.1. Ligate the main vessel at both clamped vein ends, each with a 4-0 polyglactin 910 suture.
Remove the clamps.

7.2. Insert a 10Fr Redon drain into the wound (Figure 3l). Fixate the Redon drain with 2-0 poly
ethylene terephthalate suture at the skin.

7.3. Execute subcutaneous and intracutaneous wound closures at the minimally invasive access
site with 2-0 and 4-0 polyglactin 910 sutures, respectively. Close the two small stab incisions at
the proximal and distal ends, with one U-suture each, stitched intracutaneously (4-0 polyglactin
910). Drape the wounds with sterile plasters.
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7.4. Wrap the leg, except in peripheral artery disease patients.
REPRESENTATIVE RESULTS:

A steep learning curve was demonstrated for an experienced cardiac surgeon performing
antegrade EVH of the great saphenous vein from the lower leg (Figure 4). There were no
conversions to surgical harvesting. However, there were four cases of vein injury in the beginning
of the learning curve. In three of the four cases, major injuries occurred at the distal portion of
the vein because of an inadequately narrow working channel when the surgeon isolated the vein
above the tibial metaphysis. Disruption of a major side branch in two cases and dilaceration of
the distal vein in one case were observed, leading to discarding of the distal portion of the vein.
The remaining vein grafts were adequate for CABG in every case. In one of the four cases, minor
injury was observed at two small side branches at the proximal portion of the vein, when surgical
clipping of side branches was executed in the working channel before antegrade EVH. These
injuries were repaired with polypropylene sutures. Final vein graft quality was macroscopically
sufficient for CABG in every case regarding graft length, graft diameter, absence of injury, and
vessel wall integrity.

In three randomly selected patients, antegrade EVH (as explained above) was extended by
additional open vein harvesting from imagined tibial metaphysis upwards to the distal third of
the upper leg. Vein samples (about 3 mm in diameter) used for these studies were taken from
excess material near the ankle joint (bridging vein harvesting technique), imagined tibial
metaphysis (open harvesting technique), and proximal medial end of the imagined tibial
diaphysis (antegrade EVH technique). The samples were blinded to the participating pathologist,
fixed in formalin, sectioned transversely, and embedded in paraffin by routine procedures.
Hematoxylin and eosin-stained 5 um sections were prepared for light microscopy, and CD31
immunostains were obtained to demonstrate further that endothelial cells and integrity
remained intact.

These randomized blind microscopic analyses revealed an intact vascular morphology (Figure
5A,B) and completely preserved endothelial integrity (Figure 5C) in all analyzed vein samples
after antegrade EVH as well as employed conventional alternatives. However, lack of experience
and negligence for tissue preservation and vein quality can increase the risk for bleeding and
graft injury. Therefore, a continuously optical vein quality control is highly recommended, as well
as “tissue-gentle” vein isolation and preservation of especially perivascular tissue. In this regard,
it should be noted that the lifted and outward-rotated foot position and a prolonged distance
from the minimally-invasive access point to the ankle joint (one index finger) remarkably
improved forward-downward movability of the endoscope. Consequently, synergizing antegrade
EVH with bridging vein harvesting reduced mechanical stress and enhanced vein graft quality
during antegrade EVH of the great saphenous vein from the lower leg.

Antegrade EVH from the lower leg was feasible, demonstrating straightforward graft dissection
and adequate graft quality. No blood stasis, no thrombus formation, and low risk for bleeding
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and tissue damage were observed. Leg positioning and synergizing the antegrade EVH with
bridging vein harvest technique were the two main factors leading to procedural success. Great
saphenous vein grafts from the lower leg showed normal diameters (approximately 3—4 mm).
After graft retrieval, veins usually demonstrated slight spasms, comparable to our institutional
experiences for conventional vein harvesting techniques. Therefore, matching of vein grafts from
the lower leg with cardiac target vessels was deemed appropriate for CABG. Thus, the introduced
antegrade approach was applicable for both legs. In two cases, antegrade EVH from both lower
legs was successfully executed. No wound complications were experienced in this small initial
series. Patient acceptance of the method was high.

FIGURE LEGENDS:

Figure 1: Organization of surgical theatre and specific positioning of legs. (A-C) The
instrumental set-up for EVH was prepared and placed near the end of the surgical table. (D) The
instrumental set-up for cardiac surgery was placed on the left side of the anesthetized patient.
Two foam rollers (dotted line, one half-cylindrical foam roller just above the knee, one full-
cylindrical foam roller below the Achilles tendon) were placed below the extended legs. Foot
position was lifted and outward-rotated for direct vision on imagined ankle joint (short line),
expected minimally invasive access site (bold line), and medial margin of the tibial metaphysis
(dashed line). a-z are described in the Table of Materials.

