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Background. Recent studies have suggested that endo-
scopic vein harvest (EVH) compromises graft patency. To
test whether the learning curve for EVH alters conduit
integrity owing to increased trauma compared with an
open harvest, we analyzed the quality and early patency
of conduits procured by technicians with varying EVH
experience.

Methods. During coronary artery bypass grafting, veins
ere harvested open (n � 10) or by EVH (n � 85)

performed by experienced (>900 cases, >30/month) ver-
sus novice <100 cases, <3/month) technicians. Harvested
conduits were imaged intraoperatively using optical co-
herence tomography and on day 5 to assess graft patency
using computed tomographic angiography.

Results. Conduits from experienced (n � 55) versus
ovice (n � 30) harvesters had similar lengths (33 versus
4 cm) and harvest times (32.4 versus 31.8 minutes).
onduit injury was noted in both EVH groups with
imilar distribution among disruption of the adventitia
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62%), intimal tears at branch points (23%), and intimal or
edial dissections (15%), but the incidence of these

njuries was less with experienced harvesters and rare in
eins procured with an open technique. Overall, the rate
f graft attrition was similar between the two EVH
roups (6.45% versus 4.34% of grafts; p � 0.552). How-
ver, vein grafts with at least 4 intimal or medial dissec-
ions showed significantly worse patency (67% versus
6% patency; p � 0.05).

Conclusions. High-resolution imaging confirmed that
technicians inexperienced with EVH are more likely to
cause intimal and deep vessel injury to the saphenous
vein graft, which increases graft failure risk. Endoscopic
vein harvest remains the most common technique for
conduit harvest, making efforts to better monitor the
learning curve an important public health issue.

(Ann Thorac Surg 2011;91:1385–92)

© 2011 by The Society of Thoracic Surgeons
In 1997, a technique for harvesting the saphenous vein
using endoscopic methods (EVH) was introduced for

use during coronary artery bypass grafting (CABG) [1].
During the subsequent decade, EVH was rapidly ad-
opted because of reductions in postoperative pain [2],
length of stay [3], and wound-related morbidity [4, 5]
compared with the standard open method for vein har-
vest. Endoscopic vein harvest is now considered the
standard of care for conduit procurement in the United
States [6] with more than 70% of all CABG procedures

sing this approach. Recently, retrospective studies of
ABG procedures have demonstrated that graft patency
nd clinical outcomes [7–10] are compromised in patients
ho undergo EVH in comparison to the open technique.

Accepted for publication Jan 28, 2011.

Presented at the Fifty-seventh Annual Meeting of the Southern Thoracic
Surgical Association, Orlando, FL, Nov 3–6, 2010.

Address correspondence to Dr Poston, Division of Cardiothoracic Sur-
gery, Department of Surgery, University of Arizona School of Medicine,
ndoscopic vein harvest has been implicated as a
ontributing factor to premature graft failure, with
ndothelial injury and intraluminal thrombus reten-
ion within the venous conduit being offered as possi-
le mechanisms.
Endoscopic handling of vascular tissue is inherently

ess able than open techniques to abide by “no-touch”
rinciples, particularly during the learning curve for
VH [11]. Several authors have demonstrated that the

ime required to complete the harvest and the need to
onvert to an open technique or place external repair
titches in the vein are higher during the early adoption
f EVH. However, these metrics of the learning curve do
ot elucidate the more important issue of whether the

ntegrity and thrombogenicity of the procured vein are
ltered during the learning curve. Our laboratory has
stablished a catheter-based imaging technique, optical
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coherence tomography (OCT), as a method for identify-
ing intimal or deep vessel injury. This technique allows
injury to be detected in real time, anywhere within a vein
conduit in an operating room setting. The high levels of
sensitivity, specificity, and external validity of using cath-
eter-based OCT to identify vascular architecture and
pathologic state have been extensively published by our
group and others [12–14]. The purpose of this study was
to use OCT to determine whether the risk of conduit
injury reflects the learning curve of the person perform-
ing EVH.

