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ePIDeMIoLoGY AnD PAtHoPHYsIoLoGY

The occurrence of popliteal artery aneurysms (PAAs) was first documented by Antyllus 

in 200 BC with description of ligation of the aneurysm, followed by packing of the sac1. 

PAAs are characterized by a progressive arterial dilatation measured in absolute diameter 

(20 mm) or as a 50% enlargement compared with the adjacent normal artery and/or the 

contralateral popliteal artery when normal2. The normal diameter of the popliteal artery 

is 5 to 9 mm2-5.

The popliteal artery is divided into the 3 segments, P1, P2, and P3. Between the adductor 

hiatus and the top of the kneecap, the popliteal artery is called segment P1. Segment P2 

continues until the split of the knee articulation; thereafter, the popliteal artery is called 

segment P3 until the artery divides in the crural arteries. The bending point of the knee 

joint is between segment P1 and P2. The popliteal artery has two relatively fixed points, 

one proximal to the adductor canal and the other distal to the orifice of the anterior tibial 

artery6. In healthy volunteers, arterial flexions of the popliteal artery contribute to 

tortuosity during flexion and extension of the knee7.

The overall PAA incidence in people aged older than 50 years is 0.1% to 2.8%8-10. Five to 

ten percent of patients with an abdominal aortic aneurysm (AAA) are also affected by a 

PAA11-13. PAAs most frequently affect elderly men. Detailed age- and gender-specific 

incidences of hospitalization for repair of elective and acute (thrombosed) PAAs are 

lacking. Arteriosclerosis is currently the most frequent cause of PAA formation and is 

involved with multiple cofactors. At the start of the last century, syphilis was the most 

frequent cause of PAAs but is seldom the cause now14. PAAs may rarely be associated 

with connective tissue diseases, such as Marfan syndrome or Ehlers-Danlos syndrome. 

The aorta is more frequently affected in those syndromes15. A congenital origin of PAA 

is also very rare. Other causes of nonatherosclerotic PAAs are popliteal artery entrapment 

syndromes and blunt or penetrating trauma16.   

 

tReAtMent

The primary goal of treatment of PAAs is to prevent (acute) thrombosis and, as a 

consequence, limb loss. Patients with symptomatic (mechanical complaints, acute 

ischemia, chronic ischemia) PAAs should undergo intervention because the risk of limb 

loss increases with the onset of symptomatic disease17-20. The treatment of 

asymptomatic PAAs remains controversial. Widespread consensus has been achieved 

to repair asymptomatic aneurysms ≥ 30 mm to prevent thromboembolic complications. 

No consensus has been reached for aneurysms between 20 and 30 mm21-24. Open 

surgical treatment with a venous bypass graft is currently the treatment of choice for 

most vascular surgeons. Patency rates of these reconstructions depend mainly on the 

quality and number of outflow arteries, the type of bypass material (venous or 

prosthetic), and whether the reconstruction is performed for acute ischemia or in an 

elective setting. During recent years, endovascular treatment (with a covered stent) 
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To improve early detection of PAAs and their concurrent treatment, risk stratification and 

knowledge of the anatomy of the aneurysm are important. Appropriate research is 

therefore essential to increase understanding of the treatment options and may prevent 

patients from becoming symptomatic. Further research is needed on (1) the optimum 

timing of intervention for asymptomatic PAAs, (2) finding other characteristics that will 

lead to acute thrombosis of the asymptomatic PAA besides diameter, and (3) the surgical 

treatment of choice in elective and acute settings.

oUtLIne oF tHe tHesIs

Knowledge of anatomic variations of the popliteal artery is essential for the management 

of peripheral vascular disease. It influences the success of femoropopliteal and crural 

reconstructions and may also be important in orthopedic surgery. Variations may increase 

the risk of bleeding, dissections, or ischemic complications. Therefore, this thesis will 

commence in Chapter 2 by describing the variations in anatomy of the popliteal artery. 

