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LEA 18.
Systematic Review on the Use of Artificial
Intelligence in Peripheral Vascular Diseases

Lagarfeld Lau, MBBS,1 Zhiwen Joseph Lo, MBBS,2 Qiantai Hong,
MBBS,2 Enming Yong, MBBS,2 Li Zhang, MBBS,2 Sadhana Chan-
drasekar, MBBS,2 Glenn Wei Leong Tan, MBBS2. 1Lee Kong Chian
School of Medicine, Nanyang Technological University, Singapore;
2Department of General Surgery, Tan Tock Seng Hospital, Singapore

Objective: The use of artificial intelligence (AI) in health care is based on
machine-learning algorithms and software to replace human cognition
in the analysis of medical data. We aimed to provide a systematic review
on the use of AI in peripheral vascular diseases (PVDs).
Methods: A systematic review was conducted through the PubMed

database. Search terms were focused to identify studies reporting artifi-
cial intelligence OR algorithm OR natural language processing OR ma-
chine learning OR neural networks AND peripheral vascular disease
NOT robotics.
Results: A total of 25 articles from 1956 to 2019 were included. These

represented empirical work from qualitative, quantitative, and mixed-
methods approaches, with mainly AI software use in PVD. The studies
examined the application of AI software in the identification of risk fac-
tors and screening (2 studies), diagnosis (13 studies), management (2
studies), and assessment of the complications and severity of PVD (7
studies). There was also a study comparing three different models in
the diagnosis of PVD. Of the 25 articles, the AI software had shown posi-
tive results in their respective domains in 24 articles. Risk factors for PVD
were identified and were used by the AI software to screen for asymp-
tomatic PVD in the general population, and the positive predictive value
for the AI was twice that of the Inter-Society Consensus screening criteria,
the current universal screening score. The AI software was able to
compile and to interpret the results to generate a diagnosis of PVD
with high specificity and sensitivity according to the consistently high
diagnostic accuracy findings from 12 of the articles on PVD diagnosis.
The AI was also able to generate a management algorithm with multiple
treatment routes based on the patient’s profile.
Conclusions: Currently, AI is helpful to aid in the journey of PVD pa-

tients from screening to management. However, more research and
development are required before it can be widely applied to assist phy-
sicians in the management of patients with PVD.
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Objective: The rate of endovascular procedures for limb salvage in pe-
ripheral vascular disease is increasing. Long and below-knee endovascular
repairs have lowpatency rates. In these cases of endovascular failure, distal
bypasses are performed for limb salvage. Venous bypass is preferred
because of superior long-term patency. Synthetic grafts for distal bypasses
have a very low patency rate and are not recommended. We present two
cases in which endovascular and bypass repairs occluded and the limbs
were at risk of amputation. On angiography, a distal tibial artery was
demonstrated without any available autologous veins. To save the limb
with long-term patency, a venous graft was required. In these cases, we
performed allogeneic vein transplantation from living donor (family
related or genetic matched) from femoral artery to distal tibial artery.
Methods: Both the donors and recipients were screened for infectious

diseases and compatibility. Patients with known malignant disease,
infection, or contraindication to immunosuppression were excluded.
The saphenous vein was dissected at the donor and transplanted to
the recipient leg, and femorotibial bypass was performed. In both cases,
an arteriovenous fistula was created between the tibial artery and the
vein proximal to the bypass anastomosis.
Results: Technical success was achieved in both cases. No major com-
plications occurred during the procedures, and at 6-month follow-up,
both bypasses remained patent. The patients returned to normal daily
activity after the procedure, and ischemic wounds healed.
Conclusions: Allogeneic vein bypasses have been previously reported;

however, their use is scarce. We suggest venous allograft transplantation
from living donor to patients with no endovascular solutions or autologous
vein for revascularization for limb salvage. It has been shown that chemical
veinpreparationorcryogenicveinpreservationhasdeleteriouseffectsandde-
creases graft patency rates. Immunosuppressive therapy should be adminis-
tered to avoid graft rejection.We recommendcomplementary arteriovenous
fistula to the allogeneic vein bypass for outflow augmentation. Multiorgan
harvestmay provide a viable opportunity for vein harvest. Allograft vein trans-
plantation should be considered for limb salvage in such cases.
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Impact of Calcification Modeling and
Planning Circles With Fusion Imaging for the
Chronic Total Occlusion of Iliac and
Femoropopliteal Arteries

