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Abstract

Background: The pattern of surgical bypass has affected practice in the context of a multidisciplinary limb preservation program.
As bypass may be required for limb preservation, such a practice would involve more frequent bypass and increased complexity
of bypass performed due to the lack of an autogenous conduit and suitable target artery (“desert foot”), and patients with prior
failed endovascular interventions. We investigated this change in the pattern of bypass performed in the context of our limb
preservation program. Methods: Infrainguinal bypasses performed on patients being managed in a limb preservation program
were analyzed and compared with the bypass experience of patients being managed in the time prior to the formalization of
such a program. Our institutional Vascular Quality Initiative (VQI) database, with outsourced data entry, was queried from
2016 to 2022. The limb preservation program was formalized in 2018. Earlier case volumes were evaluated based on data from
a previously used non-VQI database extending to 2010. All procedures were performed for chronic limb-threatening ischemia,
which was defined as rest pain or tissue loss. Bypasses were categorized by conduit and anastomotic configuration as well as
outflow target artery: below-knee popliteal, anterior tibial/dorsalis pedis, posterior tibial/plantaris pedis, or peroneal. Results:
After a limb preservation program was formally initiated in 2018, 103 surgical bypasses were performed, representing 28%
of lower extremity revascularization procedures. The number of bypasses revealed an increasing trend from 21% in 2018 to
37% in 2022, which was the highest percentage since 2010. Bypass anatomy included the tibial arteries in 81 patients and the
below-knee popliteal in 22. A venous conduit was used in 21% of the patients, with a prosthetic conduit used in 79% due to the
lack of autogenous conduit. The prosthetic conduit was heparin-bonded expanded polytetrafluoroethylene with anastomotic
adjuncts in 88% of the patients: distal vein patch (57%), distal arteriovenous fistula (12%), and deep vein arterialization (19%).
Conclusions: Revascularization in the context of a limb preservation program involves an increasing trend in the need for
surgical bypass with added bypass complexity. Tibial bypass is usually required, often with the use of a prosthetic conduit and
anastomotic adjuncts. Mastery of advanced bypass techniques is important to provide optimal revascularization for healing

and amputation prevention in the context of a limb preservation practice.
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The role of endovascular therapy has evolved, with many pro-
viders advocating a strict endovascular-first approach. This has
changed the landscape of lower extremity revascularization.! The
recent publication of 2 prospective, randomized clinical trials
(BEST-CLI and BASIL-2) has stimulated renewed discussion on
the role of bypass for lower extremity revascularization.** How-
ever, a review or comparison of BEST-CLI and BASIL-2 is not the
focus of this manuscript and beyond the scope of this analysis.
This analysis approaches the question form another viewpoint:
the pattern and complexity of surgical bypass in the context of
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participation in a limb preservation program.

A multidisciplinary team approach to limb preservation has
been shown to be critical to optimizing the outcome of amputation
prevention.* Surgical bypass in the context of such an approach
tolimb preservation increases the complexity of surgical bypass
due to many factors, including the frequent lack of a venous
conduit and challenging target arteries, especially after failed
prior attempts at revascularization, whether endovascular or
surgical. Advances and innovations in bypass technique have
been developed to address these challenges and are critical to
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the current bypass options offered for limb preservation. We
sought to characterize current lower extremity bypass patterns
and techniques employed for revascularization within such a
multidisciplinary limb preservation practice.

Methods

Data analysis was based on the Society of Vascular Sur-
gery-sponsored Vascular Quality Initiative (VQI) database. Our
institution has enhanced the VQI database with outsourced,
external data entry to optimize accuracy and minimize any data
entry bias. This institutional database was queried for all surgical
bypasses and endovascular procedures performed from 2016
to 2022. Earlier case volumes were based on data from a prior
non-VQI database. The limb preservation program, formalized
in 2018, was a multidisciplinary effort centered on vascular
surgery, podiatry, a wound center system, and ancillary support
staff. The indication for revascularization in all patients in this
analysis was chronic limb-threatening ischemia (CLTI), which
was defined as rest pain or tissue loss in accordance with the
Society for Vascular Surgery/European Society for Vascular
Surgery Global Guidelines.® Procedure analysis was limited to
the senior author, who was the predominant surgeon involved
in the limb program, to minimize inter-provider variability.

