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A B S T R AC T

Background: Risk factors for leg wound complications
following traditional saphenectomy have included: obesi-
ty, diabetes, female gender, anemia, age, and peripheral
vascular disease. Use of an endoscopic saphenectomy tech-
nique may modify the risk factor profile associated with a
traditional longitudinal incision. 

Methods: From September 1996 to May 1999, 276 con-
secutive patients who underwent elective isolated coro-
nary artery bypass grafting performed by a single surgeon
(K.B.A.) had their greater saphenous vein harvested endo-
scopically. During the period from January 1999 to May
1999, the surgical records of 643 patients who underwent
the same operation and had a traditional longitudinal
saphenectomy were reviewed for postoperative leg wound
complications. Group demographics were similar regard-
ing preoperative risk stratification and traditionally identi-
fied wound complication risk factors (diabetes, gender,
obesity, preoperative anemia, and peripheral vascular dis-
ease). Leg wound complications were defined as:
hematoma, dehiscence, cellulitis, necrosis, or abscess
requiring dressing changes, antibiotics and/or debride-
ment prior to complete epithelialization. Follow-up was
100% at six weeks.

Results: Leg wound complications following endoscop-
ic harvest occurred in 3% (9/276) of patients versus 17%
(110/643) of traditional harvest patients (p<0.0001). No
univariate risk factors for wound complications were asso-

ciated with endoscopic saphenectomy. Univariate predic-
tors of wound complications following traditional
saphenectomy included: diabetes (p=0.001), obesity
(p=0.0005), and female gender (p=0.005). Multivariable
risk factors for leg wound complications following
saphenectomy were traditional harvest technique (OR
7.56, CI 3.8–17.2, p<0.0001), diabetes (OR 2.10, CI 1.4–3.2,
p=0.0006) and obesity (OR 1.82, CI 1.2–2.8, p=0.007). 

Conclusions: Traditional longitudinal saphenectomy is
a multivariable risk factor for development of leg wound
complications. Endoscopic saphenectomy modifies the
risk factor profile for wound complications and should be
the standard of care, particularly for obese and/or diabetic
patients who require venous conduit during coronary
artery bypass grafting.

I N T R O D U C T I O N

Despite increased use of arterial grafts, the greater saphe-
nous vein (SV) remains the most commonly used conduit
for coronary artery bypass grafting (CABG). While tradition-
al longitudinal SV harvesting infrequently results in major
complications such as sepsis or amputation, minor wound
complications are common. Saphenectomy wound compli-
cations, depending on definition, have a reported incidence
of 1% to 44% [Delaria 1981, Lavee 1989, Utley 1989,
Wipke-Tevis 1996, Allen 1998]. Reports have described the
increased use of endoscopic vein harvest (EVH) of the SV
for both cardiac [Allen 1997, Cable 1997, Allen 1998] and
peripheral vascular procedures [Lumsden 1996] in order to
reduce wound complications. A recent prospective random-
ized trial compared endoscopic and traditional longitudinal
SV harvest for coronary procedures and demonstrated a
significant reduction in leg wound complications following
endoscopic saphenectomy [Allen 1998]. The larger retro-
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spective study presented here further defines clinical risk
factors for wound complications associated with endoscopic
and traditional saphenectomy techniques.

M AT E R I A L S  A N D  M E T H O D S

Patient Population
From September 1996 to May 1999, 281 consecutive

patients underwent elective, isolated CABG performed by a
single surgeon (K.B.A.). Two hundred seventy-six patients
had their greater SV harvested endoscopically (Ethicon
Endosurgery, Cincinnati, OH). Five of 281 patients (1.9%)
were unable to undergo EVH (two patients because of equip-
ment problems, one patient because of a subdermal vein,
and two patients because of the presence of a dual venous
system) and were excluded from analysis. From January 1999
to May 1999, 643 consecutive patients underwent elective
isolated CABG using a traditional longitudinal saphenecto-
my. Both groups were demographically similar with regard
to age, preoperative risk stratification and traditionally iden-
tified risk factors for development of leg wound complica-
tions (Table 1, ). Thirty patient variables (Appendix A)
recorded in the Heartbase Data System at the Indiana Heart
Institute were reviewed for identification of preoperative
variables associated with postoperative leg wound complica-
tions. Leg wound complications were defined as: hematoma,
dehiscence, cellulitis, necrosis, or abscess requiring dressing
changes, antibiotics and/or debridement prior to complete
epithelialization [Utley 1989]. Follow-up was 100% for both
patient groups and included a six-week postoperative clinic
visit and a six-month postoperative telephone interview. The
harvest groups included 51 and 58 patients, respectively,
who had been part of a previously reported prospective ran-
domized trial that compared endoscopic and traditional lon-
gitudinal SV harvest techniques [Allen 1998]. 

