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Purpose: Although the technical feasibility of pedal artery bypass for limb salvage is now 
well established, questions remain about its most appropriate use and its long-term 
durability. 
Methods: We reviewed our experience over an 8-year period in 367 consecutive patients 
undergoing 384 vein bypass grafts to the dorsalis pedis for limb salvage. 
Results: Ninety-five percent of the patients had diabetes mellitus. Infection complicated 
ischemia at initial presentation in 55.2% of patients. The preoperative arteriogram 
demonstrated a patent dorsalis pedis in 362 extremities (92.8%). Four hundred two 
patients underwent exploration for bypass, including 29 patients without demonstrated 
arteries on the arteriogram but audible pedal Doppler signals. Successful bypasses were 
carried out in 357 of 362 cases, where preoperative arteriography demonstrated a patent 
dorsalis pedis artery (98.6%), 16 of 28 cases explored on the basis of a Doppler signal alone 
(57%), and 1i of 12 patients where angiographic status was unknown. All procedures 
were performed with vein: in situ 38.5%, reversed 29%, nonreversed 18%, arm vein 7%, 
and composite vein 8%. Inflow was taken from the common femoral artery in 34%, 
superficial femoral or popliteal arteries in 60%, a previously placed graft in 5%, and a tibial 
artery in 1%. There were seven perioperative deaths (1.8%) and 21 myocardial infarctions 
(5.4%). Twenty-nine grafts failed within 30 days (7.5%), but 19 were successfully revised. 
Eight of the 10 failed grafts resulted in major amputation (80%). Over the remaining study 
period, there were 39 additional graft failures, of which 17 were successfully revised, and 
17 additional major amputations. Actuarial primary and secondary patency and limb 
salvage rates were 68%, 82%, and 87%, respectively, at 5 years' followup. The actuarial 
patient survival rate was 57% at 5 years. Patency rates were similar for in situ and 
translocated saphenous vein grafts. 
Conclusions: Dorsalis pedis arterial bypass is an effective limb salvage procedure with 
10ng-term durability comparable to distal vein grafts placed into more proximal arteries. 
(J VASC SURG 1995;21:375-84.) 

Successful arterial reconstruction in patients with 
diabetes is dependent on a clear understanding of  the 
pattern of  atherosclerotic occlusive disease. With 
diabetes, there is a propensity for occlusion of  the 
infrapopliteal or tibial arteries. Surprisingly, how- 
ever, the foot vessels, particularly the dorsalis pedis, 
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are often spared.1 This provides the opportunity for 
revascularization o f  the foot with the dorsalis pedis 
used as an outflow vessel. Earlier reports have 
demonstrated the technical feasibility of  this 
procedure; 2-8 however, questions remain about its 
long-term durability and the most appropriate situ- 
ation for its use, especially when chosen in preference 
to more proximal patent outflow arteries. 8~9 Our 
short-term and intermediate follow-up of  a large 
number of  pedal grafts has shown encouraging 3-year 
patency (87%) and limb salvage rates (90%).1°'1~ We 
have also shown that vein grafts to the dorsalis pedis 
can be performed successfully after debridement and 
drainage of  deep infections.~2 This experience has led 
to an increased use of  the dors~s  pedis bypass in our 
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Table I. Infrainguinal arterial reconstructions, Deaconess Hospital 

Outflow arteries 1990 1991 1992 

Popliteal 85 95 106 
Tibial ~ 125 92 100 
Peroneal 29 35 42 
Tib-per 1 9 10 
Plantar/tarsal 7 4 14 
Pedal 85 76 97 

Total (% pedal) 332 (24) 311 (26) 369 (24) 

Tib-per, Tibioperoneal trunk. 
Hncludes both anterior and posterior tibial arteries. 

