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Abstract

Background: Popliteal artery aneurysms (PAAs) are rare, but the diagnosis should not be missed because 
of the limb and life threatening complications. The purpose of this study was to reach a consensus about the 
management of PAA based on our own experience and the available literature.  

Materials and Methods: This is a retrospective analysis of all patients who underwent an open surgical 
PAA repair at our institution from January 2015 to December 2016. Demographic data, risk factors, clinical 
presentation, aneurysm characteristics, type of repair and results were reviewed. Results include patency and 
major complications.  

Results: Seven patients underwent an open surgical PAA repair (six men). Median age was 72 years. A 
posterior approach (PA) was chosen four times and a medial approach (MA) was chosen three times. We 
performed six resections with interposition of a graft and only one ligation with a bypass. Five patients recovered 
well, did not develop any complication and did not need a second intervention to guarantee patency. These 
patients underwent a resection of the aneurysm and interposition of a graft (four via a PA and one via a MA). 
One patient treated by resection and interposition of a Dacron graft via a MA underwent an above-the-knee 
amputation at postoperative day 14. This patient had a preoperatively dysfunctional leg since several months 
with no patent outfl ow vessels. Our patient treated by ligation and bypass via a MA, developed an acute ischemia 
four months postoperatively because of an extreme fl exion of the knee during several hours while watching TV. 
After unsuccessful trombolysis, he underwent a femorotibial bypass and a partial forefoot amputation. No long-
term results are yet available. 

Conclusions: In our opinion, open surgical repair of PAAs by resection of the aneurysm and interposition of 
a venous graft has the best results. Depending on the relation to the knee joint and thus the accessibility of the 
aneurysm, a posterior approach is preferred. We are not convinced of endovascular techniques in the treatment 
of popliteal artery aneurysms.
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Introduction 

Popliteal artery aneurysms (PAAs) are the most common of all peripheral artery 
aneurysms. They can be asymptomatic, and discovered by coincidence, or symptomatic 
with acute thrombosis or distal embolization. The goal of treatment is limb salvage and 
to prevent life threatening complications by bypassing or excluding the aneurysm. There 
are no clear guidelines neither about the time of intervention nor the type of surgery. 
In the past, open surgery has been the golden standard, but recently endovascular 
treatment has gained popularity. Because of the lack of large multicenter prospective 
studies, management remains controversial. 

The aim of our study is to reach a consensus about the management of PAAs based 
on our own experience and the available literature.  

Materials and Methods

Starting January 2015, all patients who underwent surgery for a PAA in our centre 
were selected for our study using a hypothetico-deductive model. This way we could 
see if we could falsefy or corroborate our hypothesis that a posterior approach with the 
interposition technique has the best outcome in the treatment of PAAs. Over a period 
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of 24 months, until December 2016, a total of 7 patients met the requirements using a 
restrictive convenience sample methodology, more speciϐic by judgement sample. All 
patients were treated by open surgery. Observable data from all the interventions were 
retrospectively collected by dr. Th. Michiels, resident in General Surgery, including 
demographic data, risk factors, clinical presentation, aneurysm characteristics, type 
of repair, results and major complications. In order to determine the characteristics 
of the aneurysm and the distal outϐlow, all patients underwent duplex examination 
and computed tomography angiography (CTA). Indications for surgical repair of 
PAAs in our centre are: an asymptomatic PAA with a diameter exceeding two cm or a 
symptomatic PAA of any size. Asymptomatic patients with a completely thrombosed 
PAA were not repaired. The characteristics of the aneurysm and the relation of the 
PAA to the knee joint determined the type of surgical approach. The type of graft was 
determined by the presence of an appropriate venous graft.

Results 
Demographic data are listed in table 1. There were six men and one woman. At the 

time of repair, the median age was 72 (56-90) years. Four patients had an abdominal 
aortic aneurysm of which three underwent aortic aneurysmectomy. Three patients 
had a contralateral PAA, but no patient was treated bilaterally. In our female patient, 
the probable etiology of the PAA was a popliteal entrapment syndrome. 

Table 2 describes the aneurysmal characteristics. Two patients were asymptomatic 
at the time of diagnosis. Among the symptomatic patients, two had calf claudication, 
one had only a painful popliteal mass, another had a popliteal mass and a drop foot 
since several weeks and the last patient had a dysfunctional painful leg with a giant 
popliteal mass since several months. There were no patients with acute ischemia. 
Three PAAs were fusiform and four were saccular. The mean maximal diameter of the 
PAA was 4.5 (1.5-12.0) cm and the mean maximal length was 7.8 (2.2-15.0) cm. In only 
three patients, distal runoff status was normal (three patent outϐlow vessels). 