Material and Methods

Subject Enrollment
Institutional Review Board approval was obtained at two
institutions (protocols H25350 and H27266) to perform a
prospective observational study of patients undergoing
isolated CABG (clinicaltrials.gov: NCT00481806). Inclu-
sion criteria for this subset analysis included those pa-
tients who underwent EVH during CABG. Exclusion
criteria included the inability to obtain follow-up com-
puted tomographic angiography owing to creatinine
greater than 2.0 mg/dL or allergy to radiographic con-
trast, emergency cases, or prior bleeding diathesis. De-
mographics, preoperative risk factors and medications,
and intraoperative and postoperative data were prospec-
tively imported into a relational database. All patients
provided prospective informed consent.

Surgical Technique
All patients underwent off-pump CABG through a me-
dian sternotomy by a single surgeon. Open vein harvest
procedures (n � 10) were performed at the operative
surgeon’s discretion. All EVH procedures were per-
formed concurrent to left internal mammary artery har-
vest by physician assistants (PA) using standardized
technique (VasoView 6.0; Maquet Corp, Wayne, NJ) [15].
Heparin bolus was administered before carbon dioxide
insufflation at a pressure of 10 to 12 mm Hg within the
perivenous tunnel created by the camera dissector. Divi-
sion of branches was performed with bipolar electrocau-
tery set at 20 W. Proximal saphenous vein ligation was
performed through a separate stab incision. After re-
moval from the leg, the saphenous vein was flushed and
stored in a Plasma-Lyte solution (Baxter International,
Inc, Deerfield, IL) containing heparin, glyceryl trinitrate,
and verapamil [16]. After grafting, blood flow was mea-
sured in each SVG using transit time ultrasound (Medis-
tim, Inc, Oslo, Norway). Heparin administration was
titrated to an activated clotting time greater than 300
seconds. Perioperative aspirin was used in all patients
(325 mg by mouth daily). Perioperative coagulation was
monitored by thromboelastography (TEG 5000; Haemo-
scope, Niles, IL) activated by kaolin.

At the study outset, the level of experience of each PA
was quantified by the total number of prior EVH cases
and ongoing frequency of performing EVH. From previ-

ous studies that have monitored the learning curve for
EVH [17, 18], we selected 100 cases as the cutoff for
defining an experienced versus novice PA.

Intraoperative Image Acquisition and Analysis
After harvest, conduits were cannulated on a sterile back
table with a Y-adapter to allow continuous infusion of
heparinized glyceryl trinitrate, verapamil, and Plasma-
Lyte solution at 100 mm Hg while placing a 1F OCT
catheter (Image Wire, Light Lab Imaging, Westford, MA)
into the lumen (Fig 1). Images were acquired during a
manual pullback at a rate of 1 mm/s. Because the OCT
wire emits a red light, wire placement was easily visual-
ized through the vessel wall so that an affected portion of
the conduit can be registered to the portion that is
selected for grafting. When an abnormality was noted
within the discarded portion of the vein, image-guided
biopsies were obtained from the affected segments for
further histologic and biochemical analysis.

Each OCT image was analyzed independently by 2
separate technicians who were blinded to group assign-
ment. Conduit injury during procurement was catego-
rized as isolated to the intima and minor when the
abnormality was restricted to the ostium of branch points
or severe when it involved the luminal surface. Deep
vessel injury was diagnosed when a separation of the
intimal layer from the medial or adventitial layer was
noted (with or without an intimal tear) or there was
obvious discontinuity in the integrity of the external
elastic lamina, suggesting adventitial injury. A composite
injury score was created based on the sum total of all
discrete injuries noted within each conduit. Residual clot
was identified within the saphenous vein lumen by

