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Abstract

Background: popliteal artery aneurysms (PAAs) account for 70% of peripheral aneurysms. Surgery is indicated for
aneurysms that have diameters greater than 2.0 cm or are symptomatic. Repair can be achieved by conventional
surgical techniques or using endovascular methods, which are becoming increasingly popular, but for which there
is not yet a consensus on indications. Objective: To describe the experience of treating PAAs at the vascular and
endovascular surgery department of the Hospital das Clinicas de Ribeirdo Preto, affiliated to the Universidade de
Séo Paulo (Brazil). Method: A review was conducted of cases of conventional and endovascular repair of PAAs
over the last 5 years, analyzing demographic data, comorbidities, surgical indications, preoperative and early and late
postoperative complications, length of hospital stay and patency, during follow-up of up to 1 year. Results: During the
period analyzed, ten endovascular surgeries (ES) and 21 open surgeries (OS) were performed. The ES group exhibited
a higher frequency of comorbidities. There was a higher frequency of symptomatic patients in the OS group (85%)
than in the ES group (40%). The ES group exhibited a lower number of clinical and surgical complications. There were
no statistical differences between the groups in terms of age or length of hospital stay. Primary patency at 1 year was
80% in the ES group and 75% in the OS group. Conclusions: Endovascular treatment for PAAs offers good results
in terms of patency, with acceptable complication rates, in patients with high surgical risk and favorable anatomy.
Controlled studies are therefore warranted to validate the endovascular technique and afford it the status of an
alternative procedure for use in selected cases.
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Resumo

Contexto: Aneurismas de artéria poplitea (AAPs) correspondem a 70,00% dos aneurismas periféricos. A indicagdo
cirlrgica é para aneurismas com didmetros maiores que 2,0 cm ou sintomaticos. O tratamento é feito por técnicas
cirlrgicas convencionais ou endovasculares. Esta Ultima tem ganho muitos adeptos, mas ainda n4o ha consenso
estabelecido sobre sua indicagdo. Objetivo: Apresentar a experiéncia da Divisdo de Cirurgia Vascular e Endovascular
do Hospital das Clinicas de Ribeirdo Preto da Universidade de Sao Paulo no tratamento dos AAPs. Método: Foram
revisados casos de reparo convencional e endovascular de AAPs tratados nos ultimos cinco anos, avaliando dados
demograficos, comorbidades, indicagio cirdrgica, complicagbes pré e pds-operatdrias precoces e tardias, tempo de
internagao e de perviedade em até um ano. Resultados: Foram realizadas no periodo dez cirurgias endovasculares
(CE) e 21 cirurgias abertas (CA). O grupo CE teve maior frequéncia de comorbidades. Houve maior frequéncia de
pacientes sintomaticos no grupo CA (85,00%) do que no grupo CE (40,00%). O Grupo CE apresentou menor niimero de
complicagdes clinicas e cirlrgicas. A idade entre os grupos e o tempo de internagdo de cada grupo ndo apresentaram
diferenca estatistica. A perviedade primaria em um ano no Grupo CE foi de 80,00%, enquanto no Grupo CA foi de
75,00%. Conclusao: O tratamento endovascular para AAPs apresenta bons resultados, em termos de perviedade
com taxas de complicagdes aceitaveis, em pacientes com risco cirlrgico elevado e anatomia favoravel, justificando,
assim, a necessidade de mais estudos controlados para modificar a posigédo da técnica endovascular como uma terapia
alternativa para casos selecionados.
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INTRODUCTION

Popliteal artery aneurysms (PAA) are the most
common type of peripheral aneurysm and the second
most common among all types of aneurysm. In around
50% of cases, involvement is bilateral and there is a
strong association with aortic aneurysms.'*

Popliteal artery aneurysms are most often diagnosed
in symptomatic patients, who present with intermittent
claudication, critical ischemia of the limb or acute
arterial occlusion. Asymptomatic patients are generally
diagnosed by screening tests in patients with vascular
diseases or those who have been diagnosed with a
contralateral aneurysm.!*3