Table 1: Demographic data. 

Male/female 6/1 

Mean age (years) 72 (56-90) years 

Smoking 6/7 

Hypercholesterolemia 5/7 

Arterial hypertension 4/7 

Known aneurysmal disease 4/7 

Diabetes 0/7 

Bilateral PAA 3/7 

Table 2: Aneurysmal characteristics.

Asymptomatic popliteal artery aneurysm 2/7 

Symptomatic popliteal artery aneurysm 
  Calf claudication 

  Painful popliteal mass 
  Compression symptoms 

  Acute ischemia 

5/7 
 2/5 
 3/5 
 2/5 
 0/5 

Aneurysmal confi guration  

  Fusiform 
  Saccular 

3/7 
4/7 

Operated side  

  Right   
Left 

1/7 
6/7 

Size  

  Mean maximal diameter (cm)   
Mean maximal length (cm) 

4.5 (1.5-12.0) cm 
7.8 (2.2-15.0) cm 

Distal runoff  status  

3 patent outfl ow vessels 
 2 patent outfl ow vessels 
1 patent outfl ow vessels 

no patent outfl ow vessels 

2/7 
3/7 

1/7 (2 distally occluded) 
1/7 (stenosed PTA) 
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All patients underwent an open surgical procedure, of which four times via a 
posterior approach (PA) (Table 3). In all cases of PA, we performed a resection of the 
aneurysm and interposition of a graft. The medial approach (MA) was preferred in three 
cases. Using a MA, we performed two resections of the aneurysm and interposition of 
a graft. In one case, the aneurysm was ligated and bypassed. We used three saphenous 
vein grafts, one deep venous graft and three Dacron grafts. A Dacron graft was only 
used in MA. 

Outcomes include patency and major complications during the time of our study 
period. Five patients recovered well, did not develop any complication and did not 
need a second intervention to guarantee patency. These patients underwent a 
resection of the aneurysm and interposition of a graft (four via a PA and one via a 
MA). One patient treated by resection and interposition of a Dacron graft via a MA 
underwent an above-the-knee amputation at postoperative day 14. This patient had 
a preoperative dysfunctional leg since several months with no patent outϐlow vessels. 
Our patient treated by ligation and bypass via a MA developed an acute ischemia at 
four months postoperative because of an extreme ϐlexion of the knee during several 
hours while watching TV. After unsuccessful trombolysis, he underwent a femorotibial 
bypass and a partial forefoot amputation. No long-term results of our study patients 
are yet available (Figure 1). 

Discussion
Background 

An aneurysm is deϐined as an abnormal permanent dilatation of an artery with at 
least an increase of 50% in diameter relative to the normal size of the artery. The size 
of the popliteal artery in an adult varies between 0.7 and 1.1 cm. The mean growth 
rate of a PAA is related to the size. For PAAs less than 20 mm in diameter, the mean 
growth rate is 1.5mm/year, at sizes 20 to 30 mm 3.0mm/year and at sizes greater than 
30mm 3.7mm/year [1,2]. PAAs are uncommon in the general population with a wide 
variation of incidence. Nevertheless, the popliteal artery is the second most frequent 
location of arterial aneurysms after the abdominal aorta and accounting for 70% of all 

Table 3: characteristics of the surgical intervention.

Posterior approach
  Resection with interposition 

Ligation with bypass

4/7 
4/4 
0/4 

Medial approach
  Resection with interposition

Ligation with bypass

3/7 
2/3 
1/3 

Graft type  

Saphenous vein  
Deep vein 

  Dacron graft (all via a MA) 

3/7  
1/7  
3/7  

Figure 1: This patient had a painful pulsatile mass in the knee pit with a drop foot. He was diagnosed with a fusiform 
aneurysm of 4.3x15.0 cm. We performed an open resection via posterior approach with interposition of a deep 
venous graft. Photos by dr. De Vleeschauwer.
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peripheral aneurysms. Males are 20 times more affected than females and the mean 
age at presentation is 65 years. The prevalence increases with age. 50% of the patients 
have a PAA in the contralateral leg and 33% has an abdominal aortic aneurysm (AAA) 
[3-5]. This implicates the cost-effectiveness of screening patients with a PAA for AAA. 
In patients with an AAA, a concomitant PAA is present in only 3% [6]. 

Our patient population had a mean age of 72 years, which is older than the mean age 
reported in other studies. As seen in literature, there was indeed a male predominance 
and almost half of our patient population (42%) had a bilateral PAA.