Figure 2: Minimally invasive surgical access and antegrade EVH allowed safe and unimpeded
dissection of the great saphenous vein. (A—C) Following sterile draping of patients, the great
saphenous vein from the lower leg was isolated and (C) looped through minimally invasive
surgical access via the bridging vein harvesting technique. (D-F) The optical dissector was
assembled under sterile conditions (D) and inserted antegrade through the inflatable blocker
balloon (solid arrow) into the wound (E,F). (G—1) The protocol allowed for a simplified forward-
downward movement (dotted arrow) of the optical dissector during EVH (G,H) without impeding
the work of the primary surgeon and surgical nurse (l). aa-af are described in the Table of
Materials.

Figure 3: Following antegrade EVH, all isolated vein grafts demonstrated adequate quality for
CABG. (A—E) After removal of the optical dissector the working channel was blocked with a 5 mL
syringe (A, arrow), the optical retractor was assembled, prepared with anti-fog fluid (B), and
inserted antegrade through the inflatable blocker balloon into the wound (C). Again, the protocol
allowed for a simplified and unimpeded forward-downward movement of the optical retractor
during EVH (D,E). (F-1) An anatomical clamp was inserted into a stab incision (F, dotted arrow)
and used to clamp the main vessel under endoscopic control before retrieval of the distal portion
of the vein (G). Thereafter, another anatomical clamp was inserted into a stab incision at the
proximal end of the isolated vein (G) followed by complete retrieval of the vein, proximal venous
cannulation, clipping of side branches (H, dashed arrow), and wound closure (l). ag is described
in the Table of Materials.

Figure 4: Learning curve for antegrade EVH from the lower leg. A total of 30 great saphenous
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veins from the lower leg were isolated from 28 CABG patients using antegrade EVH. The graph
illustrates an immediate dynamic reduction in time expenditure (min) starting from insertion of
the optical dissector until termination of vein graft retrieval.

Figure 5: Antegrade EVH preserved integrity of endothelium and vascular wall. (A-C)
Representative images from vein cross sections after antegrade EVH for hematoxylin/eosin
staining (A,B), as well as for CD31 immunostaining (C), illustrated normal morphology of vascular
wall and completely preserved endothelial integrity, respectively. No differences in histology
were detected after comparing all harvesting techniques in the department (open vein
harvesting, bridging vein harvesting, antegrade EVH).

DISCUSSION:

It should be stated that we prefer complete arterial coronary revascularization in our
department. There is rising evidence that CABG using bilateral internal mammary artery (IMA)
grafts can significantly improve long-term survival of patients!*'’. However, there are valid
reasons for a “single IMA plus vein grafts” strategy, especially in patients at advanced ages,
patients with high risks for surgical site infection, patients in which the radial artery graft is not
available, and in cases with chronically occluded coronary target vessels. In these scenarios, this
protocol offers a standardized technique for safe antegrade EVH from the lower leg. Optimal vein
grafts for CABG will reduce short-term wound complications and improve long-term outcomes
with diminished revascularization and higher quality of life%22,

The protocol is based on three essential pillars: (1) specific positioning of the leg, (2) bridging vein
harvesting technique for minimally invasive access site, and (3) antegrade EVH in a tensionless
working channel. Sufficient leg positioning prevents interference of optical dissector and
retractor with the food, guaranteed undisturbed EVH in the surgical theatre, allowed for easy
graft preparation through forward-downward movement of the endoscope in the working
channel, and reduced the risk of common peroneal nerve lesions. Sufficient bridging vein harvest
technique simplified the insertion of endoscopic devices, reduced the tension in the working
channel especially near the access site, and minimized the possibility of vein graft damage
through improved movability of optical dissector and retractor. Moisturizing the EVH equipment
with heparinized saline further simplified antegrade insertion of the EVH equipment as well as
allowed for unimpeded endoscope movements. Instead of systemic heparin infiltration, heparin
was administered locally in the working channel, which was sufficient here to prevent from both
thrombus formation and bleeding. Most importantly, the tensionless working channel allowed
for antegrade EVH with minimal risk for graft injury.