The imaging exams generally employed are Doppler
ultrasound, primarily for screening, and computed
tomography angiography or magnetic resonance
angiography, for planning of surgical treatment,
irrespective of whether this is accomplished with open
surgery (OS) or endovascular surgery (ES). Some
cases will also be assessed using arteriography.®’

Treatment of popliteal aneurysms is indicated
in symptomatic patients, when the aneurysm has a
diameter greater than 2.0 cm or a diameter of less
than 2.0 cm and mural thrombus. Asymptomatic
aneurysms smaller than 2.0 cm and diameter without
thrombus are monitored periodically using Doppler
ultrasound.®’

Open surgery is most widely employed and the
preferred technique is a bypass, using a medial approach,
proximal and distal ligature of the aneurysm and an
inverted great saphenous vein graft. As endovascular
techniques develop, new approaches to management
of popliteal aneurysms are being studied, in the hope
of achieving lower complication rates.>!!!

The objective of this study is to describe the last
5 years’ experience of repairing PAAs at the vascular
and endovascular surgery department of the Hospital
das Clinicas de Ribeirdo Preto, affiliated to the
Universidade de Sao Paulo (Brazil). These patients
were treated using either endovascular or conventional
methods, according to criteria for indication that
include anatomy and surgical risk. The study analyzes
risk factors, diagnostic methods, indications for
procedures, patency, risk of limb loss, postoperative
complications and length of hospital stay.

PATIENTS AND METHODS

Data were obtained from medical records held by
the Hospital das Clinicas de Ribeirdo Preto (affiliated
to the Universidade de Sdo Paulo) relating to patients
treated at the unit between April 1, 2008 and January
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31,2013. Data collection was authorized by the local
clinical research committee.

The following data were collected with relation
to each patient: sex, age, color, associated diseases,
smoking, alcoholism, limb involved, presence of
contralateral aneurysm or abdominal aorta aneurysm,
method used to confirm diagnosis, complaints on
presentation, surgical technique employed and
postoperative complications, postoperative medication
and length of hospital stay.

Patients were defined as having a PAA if there was
focal dilation of the artery greater than 50% of the
expected normal diameter (0.9+£0.2 cm), confirmed
by Doppler ultrasonography, digital arteriography,
angiotomography or magnetic resonance angiography.'>!?

All patients diagnosed with PAA underwent some
type of assessment with an imaging method to screen
for contralateral and abdominal aneurysms.

For the purposes of analysis, patients were allocated
to one of two groups on the basis of clinical complaints.
The asymptomatic patients included those with
aneurysms larger than 2.0 cm and also those with
aneurysms smaller than 2.0 cm with thrombus in their
interiors. The symptomatic patients were analyzed
in terms of their complaints, which were classified
as follows: intermittent claudication; compressive
symptoms (venous or neurological, such as edema, pain
and/or paresthesias in limbs) and signs and symptoms
of ischemia (chronic or acute); or critical ischemic
disease, such as cyanosis, pain at rest and trophic
lesions, demanding urgent or emergency surgery.

For each case the surgical technique used was
classified as conventional technique or endovascular
technique. The conventional technique (i.e. open
surgery) employed was femoropopliteal bypass
with distal and proximal ligature of the aneurysm.
All open surgery operations were conducted in surgery
centers with spinal anesthesia or general anesthesia.
Operations conducted using endovascular techniques
were performed in the surgery center or in an
angioradiology room with general or local anesthesia,
with direct anterograde puncture of the ipsilateral
femoral artery or dissection of the ipsilateral femoral
artery. Intraoperative arteriography was conducted
using iodinated contrast and Viabahn® endoprostheses
(Gore, Flagstaff, Arizona, USA) were used in all
cases. Aneurysms were defined as repaired if they
exhibited no endoleaks or flow-limiting dissections.
All patients treated using the endovascular technique
were given a 300 mg dose of Clopidogrel during the
immediate postoperative period, were kept on double
antiplatelet medication with 75 mg of Clopidogrel for a
minimum of 6 months and were prescribed 100 mg/day
of acetylsalicylic acid indefinitely. The criterion for



choosing the endovascular technique was a high surgical
risk for the open technique. The initial condition was
a minimum of two patent distal vessels and distal
and proximal anchor points with a minimum neck of
1.0 cm. Patients were considered to present a high
surgical risk if they were symptomatic or had three
or more risk factors associated with cardiovascular
disease and functional class III or IV, according to
New York Heart Association (NYHA) criteria.