Table II. Clinical information 

No. % 

Demographics 
Male 253 69 
Female 114 3 l 
Mean Age 58 

Risk factors ~ 
Diabetes mellims 350 95 
Smoking 

Current 62 15 
Former I32 33 
Never 164 41 
Unknown 44 11 

Cardiac 
Hypertension 219 54 
Angina 88 22 
Prior MI 115 29 
CHF 73 18 
Abn EKG 128 32 
TIA 11 3 
CVA 49 12 
CABG ' 43 11 
PTCA 3 1 

Renal 
Hemodialysis 16 4 
Peritoneal Dialysis 5 1 

Ad/, Myocardial infarction; CHF, congestive heart failure; Abn 
EKG, abnormal electrocardiogram; T/A, transient ischemic attack; 
CVA, ccrebrovascular accident; CABG, coronary artery bypass 
grafting; PTCA, percutaneous coronary angioplasty. 
~Most patients had multiple risk factors. 

practice so that it now constitutes about 25% of all 
lower extremity bypass procedures in our patients 
with diabetes mellitus. The current report includes a 
more extensive experience with 5-year follow-up to 
document the durability and long-term outcome of 
these operations. 

PATIENTS AND METHODS 

Patient information. At the New England Dea- 
coness Hospital the medical records of 367 patients 
undergoing 384 vein bypasses to the dorsalis pedis 
from October 1985 to October 1992 were reviewed. 
These procedures constituted 19.2% of the 2099 
lower extremity bypasses performed during that time 

period and approximately 25% of those procedures 
performed over the last 3 years (Table I). Tables II 
and III include the clinical characteristics of the 
patients, indications for surgery, and incidence of 
associated infection. Ninety-five percent of the pa- 
tients had diabetes mellims, and all procedures were 
performed for limb-threatening ischemia. Twenty 
one patients were receiving dialysis for chronic 
kidney failure. Fifty percent had associated foot 
infection at the time of presentation. 

Diagnosis. All patients underwent comprehen- 
sive arteriography from the infrarenal aorta to the 
base of the toes, principally intraarterial digital 
subtraction angiography. 13 Biplane, anteroposterior, 
and lateral views of the foot circulation were obtained 
to identify the best vessel for bypass. Seven patients 
required balloon dilation of a hemodynamically 
significant iliac artery stenosis before bypass. The 
preoperative arteriograrn demonstrated a patent dor- 
salis pedis in 93% of extremities. Although the most 
common pattern ofatherosclerosis seen was extensive 
occlusive disease of the tibial or peroneal arteries with 
no other available outflow vessel than the dorsalis 
pedis, 109 extremities had other outflow vessels 
available, including 79 peroneal arteries (Fig. i, 
Table III). 

Foot care. All patients with foot lesions were 
treated according to a standardized protocol. Patients 
were admitted to the hospital and placed on bed rest. 
Since 1986, these patients have been admitted to a 
"cluster unit" with nurses specially trained to treat 
diabetic foot problems. Patients with associated 
infection began receiving broad-spectrum intrave- 
nous antibiotics after obtaining appropriate cultures. 
Deep space infection was promptly drained or 
debrided as needed. Open wounds were packed with 
gauze impregnated with normal saline solution or 
one-quarter-strength provodone-iodine solution. 
Once active spreading infection was adequately 
controlled, noninvasive arterial studies and angiog- 
raphy were performed. Dorsalis pedis bypass was 
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delayed until cellulitis or lymphangitis had disap- 
peared from any areas of proposed surgical incisions. 
After bypass, local wound care was continued. 
Whenever possible, definitive closure of foot wounds 
was carried out before hospital discharge, with a 
variety of procedures (Table IV). Patients with 
digital gangrene or osteomyelitis underwent toe or 
ray amputation. Extensive gangrene involving mul- 
tiple toes or the distal forefoot was treated with 
transmetatarsal amputation. In conjunction with our 
podiatry service, patients with plantar ulcers that 
involve metatarsal heads underwent metatarsal head 
resection and ulcer excision with primary closure, in 
preference to ray amputation. Patients with bony 
foot deformities that lead to recurrent ulceration 
were treated with osteotomy or exostectomy. Ulcers 
or soft tissue defects deemed too large to heal in a 
reasonable time by secondary intention were closed 
with split thickness sldn grafts. One patient with 
extensive dorsal foot necrosis underwent a myocuta- 
neous free flap. 

Patients discharged with open wounds were 
monitored regularly in the office and received home 
care by visiting nurses or family members. Weight 
bearing was delayed until foot healing occurred. 