Nicolas Louis, MD. Hôpital Privé Les Franciscaines

Objective: The objective of this study was to examine the contribution
of calcification modeling and planning circles with fusion imaging for the
chronic total occlusion (CTO) of iliac and femoropopliteal arteries.
Methods:Weanalyzedacohortof 180patientswhowere treatedbyendo-

vascular means for iliac and femoropopliteal artery CTOs during a period of
3 years. The procedures were performed in the hybrid room equipped with
the Innova IGS 530 system (GEHealthcare, Chicago, Ill). Thepreoperative im-
aging fusion was edited on the dedicated workstation AdvantageWorksta-
tion VS7 with Vessel ASSIST. A centerline was manually adjusted inside the
occludedartery. Planningcircleswere strategically positioned inside the cal-
cifications edited by the centerline. The workstation also allows the
modeling of all the calcifications inside the artery to be combined with
the planning circle in the same volume. The fusion technique was a fusion
between three-dimensional volume extracted from preoperative
computed tomography and two-dimensional live fluoroscopy with bone
registration. Arteriography was systematically achieved, allowing adjust-
ment, if necessary, of the vascular and calcification volumes.
Results: Sixty-two iliac CTOs (mean length of occlusion, 57.3 mm) and

118 femoropopliteal CTOs (82.7 mm) were identified. The success of
recanalization reached 95% (n ¼ 171/180). In 49% (n ¼ 88/180), the recan-
alization had been directly transluminal inside the planning circles. In
41% (n ¼ 74/180), the recanalization had been subintimal and was redir-
ected transluminally between two circles. In 5% (n ¼ 9/180), the subinti-
mal recanalization could not be redirected transluminally, and an
intravascular ultrasound-guided re-entry catheter was used.
Conclusions: Fusion imaging with calcification modeling and planning

circles is a reliable and reproductible technique. It allows redirection
easily between two circles inside the calcification. It might have an eco-
nomic impact by reducing the use of re-entry devices and might have
an impact on radiation exposure.
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Objective: Low-dose ionizing radiation (LDIR), namely, 0.3 Gy, delivered
during 4 consecutive days, has been reported to stimulate angiogenesis
and arteriogenesis in a preclinical model of hindlimb ischemia. Here
we performed a single-center, investigator-blinded, randomized, sham-
controlled clinical trial to evaluate the effects of LDIR exposure in the
expression of proangiogenic genes in endothelial cells isolated from
muscles of patients with critical limb ischemia.
Methods: “Non-option” critical limb ischemia patients were random-

ized to receive 0.3 Gy or 0.0 Gy delivered for 4 consecutive days. By use
of a PALM MicroBeam Laser Microdissection System (Zeiss, Oberkochen,
Germany), the endothelial cells were exclusively isolated from ischemic
gastrocnemius muscle samples collected at amputation, and the expres-
sion of proangiogenic genes was analyzed. In addition, LDIR stimulation
of angiogenesis and arteriogenesis was assessed through measurement
of the capillary vessel density using CD31 immunohistochemistry and
eosin counterstain and the collateral vessel density by lower limb digital
subtraction angiography. Finally, the safety and feasibility of LDIR expo-
sure and the potential therapeutic benefits were documented.
Results: Between December 2015 and February 2017, there were 16 pa-

tients aged between 48 and 78 years with intractable critical limb ischemia
who were enrolled in the study. Four patients withdrew or were excluded.
Twelve patients corresponding to 13 limbs were considered for analysis.
Five limbswere randomized to receive LDIR, and the other eight underwent
the sham protocol. Baseline patient and limb demographic and clinical
characteristics were similar by study arm. Regarding the primary end point,
transcript levels for hepatocyte growth factor, angiopoietin 2, and vascular
endothelial growth factor receptor 2 trended toward upregulation in endo-
thelial cells isolated from irradiated samples, exclusively in limbs exposed to
LDIR. A trend toward a capillary vessel density increase and a significant
collateral vessel density increase in irradiated limbs was documented
compared with the sham-irradiated limbs (P ¼ .032). Effects of LDIR on sur-
rogate clinical end points of ischemia were similar in both groups.
Conclusions: These preliminary data show a trend toward an increased