The etiopathogenesis is complex and probably multifactorial, although arteriosclerosis 
seems to be the main cause in elderly patients. Male gender, smoking and family history 
are the most important risk factors. In young patients, a PAA is rare and mostly caused by 
popliteal artery entrapment, trauma, cystic adventitial degeneration or inϐlammatory 
and collagenous diseases like Marfan and Behçet. The diagnosis of a PAA is very 
important because of the high risk of limb dysfunction and limb loss once complications 
occur. About 45% of the patients with PAAs are asymptomatic at time of diagnosis. In 
contrast to our study, the majority of patients (71%) were symptomatic. Every year, 
about 14% of patients with an asymptomatic PAA develop symptoms, being local mass 
effect or ischemia of the leg [2,6]. A PAA can locally cause a painful pulsatile mass in the 
knee pit, ischiadic nerve dysfunction or deep venous thrombosis due to compression 
of the adjacent neurovascular structures [2,7]. 

Ischemic effects include chronic limb ischemia (claudication) on one hand and 
acute ischemia of the leg on the other hand. Acute ischemia, being a main complication, 
occurs in about one-third of the symptomatic patients within ϐive years and is usually 
associated with thrombosis, distal embolization or rarely, rupture [8,9]. To establish 
the diagnosis of a PAA, clinical examination and imaging techniques are used. A pulsatile 
mass is not always easily palpable because of its deep position in the popliteal fossa.  

Duplex examination is most commonly used for the diagnosis of a PAA. It gives 
an idea about the patency of the popliteal artery, the dimensions of the PAA and the 
presence of a thrombus. A CTA or magnetic resonance angiography (MRA) is more 
precise and is often performed for planning the operative approach. They also provide 
information about the size of the adjacent arterial segments and the distal runoff status. 
They are less invasive, less expensive, contain fewer risks and give less discomfort 
than a conventional arteriography, which was the golden standard in the past [10].  

There is a consensus that all symptomatic PAAs, despite the diameter, should be 
treated because of the highly increasing risk of severe complications once symptoms 
are present. Unfortunately there are no clear guidelines concerning the treatment of 
asymptomatic PAAs. There is some consensus that a conservative management of 
asymptomatic PAAs with a diameter less than 2 cm is safe because of a low incidence 
(0-9%) of complications [3,11]. This means that in general, and to our opinion, a 
diameter greater than 2 cm is an indication for elective surgery in asymptomatic PAAs.   

Besides the diameter of the PAA, the presence and size of a thrombus, a poor distal 
runoff status and a high degree of distortion are risk factors for developing symptoms 
in patients with an asymptomatic PAA. These factors should favour elective surgical 
repair of the PAA [2,12]. Others suggest that all PAAs, even asymptomatic ones, should 
be treated because of the low operative risk in the elective setting [13]. An important 
consideration is that the outcomes of surgery in asymptomatic PAAs are better than 
in symptomatic PAAs [11,14,15]. This is something we can conϐirm in our patient 
population: the patients who were most symptomatic, had the worst outcome. Some 
authors suggest that elective surgery has a better outcome than emergency surgery. 
There are also studies in which the outcome of PAA repair was comparable in both 
settings [16].
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Unfortunately there is a lack of clear guidelines in choosing the surgical technique for 
PAA repair. The primary goal of treating a PAA is the prevention of thromboembolism 
and amputation. The secondary goal is to prevent further enlargement of the aneurysmal 
sac, which can cause compression symptoms on adjacent structures or which can lead to 
rupture.  

There are two main options for operative management: open surgery, which has been 
the golden standard for many years, and the recently upcoming endovascular treatment. 
The surgical decisionmaking in a PAA is multifactorial and complex. It depends on factors 
such as the size and conϐiguration of the PAA, the distal runoff status, the availability of a 
venous graft and the comorbidities of the patient.  

Open surgery involves excluding the aneurysm by creating a bypass or an interposition 
graft, either with an autologous vein (most commonly the great saphenous vein) or 
a prosthetic graft when adequate venous material is not available. There are several 
approaches and techniques, but the posterior approach (PA) and medial approach (MA) to 
the popliteal space are the most commonly used. The relation of the PAA to the knee joint, 
the size and the conϐiguration determine the decision between these two techniques. In 
PAAs above the knee joint, a MA is technically more feasible. 