Surgical considerations. Pulmonary arterial 
catheters and radial artery lines were routinely placed 
in all patients before administration of spinal, epidu- 
ral, or general endotracheal anesthetic. Generally the 
artery was exposed first in the procedure. It is located 
on the dorsal foot, just distal to the malleoli, with a 
sterile Doppler probe and exposed through a longi- 
tudinal incision, incising the inferior portion of the 
extensor retinaculum. Although the segment be- 
tween the lateral tarsal branch and the bifurcation of  
the dorsalis pedis into the deep plantar and first dorsal 
metatarsal arteries is the usual site of the anastomosis, 
the incision can be extended proximally or distally if 
this portion of the artery is not desirable because of 
heavy calcification or discovery of an unexpected area 
of stenosis. Moreover, extending the incision more 
proximally provides exposure of the proximal portion 
of the lateral tarsal artery. This vessel can be used in 
preference to the dorsalis pedis, s or the anastomosis 
can be started on the dorsalis pedis and extended 
across the bifurcation into the lateral tarsal artery to 
avoid termination of the anastomosis in a diseased 
segment of  the more distal dorsalis pedis. The 
flexibility of a longitudinal incision is an important 
advantage over use of a transverse incision as 
proposed by Weaver and Yellin, 14 because the 
arteriogram does not necessarily define the most 
optimal site for placement of  the distal anastomosis. 

Table III.  Preoperative evaluation 
(n = 402 extremities) 

No. % 

Indications 
Ulcer 290 72 
Gangrene 47 12 
Rest pain 25 6 
Failed amputation 13 3 
Failed BPG 13 3 
Popliteal aneurysm 1 .25 
Combination* 12 3 

Infection 
Cellulitis 119 30 
Osteomyelitis 93 11 
Abscess 11 3 
Wet gangrene 8 2 
Unspecified 29 7 
Combination* 12 3 

Total 222 55 
Arteriography 

DSA 373 93 
Cut Film 10 3 
Both 7 2 
Unknown 12 2 

Findings ,. 
Iliac Stenosis 7 2 
Blind popliteal segment 30 8 
Peroneal patent 79 20 
DP visualized 362 90 t  
Not visualized 28 7 
Unknown 12 3 

BPG, Bypass graft; DSA, intraarterial digital subtraction 
angiography; DP, dorsalis pedis artery. 
*Number of patients with a combination of the listed indications 
or findings. 
tVisualization of the dorsalis pedis artery was noted in 93% of 
angiograms available for review (362/390). 

The vein is then exposed by a single longitudinal 
incision. As previously described, we prefer short, 
translocated vein grafts from distal (usually popliteal) 
inflow sites whenever possible} s The vein graft is 
reversed when it is larger at the ankle than the knee 
and nonreversed when it is larger at the lmee than the 
ankle to optimize size matchup between the vein graft 
and inflow and dorsal pedal arteries. All translocated 
grafts are either placed in the bed of harvested 
saphenous vein or tunneled subcutaneously in the 
same location. Bypasses arising from the common 
femoral artery are performed with the in situ 
technique} 6 Valve-cutting is now routinely per- 
formed under direct vision with the angioscope. 17 
When performing an in situ dorsalis pedis bypass, it 
is necessary to expose the foot extension of the 
saphenous vein, which necessitates a second parallel 
foot incision. The distal vein graft should be mobi- 
lized proximally enough to avoid the need to tunnel 
it through the intervening skin bridge between the 
two foot incisions and thereby minimize the chance 
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Fig. 1. Intraarterial digital subtraction angiogram of proximal tibial and foot circulation in 
patient undergoing dorsalis pedis bypass. Below-knee popliteal, anterior tibial, and posterior 
tibial arteries are occluded. Peroneal artery reconstitutes distal to tibioperoneal trunk, which is 
occluded (left panel). Dorsalis pedis artery is widely patent (left panel) and fills part of metatarsal 
arch. Plantar arteries are occluded. 

of  necrosis of  the skin bridge, t° When the graft 
originates from the popliteal artery, it is preferable to 
avoid the second foot incision (Fig. 2) by harvesting 
a more proximal segment of  vein. Magnification, 
optimal lighting, and fine instruments with 6-0 or 7-0 
polypropylene sutures on cardiovascular cutting 
needles are routinely used. Control of  the dorsalis 
pedis is achieved with vessel loops or intraluminal 
coronary artery occluders when extensive calcification 
is present. 

