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ABSTRACT This initial series describes a minimally invasive, endovascular
method of performing femoropopliteal in situ saphenous vein (SV) bypass and
popliteal artery aneurysm (PAA) embolization. Twenty patients have under-
gone PAA operations. Eleven patients had conventional SV bypasses with prox-
imal and distal ligation of the popliteal artery (PA), and nine patients
underwent PAA embolization and an endovascular in situ SV bypass (EISB).
The EISB bypass was performed using an angioscopic guided side branch
occlusion coil system, whereas the PAAs were embolized with occlusion coils
under fluoroscopic surveillance. After operation in the EISB group there were
no deaths, no wound complications, and the mean hospital length of stay
(LOS) was 2.1 days. Six operations were performed through two incisions, and
three operations required an additional incision. Primary patency was 88%
(8/9), and all PAAs remained occluded by color flow ultrasonography at fol-
low-up ranging from 4 to 23 months (mean 11.2 months). In the conventional
bypass group there were no deaths, three patients (27%) had wound complica-
tions, and the mean LOS was 6.2 days. Bypass patency at 42 months was 91%
(10/11). This minimally invasive combined radiological and endovascular sur-
gical technique obviates an extensive incision to harvest the SV and ligate the
PAA proximally and distally. If long-term endovascular bypass graft patency
and PAA occlusion rates prove to be similar to open operative results, the ben-
efits of reduced wound complications, decreased hospital LOS, and increased
health care savings support further investigation of this endovascular method
for the treatment of PAA.

Keywords Endovascular treatment, popliteal artery aneurysms

Popliteal artery aneurysms (PAAs) are the most common peripheral
aneurysms. If thrombosis or embolization from a PAA occurs, the limb loss
rate, despite recent operative and thrombolytic advances, remains as high as
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40%.1 Appropriately, the PAA has been described as, “the sinister harbinger
of sudden catastrophe.”2

Saphenous vein (SV) bypass with exclusion of the PAA remains the “gold
standard” operation. Unfortunately, wound complications after SV bypass are
common and have been reported to occur in up to one third of cases.3–5 The
endovascular treatment of arterial aneurysms is being developed as an alter-
native method of treatment; however, only anecdotal information is currently
available.6,7 A minimally invasive endovascular method of performing
femoropopliteal in situ SV bypass with coil embolization of the PAAs has
been developed, and the early experience is reported.

MATERIALS AND METHODS

Between 1990 and 1998 22 patients underwent elective operation for PAA.
Any patient requiring urgent operation for limb salvage, with or without
thrombolytic therapy, was excluded from this study. Twelve patients had
“open” conventional SV bypass with exclusion of the PAAs by proximal and
distal popliteal artery ligation; seven patients had reversed and five had in situ
SV bypass. Ten patients underwent PAA embolization and an endovascular in
situ SV bypass (EISB). All patients were men; ages ranged from 44 to 81
years (mean age 61 years). Comorbid conditions, which included hyperten-
sion, diabetes mellitus, cigarette smoking, and coronary artery heart disease,
were similar between groups.

Prior to operation, all patients underwent color flow duplex ultrasonogra-
phy to verify SV patency, size, and anatomic configuration. At EISB opera-
tion, standard incisions were made over the proximal femoral artery and at
the location of the distal popliteal or tibial artery. The SV was dissected at
each incision a sufficient length to permit anastomoses. After systemic hepa-
rin administration and division of the SV distally and from the common
femoral vein, a retrograde valvulotome (Baxter Vascular Division, Irvine, CA)
containing an irrigation channel for a 5% dextrose–heparin (1,000
IU/L)–papaverine (30 mg/L) solution was introduced into the distal saphe-
nous vein; the side branch occlusion system (Baxter Vascular Division) con-
taining a movable angioscope and occlusion catheter was introduced into the
proximal SV; its component parts are a movable angioscope and the intro-
ducer catheter, within which is the coil delivery catheter, which in turn con-
tains a preloaded Gianturco occlusion coil (Target Therapeutic, San Jose,
CA) and guide wire (Fig. 1).7

Prior to valvulotomy, the angioscope is placed in the “extended position,”
which allows visualization of the vein lumen in a 360-degree, circumferential
fashion. The valvulotome cutting blades at this time are retracted to mini-
mize any potential for intimal trauma. When a set of valve leaflets is identi-
fied, the cutting blade is extended and the valve leaflet is engaged (Fig. 2).
With gentle distal traction on the valvulotome, vavulotomy of each valve
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leaflet under direct angioscopic surveillance is performed. This angioscopic
guided technique ensures safety and completeness of valvulotomy.