PAAs and AAAs frequently coincide. The frequency and nature of symptoms are different; 

however, most patients with a PAA will be symptomatic at the time of diagnosis, most 

frequently with thromboembolic complications, and less than 2% of patients present 

with a ruptured PAA. In contrast, patients with an AAA are mostly asymptomatic at the 

time of diagnosis, and when symptomatic, rupture is the most frequently observed 

symptom. In Chapter 3, the aneurysm wall composition of PAAs and AAAs is assessed. 

Chapter 4 reports systematic reviews of short-term and long-term results of surgical 

and endovascular treatment of PAAs. Open surgical treatment with a venous graft is still 

the treatment of choice for most surgeons. During recent years, endovascular surgery 

has become an alternative to open surgery. 

The most commonly performed surgical technique for PAA repair is the medial approach, 

with proximal and distal aneurysm ligation, followed by autologous vein or 

polytetrafluroethylene (PTFE) bypass grafting25. This technique does not exclude side 

branches with their origin in the PAA, which can be responsible for retrograde perfusion 

in the ligated aneurysm sac and eventually lead to aneurysm enlargement and worse, 

rupture26-31. An alternative technique is the posterior approach. This technique includes 

direct opening of the aneurysm sac, interrupting patent side branches of the genicular 

arteries, and autologous venous or PTFE interposition grafting. Chapter 5 reports a head-

to-head comparison of the medial and posterior approaches in the treatment of PAA. 

In Chapter 6, a systematic review summarizes outcomes of acutely thrombosed PAAs 

treated with thrombolysis or thrombectomy, followed by a bypass. The primary end point 

in this study was limb salvage, and the secondary end points were mortality and patency 

of the bypasses. 

It is not clear which characteristics of an asymptomatic PAA will lead to acute thrombosis; 

diameter alone might not be the only predicting factor. Chapter 7 examines other 

possible features that may influence outcome such as the changes in lumen area and 
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the degree of angulation directly proximal and distal of the PAA after flexion and extension 

of the knee joint.

The behavior of arterial disease is different in women and men in terms of anatomy, 

physiology, and clinical presentation. Combined results of studies focusing on the 

outcome of bypass surgery in the lower extremity do not show significant differences 

in primary patency rates, percentage of limb salvage, and survival between men and 

women32-39. Chapter 8 investigates whether there is an association of gender on the 

outcome of PAA treatment.

Chapter 9 concludes this thesis, providing a general discussion and future perspectives. 

A summary in Dutch is presented in Chapter 10.
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ABstRACt

Knowledge of anatomic variations of the popliteal artery is essential for the management 

of peripheral vascular disease and in orthopedic surgery. The aim of this study was to 

perform an overview of the literature describing variations of the popliteal artery. To 

identify relevant literature, we performed a systematic search on Medline, Embase, and 

the Cochrane Database of Systematic Reviews. We included 4 studies of anatomic 

dissections and 11 radiologic retrospective series, comprising 7671 limbs, and a variation 

in popliteal branching was seen in almost 10%. The 3 most frequent variations in 

branching are a high origin of the anterior tibial artery, the trifurcation of the anterior 

tibial artery, peroneal artery, and posterior tibial artery, and a hypoplastic or aplastic 

posterior tibial artery. Awareness of the terminal branching pattern of the popliteal artery 

before intervention enhances the planning for successful operations and may reduce 

the incidence of serious, unexpected arterial injury. 
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IntRoDUCtIon

Knowledge of the normal anatomy and anatomic variations of the popliteal artery is 

essential for the successful management of peripheral vascular disease. It not only 

influences the success of femoropopliteal and tibial reconstructions, but in orthopedic 

surgery, including total knee replacement, proximal tibia osteotomy, or distal femur 

reconstructions, variations may increase the risk of bleeding, dissections, or ischemic 

complications. Traumatic injuries to the popliteal artery are uncommon. Most injuries 

are iatrogenic after knee replacement, with a reported incidence of 0.03% to 0.2%,1-3 and 

have been associated with poor rates of limb salvage as well as high levels of morbidity. 