The number of days spent in hospital from the
date of the operation until hospital discharge, direct
complications of surgery and need for reintervention
within 30 days were all analyzed. Additionally, clinical
and/or laboratory evidence of clinical complications
during the first 30 days after the operation, such as
hematoma or surgical wound infections, pneumonia,
renal failure requiring dialysis, acute myocardial
infarction or clinical heart failure decompensation,
were also included in analyses.

All patients were followed-up clinically at 30 days,
90 days, 6 months and 1 year. At these consultations
they were assessed by interview, physical examination,
ankle-brachial index and ultrasound.

Statistical analyses were performed using GraphPad
Prism 6.0, with application of the ¢ test, considering
p < 0.05 to be significant.
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RESULTS

A total of 28 patients were identified who had
undergone PAA repair at this service over the previous
5 years. Nine patients underwent ES repairs, one of
whom was operated on bilaterally. Eighteen patients
underwent conventional treatment, three of them
bilaterally, making a total of 21 OS repairs. Patients
with aneurysms that extended to the superficial femoral
artery were excluded from the study.

All of the patients were male. In the ES group,
90% of the sample were over the age of 60 at the
time of surgery and in the OS group 77.77% of the
patients were less than 75 years old on the day of
their surgical procedures. Mean age in the OS group
was 70.95 years and mean age in the ES group was
67.6 years. This difference was not statistically
significant (p = 0.31).

Table 1 contains the distribution of comorbidities.

Ultrasound was used as a supplementary diagnostic
examination in 80% of the ES group cases and in
61.90% of OS group cases. Preoperative arteriography
was employed in 30% of cases in the endovascular
group and 71.42% of cases treated with open surgery.
Angiotomography was used to plan surgery in 30%
of ES group cases and 38.09% of OS group cases
(Figures la and 1b).

Table 1. Risk factors and concomitant diseases in patients with popliteal aneurysms.

Comorbidity Overall Endovascular Open

SAH 72.41% 88% 73.68%

DM 17.24% 33% 15.78%

AAA 44.82% 44% 52.63%

CS 13.79% 33% 10.52%

AVC 20.68% 55% 15.78%

DLP 31.03% 66% 26.31%
SMK/EX-SMK 44.82%/34.48% 55%/44% 36.84%/31.57%
ALC/EX-ALC 34.48%/20.68% 33%/33% 31.57%/15.79%

SAH: Systemic arterial hypertension; DM: Diabetes mellitus; AAA: Abdominal aortic aneurysm; CS: Coronary syndrome; CVA: Cerebral vascular accident;
DLP: Dyslipidemia; SMK: Smoker; EX-SMK: Ex-smoker; ALC: Alcoholic; EX-ALC: Ex-alcoholic.

Figure 1. (a) Preoperative tomography; (b) Initial arteriography; (c) Distal bed; (d) Control arteriography.
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Bilateral disorders were detected in 90% of the
cases in the ES group and one of these patients
underwent ES in the contralateral leg while three
other patients were referred for conventional surgery
on the contralateral limb. Contralateral disorders were
detected in 52.38% of the patients in the OS group.

With regard to surgical indications in the endovascular
group, 40% were symptomatic (all with claudication),
while 60% were asymptomatic, but had aneurysms
with diameters larger than 2.0 cm. Surgical indications
in the group of OS patients were acute ischemia in
52.38% of cases and limiting claudication in 33.33%
of cases, while 14.29% were asymptomatic but had
aneurysms with diameters larger than 2.0 cm (Table 2).
The size of symptomatic patients’ aneurysms was
not relevant.

