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Endoscopic radial artery harvesting for coronary artery bypass grafting.
A single center evolving experience

Martin Simek, Pavel Marcian, Marek Gwozdziewicz, Fluger Ivo, Patrick Tobbia, Vladimir Lonsky

Aim. We sought to evaluate our experience with endoscopic radial artery harvesting for coronary artery bypass graft-
ing (CABQ).

Methods. From October 2005 to June 2010, 50 patients who underwent endoscopic radial artery harvesting for an
elective CABG were prospectively assessed for harvesting characteristics, complications, postoperative and mid-term
outcomes.

Results. There were 34 (68%) males and 16 (32%) females, average age 60.8+9.2 years. All but two RA grafts (96%)
were successfully harvested endoscopically. Mean harvesting time was 46.2+9.3 min and mean length of harvested
grafts was 23.4+2.2 cm. In the post-operative period there were no wound-healing complications; residual forearm
edema was recorded in 6 patients (12%) and peripheral neuropathy in 4 patients (8%). At 3 months after the surgery,
peripheral neuropathy and residual edema persisted in 2 patients (4%). A significant drop of overall harvesting time
(56.2+ 18.6 vs. 38.6+8.6 min, P<0.05) and forearm ischemia time (41.8+12.7 vs. 24.2+3.2 min, P<0.01) was found between
first and last ten cases in the group.

Conclusion. Endoscopic radial artery harvesting was associated with low risk of post-harvesting complications and
most of these disappeared within a 3 months follow-up. However, there was a significant learning curve.
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INTRODUCTION sternotomy and left internal mammary artery harvesting.
Its use for grafting was based on the surgeon “s choice.
Radial artery (RA) has been widely adopted for coro-
nary artery bypass grafting since the mid-1990s when in-  Preoperative evaluation of RA
terest in this practise was renewed'. Open RA harvesting The adequacy of collateral blood flow was assessed
(ORAH) is considered to be safe and well-accepted for  preoperatively by modified Allen test and duplex ultra-
its simplicity and minimal trauma to the graft’. However,  sound study. Exclusion criteria included: emergency sur-
uninterrupted incision occupying almost the whole gery, positive Allen test (refilling time over 5 s), previous
length of the volar forearm is associated with some risk  upper extremity trauma, Raynaud’s disease or vasculitis.
of complications, dissatisfaction with the cosmetic result ~ Further, based on duplex ultrasound study (10 MHz
or hypertrophic scar formation, particularly in younger = probe, SONOS 5500™, Agilent Technologies Inc.,
patients and women?. In an effort to minimize surgical — Andover, USA), patients with significant stenosis (>50%)
trauma, endoscopic radial artery harvesting (ERAH)  of brachial, ulnar or radial artery, calcification in RA wall,
has evolved. Although some reports suggest reduction of  intimo-medial thickening over 0,6 mm, and diameter of
post-harvesting complications and excellent cosmetic re- RA below 2 mm were excluded from RA harvesting.
sults, this technique has not been yet accepted as widely
as endoscopic vein harvesting worldwide*. We sought to  Harvesting technique
evaluate our experience with ERAH and to analyze the At the time of surgery, a tourniquet was placed on the
effects of evolving experience on the results. upper arm prior to draping the patient. Then the forearm
was supinated on the arm board positioned at 80° degrees
from the table. A 3-cm longitudinal incision was made
PATIENTS AND METHODS roughly 1 cm proximally from radial styloid just above the
palpable RA. The distal segment of RA with concomitant
From October 2005 to June 2010, 50 patients under-  veins was freed from surrounding tissue, and the fascia
going elective coronary artery bypass grafting underwent  was cut with scissors as proximally as possible under di-
ERAH at our institution. The RAs were harvested pref- rect vision to create space for insertion of the dissect-
erably from the non-dominant arm, simultaneously with  ing cannula tip. Once the distal segment of the RA was
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exposed, the forearm was elevated and wrapped tightly
with a compressive bandage. The tourniquet was inflated
30 mmHg above the systolic artery pressure, wrapping
released and the forearm replaced on the table. ERAH
was carried out using Vasoview 6™ (47 procurements)
and Hemopro™ (3 procurements) vessel harvesting sys-
tem (Maquet GmbH, Germany). The system consists of
a 7 mm 0O-degree extended endoscope and one disposal
harvesting cannula. The whole procedure was facilitated
with CO2 insufflation, however the insufflation pressure
was limited to 5 mmHg. The RA in continuity with satel-
lite veins was gently dissected with the aid of a conical
dissection cannula attached directly to the endoscope.
The location of the endpoint of the dissection was based
on visualisation of the recurrent branch of the RA or the
venous plexus located just proximal in the antecubital
fossa. Afterwards, the harvesting cannula was put on the
endoscope, and either bipolar scissor (Vasoview 6™) or
direct current-powered sealing jaw (Hemopro™) was use
for the fasciotomy of RA’s tributaries division. Once the
graft was completely freed, both ends were grasped with a
mosquito clamp and dissected, in the proximal part with
the aid of a 3 mm stab incision, in the distal, through-
out the initial entry incision. Skin incisions were closed
with 4-0 absorbable subcuticular suture (Vicryle Plus™,
Ethicon, Scotland) and after Redon’s drain insertion, a
bandage was placed on the forearm. A small dose of hepa-
rin, 2500 UI intravenously, has been was given prior to
the initial RA dissection since 2009.