In both emergency and elective procedures, variations of the popliteal artery might have 

important clinical consequences. Iatrogenic injuries might be prevented if the popliteal 

artery anatomy and its possible anatomic variations are known in advance.

The popliteal artery normally crosses the popliteal fossa and gives rise to the anterior 

tibial artery (AT) and the tibial-peroneal trunk; thereafter, it further subdivides into the 

posterior tibial artery (PT) and peroneal artery (PR). Variations of the popliteal artery were 

explained by Senior et al4 in 1919 and are most often the consequence of persistence 

of embryonic vessels. The aim of this study was to perform an overview and compilation 

of the literature describing variations of the popliteal artery and its sidebranches.

MetHoDs

Literature Search

To identify relevant literature, we systematically searched Medline, Embase, and the 

Cochrane Database of Systematic Reviews, using various terms for “popliteal artery” 

and “lower limb artery” combined with terms for “variation,” “anatomy,” and “branching” 

(Table 1). Included were full original human studies from 1 January 1900 until 1 June 

2009. Studies had to be written in the English, French, or German language. Studies 

were screened by title and abstract by two reviewers (R.K. and G.K.) independently to 

identify potentially relevant articles, using the inclusion and exclusion criteria. Figure 1 

illustrates the search for relevant manuscripts. Reviews and case reports were excluded. 

Full texts of all included articles were retrieved for further analysis. The first description 

of variations in popliteal branching dates from the beginning of the 20th century. 

Medical databases do not cover articles from this period; therefore, a manual cross-

check from the reference lists of all relevant articles was performed. This identified 

additional articles and books that were not found in the medical databases by our search 

terms.

Selection and appraisal

Studies were selected when all the inclusion criteria were met. First, the data of all studies 

had to be described or had to be able to be classified by the unified classification of 

Lippert and Pabst,5 which was modified 4 years later by Kim et al6 (Figure 2). 
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Studies published before this classification was developed were ordered in the appropriate 

category based on the classification of Kim et al.6 by two reviewers (R.K. and G.K.), 

independently. When the description was not clear, the article was excluded. The unified 

classification of Kim et al describes 3 types of popliteal branching variations and various 

subtypes (Figure 2):

I: Normal level of branching

 Type IA, normal level of popliteal arterial branching, is described proximal to the lower 

border of the popliteus muscle, where the popliteal artery divides into the AT, the PT, 

and the PR. Type IB describes trifurcation when the origins of the 3 major branches 

do not differ more from each other then 0.5 mm. Type IC is when there is an anterior 

tibioperoneal trunk.

II:  High division of the popliteal artery (at or above the knee joint) 

 In type IIA, the AT arises at or above the knee joint. In our study, type IIA1 and IIA2 

have been added to estimate a total average of type IIA. When the PT arises at or 

above the knee joint, it is called type IIB. In type IIC, the PR arises at or above the 

knee joint.

III: Hypoplastic or aplastic branching with altered distal supply. 

 Type IIIA contains a hypoplastic/aplastic PT. Type IIIB describes a hypoplastic/aplastic 

AT. When the PT and the AT are hypoplastic/aplastic, it is called type IIIC. 

Second, the study had to include at least 20 extremities. Third, the study had to be an 

original patient series. Studies that contained duplicate material were excluded, and those 

with the best-documented material were included for analysis.

Data extraction

The following data were documented: method of data collection, number of limbs 

examined, types, and incidences. Included articles were checked for differences in 

symmetry of the contralateral leg and sex.

Table 1. Search-terms for Medline and Embase.