In four patients, the endovascular surgical
technique employed involved anterograde puncture
of'the ipsilateral common femoral artery, while in six
patients the ipsilateral common femoral artery was
dissected for surgical access. Covered stents with
lengths ranging from 10.0 cm to 15.0 cm (Viabahn®)
were used and were not oversized in relation to the
healthy native vessels (Figures 1c and 1d). A mean of
1.6 stents were used per patient, observing a 2.0 cm
connection area where necessary. Treatment was
successful in 90% of cases, with one case requiring
an additional stent to correct a proximal endoleak.
Early reintervention was necessary in 10% of ES
cases because of occlusion of the stent. Just one
patient exhibited hematoma as a complication and
none of the patients suffered clinical complications.

All of the OS patients were given distal bypasses
with inverted great saphenous vein grafts, using
a medial access. Three early reinterventions were
needed: one fasciotomy, one further bypass and one
pseudoaneurysm repair. Two patients in the OS group
underwent emergency intraoperative thrombolysis
during the procedure, with recanalization of at least
one distal recipient vessel. Four patients exhibited
infectious complications, including two surgical
wound infections, which were resolved with antibiotic
therapy, and two patients developed pneumonia, also
resolved with antibiotic therapy. One of the patients
suffered acute renal failure and required temporary
hemodialysis. None of the five patients who exhibited
complications after the open technique had been given
thrombolysis, but three were operated on as urgent
cases while two were asymptomatic patients who
underwent elective surgery with just one patent distal
vessel, breaking down as 27.27% of the urgent OS
and 20% of the elective OS cases (Table 3).
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Mean hospital stay was 3.9 days for the ES group
and 5.28 days for the OS group, with no statistical
significance (p = 0.22) (Table 4 and Figure 2). All of
the patients were discharged with prescriptions for
aspirin and statins for an indefinite period and those
in the ES group were also prescribed Clopidogrel
for 6 months. In the OS group 66.66% and in the ES
group 10% of the patients were kept on Cilostazol
during the postoperative period and maintained
clinical compensation.

Patients were monitored in outpatients follow-up,
including physical examination and ultrasonography

Table 2. Indications for surgery.

Endovascular Open

Symptomatic

Claudication 40% 33.33%
Acute arterial occlusion 0% 52.38%
Asymptomatic 60% 14.29%

Table 3. Reinterventions, complications, primary patency and
survival of limb by procedure.

Endovascular
1/10 (10%)

Open
3/21 (14.28%)

Early reintervention
Complications
1/10 (10%)

Overall 4/21(19.04%)

Primary patency

1 month 9/10 (90%) 20/21(95.23%)
6 months 8/10 (80%) 15/20 (75%)
12 months 8/10 (80%) 15/20 (75%)

Survival of limb
30 days
90 days

10/10 (100%)
10/10 (100%)

20/21(95.23%)
20/21(95.23%)

Table 4. Length of hospital stay.

Endovascular Open p-value

Daysin 39 528 022
hospital

15 -
E _
2 10 -
w
]
<
g
wa
g 5
A

0 - .

Endovascular Open

Figure 2. Length of hospital stay.
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Figure 3. Postoperative patency.

depending on patients’ responses to clinical interviews
and the results of physical examination and ankle-brachial
index assessments. Among the patients treated with
endovascular techniques, follow-up revealed 90%
primary patency without further intervention at
30 days and 80% after 1 year. Just one case had a
failure of patency in less than 1 month and this case
was managed by bypass, saving the limb. One of the
patients treated with conventional surgery was lost to
follow-up after 1 month and was therefore excluded
from the statistical analyses of postoperative follow-up
longer than 30 days. Just one of the 21 procedures had
a failure of patency after I month. Among the patients
not lost to follow-up, 76.19% of the procedures were
still patent after 6 months and remained patent at
1 year (Figure 3). One patient, who had undergone
urgent surgery because of acute thrombosis, lost the
limb within 1 month (infrapatellar amputation). All of
the other patients’ (95.23%) limbs survived beyond
90 days (Table 3). There was no statistical difference
in limb salvage rates between the two techniques at
30 or 90 days, with p = 0.30 and 0.47 respectively.