Surgical Techniques
Both groups received the same perioperative antibiotic

prophylaxis. The endoscopic harvest patients had their
greater SV harvested using an endoscopic vein harvest sys-
tem (Ethicon Endo-Surgery, Inc., Cincinnati, OH). Techni-
cal aspects of that endoscopic system have been previously
described [Allen 1997, Allen 1998]. Briefly, SV location is
accomplished through one or two transverse incisions
made above and/or below the knee. Intraoperative venous
mapping using a portable ultra-sound device (Site Rite,
Dymax Corp., Pittsburgh, PA) aids in the location of the
SV and reduces the initial learning curve with EVH [Allen
2000a]. Early in our experience, SV side branches were
endoscopically clipped and divided with endoscopic scis-
sors. More recently, reusable bipolar scissors (Powerstar,
Ethicon Endo-Surgery, Inc., Cincinnati, OH) have been
used to divide venous side branches and decrease endo-
scopic harvest time. The endoscopic dissection tunnel is
loosely packed with an antibiotic-soaked laparotomy pad
until heparin is reversed; incisions are subsequently closed
in layers with a subcuticular skin closure (Figure 1, ). 

Traditional SV harvest patients had their greater SV har-
vested through a longitudinal incision without skin
bridges. After vein removal the wound is irrigated with
normal saline followed by layered closure with absorbable
sutures. Either subcuticular closure or skin clips approxi-
mate the skin. Closed suction drains are not used in either
technique and donor legs of both groups are wrapped with
an elastic wrap. 

Statistical Analysis
Statistical analysis was done with the PC JMP® Statisti-

cal Discovery Software (SAS Institute, Cary, NC). Categori-
cal data were analyzed using the Pearson’s method. Con-
tinuous data were analyzed using one-way analysis of vari-
ance to determine population homogeneity, and mean dif-
ferences were determined using Student’s t-test. Wound

Table 1. Preoperative demographics

Endoscopic Traditional
Characteristic (n=276) (n=643) p-valuea

Age (years) 63.8 ± 8.2b 63.2 ± 8.4 0.91
Female 78 (28%) 176 (27%) 0.78
Diabetes Mellitus 87 (31%) 163 (25%) 0.07
Obesityc 59 (21%) 146 (23%) 0.66
Pre-operative Anemiad 108 (39%) 290 (45%) 0.09
Peripheral Vascular Diseasee 55 (20%) 100 (16%) 0.10
Parsonnet Score [Parsonnet 1989] 3.8 ± 3.0 4.3 ± 3.8 0.17
Cleveland Clinic Score [Higgins 1992] 3.8 ± 3.0 4.2 ± 3.5 0.06

aContinuous variables compared using a t-test and categorical values com-
pared using  Pearson’s method of analysis
bMean ± standard deviation
c> 1.5x ideal body weight, Metropolitan Life Insurance Height and Weight
Table, 1980
dHematocrit < 34%
eClaudication, previous vascular surgery, aortic aneurysm

Figure 1. Leg photographed 6 weeks postoperatively following endo-
scopic harvest of the saphenous vein from groin to just below the
knee in a morbidly obese, diabetic female.
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complication risk factors were identified by univariate
analysis for each harvest method as well as for the total
population. Multivariable analysis by logistic regression
was carried out on the entire patient population using the
methodology of Cox. Variables were selected for inclusion
in the multivariable analysis if their univariate p-values
were less than 0.25. Odds ratios and their 95% confidence
limits were calculated. Continuous and categorical values
were considered statistically significant with a probability
value of < 0.05 after two-tailed testing. 

R E S U LT S  

Wound complications occurred in 3% (9/276) of
patients who underwent EVH as compared to 17%
(110/643) of patients having a traditional longitudinal inci-
sion (p<0.0001). Types of leg wound complications
observed in both groups and treatments they required are
summarized in Table 2 ( ). Univariate analysis of the
entire patient population identified traditional harvest
(p<0.0001), diabetes (p=0.0004), and obesity (p=0.0006) as
risk factors for leg wound complications (Table 3, ).
Wound complication risk factors associated with each har-
vest technique are summarized in Table 4 ( ). No univari-
ate risk factors for leg wound complications were associated
with endoscopic saphenectomy. Multivariable correlates
(Table 5, ) for wound complications following saphenec-
tomy based on an analysis of the entire population were
traditional harvest technique (p<0.0001), diabetes
(p=0.0006) and morbid obesity (p=0.007). Wound compli-
cations, regardless of harvest technique, were not correlat-
ed with operative risk (Cleveland Clinic or Modified Par-
sonnet Scores), individual surgeons or surgical assistants.