Database Syntax in Title or Abstract Hits

EMBASE (variation OR variations OR variant OR branch OR branch OR pattern OR 
patterns OR anatomic OR anatomy OR variability OR anomaly OR anomalies OR 
'run off' OR 'take off') AND ('popliteal artery’ OR 'popliteal arteries' OR 'lower 
limb artery' OR 'lower limb arteries' OR 'lower leg artery' OR 'lower leg arteries' 
OR 'lower extremity artery' OR 'lower extremity arteries')

1236828
7616
=
344
390 sept

MEDLINE (“popliteal artery” OR “popliteal arteries” OR “lower limb artery” OR “lower limb 
arteries” OR “lower leg artery” OR “lower leg arteries” OR “lower extremity 
artery” OR “lower extremity arteries”) AND (variation OR variations OR variant OR 
branch OR branch OR pattern OR anatomic OR anatomy OR variability OR 
anomaly OR anomalies OR “run off” OR “take off” OR branches OR patterns)

3371
1192924
=
467 
470 sept
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ResULts

The initial search identified 442 articles related to our search terms. After screening the 

titles and abstracts, 17 articles were found relevant. After assessment of those 17 full text 

publications, 7 articles were excluded. Four articles were excluded because it was not 

possible to classify the popliteal artery according to the classification of Kim et al.6  

In 1 article, data of a study we had already included were used. Two articles were in 

Russian and Italian, both lacking an abstract. Relevant references and related articles 

from the manual cross-check resulted in 5 more articles and 1 important book on arterial 

variations (Figure I). One of the first publications of the anatomy of the popliteal artery 

Figure 1.  Flowchart showing selection of articles.
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is part of Adachi’s7 “Das Arteriensystem der Japanner” which was published in 1928 as a 

result of more than 30 years of research. This book included no original studies and was 

not included in our review. Finally, 4 studies focusing on anatomic dissections8-11 and 11 

radiologic retrospective series,6,12-21 for a total of 7671 limbs, were included in this review. 

Figure 2.   Classification of popliteal 
branching variations.

 AT: anterior tibial artery, PT: 
posterior tibial artery, PR; 
peroneal artery

 Reprinted with permission 
from Annals of Surgery 
(1989;210(6):776-781) and 
Kim et al.6
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The incidence rate of the popliteal variation types are summarized in Table I. 

Normal level of popliteal arterial branching (type IA) has been described in 6970 

extremities (91%). Eight variations in branching have been diagnosed in the studies, of 

which 3 variations are relatively frequent: (1) an origin of the AT above the knee joint 

(type IIA), with an incidence of 2.9%; (2) type IIIA containing a hypoplastic or aplastic PT, 

with an incidence of 2.4%; and (3) the trifurcation of the AT, PR, and PT (type IB), with an 

incidence of 2.0%. The rarest reported variations are a high division of the PR (type IIC) 

and a hypoplastic/aplastic PT and AT (type IIIC), with both at an incidence of less than 

0.2% (Table 2).

Only two studies described left-right predominance for variations in popliteal 

branching.8,12 A variation in branching was found in 20 left extremities (49%) compared 

with 21 right extremities (51%). If a variant is present in a patient, there is a probability of 

19% to 33% that the other limb has an variation in popliteal branching as well.8,12,15 No 

differences in the number of variations were seen between men and women.11,12,23 

DIsCUssIon

In 1919, Senior et al4 was the first to describe the embryology of the vascular supply to 

the lower extremities. The popliteal and peroneal arteries are derived from the primitive 

middle and distal segments of the sciatic artery, which is an embryonic vessel that 

supplies the lower limbs. Variations in popliteal artery branches are the result of persisting 

embryonic vessels or may occur from abnormal fusions.4,16,22 

Aging of the population has led to an increase in peripheral vascular disease. This results 

in higher demands on vascular reconstructive procedures. The popliteal artery is often 

involved in those procedures. In almost 10% of the population, a variation of the normal 

popliteal artery branching will be diagnosed. Ignorance of those vascular variations may 

result in serious complications.6,23,24 Type II variations with high division of the popliteal 

artery can cause failure of performing the correct anastomosis in femoropopliteal bypass 

surgery, resulting in retrograde flow that can result in early occlusion of the bypass 

because of poor runoff. Vascular abnormalities can make surgery more difficult, not only 

in grafting procedures but also in reconstructions of traumatic injuries. For instance, type 

IIA popliteal branching will lead to an increased risk of injury of the AT in orthopedic 

operations because the AT is fixed against the posterior cortex of the tibia by the popliteus 

muscle.1 

Anatomic knowledge is necessary for a correct surgical approach and positioning of the 

bypass. There is no literature on sensitivity or specificity of the different diagnostic tools 

for diagnosis of popliteal artery anatomy variations. 