In the bypass technique, the proximal and distal ends of the aneurysm are identiϐied, 
ligated and a bypass will be created. The aneurysm will be left in situ and excluded 
from the circulation. A disadvantage of this technique is that after ligation, there is a 
risk of progressive growth of the aneurysm due to persistence of small side-branches 
that provide retrograde ϐilling of the aneurysmal sac. Therefore all collaterals should 
be identiϐied and ligated as well [14]. 

In our center we prefer a posterior approach and the interposition technique with 
an autologous vein if possible.  In this technique, complete dissection and resection 
of the aneurysm is performed. An endto-end interposition graft is then created in an 
anatomical position, which provides good hemodynamics. For this technique, when 
using an autologous vein, only a short segment needs to be harvested. Preferably the 
great saphenous vein is used, because the calibre of the small saphenous vein is often 
inadequate. 

When a PA is chosen, the patient is installed in ventral decubital position.  When 
using a vein graft in the PA, an extra incision and turning of the patient during surgery 
is required. When a MA is preferred, the patient is installed in dorsal decubital position. 
The incisions are made at the medial side of the leg, above and below the knee joint.  
Harvesting the great saphenous vein can take place in the same patient position and 
the vein can be used as an in situ bypass or as a reversed vein bypass. The MA has 
fewer risks for iatrogenic neurovascular trauma. This approach also provides easier 
access to the distal arteries. 

Cervin et al., performed a large study in Sweden to compare the outcomes of 
the different surgical techniques used in PAA repair. Table 4 shows the results of 
this comparison (349 interventions via a MA and 121 via a PA). They do not specify 

Table 4: Comparison of medial and posterior approach in open surgery (Cervin et al.) 
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whether a bypass or an interposition graft is used. A distinction is made between 
indication of the procedure: elective surgery in symptomatic patients, elective surgery 
in asymptomatic patients or surgery in case of acute ischemia. There was no signiϐicant 
difference in amputation and patency rates after 30 days and 1 year between the MA 
and PA in the three sub-groups. Growth of the aneurysm is a late complication of the 
MA, which develops many years after the primary operation. This phenomenon could 
not be expected to occur within the 1year follow-up period of this study. They also 
compared outcomes after open repair depending on graft material. The use of a vein 
graft resulted in a better patency in all sub-groups but the beneϐit was greatest in 
patients with acute ischemia [17]. 

Also Mazzaccaro et al., conducted a retrospective study comparing PA and MA in a 
total of 77 PAAs. In all the PA repairs (43 patients), a resection of the aneurysm and an 
interposition of a graft was performed. Using MA repair (34 patients), 22 resections of 
the aneurysm and interposition grafts, and 12 bypasses were performed. A prosthetic 
graft was used in a total of 54 cases. The PA and MA patients differed signiϐicantly in 
age (the MA group being older) and smoking history (more frequent in the PA group). 
They found that both approaches had satisfactory results concerning 5-year primary 
and secondary patency rates and limb salvage. The differences between both groups 
were statistically not signiϐicant. There was a similar postoperative nerve and wound 
complication ratio in both groups. Only the in-hospital stay after PA was signiϐicantly 
lower [18,19]. 

Ravn et al., also investigated the importance of the surgical technique of PAA repair 
on long-term outcomes. When comparing all patients in the PA- and MA-group, the 
growth of the PAA was greater in the MA-group than in the PA-group because of the 
difϐicult exposure of the side-branches and thus lack of ligating them. Age, emergency 
procedure and prosthetic grafts were independently associated with a higher long-
term amputation rate (Table 5).  

Since 1994, some surgeons choose to treat PAAs by endovascular techniques (ET). 
At present, large studies reporting long-term outcomes are lacking, but mandatory. In 
this technique, the popliteal artery is approached by punction of the common femoral 
artery and a stent graft is positioned to exclude the PAA. It offers the advantage of 

Table 5: Primary patency at diff erent time points depending on the surgical approach and the type of graft used 
(Ravn et al.).
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being less invasive and having less wound complications and blood loss. This technique 
provides a quicker recovery and a shorter operative time. General anaesthesia can also be 
avoided. High-risk surgical patients with severe comorbidities can beneϐit from this type 
of repair. The ET is generally contraindicated in young ϐit-for-surgery patients, patients 
with poor distal runoff status, compression symptoms and patients with a contraindication 
to antiplatelet, anticoagulant, or thrombolytic therapy. The main problem of the ET is 
the required ϐlexibility of the stent graft because of the close relation with the knee joint. 
Secondly, the proximal and distal neck of the aneurysm need to provide a secure site for 
ϐixation of the stent graft. Thirdly, embolisation of signiϐicant collateral vessels needs to 
prevent enlargement of the aneurysmal sac [17,20-23]. 