In this procedure, the surgeon’s attention must be concentrated on several aspects. The working
channel must be extended by gas pressure before graft preparation. The optical dissector and
retractor must be utilized to enlarge the working channel, and the vein harvester may need to
enlarge the minimally invasive access site. To the greatest extent possible, the harvester should
preserve perivascular tissue (especially near side branches of the vein graft) and be able to use
the precise and tissue-protective bipolar electrocoagulation device for interruption of side



397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440

branches through free movability of the endoscopic vessel harvesting system. In any case, it is
recommended to avoid clips in the working channel before EVH. Harvesting beyond the imagined
tibial metaphysis requires a higher level of experience, because the working channel became
progressively narrow and the graft may be damaged.

Some specific tips for successful antegrade EVH include: Avoid bleeding. It is recommended to
avoid a narrow working channel. If necessary, the surgeon should use fine surgical forceps to
retract the skin incision during material insertion or enlarge the skin incision with the curved
scalpel (and fixate the blocker balloon with an additional intracutaneous U-suture). It should be
repetitively evaluated if the working channel is extended by the gas pressure and tension-free.
The working channel should be enlarged with the optical dissector or retractor, if necessary. The
side branches should be sufficiently dissected with the optical dissector. The integrity of the
subcutaneous (especially the perivascular) tissue should be preserved as much as possible,
addressing both graft injury prevention and maximal reduction of mechanical stress in the
working channel. Surgeons should be aware of sufficient interruption of all side branches from
the main vessel with the optical retractor. Additional skin incisions will be required if interruption
of side branches was incomplete. Surgeons should be “tissue-gentle” through avoidance of
extensive traction forces affecting the vein, especially in chronic venous insufficiency, diabetes,
peripheral artery disease, obese, and elderly female patients. Antegrade EVH from the lower leg
should be stopped, at the furthest, next to the imagined tibial metaphysis.

Following this protocol, the antegrade EVH approach enables “tissue-gentle” vein preparation at
the lower leg, with adequate vein graft quality and low risk of wound complication, even in
chronic venous insufficiency, diabetes, peripheral artery disease, obese, and elderly female
patients>®10, Initial randomized histological analyses of vein grafts illustrated completely
preserved endothelial and vessel wall integrity after all harvesting techniques in the department
(open vein harvesting, bridging vein harvesting, antegrade EVH). Moreover, antegrade EVH from
the lower leg illustrated vein grafts with low side-branching and adequate matching of conduit
and target vessels during CABG. Therefore, it was hypothesized that this approach may be
advantageous compared to the antegrade EVH approach from the upper leg in follow-up studies.
Vein grafts harvested from the knee and upper leg usually show frequent side branching and
occasional mismatching of dilated conduit vessels (diameters above 5 mm) with coronary target
vessels, which can create more turbulent intraluminal flow conditions and lead to an increased
risk for graft occlusion after CABG!?.

Further, the proposed technique may eliminate a majority of wound complications, especially
after open vein isolation in the region of the knee where wound healing can be compromised
due to tissue tension during post-operative mobilization of the patient. The manuscript lacks a
systematic in-depth analysis of vein graft histology and its endothelial functionality. However,
initial data point to possible non-inferiority of antegrade EVH compared to other harvesting
techniques. The protocol emphasizes maximal protection of the surrounding subcutaneous
(especially perivascular) tissue, addressing both preserved graft integrity and reduced
mechanical stress in the working channel. Further studies are required on controlling the graft
long-term patency. The small sample of patients may implicate that the learning curve is not
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finished. Therefore, the protocol for antegrade EVH from the lower leg was established and
performed by surgeons experienced with the technique for the upper leg, which should
guarantee sufficient vein graft quality'®®°. Further investigation is warranted.

Antegrade EVH with the endoscopic vessel harvesting system produced additional peri-operative
procedural costs during CABG and is not reusable. However, cost efficiency was proven, and the
closed tunnel EVH system demonstrates multiple highly appreciated advantages over existing
reusable or open EVH techniques??°. In this set-up, a closed tunnel EVH system was chosen
because it offers a long (maximum 35-40 cm), small lumen working channel and allows for
antegrade EVH from the lower leg with only one minimally invasive skin incision. A single switch
from optical dissector to optical retractor and the integration of directed, precise, and graft-
protective electrocauterisation enabled a short time expenditure and optimized cost efficiency,
quality of life, and vein graft histology?. Moreover, the antegrade approach can be applied for
the full length of the leg if a second small incision (standard incision, recommended by the
manufacturer) is added next to the imagined tibial metaphysis. As shown, antegrade EVH of the
great saphenous vein can be repeated in the second lower leg. Apart from that, antegrade EVH
of the small saphenous vein was enabled through specific positioning of the leg with lifted and
inward-rotated foot position and lateral minimally invasive access site in two patients
(unpublished data by A. Kaminski, 2018), comparable with the work of Rustenbach et al.??