DISCUSSION

Peripheral aneurysms are rare in the general
population, and popliteal aneurysms account for 70%
of cases of peripheral aneurysms. They are more
common among males, at a proportion of up to 30:1,
and are also more common in people over the age of
65.* They are often bilateral, in around 50% of cases,
as can be observed in the majority of series reported.
In the cases reviewed here, 68.96% of the patients
also had the disease contralaterally and 89.65%
were more than 60 years old at diagnosis. All were
male. Among these patients, the rate of concomitant
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abdominal aorta aneurysms was 44.82%, which is in
line with the literature.®'

Some authors already recommend the endovascular
technique as the first choice for PAA repair because
of its technical simplicity, percutaneous puncture,
shorter hospital stay and lower rate of complications.
However, the first cases series that compared ES for
popliteal aneurysm revealed that results were inferior
to those achieved with conventional surgery, with
high rates of complications and lost limbs.'>!® Some
authors attributed the increased risk of complications,
which led to thromboses and fractured stents, to the
mobility of the knees.!” Initial results have improved
as endovascular techniques have developed and with
the advent of more flexible self-expanding stents and
those coated with heparin, such as the Viabahn stent
used at our service. There are now several literature
reviews and cases series reporting good patency and
comparable limb salvage rates for conventional surgery
and endovascular techniques.>'*?° Long-term studies
are still needed. At the vascular and endovascular
surgery department of the Hospital das Clinicas
de Ribeirdo Preto, endovascular treatment is only
prescribed for cases in which surgery is high risk,
according to the NYHA classification, and anatomy
is favorable, with at least two patent distal vessels.
We believe that ES is beneficial for these patients
because of the shorter duration of surgery, hospital
stay and recovery, thereby providing the benefits of
minimally invasive surgery to patients at high risk
from surgery, with high risk of acute myocardial
infarction or congestive heart failure.

Elective repair of popliteal aneurysms has a limb
loss rate of less than 5% over 10-year follow-up.?!
This compares with an amputation rate secondary
to acute thrombosis due to popliteal aneurysms
that is higher than 30% in some studies.>*** In our
case series, all of the patients who were operated
on urgently (because of acute ischemia) underwent
conventional surgery. They accounted for 52.38% of
the indications for repair using this technique, with
an acceptable amputation rate (4.76% of all OS and
9% of urgent operations). A study by Pulli et al.?
reported that the majority of patients who underwent
OS were symptomatic, compared with ES, although
some studies report equal success rates for elective
and emergency surgery.”’ The great majority report
rates of complications and limb loss of 10% to 36%
for patients who undergone emergency surgery, which
are comparable to the rates for our patients.®2530 All of
the endovascular cases were elective, but some studies
have shown that this technique can also be used in
urgent/emergency situations, with primary patency
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reaching 69%, and secondary patency of up to 91%,
offering a less invasive option for patients at high risk
from surgery, even in acute situations.’!

Studies report primary patency of 86% to 95% and
secondary patency of 96.90% to 100% for aneurysms
repaired with elective endovascular surgery.’'-
Cases repaired with great saphenous vein grafts by
conventional surgery have patency of 78.80% to
87.50% in the first year, with limb salvage rates of
94.30%.%°2¢ Qur patient sample was comparable with
previous studies, with stent patency of 80% during
the first year and limb survival of 100% over the first
90 days after ES, while cases treated with OS had
95.23% patency in the first month and 75% after 1 year,
and a 90-day limb survival rate of 95.23%, including
emergency cases. It is important to remember that
in the cases treated with the endovascular technique,
intraoperative arteriography showed at least two patent
infrapatellar vessels, which indicates good blood flow
drainage and contributes to the patency of the stents.