Fig 1. Intraoperative examination of the saphenous vein (SV). On a
sterile back table, veins were cannulated with a Y adapter to allow
optical coherence tomography (OCT) images (A) to be obtained from
an intraluminal 1F OCT wire (B) while gently distending the vein at
100 mm Hg pressure. As the imaging wire is pulled back from
within the saphenous vein graft (SVG; C), it is localized by an in-
frared light emitted from its tip (arrow, D). Any detected abnormali-
ties, such as a retained thrombus (E) with radial signal attenuation
suggesting “red clot” (arrow, F), can then be exactly localized within

the vein. (OR � operating room.)
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means of cross-sectional OCT images and distinguished
by the characteristic radial signal attenuation produced
by red thrombi as previously described [19]. Clot distri-
bution within the tract of the vein was documented by
externally marking the location of the imaging probe as
clot was visualized, and the portion of vein that contains
clot relative to the total was calculated (ie, clot fraction).

Vascular Examination
Specimens from image-guided biopsies were frozen in
cutting compound (Tissue-Tek O.C.T., Redding, CA) or
embedded in paraffin, sectioned at 5 �m, and stained
with CD31 monoclonal antibody (R&D System, Inc, Min-
neapolis, MN) or hematoxylin and eosin (Fig 2). Micro-
scopic sections were analyzed for the percentage of
endothelial integrity on the luminal surface using previ-
ously described techniques [20]. Other segments were
analyzed for luminal tissue factor activity by incubating
the vein within a custom-designed chamber containing
Tris buffer pH 7.4, 50 mmol/L CaC12, 2 U/mL factor VII,
and 2 U/mL factor X (American Diagnostica, Stamford,
CT). After 60 minutes at 37°C, the reaction was stopped
by adding 25 mmol/L EDTA. This incubation solution
was combined with Tris buffer pH 8.6 and 5 mmol/L
chromogenic FXa substrate Spectrozyme FXa (American
Diagnostica) in a 96-well plate, and incubated for 60
minutes at 37°C. The absorption of the reaction buffer
was assessed at 405 nm and then compared with a
standard curve to determine tissue factor activity.

Computed Tomographic Angiography Analysis
Cardiac computed tomographic angiography (CTA) was

Fig 2. Intimal and deep vessel injury after endoscopic vein harvesting
I) was confirmed with registered histologic sections taken from the ab
lated to the intimal layer (A, C) to deeper vessel involvement such as
lamina (G, I). In each of these representative examples, the correspon
herence tomography. (Hematoxylin and eosin stain; magnification �1
acquired by means of a 64-MDCT scanner (Philips Med-
ical Systems, Cleveland, OH) on postoperative day 5 and
interpreted by a thoracic radiologist using axial and
reconstructed curved planar images. Saphenous vein
graft patency was defined as any flow through the length
of the graft regardless of the presence of stenosis [21].

Statistics
The primary end point of this trial was to compare the
mean composite injury score for conduits procured by
technicians who were novice versus experienced at per-
forming EVH. Baseline and perioperative variables for
patients assigned to the two groups were compared using
Student’s t test for continuous variables and �2 test for
ategorical variables. Reproducibility of OCT was deter-
ined by defining the intraobserver and interobserver

appa correlation coefficients. The accuracy of OCT-
ased diagnoses of injury was validated using histo-
athologic analysis of corresponding regions of interest
ased on OCT examinations. Statistical analysis was
erformed with SPSS 17.0 (Chicago, IL); significance was
et at a probability value less than 0.05.