Graft preparing

All harvested RAs were prepared in the same manner,
including closing side branches with metallic clips, atrau-
matically flushing artery with tepid heparinized saline
solution and storing in bath with calcium channel blocker
verapamil (Lekoptin, Lek Pharmaceuticals, Slovenia). To
avoid RA spasm, intravenous administration of nitrate
(NitroPohl, Pohl-Boskamp GmbH, Germany) was begun
immediately after grafting if hemodynamic conditions
allowed it. After the procedure, selective calcium chan-
nel blocker amlodipine (Zorem, Teva Czech Industries,
Czech Republic) was administrated in a dose of up to
10 mg daily.

Follow-up

All data were collected prospectively, including demo-
graphic, operative, procedural characteristics (harvest-
ing time, length of graft) and procedural complications
(conversion rate, bleeding, blood loss and graft injury
rate). Post-harvesting surgical complications including
hematomas, residual forearm edema, pain, and wound-
healing disturbances, hand ischemia, and neurological dis-
turbances including sensory (numbness or parenthesis) or
motor impairment (hand grip test) was followed up to the
5% postoperative day, and at 3 months after the surgery.

Statistics
Data were analyzed with SPSS 10.0 statistical analysis
software (SPSS Inc. Chicago, USA). They were presented
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Table 1. Patient characteristics (n=50).

n %
Age (years) 60.8+9.2
Male/female ratio 34/16 68/32
BMI 28.4+4.4
Diabetes 13 26
PVD 8 16
Immunosuppression 3 6
LVEF (%) 45.9+6.2
BMI - body mass index
PVD - peripheral vascular disease
LVEF - left ventricle ejection fraction
Table 2. Operative characteristics (n=50).
n %
CABG (on-pump/off-pump) 27/19 58/42
CABG plus other procedure 2 4
Re-do CABG 2 4
Operative time (min) 219.5+56.6
CPB time (min) 66.8+19.7
Cross clamp time (min) 46.7+19.8
No. of peripheral anastomoses 3.1£0.76
Il;lz. of peripheral anastomoses on 1.52£0.62
Distal anastomosis of RA
to LAD 1 2
to diagonal 17 34
to circumflex 34 68
to RCA 23 46
Proximal anastomosis of RA
to ascending aorta 22 44
to LITA 20 40
to RITA 8 16

CABG - coronary artery bypass grafting
CPB - cardiopulmonary bypass

LAD - left anterior descending

RCA - right coronary artery

LITA - left internal thoracic artery
RITA - right internal thoracic artery

as means with standard deviation. Categorical data was
compared by x> test and Fisher exact test. Student’s t test
was used to compare normative data. Probability less than
0.05 was considered statistically significant.
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41-50 Fig. 1. Progress in harvest-
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Fig. 2. Progress in compli-
cations rate.