The surgical procedures were categorized based on bypass
anatomy regarding the outflow target artery: below-knee popliteal,
anterior tibial/dorsalis pedis, posterior tibial/plantaris pedis, or
peroneal. Bypasses were further analyzed based on the conduit
(vein vs prosthetic). Heparin-bonded polytetrafluoroethylene
(HePTFE) was the prosthetic conduit used in this patient cohort,
with anastomotic adjuncts based on the anatomy and quality
of the target artery. This heparin-bonded graft technology has
proven beneficial for tibial bypass and is used as the prosthetic
conduit for infrainguinal bypass.® The anastomotic adjuncts
included previously reported techniques of distal vein patch
(DVP), DVP with an arteriovenous fistula (DVP-AVF), and DVP
with deep venous arterialization (DVP-DVA) (Figure 1A-C).”*

Results

A total of 103 surgical bypasses for CLTI (rest pain or tissue
loss) were reviewed using the VQI database from 2016 t0 2022. A
multidisciplinary limb preservation program was formally initiated
in 2018. Prior to 2018, the number of surgical bypasses performed
were trending in a decreasing manner with a concurrent increase
in the number of endovascular procedures performed for CLTI.
Following the institution of a limb preservation program, the
trend reversed with an increasing number of surgical bypasses
(Figure 2). Currently, 38% of all revascularization procedures are
surgical bypass in the context of the limb preservation program.

All bypasses were performed for CLTI in the form of rest pain
or tissue loss. The majority of bypasses were performed in the
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FIGURE 1. Intraoperative images of advances in bypass technique involving
anastomotic adjuncts used to enhance prosthetic bypass performed for
revascularization in a limb preservation program. A) Distal vein patch (DVP).
B) DVP with arteriovenous fistula. C) DVP with deep venous arterialization.

HePTFE, heparin-bonded polytetrafluoroethylene.

tibial arteries (n = 81, 79%), with the below-knee popliteal artery
also serving as the outflow target (22, 21%). A venous conduit
was used in 22 patients (21%), which included 20 tibial and 2
plantaris pedis bypasses. A large saphenous vein, either ipsilat-
eral or contralateral, was the autogenous conduit utilized, with
no arm vein or small saphenous vein used. A prosthetic conduit
was used if a large saphenous vein (ipsilateral or contralateral)
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was absent, previously used (cardiac or prior bypass), sclerotic,
orvaricose. An alternative autogenous conduit, such as an arm
vein and small saphenous vein, was not employed in this series
due to previously reported success obtained with the DVP bypass
technique.!®!" This approach resulted in a prosthetic conduit
used in 81 patients (79%), with 21% using a great saphenous vein
(Figure 3). Prosthetic bypasses included an HePTFE conduit
alone without anastomotic adjuncts in 12% of the patients, and
with anastomotic adjuncts in the remaining 88%: DVP (57%),
DVP-AVF (12%), and DVP-DVA (19%) (Figure 4). Bypass was
performed after prior failed attempts at revascularization in 41%
of the cases: 33 failed endovascular procedures (often multiple)
and 9 failed bypasses.

Discussion

Multidisciplinary programs have been shown to improve
outcomes for patients facing nonhealing wounds and possible
limb loss.!>!® This review assesses the pattern of surgical by-
pass performed in the context of such a multidisciplinary limb
program. The goal of this analysis was to assess the impact of a
such a program on the frequency of surgical bypass and type
of bypass constructed in this complex patient population. The
question arises as to whether an endovascular-first approach
is increasingly used in a limb program or whether bypasses
are performed in a limb program that are different than those
performed in standard surgical practices. We have published
basic criteria to guide the use of bypass in our limb practice,*
and these criteria were used as guidelines but not as dogmatic

Prosthetic

Vein

GERLING, ET AL.

2000

FIGURE 2. Percentage (y axis) of surgical bypass and endovascular interven-
tions before and after the formal institution of a limb preservation program
demonstrating a trend of increasing bypass performed.

rules in the choice of revascularization type. Additionally, the
BEST-CLI and BASIL-2 trials have addressed the issue of bypass
vs endovascular therapy, but the timing of the publication of
these trials had minimal impact on the time interval involved
in this analysis. Although we believe that these trials will have
an added impact on the decision-making process, a discussion
of BEST-CLI and BASIL-2 is beyond the scope of this manuscript.

Our data noted a reversal in the trend of decreasing bypass
frequency after formal initiation of the limb program. Interestingly,
there was a corresponding increase in endovascular procedures
during the same time interval, indicating an increase in total lower
extremity revascularization in the context of the limb program.
This increase in the number of surgical bypasses may be related

DVP DVP-AVF mDVP-DVA mPIFE

FIGURE 3. Comparison of infrapopliteal bypass conduit revealing a greater
number of prosthetic grafts (red) compared with venous grafts (blue), which
is opposite of most standard vascular practices, reflecting the complexity
of bypass in a limb preservation program.
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FIGURE 4. Experience with the use of anastomotic adjuncts for revascular-
ization by bypass in a limb preservation program. DVP, distal vein patch;
DVP-AVF, distal vein patch with arteriovenous fistula; DVP-DVA, distal
vein patch with deep venous arterialization; PTFE, polytetrafluoroethylene.
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to an increased complexity of the revascularization required
due to the tertiary (often quaternary) referral patterns involved
with such a limb preservation program, as well as many patients
having had failed attempts at revascularization prior to referral.