Results

Study Groups
Endoscopic vein harvest was completed in all 85 cases
without the need for conversion to an open technique. Of
7 different PAs who harvested conduits for this analysis,
5 had fewer than 100 cases of experience at the outset of
the study (45, 54, 61, 74, 93 cases), and 2 had significantly
greater experience (992, 1,145 cases). Therefore, we ana-

dence of injury noted by optical coherence tomography (A, C, E, G,
al regions (B, D, F, H, J). Injury ranged in severity from being iso-
section into the medial layer (E) or disruption of the external elastic
histologic section confirmed the diagnosis suggested by optical co-
. Evi
norm
a dis
ding
lyzed the results from two discrete groups: (1) an expe-
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rienced group (n � 55 SVG) that had more than 900 prior
ases at the study outset and at a frequency of greater
han 30 cases/month, and (2) a novice group (n � 30 SVG)

with fewer than 100 prior cases with a frequency of fewer
than 3 cases/month. Conduits from the two groups had
similar total length (33 versus 34 cm), required similar
harvesting times (32.4 versus 31.8 minutes), and needed
an equivalent number of repair sutures (0.5 versus 0.7 per
vein). Patients who were grafted with the SVG from these
two groups had similar baseline characteristics, comor-
bidities (Table 1), and early and late postoperative out-
comes (Table 2).

Diagnosis of Conduit Injury and Clot Burden
Intraoperative acquisition of OCT data was successfully
completed within times of 2.9 � 0.4 minutes per exami-
nation. The composite injury score for the portion of SVG
that was actually grafted was significantly greater for the
novice versus experienced group (Table 3). Plotting the
average injury score for each harvester during the study

Table 1. Baseline Profile of the Clinical Patient Groups

Variable

Experienced
Harvester
(n � 55)

Novice
Harvester
(n � 30)

p
Value

Age (y) 64.9 � 10.4 67.0 � 11.5 0.39
Male sex 78.8% 90.9% 0.14
Diseased vessels 2.9 � 0.4 2.9 � 0.2 0.97
BMI (kg/m2) 29.7 � 6.4 30.0 � 6.1 0.82

ypertension 86.3% 90.9% 0.52
iabetes mellitus 41.7% 48.4% 0.56
yslipidemia 83.3% 84.4% 0.90
moking 33.3% 21.2% 0.23
enal failure 4.00% 0 0.24
VD 14.3% 9.1% 0.48
spirin use 86.3% 96.7% 0.10
F (�0.35) 27.8% 25.0% 0.80

BMI � body mass index; EF � ejection fraction; PVD � peripheral
vascular disease.

Table 2. Clinical Outcomes

Variable

Experienced
Harvester
(n � 55)

Novice
Harvester
(n � 30)

p
Value

Day 5 SVG
failure

6.4% 4.3% 0.55

30-day major
morbiditya

and
mortality

9.6% 9.3% 0.82

-year
MACCEb

12.2% 7.7% 0.43

a Major morbidity according to The Society of Thoracic Surgeons defini-
ion. b Major adverse cardiac and cerebrovascular events (MACCE)
efined as composite at 1 year of cardiac-related death, readmission for
yocardial infarction or need for revascularization, or stroke.
(VG � saphenous vein graft.
against their baseline number of cases of experience
revealed a strong and statistically significant correlation
(R � �0.83; p � 0.01). The difference between groups was
argely attributable to intimal injuries around the ostia of
ranch points (1.72 versus 1.11 injuries/conduit) and
eep vessel injury evidenced by disruption of the exter-
al elastic lamina (Table 3). There was no difference in

he in the clot burden of the veins between the experi-
nced and novice harvester (24% versus 27% clot fraction;
� 0.3) or the risk of severe intimal injury. The results

rom a third open harvest group (n � 10) showed that clot
etention (3%) and conduit injury (composite score 2.9 �
.5) were all less common using the open harvesting
echnique.

Validation of Optical Coherence Tomography Findings
There were strong interobserver correlation coefficients
noted for the diagnosis of ostial branch injuries (� � 0.81),
intimal injuries (� � 0.89), and deep vessel injuries (� �
0.82). When analyzing surplus segments of the SVG, we
noted a significant correlation between the number of
intimal abnormalities detected by OCT and percent en-
dothelial integrity on histochemical analysis of an image-
guided biopsy (R � �0.5; p � 0.02). There was no

ifference in the degree of endothelial disruption found
n histology in areas diagnosed by OCT as having either
inor versus severe intimal abnormalities. Furthermore,

n imaging diagnosis of deep vessel injury showed a
ignificant relationship to the expression of tissue factor
ctivity on the luminal surface (R � 0.4; p � 0.03).