RESULTS

There were 34 (68%) males and 16 (32%) females,
average age 60.8+9.2 years. The majority underwent only
CABG (96%), more often with the aid of cardiopulmo-
nary bypass (62%). Mean number of peripheral anastomo-
ses was 3.1+0.76, on RA grafts 1.52+0.62. RA grafts were
targeted to LAD, diagonal, circumflex, RCA territory in 1
(2%), 17 (34%), 34 (68%), 23 (46%) of cases, respectively.
As inflow for RA grafts, the ascending aorta was used
in 22 (44%), left internal thoracic artery in 20 (40%),
and right internal mammary artery in 8 (16%) of cases.
Detailed demographic and operative characteristics are
summarized in Table 1, 2.

All but two RA grafts (96%) were successfully har-
vested endoscopically. One case was converted due to ve-
nostatic bleeding from injured satellite vein when the arm
was inaccurately compressed during tourniquet inflation,
and the second owing to hemodynamic collapse caused
by right ventricle injury during re-do sternotomy. One
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patient needed to be revised through extended counter
incision for overwhelming bleeding due to ligature slide
from proximal RA stump just after finishing the proce-
dure. Mean harvesting time was 46.2+9.3 min including
34.5+8.9 min of forearm ischemia, and mean length of
harvested grafts was 23.4+2.2 cm. None of grafts was
macroscopically injured or excluded from grafting. Total
incisional length counting both entry and counter inci-
sion was 3.7+0.8 cm. Blood loss measured from drainage
discharge was 23.4+19.6 mL. Full harvesting character-
istics are displayed in Table 3. Although all procedures
were performed by one surgeon (M.S.) well-experienced
with endoscopic vein harvesting, a significant learning
curve was found. Comparing each harvesting character-
istic, significant drop in overall harvesting time (56.2+
18.6 vs. 38.6£8.6 min, P<0.05), forearm ischemia time
(41.8+12.7 vs. 24.2+3.2 min, P<0.05), and entry incision
RA release - dissection time (14.4+8.2 vs. 10.2+3.4 min,
P<0.05) was found between first and last ten cases in the
group (Fig. 1). Likewise, increasing experience was re-
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Table 3. Harvesting characteristics (n=50).

n %
Non-dominant hand 47 94
Harvested from the left hand 46 92
Tourniquet usage 46 92
Length of harvested RA (cm) 23.4£2.2
Overall harvesting time (min) 46.2+9.3
Forearm ischemia time (min) 34.5+8.9
No. of skin incisions 2+0
g():\g;all length of skin incisions 37:0.8
Revision for bleeding 1 2
Conversion to the open harvest 2 4
No. of graft injury 0 0
Blood loss (ml) 23.4+19.6
Table 4. Post-harvesting complications (n=50).
5th POD 3 months

n % n %
Hematoma
Local 10 20 0
Diffuse 4 8 0
Dehiscence 0 0
Necrosis 0 0
Z\;(;und infec 0 0
ifjjg;al 6 12 2 4
Pain 2 4 0 0
Neuropathy 4 8 2 4
SBRN 3 6 2 4
LCAN 0 0 0 0
MN 1 2 0 0

POD - postoperative day
SBRN - superficial branch of radial nerve

LACN - lateral antebrachial cutaneous nerve

MN - median nerve

67

flected in decreased complications and conversion rate
over time (Fig. 2).

On the post-operative period (5" post-operative day)
there were no wound-healing complications including
dehiscence, necrosis or incision infection. Residual arm
edema occurred in 6 patients (10%) and was associated
with diffuse hematoma formation within the harvesting
tunnel in 5 patients (10%). Peripheral neuropathy was
experienced in 4 patients (8%), 3 of them complained of
dorsal thenar numbness, and one of paresthesias of the
2 and 3" volar fingers showing impairment of the su-
perficial branch of the radial nerve (SBRN), and sensory
part of median nerve (MN), respectively. Two patients
(4%) complained of mild arm pain not requiring pain
medication. At 3 months after the surgery, peripheral neu-
ropathy persisted in two patients (4%), both complained
of unbounded small area of dorsal thenar numbness, and
residual arm edema was also found in two patients (4%).
No ischemic complications, inability to perform tasks,
or return to previous work because of hand impairment.
The post-harvesting complication rate is summarized in
Table 4.