In some instances, a suitable artery for bypass was 
found, in spite of  not being visualized by arteriog- 
raphy. In these cases, the artery was exposed when 
identified and localized by a hand-held Doppler. 
Bypass was 0nly carried out when a patent artery 
with a lumen of  at least 1 mm diameter was found, 
and little resistance was encountered when injecting 
heparin saline solution through a small angiocatheter 
inserted into the outflow end of  the artery. 

Patients without available ipsilateral saphenous 
vein most commonly had arm vein grafts harvested. 
Contralateral saphenous vein was only harvested 
from extremities with normal pulses. Composite 
saphenous vein/arm vein grafts were used when 
necessary. Prosthetic grafts were not used. Table IV 
lists the inflow sites and types of  conduits. 

Fol low-up.  All patients were seen within 2 weeks 
after discharge from the hospital and then at regular 
intervals (usually every 3 months during the first year, 
then every 6 to 12 months thereafter). Patients 
discharged with open foot lesions were seen more 

frequently, as needed until the lesions were fully 
healed. Graft patency was determined by physical 
examination and a hand-held Doppler examination. 
Routine noninvasive testing or duplex scanning graft 
surveillance was not used. Grafts were considered 
patent i f  a palpable dorsalis pedis foot pulse was 
present and occluded if the pedal pulse was not 
palpable. Grafts were considered failing if ischemic 
symptoms returned in the presence of  a palpable 
pulse or if a discrete change in Doppler signal 
suggesting stenosis was noted along the course of  the 
graft. Patients with failing grafts underwent repeat 
arteriography and revision or replacement of  their 
bypass grafts when possible. 

Follow-up information was obtained from the 
New England Deaconess Hospital Vascular Surgery 
Registry, office records, and, in a few instances, 
telephone interviews. Primary patency (grafts patent 
from initial Surgery with no subsequent interven- 
tions), secondary patency (all grafts remaining 
patent), and limb salvage (all or part o f  the foot 
remaining to permit ambulation without a prosthe- 
sis) rates were calculated by the actuarial life-table 
method, t8 The significance of  differences in patency 
rate was determined by the log rank test. 

R E S U L T S  

Four hundred two extremities were explored for 
bypass, including 29 with nonvisualized but Doppler 
scanning-identified pedal artery signals. Dorsalis 
pedis bypass was successfully performed in 384 
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Fig. 2. Popliteal-dorsalis pedis bypass with translocated nonreversed saphenous vein. Har- 
vesting more proximal vein avoids second foot incision. 

Table IV, A. Operative details - dorsalis 
pedis bypass (n = 384 extremities) 

No. % 

Inflow source 
Common femoral 129 34 
SFA/Pop 231 60 
Tibial artery 5 1 
Previously placed graft 19 5 

Total 384 100 
Conduit 

ISSV 148 39 
RSV 110 29 
NRSV 68 18 
Arm 27 7 
Composite 31 8 

Total 384 I00 

SFA, Superficial femoral artery; Pop, popliteal; ISSV, in situ 
saphenous vein; RSV, reversed saphenous vein; NRSV, nonre- 
versed saphenous vein. 

extremities. In 390 cases, where the preoperative 
arteriogram was available for review, 362 (93%) 
studies revealed patent dorsal pedal arteries, and 28 
had no visualized pedal vessel. Bypass was success- 
fully performed in 357 of  362 cases where a dorsal 
pedal artery was visualized on the preoperative 
arteriogram (98.6%) but in only 16 of 28 cases where 
no artery was seen but an audible Doppler signal was 
present (57%). Eleven additional bypasses were 
performed in 12 extremities with uncertain stares of 
the dorsalis pedis, because of  loss of  the preoperative 
arteriogram at the time of this review. Seven patients 
died within the perioperative period (1.8% at 30 
days) and 21 had myocardial infarctions (5.4%). 