D I S C U S S I O N

Minor leg wound complications following SV harvesting
for CABG occur in 1% to 44% of patients [Delaria 1981,

Lavee 1989, Utley 1989, Wipke-Tevis 1996, Allen 1998]. Fac-
tors contributing to such a wide range include differences in
wound complication definition, reporting of retrospective
and prospective studies, and underestimation of wound
complication rates which often occur when surgeons report
their own patients’ complications [Taylor 1990]. In two
prospective studies evaluating wound complications follow-
ing longitudinal saphenectomy after CABG, Utley (1989)
and Allen (1998) reported wound complication rates of 24%
and 19%, respectively. These studies utilized identical
wound complication definitions and independent, non-sur-
geon identification of leg wound complications. This larger
retrospective study confirms the conclusion of our smaller
prospective randomized trial [Allen 1998] that the tradition-
al longitudinal harvest technique is an independent risk
factor for postoperative leg wound complications. Further,
this larger study suggests that traditionally identified risk
factors for wound complications can be modified through
use of an endoscopic technique. 

Less invasive surgical techniques improve patient out-
comes by reducing the influence of risk factors on postop-
erative complications. In our previous prospective ran-
domized trial comparing endoscopic and traditional
saphenectomy, multivariable analysis identified the tradi-

Table 2. Leg wound complications following traditional and
endoscopic saphenous vein harvesting categorized by type and
treatment

Traditional Endoscopic
(n=110) (n=9)

Cellulitis/abscess; hospitalization/IV antibiotics 12 1
Cellulitis/abscess; outpatient/oral antibiotics 34 1
Cellulitis/dehiscence; outpatient local wound 22 4
care/oral antibiotics

Local dehiscence; local wound care without 40 1
antibiotics

Hematoma/no treatment 2 2
TOTAL 17% (110/643) 3% (9/276)*

* p<0.0001 determined using Pearson’s method of analysis.

Table 3. Univariate analysis of wound complications following
saphenectomy

Risk Factor Wound Complications p-valuea

Method
EVH 3% (9/276) <0.0001
Traditional 17% (110/643)

Diabetes
Yes 20% (49/249) 0.0004
No 10% (70/670)

Obesityb

Yes 20% (42/205) 0.0006
No 11% (77/714)

Gender
Female 18% (45/254) 0.01
Male 1% (74/665)

Preoperative Anemiac

Yes 14% (56/398) 0.36
No 12% (61/507)

Peripheral Vascular Diseased

Yes 13% (21/161) 0.97
No 13% (98/757)

Hypercholesterolemiae

Yes 12% (75/632) 0.15
No 15% (44/287)

aCategorical values compared using Pearson’s method of analysis
b> 1.5x ideal body weight, Metropolitan Life Insurance Height and Weight
Table, 1980
cHematocrit <34%
dClaudication, previous vascular surgery, aortic aneurysm
eSerum cholesterol >200 mg/dl
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tional harvest technique as a possible risk factor for leg
wound complications (p=0.03). However, conclusive evi-
dence was limited due to the small patient population
[Allen 1998]. This larger study supports the conclusion
that traditional harvest (p<0.0001) is the most influential
multivariable predictor for leg wound complications. 

The mechanism by which EVH reduces wound compli-
cations in cardiac surgery is unknown. Shing et al. [Shing
1997] found a positive correlation between incision length
and infection rate. Reports from peripheral vascular proce-
dures may clarify this issue. To minimize complications
associated with long incisions following in situ lower
extremity bypasses, Wittens et al. [Wittens 1994] devel-
oped a “closed” technique for in situ SV bypass, thus
avoiding multiple or long leg incisions. In a prospective
randomized trial, wound complications were reduced by
more than 50% in patients who underwent the closed
technique compared to patients who underwent the same
procedure using the open technique [van Dijk 1995]. Fur-
thermore, in a prospective, non-randomized, multi-center
study, wound complications decreased from 24% to 4%
when an endoscopic technique was compared to the clas-
sic in situ bypass technique [Rosenthal 1989]. The com-

mon denominator for these less invasive techniques is
minimization of length and number of leg incisions. 

Harvesting the SV using a bridging technique through
multiple small leg incisions can also reduce saphenectomy
wound complications [Clair 1994, Tevaearai 1997].
Whether the bridging technique is as efficacious as the
endoscopic technique with respect to wound complica-
tions has yet to be determined. In a prospective random-
ized trial comparing in situ lower extremity bypass via
bridging incisions versus a standard continuous incision,
wound complication rates were similar [Clair 1994]. Mini-
mizing the number of incisions on an edematous leg with
obstructed lymphatics may be the most important deter-
minant for the subsequent development of leg wound
complications following saphenectomy. 