We believe this is the largest review of the literature about the variations of the popliteal 

artery. A variation of the popliteal branching was seen in 9% of the 15 studies that were 

included. Incidences of variant anatomy ranged from 6.4%18 to 18.2%.21  The three most 

common variations were a high origin of the AT (type IIA), a high origin of the trifurcation 

(type IB), and a hypoplastic-aplastic PT (type IIIA). 
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ConCLUsIon

A variation in popliteal branching can be seen in almost 10% of limbs. The 3 variations 

in branching with the highest incidence are a high origin of the AT above the knee joint, 

the trifurcation of the AT, PR, and PT, and a hypoplastic or aplastic PT. Awareness of the 

terminal branching pattern of the popliteal artery before intervention enhances the 

planning for operations and should reduce the incidence of serious, unexpected arterial 

injury during orthopedic, vascular surgery, and percutaneous procedures.
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ABstRACt 

Objectives

Popliteal artery aneurysms (PAAs) and abdominal aortic aneurysms (AAAs) frequently 

coincide, however, symptomatology differs. We systematically assessed aneurysm wall 

composition to compare both anatomic locations.

Methods

Aneurysmal walls of 38 PAAs and 198 AAAs were harvested from patients undergoing 

elective open surgical repair. Elastin, collagen, smooth muscle cell, iron, and inflammatory 

cells were quantified by (immune-)histochemistry. In addition, protease and cytokine 

levels were measured.

Results

Aneurysmal degradation resulted in similarly degraded media. Location of inflammation 

differed: focus for T and B lymphocytes and plasma cells was the intima in PAAs (all 

p<0.001) and the adventitia for AAAs (all p<0.001). Iron was more often observed in PAAs 

than in AAAs (68% vs. 1%, p<0.001), indicating more previous intramural hemorrhages. 

MMP-2 activity was higher in PAAs than in AAAs (median[interquartile range] 0.363[0.174-

0.556] vs. 0.187[0.100-0.391], p=0.008), whereas MMP-9 showed no difference. Walls 

of AAAs were richer in tested cytokine levels than walls of PAAs, with the exception of 

IL-6.

Conclusions

PAAs showed more signs of previous hemorrhages compared with AAAs. In addition, 

inflammation in PAAs is mainly located in the intima, whereas its focus in AAAs is the 

adventitia. These results suggest important differences in the pathophysiology of 

aneurysm formation between these locations and might explain the differences in 

presentation upon diagnosis.
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IntRoDUCtIon

Despite different anatomic locations and different wall compositions, the elastic aortic 

artery and the muscular popliteal artery have comparable elastic artery-like mechanical 

properties in aged healthy individuals.1 Both arteries can suffer from aneurysmal 

degradation; however, aneurysm formation is most commonly found in the abdominal 

aorta (AAA), with a prevalence of 5% to 10% in men aged 65 to 79 years.2 Popliteal artery 

aneurysms (PAAs) form the second most frequently found aneurysm, with a prevalence 

of 1% in the same age category.3 Both aneurysms frequently coincide: 5% to 10% of 

patients with an AAA may be affected with a PAA,4-6 and about 40% of patients with a 

PAA also have an AAA.7, 8 The frequency and nature of symptoms are different: 

approximately two-thirds of patients with a PAA will be symptomatic at the time of 

diagnosis, most frequently with thromboembolic complications, and less than 2% of 

patients present with a ruptured PAA.7, 9 In contrast, patients with an AAA are mostly 

asymptomatic at the time of diagnosis, and when symptomatic rupture is the most 

frequently observed symptom, leaving only 5% of AAAs diagnosed by distal embolization.10 

AAAs and PAAs are often regarded as the result of similar processes.11, 12 Given the 

differences in symptoms, complications, and anatomic location, we aimed at finding an 

explanation for the described similarities and differences by systematically assessing the 

aneurysm wall composition of PAAs and AAAs.