The introduced antegrade EVH concept for the great saphenous vein from the lower leg
illustrates feasibility for straightforward graft dissection and adequate graft quality, indicating a
promising clinical perspective for routine use in CABG. The protocol has a steep learning curve in
experienced cardiac surgeons. Besides the explained benefits, the antegrade EVH approach for
the great saphenous vein from the lower leg displayed low risks for blood stasis, thrombus
formation, bleeding, and graft injury, which was previously seen with the conventional
retrograde approach. For these reasons, we had cancelled the retrograde approach earlier in
patients before starting this study. However, there is a lack of data supporting a general
assumption of superiority of the antegrade over the retrograde approach.

Absence of blood stasis (with augmented intravenous blood pressure because of closed venous
valves) and limited mechanical stress on the vein may reduce the risk for graft injury and
thrombosis as well as improve long-term patency of bypass grafts'®22, The data showed that all
great saphenous veins isolated by antegrade EVH were adequate grafts for CABG surgery with
respect to general macroscopic and randomly selected microscopic evaluations. However, we
discarded distal vein graft parts with major injuries resulting from EVH preparation in an
inadequately narrow working channel in the early phase of the learning curve. There were no
graft injuries during the last 21 EVH procedures. The cardiac surgeon should not accept
inadequate bypass graft material, because in these cases, graft occlusion is more frequent and
could worsen clinical outcomes?3.

A study by Kodia et al. underlined that currently applied EVH protocols should be advanced in
order to improve vein graft quality>. Nonetheless, a recent prospective randomized controlled
trial clearly depicted that closed tunnel EVH demonstrated gains in quality of life, superior cost-
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effectiveness, and minor differences in graft integrity compared to open vein harvesting without
affecting major adverse cardiac event (MACE) rate after CABG surgery?. Another prospective pilot
study similarly showed improved post-operative physical recovery, better quality of life, and
equal MACE rates after CABG with EVH compared to open vein harvesting?®. Moreover, the
guestion arises whether or not post-operative outcome after CABG with vein grafts isolated by
conventional EVH (in clear majority from the upper leg) may be further enhanced with the
described antegrade EVH approach for the lower leg. Follow-up studies are warranted.
Experienced surgeons and a structural, protocol-based education of inexperienced colleagues
may help maintenance of a higher vein graft quality standard isolated by antegrade EVH and
broadening of the technique. Besides isolated and combined CABG scenarios, EVH was also
shown to be feasible in elective and high-urgency peripheral bypass grafting scenarios?>2°.
However, caution should be taken. In high-urgency CABG scenarios, a higher level of experience
in EVH is required in order to minimize the time exposure and guaranty adequate vein graft
quality.

In conclusion, antegrade EVH from the lower leg is a safe method for the isolation of venous graft
material for CABG. Macroscopic evaluation and initial histological analyses demonstrated
excellent graft quality with preserved endothelial integrity, and this leads to promising clinical
results underlining that the method may be a valid alternative to conventional antegrade EVH
from the upper leg. Also illustrated is a steep learning curve in experienced cardiac surgeons and
low risks for graft-associated complications. The protocol offers a specific institutional step-by-
step procedure for antegrade EVH from the lower leg with practical hints, troubleshooting, and
possible solutions. Three essential pillars for success were highlighted: (1) specific positioning of
the leg, (2) synergizing with bridging vein harvesting technique for minimally invasive access site,
and (3) antegrade EVH in a tensionless working channel under continuously optical control of
vein graft quality. Therefore, it is proposed that this protocol may help both cardiac and vascular
surgeons in developing optimal approaches for high-quality vein graft isolation.
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disposable scalpel (size 11, Prazisa Plus)
small curved smooth (anatomical) clamps
toothed (surgical) forceps

surgical scissors

holder for scalpel blade (size 10)

fine smoth (anatomical) forcep
sponge-holding clamp

clipping device

18 Gauge cannula (Sterican)

light handle

needle holder

tissue retractor

Redon needle

adhesive hook and loop fastener
extended length endoscope

optical cable

transparent drap camera cover
connection cable for electrocauterisation
gas insufflation set