Graft Outcomes
The rate of attrition was similar for SVG in the two EVH
harvesting groups (6.45% versus 4.34% vein graft attrition
at 5 days; p � 0.552). Saphenous vein grafts that had at
east four major injuries evident on OCT showed signif-
cantly worse graft patency at day 5 (67% versus 96%
atency; p � 0.05). There was no significant difference
oted in the clot fraction within the veins that failed
ersus those that remained patent on analysis at day 5

Table 3. Harvest-Related Trauma in Clinical Saphenous
Vein Graft Harvested by Two Different Groups of
Harvestersa

Injuries

Experienced
Harvester
(n � 55)

Novice
Harvester
(n � 30)

p
Value

Harvester 2 5 . . .
Ostial branch

tear
1.11 � 1.05 1.72 � 1.79 0.05

Intimal injuries 0.65 � 1.2 0.76 � 1.09 0.69
Deep vessel

injuries
3.42 � 3.19 5.24 � 4.34 0.03

Composite injury
score

5.18 � 3.71 7.72 � 5.37 0.01

a All data are mean � standard deviation.
32% versus 26% clot fraction; p � 0.34).
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Comment

In this prospective pilot study, we noted that veins
procured from novice EVH harvesters had nearly 50%
more discrete injuries than veins procured by harvesters
with more EVH experience. The diagnosis of conduit
injury was made by OCT imaging and confirmed on
registered biopsies that showed denuded endothelium
and heightened activity of tissue factor. Given that these
intimal abnormalities are well known drivers of throm-
bogenicity, it was not surprising that the rate of attrition
increased by 45% when the composite injury score sur-
passed a threshold of 4 in the portion of conduit used for
grafting. The relationship of conduit quality to experi-
ence with EVH may reflect a tendency among harvesters
who are less experienced with this technique to more
forcefully manipulate the vein in an effort to gain better
endoscopic vision or exposure. Importantly, most of the
recent CABG studies that reported adverse outcomes
after EVH were enrolling patients during a time frame in
which this technique was being rapidly adopted [7–10].
Although not reported in these studies, it is likely that
many of their harvesters had a level of experience similar
to that of our novice group. Although our study is
underpowered to demonstrate a direct link to patency,
we provide strong circumstantial evidence that PA inex-
perience may have played an underappreciated role in
the results of these well-publicized EVH studies.

Traditional surgical principles for handling vascular
tissue emphasize a no-touch approach during dissection
to minimize the risk of intimal damage. Endoscopic vein
harvest inherently requires forces to be applied to the
vein that are usually avoided in open harvest, including
traction, adventitial stripping, and venous compression.
Despite obvious differences in vein handling compared
with open methods, multiple prior comparisons of tech-
niques have failed to demonstrate measurable differ-
ences in endothelial integrity or other markers of conduit
integrity [16, 22, 23]. However, these investigations of
conduit quality have been limited to discarded speci-
mens of the vein with the assumption that intimal loss
observed histochemically from these graft segments
closely reflects the overall status of the endothelium
within the graft proper. Because of an inherent sampling
error, this type of analysis has limited utility for detecting
focal injury within the SVG. This error creates a substan-
tial limitation for testing our hypothesis because trauma
during EVH most likely presents as focal disruption of
the vein. Focal injury is critically important to diagnose
because it can provoke an occlusive thrombus and loss of
the graft even when the remainder of the vessel is
pristine. Optical coherence tomography provides a high-
resolution assessment of vessel integrity throughout the
entire harvested SVG. Therefore, our study has adequate
sensitivity to be able to answer the critical question about
the safety of this technique.