MetHoDs

Aneurysm-express biobank

The Aneurysm-express biobank is a prospective cohort study, and its design was 

described previously.13 Briefly, all patients scheduled for open aneurysm repair in the 

University Medical Center Utrecht and St Antonius Hospital Nieuwegein were asked to 

participate in this study. Indication for open surgical repair was according to international 

standards and when endovascular treatment was not appropriate.12 Patients with terminal 

malignancies were excluded. The medical ethics committees of both centers approved 

the study, and participants provided written informed consent. Baseline data were 

obtained from an extensive cardiovascular questionnaire, according to Rose,14 and from 

clinical records, including cardiovascular risk factors and medication use. Aneurysm 

diameter was assessed by computed tomography angiogram or magnetic resonance 

angiography. 

Aneurysm tissue processing

During surgery, a part of the aneurysm wall was collected next to the arteriotomy. The 

specimen was immediately transported to the laboratory and cut into 5-mm segments. 

The middle segment was fixated in 4% formaldehyde and embedded in paraffin for 

histology. A series of stainings was performed on consecutive slides: hematoxylin and 

eosin (HE) for overview, elastin van Gieson (EvG) for elastin, Sirius red for collagen, Perls 
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for iron, α-smooth muscle actin for smooth muscle cells (SMCs), CD68-macrophages, 

CD45-lymphocytes, CD3-T-lymphocytes, CD20-B-lymphocytes, and CD138-plasma 

cells. Extracellular matrix (elastin, collagen) components and iron were assessed on a 

scale from 0 to 3 (0 = no staining, 1 = minor, 2 = moderate, and 3 = heavy staining). In 

the media, the percentage of elastin fibers disruption was scored (the part of the media 

where no elastic fibers were present). The different inflammatory cells were also scored 

on a scale of 4 at 100× magnification per representative field: 0 (no), less than 50 

positively stained cells; 1 (minor), 50 to 100 cells; 2 (moderate), 100 to 150 cells; and 

category 3 (heavy), more than 150 cells. Two independent observers (RH, CP), who were 

blinded from clinical data and laboratory results, scored all stainings separately in the 

intima, media, and adventitia.  

The adjacent segment was used for protein extraction using Tris isolation (Roche, Basel, 

Switzerland) and subsequent protein concentration assessment with the BCA protein 

assay kit (Pierce Biotechnology, Rockford, IL, USA) according to the manufacturers’ 

protocol. Matrix metalloproteinase (MMP) activities were determined with the Amersham 

MMP-2 and -9 Biotrak Activity Assay system (GE Healthcare Limited, Amersham, UK). 

Levels of interleukin (IL) -1β, -2, -4, -5, -6, -8, -10, -12p70, interferon (IFN)-γ, and tumor 

necrosis factor (TNF)-α and -β were quantified in the aneurysmal wall by fluorescent 

bead immunoassay (Bendermed Systems, Vienna, Austria).

Statistical analyses

Data are presented as median with interquartile range (IQR) or as number with percentage 

of total for discrete variables. Continuous variables were compared using the Mann-

Whitney test or Spearman’s nonparametric correlation, where appropriate, and discrete 

values were tested using the χ2 test. Probability values of less than 0.05 were considered 

significant. All analyses were performed with SPSS 15 software (SPSS Inc, Chicago, IL, USA).

ResULts

Arterial tissue from 38 PAAs of 36 patients was collected and from 198 AAAs of 198 

different patients. Baseline characteristics of the study groups are reported in Table 1. 