Endograft thrombosis is the major complication in the ET. This risk can be decreased 
by careful patient selection based on strict anatomic criteria and by improvement in stent-
graft design and ϐlexibility. Also migration, stenosis at the border of the stent, continuous 
sac enlargement and breakage of the stent material are possible complications [17,20-23].  

Several, mostly retrospective, studies have investigated the advantages of the 
ET. Antonello et al. investigated in a prospective randomized study the risks and 
advantages of using a Hemobahn graft (a self-expanding nitinol stent internally covered 
by an ultra-thin PTFE-graft) compared with open repair. The preferred open technique 
was ligation of the aneurysm and bypass through a MA. Both groups contained 15 
patients and all were asymptomatic. There was no statistical difference in primary and 
secondary patency rates at 1 year between the two groups.  This may be the result of 
patient selection and the postoperative therapy. Only patients with optimal anatomic 
characteristics for ET and with a good runoff status were enrolled. The mean hospital 
stay and length of surgical procedure were signiϐicantly longer in open surgery, which 
could make ET more appropriate in high- risk patients [20]. 

Tielliu et al., also performed a prospective cohort study to evaluate suitability of the 
ET. 57 PAAs were treated endovascularly. 12 were symptomatic, and ϐive of them had an 
acute ischemia, which were treated with trombolytic therapy before stenting. During a 
mean follow-up of 24 months, 12 stent grafts occluded. None of these patients required 
amputation or bypass surgery. Primary and secondary patency rates were 80% and 
90% at 1 year and 77% and 87% at 2 years follow-up. They conclude that patency rates 
in ET are slightly inferior to the open repair in the literature. Postoperative treatment 
with clopidogrel proved to be the only signiϐicant predictor for success [21].

Pulli et al. conducted a retrospective multicenter study. 178 open surgical interventions 
and 134 endovascular exclusions for PAA were performed. In the open group, there 
were 13 open resections of the aneurysm with interposition of a graft, 73 aneurysms 
were opened combined with inlay placement of a graft and in the other 92 cases ligation 
with bypass creation was carried out. They used a MA in 139 cases and a PA in 39 cases. 
One important remark is that both groups were not homogenous. The mean age of the 
endovascular group was higher. The patients in the open group were more symptomatic, 
had more frequently acute limb ischemia and an overall worse distal runoff status. Since 
the indication to open repair and ET signiϐicantly differed, they did not want to perform a 
direct comparison between the two techniques. This study concludes that both methods 
are feasible and safe, but that they are used in different patients with regard to clinical and 
anatomical characteristics [22]. Cervin et al., demonstrated that patency in ET is inferior 
to the open repair, as well for asymptomatic as for symptomatic patients, especially after 
treatment for acute ischaemia. Also the amputation risk tends to be higher in ET despite 
similar pre-operative characteristics [17].  

Von Stumm et al. studied 652 cases of PAA. This currently is the largest meta-analysis 
in the comparison of ET with open surgery. He included ϐive retrospective studies. ET 
showed mid-term results comparable to open surgery, but the 30-day reintervention 
and thrombosis rate in ET were higher than in open surgery. An important remark 
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is that patients of the ET group were signiϐicantly older and less symptomatic than 
surgically treated patients, which is in line with the previous literature. The included 
studies were all retrospective, rather small and did not have an identical study protocol. 
The follow-up periods were short and lost to follow-up rates were high. Von Stumm 
concludes that ET appears to be a feasible and safe alternative in selected patients, 
although the quality of evidence is low [23].

We have several remarks on this topic. First of all, most studies on open surgery in 
PAAs compare the results of a MA with a PA. Studies comparing ligation of the aneurysm 
with bypass and resection of the aneurysm with interposition of a graft, independently 
of the approach, are bearly available in the literature. Secondly, we found out that a high 
quality comparison between ET and open surgery is currently not available because 
of the heterogeneity of patients included in both groups. There is also a difference 
between experience in treatment of PAAs in endovascular highly specialized centers 
and classical centers. Therefore, in our opinion, ET cannot yet be considered as a 
routine treatment of PAA. Prospective large multicenter randomized controlled trials 
with long-term follow-up are necessary, although difϐicult to accomplish because of the 
low prevalence of PAAs. 

Conclusion 

In the past, the most common treatment of PAA was resection of the PAA with 
interposition of an autologous vein using a PA to the popliteal fossa. Based on our 
own experience in our centre this technique has the best results. Although many other 
techniques and approaches have developed over the years, we are convinced that this 
treatment remains the golden standard for the treatment of PAAs. 
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