expression of proangiogenic factors in irradiated limbs, and simulta-
neously LDIR is consistently associated with an increase in capillary den-
sity and a statistically significant increase in collateral vessel density after
angiographic analysis. As expected, because of the adverse selection of
patients with advanced disease, LDIR therapy was not expected to
reduce 1-month amputation rates or other clinical end points of
ischemia. Increasing the size of the study population, selecting patients
in less advanced stages, and extending the follow-up period will allow
us to adjust the indications for use of LDIR in patients with peripheral ar-
tery disease to maximize its therapeutic potential.
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Objective: Most traumatic lower extremity vascular injuries are located
in the groin and upper thigh, involving the superficial femoral artery and
common femoral artery. There is a scarcity of data regarding below-knee
(BK) penetrating vascular trauma.
Methods: In this study, we report our level I trauma center experience

with post-traumatic BK vascular repairs (Jerusalem, Israel). We stratify
our data on the basis of the mechanism of injury and repair as well as
the need for fasciotomy, concomitant venous repair, limb salvage, and
recommendations on discharge.
Results: Between 2016 and 2018, our trauma center operated on a total

of 26 male patients with a mean age of 31 years presenting with BK
vascular injuries. This constitutes 26 of 45 (58%) cases of lower extremity
vascular trauma at our institution. All patients underwent open repair.
The mechanism of injury was classified as blunt in 11 (42%) and high-ve-
locity penetrating projectiles in 15 (58%). This unusual distribution is prob-
ably due to Jerusalem’s being an epicenter of the Middle East conflict.
Fasciotomies were performed in 14 of 26 (54%) patients at the initial

surgery because of a propensity for the development of compartment
syndrome. Repair of the popliteal vein was necessary in 5 of 26 (19%) pa-
tients, which was performed with great saphenous vein in 3 patients and
small saphenous vein and basilic vein in 1 patient each. The conduit of
choice was the contralateral great saphenous vein in 19 patients (73%), pri-
mary repair and small saphenous vein in 1 patient each, and synthetic graft
in 2 patients. All but three patients underwent preoperative computed to-
mography angiography (89%), and five (19%) underwent intraoperative
angiography. A pedal pulse was palpable postoperatively in 21 (81%) pa-
tients, and 19 (73%) were discharged with aspirin (100 mg/d) treatment, 4
on full anticoagulation (15%). A total of 21 (81%) limbs were salvaged, with
5 (19%) undergoing amputation below or above the knee because of over-
whelming postoperative infection. It was noted that four of five (80%) limb
losses coincided with nonpalpable pulse postoperatively.
Conclusions: BK vascular injury is an uncommon but complicated en-

tity of vascular surgery in which postoperative outcome is determined by
prompt vascular repair, especially before orthopedic intervention. The
delayed intervention necessitates fasciotomies, with infectious complica-
tions and higher rates of limb loss.
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Matti Pokela, MD, PhD, Pekka Romsi, MD. Oulu University Hospital,
Finland

Objective: The basic technique is vulnerable to prosthetic infection.
One important reason for infections is subcutaneous tunneling, which
can be avoided by following a new technique.
Methods: The treatment starts with an oblique incision and exposure of

the preperitoneal space and the external iliac artery on the same side as
the axillary anastomosis. Tunneling starts from the axillary level beneath
the pectoralis major muscle over the ribs. After the lowest rib, the tunnel
goes through themuscles and fascia of the abdominalwall to thepreperito-
neal space with hand support from an oblique incision or small opening to
the abdominalwallmuscles and fasciawith a long surgical Crawford clamp.
Skin incisionunder the rib shouldbe avoided. Above the external iliac artery,
the tunnel continues to the opened femoral area underneath the inguinal
ligament. A crossover tunnel from the oblique incision is made by fingers
over the bladder to the other side to the femoral area under the inguinal lig-
ament. There is also sometimes a need for an oblique incision to both sides
when there is a scar orfirm tissue in thearea. At the femoral area, a rotational
sartorius muscle flap covering the prosthesis is recommended, or a distal
anastomosis is made to the external iliac artery when possible.
Results: In our hospital, five patients have been treated since 2014. All

patients had a smoking history, and they suffered from critical limb
ischemia and had a history of vascular surgery at the femoral vessels.
None of the patients had amputations or prosthetic infections at a
mean follow-up of 3 years. Blood loss was <500 mL in all cases, and
the operation time was between 3 and 4.5 hours. Additional treatments
were six sartorius muscle flaps, six femoral endarterectomies, and one
femoropopliteal bypass. One anastomosis was done to the external iliac
artery and nine to the common femoral artery.
Conclusions: By using this new technique in axillobifemoral or axilloil-

iac bypasses, it is possible to place the vascular prosthesis under the mus-
cle and consequently decrease the risk for prosthetic infection. The early
experience is promising.
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