Admittedly, there is a lack of unanimity on the role of
EVH on premature graft loss [24]; this type of ongoing
debate is not surprising given the variability of tech-

niques and level of experience among centers. It is
important to remember that utilization of EVH exceeds
100,000 cases/year in the United States alone, largely
because of patient demands for less-invasive techniques.
It was reassuring that risk of secondary vein injury from
EVH decreases to a level similar to that for open harvest
as harvesters become highly experienced. However, ef-
forts to mitigate the effect of the learning curve would
become an important public health issue if the results of
our pilot study are ultimately confirmed. Prior studies
have suggested that as few as 20 cases of experience are
required to complete the learning curve of EVH [16]. In
contrast, we found that learning was not complete with
even close to 100 cases of experience when using conduit
injury on OCT imaging as a more a sensitive metric for
learning. This revised estimate suggests that acquiring
EVH experience and maintaining this skill presents a
more complex quality improvement challenge than pre-
viously assumed. Dedicating specific staff to learn and
perfect their EVH technique is necessary but not suffi-
cient. The centerpiece of most effective quality improve-
ment efforts is a precise measurement of performance.
Optical coherence tomography imaging of bypass con-
duits provides invaluable feedback to technicians during
their learning curve for EVH. Although OCT imaging
would add additional time (approximately 3 minutes per
examination) and cost ($300 per disposable probe) to
each case, this type of activity is consistent with the
growing mandate to provide rigorous quality assurance
and transparency of results in medicine and surgery [25].
Using OCT guidance to select the optimal portion of the
conduit and to avoid grafting damaged portions could
result in substantial downstream cost savings if it im-
proves the longevity of revascularization.

Our study was underpowered to answer the question
whether EVH inexperience compromises graft patency.
Without these data, it is possible that we may be over-
stating the pathophysiologic importance of the abnor-
malities we detected within the SVG. We do not believe
this is the case for several reasons. We ruled out imper-
fect anastomotic technique and poor outflow as con-
founding causes of graft failure using intraoperative
measurements of flow within each completed SVG. Prior
studies using intraoperative angiography corroborate
that defects in the body of the SVG are more frequent
than problems within the proximal or distal anastomoses
[26]. The stark contrast in the rate of the early graft failure
between SVG and internal thoracic artery placed on
either dominant (eg, left anterior descending coronary
artery) [27] or nondominant (eg, circumflex artery and
right coronary artery) [28] vascular beds strongly impli-
cates characteristics unique to the vein conduit rather
than anastomotic technique or graft outflow as a primary
cause of the failure. Compromised endothelial integrity
is the primary determinant in the interrelated pathogen-
esis of thrombosis, intimal hyperplasia, and arterioscle-
rosis within the SVG [29]. Endothelial cell disruption
hinders the natural anticoagulant properties of a normal
vessel [30, 31]. Animal models corroborate our finding
that deendothelializing injury stimulates mural tissue

factor activity within vessels [32]. Evidence of an intimal
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tear or dissection within a coronary artery similar to what
we identified in some of our SVGs has been shown to be
one of the most dominant predictors for acute vessel
closure after percutaneous transluminal coronary angio-
plasty (odds ratio, 5.19; p � 0.001) [33]. Until available

vidence proves otherwise, the goal of harvesting SVG
ith as close to perfect intima as possible seems prudent

onsidering all these basic science and clinical arguments
ogether with the increased risk of adverse events that
nevitably follow acute graft failure [7–10].