Most major side branches are located adjacent to the site of the vein valves;
therefore, side branch occlusion can be performed either before or after
valvulotomy at the surgeon’s discretion. During side branch occlusion, the
angioscope is placed into the “retracted position,” which better allows the
operator to visualize the side branch orifice. The coil delivery catheter, which
contains the preloaded occlusion coil and guide wire, is then guided into the
side branch orifice. The guide wire is advance, a coil is deployed (Fig. 3) into
the venous side branch, and the side branch is embolized (Fig. 4). With this
new angioscopic guided system, valvulotomy and side branch occlusion may
by easily and safely performed. The cost of the valvulotome, side branch
occlusion system, and occlusion coils is approximately $2000.
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Fig. 1 Retrograde valvulotome and side branch occlusion system. (From Rosenthal
D. Angioscopy in vascular surgery. Cardiovasc Surg; 1997;245–255. With permis-
sion from Elsevier Science.)

Fig. 2 Under angioscopic surveillance, the valvulotome cutting blade is extended
and the valve leaflet engaged. (From Rosenthal D. Angioscopy in vascular surgery.
Cardiovasc Surg; 1997;245–255. With permission from Elsevier Science.)
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The popliteal artery distal to the PAA was then divided and the proximal
end oversewn. A common femoral arteriotomy was made, and a 7-French
introducer sheath was placed into the superficial femoral artery over a 0.035-
inch guide wire. Under fluoroscopic surveillance the guide wire was passed to
the level of the PAA, which was thrombosed with 8- and 10-mm Gianturco
occlusion coils (Fig. 5). On average, four Gianturco coils were required to
occlude the PAAs. Following embolization of the PAA, the proximal and dis-
tal anastomoses were completed in a standard fashion. All distal anastomoses
were to the distal popliteal artery or tibioperoneal segment, thus avoiding an
additional incision.8,9

Completion arteriograms were performed to verify PAA thrombosis and to
identify any missed or nonoccluded arterial venous fistulas in the vein graft or
technical imperfections and to assure patency of the outflow anastomosis
(Fig. 6). Similarly, all patients who underwent conventional reversed or in
situ SV bypass and PAA exclusion had completion arteriograms. All patients
were followed with serial color flow ultrasonography 3, 6, and 12 months
after operation and biannually thereafter.
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Fig. 3 The coil deliver catheter containing an occlusion coil and guide wire is
guided into the side branch. (From Rosenthal D. Angioscopy in vascular surgery,
1997;5:245–255. Used with permission from Elsevier Science.)

Fig. 4 The coil is deployed and the side branch is embolized.
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Fig. 5 Coil occluded popliteal artery aneurysm.

Fig. 6 Completion arteriogram demonstrating coil occluded popliteal artery
aneurysm (large arrow) and patent endovascular femoropopliteal in situ saphenous
vein bypass (small arrow).
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RESULTS

The mean length of EISB operation was 2.75 hours with a mean blood loss
of 180 ml. After operation in the EISB group there were no deaths or wound
complications, and the mean hospital length of stay (LOS) was 2.1 days. Six
operations were performed through two incisions, whereas three operations
required an extra incision to ligate large side branches (>5 mm) or missed
arterial venous fistulae. No “late” arterial venous fistulae developed during
follow-up. Primary bypass patency was 90% (9/10), and all PAAs remained
occluded by color flow ultrasonography at follow-up ranging from 4 to 23
months (mean 13.6 months). The one graft occlusion occurred at 3 months
follow-up, and the patient refused reoperation. In the reversed or in situ SV
bypass and PAA exclusion group, there were no deaths, three patients (25%)
had wound complications, and the mean LOS was 6.2 days. The mean length
of operation was 2.3 hours with an estimated blood loss of 230 ml. Bypass
patency at 42 months was 92% (11/12).