Although endoscopic saphenectomy has resulted in
fewer leg wound complications in both randomized [Allen
1998, Puskas 1999] and non-randomized studies [Allen
1997, Crouch 1999], important criticisms that have
impeded its adoption by cardiac surgeons have included:
1) additional operative time; 2) increased cost due to dis-
posable instruments; and 3) the potential for conduit trau-
ma during harvest which may result in premature graft
failure when compared to a traditional harvest technique. 

The need for additional operative time and the higher
expense for endoscopic instrumentation can be balanced
against reduced patient morbidity and improved patient
satisfaction. Although an economic analysis was not part
of this study, outpatient resource utilization for the care of
leg wound complications following EVH was found to be
reduced when compared to traditional longitudinal
saphenectomy [Allen 1999]. In addition, further refine-
ment of endoscopic equipment, harvest technique [Allen
2000a], and postoperative care [Allen 2000b] continues to
improve outcomes following endoscopic saphenectomy.

The potential for increased SV trauma during endoscopic
harvest compared to the traditional longitudinal technique
is an important issue. Complications related to premature
graft failure, which might be attributed to a new SV harvest
technique, have been addressed. As previously reported
[Allen 1998], acute perioperative events associated with gross
conduit trauma are similar between harvest techniques. In a

Table 4. Univariate analysis of risk factors for leg wound com-
plications based on harvest methods

Traditional EVH
Risk Factor Method p-valuea Method p-valueb

% Leg Wound % Leg Wound
Complications Complications

Diabetes
Yes 28% (46/163) p<0.001 3% (3/86) p=0.89
No 13% (64/480) 3% (6/190)

Obesityc

Yes 27% (39/146) p=0.0005 5% (3/59) p=0.37
No 14% (71/497) 3% (6/217)

Gender
Female 24% (42/176) p=0.005 4% (3/78) p=0.73
Male 15% (68/467) 3% (6/198)

Anemiad

Yes 18% (51/290) p=0.80 5% (5/108) p=0.31
No 17% (59/350) 2% (4/168)

Peripheral vascular 
diseasee

Yes 19% (19/100) p=0.58 4% (2/55) p=0.86
No 17% (91/542) 3% (7/221)

Hypercholesterolemiaf

Yes 16% (70/134) p=0.34 3% (5/198) p=0.27
No 19% (40/209) 5% (4/78)

a,bSignificances determined by Pearson’s chi square and Fisher’s exact test,
respectively
c> 1.5x ideal body weight, Metropolitan Life Insurance Height and Weight
Table, 1980
dHematocrit <34%
eClaudication, previous vascular surgery, aortic aneurysm
fSerum cholesterol >200 mg/dl

Table 5. Multivariable risk factors for leg wound complica-
tions following endoscopic (n=276) and traditional (n=643)
saphenectomy

95% Confidence Limits

Variables Odds Ratio Lower Upper p valuea

Traditional Harvest Technique 7.56 3.8 17.2 <0.0001
Diabetes 2.10 1.4 3.2 0.0006
Obesityb 1.82 1.2 2.8 0.007
Female Gender 1.43 0.9 2.2 0.11

aSignificance of odd ratios determined using the methods described in the
JMP® software 
b1.5x ideal body weight, Metropolitan Life Insurance Height and Weight
Table, 1980
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subsequent blind histologic comparison of endoscopically
and traditionally harvested SV, minor histologic alterations
were observed with both harvest techniques, but no signifi-
cant differences were noted between groups [Griffith 2000].
Likewise, 18-month event free survival (freedom from
myocardial infarction, recurrence of angina or congestive
heart failure) was similar between patients randomized to
endoscopic versus traditional harvest [Allen 1999].

C O N C LU S I O N

Traditional longitudinal saphenectomy is an impor-
tant multivariable risk factor for development of leg
wound complications. Endoscopic vein harvest results in
a significant reduction of leg wound complications and
should be the standard of care, especially in obese and/or
diabetic patients.
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A P P E N D I X

Heartbase Variables
Patient characteristics recorded in the Heartbase Data

System of the Indiana Heart Institute and reviewed for
identification of preoperative variables associated with
postoperative leg wound complications.

Traditional SV harvest
Endoscopic SV harvest
Obesity
Diabetes
Gender
Hematocrit
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Peripheral vascular disease
Prior peripheral vascular surgery
Other vascular surgery
Claudication
Age
History of smoking
Current smoker
Renal insufficiency
Hypertension
Congestive heart failure
Prior percutaneous transluminal coronary angioplasty
Prior CABG

Carotid disease
History of stroke
Ejection fraction
White blood cell count
Procedure status (elective, urgent, emergent)
Valvular heart disease
Angina class
Current myocardial infarction
Prior myocardial infarction
Hypercholesterolemia
Cardiomyopathy
Concomitant procedures