An additional limitation of our study was that it was
ot a randomized comparison of the two harvesting
roups, and thus the possibility of bias exists. We at-
empted to minimize this possibility in several ways.
irst, we included consecutive patients in the study,
ather than targeting certain patients for a given harvest-
ng method. Second, abnormalities on OCT were con-
rmed in each case by histologic findings performed by
eviewers who were unaware of the harvesting method.
hird, we accounted for baseline clinical and demo-
raphic characteristics to identify variables that might
ave confounded the analysis. Because of these limita-

ions, the results of this study are most appropriately
nterpreted as preliminary data to inform the design of an
ppropriately powered multicenter trial that will provide
ore definitive conclusions on these issues.
In summary, we used high-resolution OCT imaging to

onfirm that technicians inexperienced with EVH are
ore likely to provoke deep vessel injury to the SVG

ompared with those with more than 900 cases of expe-
ience. When the number of discrete injuries within the
ortion of SVG that ends up being grafted exceeds a

hreshold of four, the risk of early graft failure rises by
lmost 50%. Continued analysis of conduit quality using
CT will determine whether improvements defined by

his high-resolution imaging modality translate into
rafts with better short-term and long-term patency.
egardless, our study provides further evidence support-

ng OCT as an important quality-assurance tool useful
or optimizing harvesting techniques during CABG.

The research is supported by NIH R01 084080 grant awarded to
R.S. Poston. This trial is registered with clinicaltrials.gov:
NCT00481806.
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DISCUSSION
DR MICHAEL MACK (Dallas, TX): Rob, congratulations on a
great study, you have been a leader in this field, and thank you
for forwarding me the manuscript ahead of time.

People come to medical meetings to learn what they are doing
right, what they are doing wrong, and go home and change or
continue what they are doing based on what they learned. So I
would like to ask a number of questions in that context about
your study.

First, you showed that OCT (optical coherence tomography) is
a valid tool for demonstrating decreased graft patency in 6 out of
9 patients if you have greater than four areas of injury. Is this a
validated tool for long-term patency of saphenous vein grafts
and should we all be using it at home and discard veins that
have four injuries or greater that have intimal dissection?

DR POSTON: The cohort now is 85 patients. We have had about
years of follow-up. So the ability to answer that question is

airly limited based on the data set. I will say, and this is data
hat we are going to be presenting at STS (The Society of
horacic Surgeons), that the adventitial injury linked to EVH

endoscopic vein harvesting) does seem to be related to an
bnormal remodeling effect. Veins seem to develop a stricture in
he long term at a higher rate when there is a significant amount
f perioperative adventitial injury. I do think that EVH has
dverse implications based on a mechanism of a fixed higher
ate of adventitial injury that might influence long-term patency.
ut, again, this speaks to the need to investigate clinical events
ased on the underlying mechanism as opposed to just doing a

arge randomized trial.

R MACK: Do you view OCT as a research tool or would you
ike to see it more broadly used to make clinical decisions?

R POSTON: I would say if you have PAs (physician assistants)
at your center that are new at endoharvesting conduits, then
OCT adds a tremendous value, because if you see an injury it
gives real-time feedback to that PA, and also identifies an area
where you can excise the damaged portion of the conduit. In
every one of the conduits that I analyzed, we thought clinically
that they were fine. It is not like you can see a severe intimal
dissection externally. It is just not there. So given that OCT
treatable by not using that portion of the conduit, then I believe
that it should be used. It is currently FDA (Food and Drug
Administration) approved for intracoronary use. It would re-
quire some additional investigation to get this FDA approved for
conduit evaluation.

DR MACK: Next, all these post hoc analyses in other series
show that EVH has a lower graft patency. Do you believe that is
true? Does EVH have a lower great patency across the United
States?

DR POSTON: Well, I am aware that there have been groups that
have shown that EVH at their centers don’t affect patency, yet
this remains consistent with the idea that EVH results are
heavily technician-dependent. So I think if you have PAs that
are experienced, and we happen to have 2 that had over 1,000
cases of experience, and you use preheparin and you do all the
other things that are important for preserving conduit quality,
then I think you will find that EVH doesn’t increase your graft
failure rate. The particular caveat about the adventitial injury
from EVH remains given its potential to affect long-term
patency.