DISCUSSION

PAAs historically are found in older males, are often bilateral, and are fre-
quently associated with other arterial aneurysms. Elective repair of an
asymptomatic PAA is recommended because of the significant morbidity
associated with an acute thromboembolic event.10,11 The “gold standard”
operation for PAA is femoropopliteal–tibial SV bypass with exclusion
(proximal and distal ligation) of the aneurysm to prevent expansion
and/or distal embolization.12,13 Wound complications after femoro-
popliteal bypass for occlusive disease, however, with SV are common and
have been reported in up to one third of cases.3–5 These wound complica-
tion are usually due to ischemia of the posterior flap along the thigh inci-
sion, which may cause cellulitis, lymphangitis, and tissue necrosis. In this
series, 25% of patients undergoing conventional vein bypass with PAA
exclusion had a wound complication. Among the EISB patients, no wound
complications occurred as the endovascular method of performing
femoropopliteal in situ SV bypass and PAA embolization avoided a long
incision in the thigh to expose the SV for harvest and/or to ligate the
proximal popliteal artery or an incision across the knee joint to mid calf to
expose SV at this location.10

In this healthcare cost-conscious era, a concern that must be addressed
is the cost-effectiveness of this endovascular technique. 1996 Healthcare
Finance Administration data on Diagnosis Related Group payments for
4295 patients undergoing popliteal aneurysm resection (ICD 9 CM
442.3) demonstrated a mean hospital LOS of 6.2 days and mean loss to
the hospital of $7104 per patient, or loss of over $30,500,000 in 1996!11

By avoiding a long leg incision and the potential associated wound com-
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plications, which prolong the hospital LOS, any additional cost of the
endovascular instrumentation ($2000) may be readily offset. Indeed, the
mean hospital LOS for the EISB patients was 2.1 days versus 6.2 days for
the conventional SV bypass group. It appears that the EISB and PAA
embolization technique will not only benefit the patient with a less inva-
sive procedure but it may remedy the high cost to hospitals of caring for
patients with PAAs as well.

Endovascular stent grafts are currently under investigation for the treat-
ment of abdominal aortic aneurysm, and this technology may prove valuable
and efficacious for PAA. Case reports utilizing a variety of flexible stent grafts
via a percutaneous approach have demonstrated feasibility for the treatment
of PAA; however, only short-term follow-up (less than 1 year) is available.6,7

A major concern regarding the use of popliteal endoluminal stent grafts is
possible extrinsic compression and deformation of the stent from muscle and
tendons due to flexion of the knee joint. Most PAAs extend across the knee
joint, and the dynamic flexion and extension forces exerted across the joint
may compromise the long-term patency of endoluminal stent grafts. This,
however, remains to be evaluated.

As this was a small series of patients, further studies will determine whether
this minimally invasive EISB bypass and PAA embolization technique yields
long-term patency rates similar to the conventional open bypass and PAA
exclusion operation. Potentially, however, the benefits of reduced wound
complications, shortened hospital stay and recuperation, and decreased
healthcare costs make this endovascular method for the treatment of PAA
intriguing.
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Marc E. Mitchell, M.D.
Expert Commentary Jeffrey P. Carpenter, M.D.

Most popliteal artery aneurysms (PPAs) are repaired with a relatively short
reversed saphenous vein (SV) bypass graft from the distal superficial femoral
or proximal popliteal artery to the distal popliteal artery or to the tibioper-
oneal trunk. This bypass is easily constructed through a medial approach, with
an incision starting in the mid to distal thigh and ending in the proximal calf.
The SV can be harvested through the same incision used for arterial exposure.
A skin bridge may be left at the knee resulting in two separate incisions, if this
is the surgeon’s preference. This operative approach avoids a groin incision
and the associated wound problems, facilitates proximal and distal ligation of
the aneurysm, and results in the shortest possible bypass graft. This is a well-
established procedure, with a proven record of success and durability. In our
experience, these relatively short bypasses have few wound problems and do
not require a prolonged hospitalization. This is particularly true in patients
without symptoms of ischemia, undergoing an elective reconstruction.