During the 3 months follow-up, one patient died
(2%) of a sequela of cerebrovascular accident on 18th
postoperative day. A total of 10 patients (20%) under-
went angiography to confirm the patency of the grafts in
the early post-operative period, 2 of them (4%) because
of post-operative myocardial ischemia, and 8 (16%) for
others reasons connected to off-pump complete arterial
revascularization using composite graft of right internal
thoracic and RA. In the first group, one stenosis in distal
anastomosis on the obtuse marginal branch was displayed
and solved by intracoronary bare metal stent placement.
In the second group, all RA and distal anastomoses were
well-patent. However, a stenosis in the anastomosis of
the composite right internal thoracic to RA graft was
revealed.

DISCUSSION

Improvement in harvesting techniques together with
broadly-accepted anti-spasm medical therapy has led to
renewed interest in the radial artery as an arterial conduit
over time'. The arterial wall structure, comparable diam-
eter, low-risk of harvesting site complications, and long-
term preserved flow-mediated vasodilatation are perceived
advantages of RA over the great saphenous vein (GSV)
(ref.>). Although, a number of observational studies have
demonstrated the superiority of RA in terms of better
patency and clinical outcome, randomized trials suggest-
ed only better angiographic results of RA in 1-year and
5-year follow-up with no difference in clinical outcome™!!,
Moreover, dealing with less tight coronary lesions (<80%),
particularly in the right coronary artery territory, and with
the group of patients 70+, use of RA did not carry any
benefit of importance over GSV (ref.!!!).

RA harvesting performed through an uninterrupted
incision in Reyes’s modification is simple, quick, and safe
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towards radial artery'?. The risk of severe post-harvesting
complications leading to hand disability as a consequence
of hand ischemia or major neuronal trauma is extremely
rare if the surgical technique and pre-operative hand col-
lateral blood flow evaluation are carried out properly>”2.
However, neuropathic sensory disturbances in the ter-
minal area of the superficial branch of the radial nerve
(SBRN), lateral antebrachial cutaneous nerve (LACN),
and sensory part of median nerve (MN) are clinically
detectable in 12-51% of cases in the postoperative period
and even persist in 8-12% patients 1 year after the sur-
gery>!*1* In addition, in 3-5% of patients had some motor
deficit which was caused by injury to the median or the
motor branch of the radial nerve'. According to neuro-
physiologic study, axonal degeneration lesions of radial
and median nerve are detectable almost in 70% cases!>6.
Neuronal injury after RA harvesting can be caused by
direct surgical trauma accompanied dissection or overuse
of electrocautery, or rather owing to indirect trauma as
a consequence of tissue edema, hematoma formation or
compartmental forces. This aside, there is also a risk of
microvascular malperfusion despite the competency of
collateral flow*". Some sensory loss and/or motor weak-
ness following RA harvesting, mostly in the thumb area,
can be perceived very sensitively by the patient, particu-
larly when it produces some hand limitation in regular or
work activities even when the impairment was assessed
as minor or negligible by the physician'.