DR MACK: The third question is, you have clearly shown there
is a relationship to the learning curve. The question is, every-
body at some point that is starting has to start at zero. How do
you get these people safely over the learning curve?

DR POSTON: Well, step one is to monitor. We can’t just say that
our PAs can have somebody else scrub in with them and help
them and they will take longer in the beginning and then after
20 are 30 cases it will get better. You have to monitor that and
find out. I did not do a longitudinal study here where I analyzed
the PAs and saw exactly when it is that their numbers of venous
injuries went down. But we had PAs that had close to 100 cases
of experience and still were developing more injuries.

DR MACK: But do you need a second PA with the first PA? Are
the company representatives monitoring and coaching from the
sidelines? Is that sufficient? How exactly do you get people

trained?
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DR POSTON: It is a good question. Based on what I have done,
I can’t give any definitive answers, but I think the way we come
up with those answers is we start monitoring what we are doing
and not just assume that everything is okay because the har-
vesting times are coming down.

DR MACK: The next question is, you yourself need a CABG
(coronary artery bypass graft) and the only person available to
harvest your vein has 20 cases under their belt. Do you want
your vein harvested endoscopically or open?

DR POSTON: Well, I don’t want a vein graft.

DR MACK: That is the only option. You are stuck, you are in a
orner, 20 cases.

R POSTON: Do I have to have a vein?

DR MACK: And you have to have a vein.

DR POSTON: I think that is an excellent question.
(Laughter).

DR MACK: What is the excellent answer? All right, I will let you
ff the hook.
The last question is, do we need a national randomized study

of best practice, endoscopic vein harvest versus open?

DR POSTON: Well, like I tried to get at in the talk, I think that
this suggestion is the conventional wisdom, but I believe that we
ought to also design a trial, maybe perhaps as a subgroup of that
RCT (randomized controlled trial), and look at the mechanism of
the relationship. Without this, you could end up after complet-
ing a large randomized trial showing only modest patency
difference in endoscopic- versus open-harvested veins and not
really understand why it was that way and what we could
improve about endoscopic technique. If the difference was

dramatically worse with EVH, then we would say “throw out
endoscopic harvest.” If the difference was subtle, then we would
want to find a way to improve it. And so I think imaging or some
technique to investigate the mechanism is very critical.

DR KEVIN D. ACCOLA (Orlando, FL): The question I have and
the statement is, saphenous vein graft patency, the equation is
so complicated. You can take a beautiful vein that looks good
and passes all of your studies—and this is an important study,
because we have to continue to evaluate these things with new
technologies. But the equation is so variable, because if you sew
that to a bad coronary that is diffusely diseased with poor runoff,
I think all bets are off. The question I have for you and maybe to
follow-up with Mike’s suggestion of a study of randomizing this
with conventional vein harvest techniques is, have you looked at
the quality of vessels that these are being sewn to? Because most
of these are thigh veins, and oftentimes you take a bigger thigh
vein, sew it to a small interior marginal or a small marginal or a
small PDA (posterior descending artery), and your long-term
results are not going to be as good. Have you looked at that or
considered that in your analysis?

DR POSTON: Sure, and that is one of the challenges of trying to
investigate conduit outcomes and perhaps patency, because
there are a tremendous amount of variables. But Virchow told us
that they boil down to three points: flow, coagulation, endothe-
lium. And so we looked at these variables from the outset. I have
been analyzing these results for 5 years, the last 2 years with the
OCT, and we found that conduit quality seems to be the key.
And this is the same thing the PREVENT 4 trial investigators
showed, the ROOBY trial investigators, and others. They have
analyzed graft patency in a more thoughtful way and found that
conduit quality is a very important variable. Yes, target quality,
runoff, those variables play a role, but I think the key trigger and
an explanation of why a mammary does better than a vein is the
intimal quality, and I think we can’t overlook that compared to
the other variables just because it is more difficult to be able to

assess.