In the current series, endovascular in situ SV bypass is compared with tra-
ditional SV bypass for the elective treatment of PAA. Patients undergoing the
endovascular procedure had fewer wound complications and a shorter length
of hospital stay compared with those undergoing the traditional procedure.
These benefits are presumed to be the result of the less-extensive incisions
required for the endovascular procedure compared with those required the
traditional procedure. All endovascular procedures were common femoral to
below knee popliteal bypasses. The anatomic details of the traditional bypass
procedures were not described, but one must assume that common femoral
to below knee popliteal bypasses were performed.

The procedure described by Dr. Rosenthal and colleagues is not truly an
endovascular reconstruction but rather PAA embolization followed by an
angioscopic assisted in situ SV bypass. The vascular reconstruction is per-
formed using an in situ SV graft and standard vascular anastomotic tech-
niques. Angioscopic side branch occlusion is used to minimize or eliminate
the incisions required in preparation of the vein graft. This is a developing
technology, which has the benefit of limiting the extent of the incisions
needed in patients undergoing in situ SV bypass grafting.

Although this series demonstrates the technical feasibility of the procedure
along with acceptable short-term success, we are not convinced that this is
the correct procedure for the treatment of PAAs. The patients in this series all
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had patent superficial femoral arteries that were accessed for embolization of
the PAA. Presumably these patients would have been candidates for the stan-
dard bypass procedure originating from the distal superficial femoral artery or
the proximal popliteal artery. This would have eliminated the need for the
harvesting of a long segment of SV, and the groin incision would be replaced
with a distal thigh incision. It is unlikely that there is a significant difference
in morbidity between a procedure with a groin incision and a procedure with
a distal thigh incision.

Angioscopic assisted in situ SV bypass is a technique that has the potential
for reducing the wound complications frequently seen with long distal bypass
procedures performed for severe ischemia. Patients with PAAs undergoing
elective surgery are usually reconstructed with a relatively short bypass graft
with very little morbidity. The procedure described by the authors would be
useful in treating patients with superficial femoral artery occlusive disease in
conjunction with a PAA. These patients require a long bypass graft and may
benefit from this technique.
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David Rosenthal, M.D.
John H. Matsuura, M.D.

The Last Word Michael D. Clark, M.D.

Drs. Mitchell and Carpenter raised several interesting points in their “expert
commentary.” They are correct in surmising that patients in this series had
patent superficial femoral arteries that allowed embolization of the popliteal
artery aneurysms (PAAs), and certainly these patients might have undergone
a standard “open” bypass from the distal femoral artery.

It was of interest to note that Drs. Mitchell and Carpenter advocated har-
vesting saphenous vein (SV) from the “distal thigh and ending in the calf.”
This, however, is contrary to the technique used by most vascular surgeons
where the SV is harvested from the thigh because of its larger size. Wound
complications after SV harvest are common, morbid, and expensive. By
avoiding a long SV harvest incision and its associated expensive wound com-
plication potential, we benefit not only the patient but the hospital as well.

The endovascular in situ SV bypass (EISB) and PAA embolization proce-
dure is not for every patient. Size and quality of the SV are limiting factors,
and in smaller veins, those less than 3.5 mm in diameter, the side branch
occlusion technique is not appropriate as intimal trauma may cause vein graft
failure. It is of interest to note, however, that in the Albany group’s landmark
report on 2058 in situ SV bypasses, the “length” of the vein bypass did not
adversely effect long-term patency.1 Hopefully, the longer EISB grafts in our
patients perform as well as short-segment grafts advocated by Drs. Mitchell
and Carpenter.

Our series of patients is small and requires long-term follow-up to evaluate
the merit of this procedure. Nevertheless, the EISB and PAA technique is a
safe, minimally invasive, and cost-effective operation in appropriate patients.
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