Table IV, B. Post bypass procedures 

Amputations + No. % 

Toe 55 14 
Ray 7 2 
TMA 13 3 
Debride/STSG/OF 62 16 

TMA, Transmetatarsal amputation; STSG, split thickness skin 
graft; OF, other foot procedures, including metatarsal osteotomy, 
metatarsal head resection, exostectomy and one myocutaneous free 
flap. 
*Excludes major amputations for graft failure. 

Twenty-two patients had leg or foot wound compli- 
cations severe enough to require wound drainage or 
debridement (5.7%). Two patients had significant 
necrosis of  their dorsal foot wounds. One wound 
resulted in exposure of  the dist'al vein graft and was 
treated with a myocutaneous free flap to the dorsum 
of  the foot, but the vein graft thrombosed at 3 
months and the patient ultimately required a below- 
knee amputation. The other foot wound, although 
extensive, did not result in graft exposure, was treated 
with local dressing care, and ultimately healed in 4 
months. Two open lower leg wounds resulted in graft 
disruption and hemorrhage. The first patient had 
disruption of  his graft while at home and died. The 
second patient was successfully treated, and the graft 
was salvaged with an interposition vein graft. 

Twenty-nine grafts failed within the first 30 days 
(7.5%), but 19 were successfully revised when 
correctable technical problems were found at reop- 
eration (Table V). Ten bypasses without identified 
defects could not be salvaged and were presumed to 
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Table V. Early graft failures successfully revised 

Patient Cause Treatment 

I. Proximal anstamotic disruption Repaired 
2 Distal anastamosis narrowed Repaired 
3 Sclerotic vein segment Replaced with arm vein 
4 Distal anastamotic stricture Vein patch 
5 Narrowed veno-venostomy Revised 
6 Distal anastamosis narrowed Revised 
7 Distal anastamosis narrowed Revised 
8 Thrombosis of varicose segment Replaced with arm vein 
9 Graft kink Repaired 

10 ~ Poor outflow Urokinase, anticoagulants 
11 ? Poor outflow Urokinase, anticoagulants 
12 Proximal plaque cmbolus Embolectomy 
13J; Poor outflow Urokinase, anticoagulants 
14 Twisted graft in tunnel Repaired 
15 Compression-thigh hematoma Evacuated 
16 Vein too small Replaced with arm vein 
17 MI, hypotension Thrombectomy, anticoagulants 
18 Distal anastamosis narrowed Revised 
19 Distal vein stricture Vein patch 

~Treatment failed 1 week later. 
~Treatment failed 5 days later. 
~:Treatment failed 5 months later. 

have tailed because of  inadequate distal runoff. Eight 
of  these patients went on to undergo major ampu- 
tation (80%). In follow-up, three patients with 
extensive heel gangrene ultimately required below- 
knee amputation, in spite of  patent grafts. Two 
additional patients with patent grafts had no signif- 
icant improvement in their ischcmic symptoms. One 
patient with persistent ischemic rest pain had the 
pedal graft resited into a patent distal peroneal artery 
but ultimately required a below-knee amputation for 
persistent ischemic rest pain and toe gangrene. The 
other patient continued to have forefoot gangrene, in 
spite of  a patent second bypass into a severely 
diseased dorsalis pedis, after an unsuccessful bypass 
to the medial plantar artery. He had development of  
a recurrent foot infection and required a below-knee 
amputation. 

Over the remaining study period, there were 39 
additional graft failures, 17 revisions, and 12 addi- 
tional major amputations. In follow-up ranging from 
1 to 83 months (mean 20 months), primary and 
secondary patency rates were 68% and 81.9%, 
respectively. The cumulative limb salvage rate was 
87.1%, and the patient survival rate was 57% (Figs. 
3 and 4). There was no significant difference in 
patency noted between in situ and translocated vein 
grafts at 60 months (Fig. 5). 