Most patients were men, which was even more pronounced in the PAA patients (82% vs 

95%, respectively; p = 0.040). The patients with PAA were younger (median [IQR] 65.0 

[60.0-73.0] vs 71.0 [64.7-76.0] years, p = 0.010) and had more previously diagnosed 

manifestations of aneurysms (53% and 12%, p < 0.001; Table 1). 

Representative histology is shown in Figure 1. Histologic characteristics of the structural 

wall components for both aneurysm groups are reported in Table 2. The intima of AAAs 

showed cholesterol cores more frequently than PAAs (55% vs 16%, p < 0.001). The media 

layer was similarly degraded in PAAs and AAAs, not showing differences in elastin 

disruption (25 [IQR, 10-95] and 40 [IQR, 10-80], p = 0.841) or staining for SMCs (34% 

and 34%, p = 0.988). 
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Figure 1. Representative histology for popliteal artery aneurysm (PAA) and abdominal aortic aneurysm (AAA). 
Photomicrographs show a composite of hematoxylin and eosin and elastic van Gieson stainings. 
Location of the different layers are marked: I, intima; M, media; A, adventitia. Note the location of the 
inflammatory infiltrate, the intima in PAA, and the adventitia in AAA. Scale bars represent 0.5 mm.

Figure 2. Comparison of inflammatory cell presence on histology in the two types of aneurysm. Per representative 
field: white color represents <50 cells, light grey represents 50 to 100 cells, dark grey represents 100 
to 150 cells, and black represents >150 cells. PAA is popliteal artery aneurysm, AAA is abdominal aortic 
aneurysm. *** p < 0.001.
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Table 1. Baseline characteristics.

Characteristics a AAA (n=198) PAA (n=38) P-value

Age, y 71.0 [64.7-76.0] 65.0 [60.0-73.0] 0.010 *

Male sex 160 (82) 36 (95) 0.040 *

Current smoker 94 (48) 17 (45) 0.678

Diabetes type 2 31 (16) 6 (16) 0.984

Hypertension 141 (72) 26 (68) 0.661

Coronary artery disease 78 (40) 12 (32) 0.325

Chronic obstructive pulmonary disease 41 (21) 5 (13) 0.282

Body mass index, kg/m2 25.6 [23.6-28.0] 27.1 [25.6-28.1] 0.118

Aneurysm diameter, mm 61 [56-71] 30 [21-46] <0.001 *

Coinciding PAA 4 (2)

Coinciding AAA 15 (39)

Coinciding contralateral PAA 17 (45)

History of any other aneurysm detected 23 (12) 20 (53) <0.001 *

Statin use 119 (61) 21 (55) 0.396

Aspirin use 134 (69) 23 (61) 0.742

ACEI use 70 (36) 13 (34) 0.816

Angiotensin II receptor blocker use 35 (18) 7 (18) 0.884

Hospital stay, days 10.0 [8.0-14.0] 6.0 [4.0-9.0] <0.001 *

a Data are presented as median [interquartile range] or as No.  (%). *p < 0.05. Abbreviations: AAA, abdominal 
aortic aneurysm; ACEI, angiotensin-converting enzyme inhibitor; PAA, popliteal artery aneurysm.

Table 2. Histologic characteristics of structural arterial wall components.

Aneurysm wall characteristics a AAA (n=198) PAA (n=38) P-value

Intima 

Cholesterol core, presence, n (%) 108 (55) 6 (16) <0.001 *

Collagen 67 (34) 22 (58) 0.010 *

SMC 45 (23) 14 (37) 0.076

Media

Elastin disruption, median [IQR], % 40 [10-80] 25 [10-95] 0.841

SMC 68 (34) 13 (34) 0.988

Adventitia

Collagen 148 (75) 18 (47) 0.003 *

SMC 75 (38) 5 (13) 0.011 *

Iron deposition, presence, n (%) 1 (1) 26 (68) <0.001 *

a Data are presented as No. (%) of heavy staining vs minor staining unless otherwise indicated. *p < 0.05. 
Abbreviations: AAA, abdominal aortic aneurysm; IQR, interquartile range; PAA, popliteal artery aneurysm; SMC, 
smooth muscle cells.
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Focus of inflammation was the intima in PAAs and the adventitia in AAAs, as is shown for 

the different assessed inflammatory cells in Figure 2. Remarkably, PAAs had far more iron 

deposits in the adventitia (68% vs 1%, p < 0.001; Figure 3). 