The type of bypass performed was also different in the limb
program cohort compared with prior experience in a standard
vascular practice. The saphenous vein has long been the gold
standard autogenous conduit to treat CLTI."” Tibial bypass sur-
passed popliteal bypass, and the use of prosthetic grafts with
anastomotic adjuncts was increased based on a frequent lack
of saphenous vein conduit due to prior lower extremity bypass,
coronary bypass, varicose veins, or phlebitic veins. When an au-
togenous conduit is not available, it has been our practice to use
HePTFE with appropriate anastomotic adjuncts as described. If a
distal tibial artery is available as an outflow target for bypass, the
DVP technique is used. This configuration alters the compliance
mismatch between the diseased artery and the prosthetic graft,
and offsets the hyperplastic response to the suture line between
the graft and vein patch, thereby minimizing hyperplasia in the
runoff tibial artery.’* Additionally, surgeons find the patch tech-
nically easier to suture to the diseased artery, often a calcified
tibial artery, as compared with the larger, stiff prosthetic material.
If the distal tibial target artery is suboptimal in terms of caliber
or lack of inline runoff, an arteriovenous fistula is added to the
DVP technique. This reduces outflow resistance and maintains
graft velocity above the critical thrombotic threshold.”® Recent-
ly, DVA has been added to the bypass armamentarium through
the DVP technique (DVP-DVA). This technique is an option for
patients with a “desert foot” lacking an outflow target as well as
an available venous conduit.* Our experience with deep venous
revascularization by DVP bypass is ongoing and a subject for
future analysis.

The presence of a multidisciplinary program may alleviate
some reluctance for such referrals from other vascular providers,
as the patient is referred for treatment of both soft tissue wounds
as well as persistent ischemia. Such referrals to the limb preser-
vation program often involve cases with failed prior attempts at
revascularization. This increases the complexity of subsequent
revascularization, especially in the form of a surgical bypass. In
our experience, 41% of the bypass procedures were performed
after a prior failed revascularization: endovascular (33) and prior
bypass (9). Failed endovascular therapy can lead to an alteration
of the target artery, or a more distal location on the target than
would have been required with an initial bypass prior to endo-
vascular failure.”®?° The BASIL-1 trial demonstrated that bypass
was less successful after failed balloon angioplasty.* Prior failed
bypass also increases subsequent bypass complexity through prior
utilization of an autogenous conduit and available target arteries.
Finally, up to 20% of patients in a limb-threatening situation
present with a paucity of any suitable distal arterial targets, or
the so-called “desert foot”.2 The cohort of patients treated in a
limb preservation program can involve the difficult scenario
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that compounds several complex factors: lack of an autogenous
conduit, prior failed revascularization, and a disadvantaged
target artery. Therefore, alternative conduits and anastomotic
adjuncts have been utilized to overcome these challenges in an
attempt to prevent amputation. The need for surgical bypass as
a significant revascularization option in the context of the limb
preservation program is important and seems to stimulate an
upward trend in terms of bypass frequency.

There are certainly limitations to this data. The analysis was
performed at a single institution with bypasses performed by a
single surgeon,; this inherently leads to practice bias. The number
of bypasses performed after a failed endovascular therapy may
demonstrate bias in patient selection, as patients with more com-
plex pathologies and surgical history are more likely be referred to
alimb preservation center compared to a standard surgical practice.
As such, this data should be seen as an observation, stimulating
further characterization or future trends in lower extremity
revascularization after establishment of an endovascular-first/
only approach in many centers treating CLTI for amputation pre-
vention. Additionally, this study did not analyze outcomes of the
techniques or effect of patient comorbidities. However, surgical
bypass, often with a prosthetic conduit and anastomotic adjuncts,
was observed to fill a significant role in revascularization in the
context of a limb preservation program. It will be important to
master these techniques so that revascularization can continue
to be offered to patients for healing and amputation prevention.
Establishment of a limb preservation program requires technical
competence in all forms of revascularization; therefore, commu-
nication between interventionalists and surgeons to choose the
appropriate strategy of revascularization in such a program is
critical for success.

Conclusion

Revascularization in the context of a limb preservation
program involves an increasing trend in the need for surgical
bypass with added complexity. The role of bypass has received
new interest based on publication of the BEST-CLI and BASIL-2
trials and the recognized importance of multidisciplinary limb
programs to prevent amputation. In such programs, tibial bypass
is more often required as opposed to the “fem-pop” bypass of old.
Additionally, the use of a prosthetic conduit and anastomotic ad-
juncts is important in such a limb program. Mastery of advanced
bypass techniques is important to offer optimal revascularization
for healing and amputation prevention in the context of a limb
preservation practice.
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