Fred Anti-Fog Solution

bipolar electrocoagulation device
monitor (WideView)

light source (xenon 300)

gas insufflation controller (Endoflator)
half-cylindrical foam roller
full-cylindrical foam roller

bulldog clamp

flexible vessel cannula

vessel loop (Mediloops)
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poly ethylene terephthalate, Ethibond 2-0) Ethicon, Johnson & Johnson, USA
Endoscopic vessel harvesting system,
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laberatory, hospital, ethical, human and animal treatment,
privacy, and all other rules, regulations, laws, procedures or
guidelines, apalicable te the Matesials, and that all research
irvaiving human and animal subjects has been approved by
shie Author's rebevant institutional review board,

10. JovE Discretion. if the Awthar requests the assistance of
IoVE in praducing the Video in the Author's faciity, the Authar
shall ersure that the presence of JoVE employees, agents o
independent contractors s in aotordance with the relevant
regulations of the Author's institution, If mare than one
author is listed at tha baginning of this Agreement, JoVE may,
in its sobe discretion, elect noet take any Betion with respect (o
the Article until such time as it has received complete,
expcuted Artile and Video License Agresments from each
sich author. JoVE resenses the right, in its absolute and sole
discretion and withawt giving any reatan therefore, to atcept
or decline sny work submitted o JoWE.  JoVE and s
employess, agents and independent contractors shall hawve
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full, unfettered access 1o the facilities of the Authar or of the
Author's institulion &5 necessary to make the Video, whether
actually published or not. JoVE has sole discretion as 1o the
method of making and publishing the Materials, including,
withaut limitation, 1o all decsions regarding editing, Bghting.
filming, timing of publication, if any. length, guality. content
and the like.

11. indemrification. The Authaor agrees o ndemnify JoVE
and/ar its swecessors and assigns from and againdt any and all
claims, costs, and expenses, Including attemey's fees, arising
out af any breach of any warranty or ather repressntations
tantained herein. The Authar further agress to indemnily and
hald harmiless JoVE from and Bgainst ary ard all claims, costs,
and expenses, including attormey's fees, resulting from the
bresch by the Author of ary repressntation of warranty
contained herein or from allegatiens or instances of violation
of intellectual property rights, damage to the duthar's ar the
Author's institution®s  facilities, freud, Bbel, defamation,
rasearch, aquipmaent, sxperimants, property damage, persanal
injury, violations of institutional, labaratory, haspital, ethical,
human and snimal trestment, prvacy of other nules,
regulations, laws, procedures or guidelines, llabdtes and
other losses or damages related in any way to the submission
of work 1o JoVE, making of videos by JoVE, or publication in
JoVE or wlsewhere by loWE. The Author shall be respansible
far, and shall hald JoVE harmless froem, damages caused by
lack of sterilization, kack of cleandness or by contamination
due to the making of a video by JaVE its employess, agents ar
independent contractors.  All sterilzation, cleanliness or
cecontamination procecures shall be solely the responsibility
of the futhar amd shall be undertaken at the Authos

ARTICLE AND VIDEO LICENSE AGREEMENT

sapense.  All indemnifications provided herein shall include
JoVE'S amtorney’s Tees and oosts related w said losses ar
gamages. Such indemnification and holding harmiess shall
Include swch losses or damages incurred by, ar In connection
with, scts or omissions of JVE, its employees, agents ar
Independent contractors.

12, Fees. To cower the cost incurred for publicatian, JaVE
must receive payment before production and publication the
Materials. Payment is due in 21 days of invoice, Should the
Matarials not be published due to an editarial or praduction
decikicn, theis funds will be retumed to the Author,
Withdrawal by the Author of any submitted Materials after
final peer review approval will result in a US51.200 fee to
cower pre-production sxpenses incurred by JoVE. If paymant is
ok received by the completion of filming, production and
publicatian of the Material will be suspended until paymeant s
recEived,

13, Transfer, Governing Lew. This Agreement may be
assigred by JoVE and shall inure to the benefits of any of
JoWE's successors and assignees.  This Agreement shall be
poverned and construed by the internal laws of the
Comrmarwealth of Massachusetts without giving effect to any
conflict of law pravision thereunder. This Agreement may be
executed in counterparts, each of which shall be deemed an
griginal, but all of which together shall be deermed 1o me one
and the same agreement. A sigred copy of this Agrasment
delivered by facsimile, @-mail or other means of electranic
transmission shall be deemed to have the same legal abfect a5
delivery af an ariginal signed copy of this Agreement.

4 signed copy of this document must be sent with all new submissions. Only one Agreement required per submission.
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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. |
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. | 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, e€000694 (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. | recognize that you state that the
technigue 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
guality 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 technigue 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,

Ao

Dr. Christian Klopsch