Evolving experience with endoscopic vein harvesting
shows significant reduction in harvesting site-related com-
plications. For this reason the radial artery concept was
introduced: to reduce the risk of complication risk, par-
ticularly neurological, and improve the cosmetic result'”!8,
The initial experience confirmed the feasibility and safety
of ERAH which was consequently confirmed on a large
patient cohort of 300 cases'. Prospective observational
study comparing ERAH with ORAH, showed significant
decrease in motor and sensory neuronal disturbances as-
sessed postoperatively (10% vs. 1%, 31% vs. 18%) (ref.?°),
Imonth (8% vs.1%, 26%vs 8%) (ref.??), and 3 months after
the surgery (5% vs. 0%, 14% vs.4%) (ref.??), respectively.
Further, significantly lower incidence of wound heal-
ing complications including massive hematoma (0% Vvs.
5%) and wound infection (0% vs. 7%) were recorded®.
Other retrospective observational studies, comparing en-
doscopic and open technique also showed reduction of
wound healing and neurological complications, in favor
of ERAH. Moreover, significantly reduced impairment
in work and regular daily activities (0% vs.12%) and post-
operative pain (0% vs. 8%) was observed?. Avoidance of
long forearm skin incision in ERAH minimizes the risk
of the LACN injury in contrast to ORAH. The risk of
SBRN is comparable in both techniques due to its ana-
tomical proximity to RA (ref.??). Functional and histo-
logical assessment of conduits taken endoscopically and
conventionally revealed no differences in alteration of
vasoreactivity or endothelial integrity between groups in
prospective randomized trial*’. Assessment of one-year
graft patency using 64-slice computer tomography showed
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no differences between ERAH and ORAH groups (78%
vs. 76%) (ref.?*). Although, several harvesting systems are
employing for ERAH, there are no data comparing the
influence on bipolar electrocauthery, harmonic scalpel or
direct current on the conduit quality used for branch divi-
sion in each system. However, the issue of conduit quality
harvested endoscopically needs to be appraised carefully
in light of the results of optical coherence tomography
imaging and sub-analysis of the PREVENTIV study?2.

Our results showed a significant learning curve of
ERAH even with ample previous experience using en-
doscopic vein harvesting techniques. Thus, procedural
time remained longer than with ORAH in our setting.
Moreover, there was additional call on time for preparing
endoscopic equipment, its assemblage, and also attach-
ment of pneumatic tourniquet if used.

The risk of procedural complications appears to
be very low. One procedure needed to be converted to
a traditional approach due to bleeding from a satellite
vein. Another delayed bleeding due to ligature slide was
controlled through proximal incision. None of the har-
vested grafts were injured when assessed macroscopically.
Similarly, we did not face any wound-healing problems or
limitation of daily hand function. In accordance with pre-
viously published data, the neuronal injury rate was low
(8%) and declined markedly within follow-up (4%). The
small entry incision in the distal volar forearm hindered
of impairment of LCAN well-known in ORAH, however,
the injury SBRN was not entirely avoidable in the endo-
scopic technique.

The quality of harvested grafts is closely dependent on
the preoperative quality of RA and handling with graft,
particularly within harvesting. Duplex ultrasound is an
easy, fast and feasible tool for assessment of morphol-
ogy and flow in forearm vessels and might be demanding
to exclude inappropriate RAs for grafting, particularly in
diabetics and peripheral vascular disease patients®’. The
risk of potential graft injury caused by ERAH is debat-
ed, against the backdrop of endoscopic vein harvesting
(EVH) results. Although, vasoreactivity and patency rate
of harvested RA graft seem to be comparable, a higher
incidence of intimal tears was displayed on optical co-
herence tomography imaging®%. Analogously to EVH,
from 2009 we have adopted some precautions in ERAH
technique including routine low-dose pre-heparization,
no port-seal and minimal CO, insufflation pressure, and
use of the hemoseal system with minimal thermal spread.
Nonetheless, meticulous harvesting technique is still the
keynote.

So far, no study has evaluated the cost-effectiveness of
ERAH. In contrast to EVH when significant decrease of
wound-healing complications, in-hospital stay, and need
for further out patient care support its cost-effectiveness,
it remains questionable whether reduction of neurological
impairment and better cosmetic results outweigh the cost
of ERAH, particularly if single use devices are employed?®.

We are aware that there was only a total of 91 RAs
harvested (54.9% endoscopically) during the tracking pe-
riod. The low number of ERAH performed for this study
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was partially due to our policy of prioritizing the use of
both internal thoracic arteries for LCA territory grafting
and reluctance to placing arterial grafts in RCA territory,
particularly if the targeted stenosis appeared to be less
than 90%. Further, cost and the availability of only 1 sur-
geon qualified to perform ERAH impacted on the size
of the study. Also we are aware that the non-comparative
observational design represents the main limitation in our
study.

CONCLUSION

Our experience confirms the feasibility and safety pro-
file of ERAH. The risk of harvesting and post-harvesting
complications was low and harvesting characteristics im-
proved with a steep learning curve.
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