D I S C U S S I O N  

This study demonstrates that pedal bypass pro- 
vides durable and effective limb salvage for diabetic 

patients with ischemic foot lesions. Smaller series 
have shown similar results, 4-7 demonstrating that 
even extensive multisegment occlusive disease in 
patients with diabetes should not be an impediment 
to foot salvage. Although most surgeons have 
considered pedal bypass to be a "last ditch" effort at 
fimb salvage because of  presumed inferior rates of  
limb salvage and patency compared with more 
proximal procedures, our results have led us to give 
dorsalis pedis bypass equal consideration with other 
more traditional outflow sites. 

We routinely include the foot arteries in the 
preoperative arteriograms of  all patients being evalu- 
ated for arterial reconstruction. Although others have 
demonstrated that a skilled angiographer can dem- 
onstrate foot arteries by conventional angiographic 
techniques, 3 we prefer to use intraarterial digital 
subtraction angiography exclusively because of the 
ease of  imaging distal arteries with lesser amounts of  
contrast, which is particularly advantageous in dia- 
betic patients with renal insufficiency. Moreover, foot 
arteries are readily demonstrated in nearly all patients 
without use of  uncomfortable provocative measures 
such as tourniquets or vasodilators. One disadvan- 
tage of  intrarterial digital arteriograms is that they 
provide better contrast resolution at the  expense of  
image quality when compared with conventional 
arteriography and require multiple injections because 
of the small image size, which can make interpreta- 
tion difficult. However, we have found that the 
anatomic information obtained is comparable to that 
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of  standard arteriograms, particularly with the cur- 
rent generation of  digital machines. 

Dardik ct al. 19 found that the results with extreme 
distal arterial reconstruction were best when an image 
of  the outflow target artery was successfully obtained 
on the preoperative arteriogram. They also demon- 

strated, however, that 41% of  their patients were 
successfully revascularized in whom no outflow vessel 
was seen but were explored anyway. Similarly, in this 
series, successful bypass was carried out  in 96% of  
cases where the dorsalis pedis was seen on the 
preoperafve arteriogram and in 56% of  cases where 
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no pedal artery was seen, bypassed "blindly" on the 
basis of  an arterial Doppler signal. This suggests that 
no arteriographic technique will reliably demonstrate 
all patent pedal arteries and that blind exploration is 
reasonable, especially when amputation is the only 
other option. We have, however, been performing 
blind explorations much less frequently in our more 
recent patients, as our angiographers have become 
more skilled at obtaining images of  foot arteries. 
Recently, Owen et al.20 found magnetic resonance 
angiography to be superior to conventional arteriog- 
raphy for imaging very distal arteries in patients with 
severe lower extremity ischemia. This study did not, 
however, routinely incorporate digital techniques in 
their contrast arteriograms. Although our own expe- 
rience with magnetic resonance angiography has 
been limited, we have found its anatomic detail and 
resolution to be inferior to that ofintraarterial digital 
subtraction angiography. 

Follow-up of  these patients was principally done 
by clinical evaluation and hand-held Doppler scan- 
ning examination. Return of  ischemic symptoms or 
foot lesions coupled with changes in graft function 
based on pulse palpation, reduction in ankle prcs- 
sures, or qualitative changes in blood flow as 
determined by hand-held Doppler scanning exami- 
nation prompted repeat arteriography. We have not 
established a surveillance program incorporating 
duplex scanning of  vein grafts for determining peak 
systolic flow velocity. 21 Although this technique 

appears to be extremely sensitive at detecting cor- 
rectable graft stenoses before graft thrombosis, it has 
the disadvantage of  requiring a high rate of  graft 
revisions. 22 Moreover, the threshold velocity of  less 
than 45 cm/sec may not be applicable to pedal grafts, 
which have been demonstrated to function normally 
at lower values. 23 