In this study, the overall complication rates were
different in the two groups — 10% in the endovascular
group and 19.04% in the conventional surgery group
— which is possibly because the latter included both
elective patients and those with critical ischemia.
Even differentiating between complications in elective
operations and urgent cases, the complications rates
were 20% and 27.70% respectively.

In this sample, the lengths of hospital stays were not
significantly different between the groups (p > 0.05),
in contrast with published data, which shows that
length of hospital stay is shorter among patients
treated with ES.%10:15.19.35-40

Several studies have reported complications
including thrombosis, endoleaks, stent migration and
stent fractures, which can be as high as 9.60% in the
case of type 2 endoleaks, although the great majority
are self-limiting and do not lead to expansion of the
aneurysm sac.?*¥#! Previous studies have reported
higher rates of reintervention after ES, which was not
the case in our series,’ probably because of the small
number of ES and the short follow-up. These rates
are the reason why careful monitoring of patients
who have undergone popliteal aneurysm repair is
necessary, whether treated with endovascular or open
surgery.* In our review, there was just one case of
acute thrombosis of a stent, in which a bypass was
performed to save the limb. Retreatment was necessary
in 10% of the endovascular cases, compared with
the open group, in which 14.28% needed additional
intervention within 30 days.

We observed that the clinical groups in our study
were highly heterogeneous. The endovascular group

302 ] Vasc Bras. 2015 Oct.-Dec; 14(4):297-304

had more comorbidities and were at high risk from
surgery, but only cases with favorable anatomy were
selected for this technique, which caused a significant
difference between groups in terms of the number of
cases. In the group that underwent OS, in addition
to the anatomy not being a criterion, patients who
underwent emergency surgery with imminent risk
of losing the limb to critical ischemia were included
in the analysis, causing a clear selection bias and,
consequently, skewing the results. The objective of the
study was to report the results of the two techniques
after application of the preestablished criteria for
selecting each method. This is the major limitation
of this study. We cannot compare the results of the
two groups with each other because the samples in
each group were preselected and so we are limited to
discussing the absolute results of each. These results
are encouraging enough to stimulate prospective
studies of favorable cases and the anatomic results
of the two techniques are similar.

Randomized studies, albeit with limited numbers
of asymptomatic patients with good distal blood
drainage, demonstrate that when the techniques were
compared over 12 months, assisted primary patency
rates were equal.** When a longer period of up to
72 months was compared, secondary patencies were
also equal.’ However, while offering equal patency,
the endovascular technique had a shorter length of
hospital stay and shorter duration of surgery.

Anon-randomized multicenter study of 178 patients
reported large discrepancies between groups treated with
OS and ES, both in terms of clinical presentation and
distal drainage. In that study, primary and secondary
patencies, time free from reintervention and the rate
of limb salvage were all similar.’’

While the conventional technique for repair of
popliteal aneurysms remains the gold standard,* this
review of cases treated at the Hospital das Clinicas
de Ribeirdo Preto reveals data that encourage use of
the endovascular technique in view of the low rate of
complications and good results over short and medium
term follow-up observed among patients with high
surgical risk and favorable anatomy. Notwithstanding,
we can also conclude that conventional treatment
proved effective and had a low relative rate of
complications, even including patients with acute
ischemia in the analysis.

As such, this review of cases provides stimulus for
controlled and randomized prospective comparative
studies to compare the two techniques with similar
samples, with the objective of validating the
endovascular technique for patients at high risk and/or
with favorable anatomy.



CONCLUSIONS

Endovascular treatment to repair PAAs exhibited

good results in terms of patency, with acceptable
complication rates in patients at high risk from
surgery and with favorable anatomy. Prospective
and controlled studies with longer follow-up times
are needed to validate the endovascular technique
and afford it the status of an alternative procedure
for high risk cases with favorable anatomy.
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