We are now performing pedal bypasses in ap- 
proximately 25% of  our patients undergoing lower 
extremity revascularization. Our increased use of  this 
procedure can partly be attributed to the selection of  
dorsalis pedis bypass in preference to more proximal 
outflow target vessels. One hundred nine patients 
had patent, isolated popliteal arterial segments or 
peroneal arteries in this series. This decision has been 
based on our bias to attempt to restore palpable foot 
pulses in all patients with tissue loss or gangrene, 
which serves both to maximize arterial foot flow and 
to avoid the potential need for secondary vascular 
reconstruction if a bypass into a more proximal artery 
does not result in foot healing. Our clinical bias seems 
justified on the basis of  the results of  this study, which 
compare favorably with recent results of  vein grafts to 
crural arteries. ~4-27 Moreover, in the only available 
study comparing pedal with supramalleolar crural 
bypasses, no difference in graft patency was detect- 
able at 3 years. 28 Nevertheless, we continue to 
perform popliteal or tibial arterial bypass in prefer- 
ence to the dorsalis pedis if it will restore a palpable 
foot pulse. When the peroneal and dorsal pedal 
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arteries are both potential outflow targets, we will 
perform peroneal bypass when the dorsum of the foot 
is extensively infected, the available venous conduit is 
inadequate to reach the foot, and the peroneal artery 
appears on the preoperative arteriogram to be a better 
quality vessel than the dorsalis pedis. 

One potentially unattractive aspect of pedal 
bypass is the very distal location of the artery 
necessitating a lengthy venous conduit. In 60% of 
patients, however, use of  a more distal inflow site 
usually the popliteal artery was poss ib le ,  ls,29 limiting 
the length of the conduit required and also avoiding 
potentially troublesome groin dissections. We have 
also found all configurations of vein graft preparation 
useful (in situ, reversed, nonreversed) based on our 
desire to optimize size match between the graft and 
inflow and outflow arteries and to avoid a vein 
harvest incision on the dorsal foot whenever possible. 
The patency rates of in situ and translocated grafts in 
this series were identical, confirming the finding that 
no vein graft configuration is inherently superior to 
another 3° and measures that shorten the procedure 
and length of the conduit necessary do not adversely 
affect outcome. 11,15,25 

Serious wound complications are uncommon 
with pedal bypass grafting but can have disastrous 
results. One such wound complication in this series 
resulted in a death and another resulted in loss of the 
graft and a major amputation. Adequate control of 
preexisting foot infection and careful graft tunneling 
are important to avoid these problems. 

Five patients underwent amputation in this series 
with patent grafts. Three amputations were in 
patients with extensive heel gangrene, which never 
improved, probably because of inadequate collateral 
flow between the pedal and plantar circulation. 
Although many patients in this study had heel ulcers 
that ultimately healed, on the basis of a successful 
dorsalis pedis graft, patients with extensive tissue loss, 
gangrene, or osteomyelitis of the heel represent a 
particularly difficult clinical problem and may best be 
treated by primary amputation. Harrington 8 also 
noted this problem in their series of pedal grafts. 
Only further experience with this difficult clinical 
problem will determine the appropriate roll of pedal 
bypass in these patients. 

Aggressive use of lower extremity bypass graft- 
ing, including foot level bypass has been advocated as 
the best approach to limb-threatening ischemia, 3 and 
excellent results routinely reported in recent years 
support this view. We have been encouraged to note 
that our aggressive management of ischemia has led 
to a decline in all levels of amputation al and also the 

length of stay and cost of  hospitalization of patients 
with ischemic diabetic foot problems? 2 Increasing 
use of the dorsalis pedis bypass has been the most 
important recent addition to our surgical armamen- 
tarium, enabling us to improve the outcome for these 
patients. Recognizing the dorsalis pedis as an equally 
effective outflow target to more proximal popliteal 
and crural arteries has added another important 
option for bypass in patients with limb-threatening 
ischemia and has decreased the number patients 
considered to have inoperable disease. Moreover, the 
excellent restoration of foot perfusion that pedal 
bypass provides increases the likelihood of primary 
healing or obviates the need for ablative amputations 
by performing more direct foot-sparing procedures 
such as metatarsal head resections or osteotomies. 
Better forefoot perfusion has also enhanced our 
ability to obtain soft tissue coverage of weight- 
bearing surfaces without resorting to more complex 
flap procedures, although we believe that these are 
appropriate in highly selective circumstances? 3 

Statistical analysis was performed by Edward Marcac- 
cio, MD, and Roger Jenkins, MD. We acknowledge the 
efforts of Kathleen Bozzuti and Kerry DelloRusso in 
preparation of the manuscript. 
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