Cytokine levels showed a more pronounced inflammation in AAAs than in PAAs, with the 

exception of IL-6, which showed a weak opposite trend (Table 3). MMP-2 activity was 

higher in PAAs (0.187 [IQR, 0.100-0.391] vs 0.363 [IQR, 0.174-0.556] ng/mL, p = 0.008), 

whereas MMP-9 activity was similar in both aneurysms (0.203 [IQR, 0.032-0.767] vs 0.258 

[IQR, 0.000-0.637] ng/mL, p = 0.401). 

DIsCUssIon

To our knowledge, this is the first study to systematically report histologic characteristics 

in the different layers of the PAA. Given the frequent association with AAA, the coincidence 

in patients, and the comparison in literature, these aneurysms were used as a reference, 

and marked differences were found.

As in other muscular arteries, the diameter of the popliteal artery increases with age, 

being affected by age and body size, and is larger in men than in women. With aging, 

the popliteal artery also suffers from a decreased distensibility, which is more pronounced 

in men than in women. These changes do not fit the characteristics of a true muscular 

artery, because, for example, this does not occur in the common femoral artery but is 

very similar to the pattern observed in a large elastic artery such as the aorta.1, 15 Despite 

original differences in histologic composition between the aorta and the popliteal artery 

(elastic vs. muscular), aneurysm formation resulted in a similar degraded media in our 

study. Previous smaller studies suggested a common etiology for AAAs and peripheral 

Table 3. Protease and cytokine levels.

Aneurysm wall characteristics a AAA (n=198) PAA (n=38) P-value

IL-1β 0.00  [0.00-0.45] 0.00  [0.00-0.00] <0.001 *

IL-2 1.87  [0.78-3.96] 0.00  [0.00-0.81] <0.001 *

IL-4 0.00  [0.00-0.81] 0.00  [0.00-0.00] <0.001 *

IL-5 0.81  [0.09-2.42] 0.00  [0.00-0.00] <0.001 *

IL-6 1.12  [0.26-6.97] 3.55  [1.11-8.29] 0.101

IL-8 22.85  [10.13-50.46] 9.47  [3.09-29.94] 0.024 *

IL-10 0.28  [0.00-1.11] 0.00  [0.00-0.33] 0.007 *

IL-12 0.35  [0.00-1.24] 0.00  [0.00-0.00] <0.001 *

TNF-α 0.21  [0.00-0.73] 0.00  [0.00-0.06] <0.001 *

TNF-β 0.40  [0.00-2.20] 0.00  [0.00-0.00] <0.001 *

IFN-γ 0.68  [0.01-1.74] 0.00  [0.00-0.00] <0.001 *

Active MMP-2 0.187  [0.100-0.391] 0.363  [0.174-0.556] 0.008 *

Active MMP-9 0.203  [0.032-0.767] 0.258  [0.000-0.637] 0.401

a Data are presented as median and [interquartile range]. *p < 0.05. Cytokines are in pg/mL, MMP activities in 
ng/mL. IL, interleukin; TNF, tumor necrosis factor; IFN, interferon; MMP, matrix metalloproteinase.
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aneurysms. A central role for SMC apoptosis was proposed, which was also observed in 

AAAs and other peripheral aneurysms.16, 17 Another study reported a marked overlap in 

inflammation between AAA and PAA.18 Unfortunately, in these studies differences in wall 

layers remained unreported and focus was the inflammatory infiltrate. The present study 

shows that compared with AAAs, the media in PAAs is similarly degraded. 

The focus on different layers in the arterial wall also proves important in assessing the 

inflammatory infiltrate. Where previous smaller studies investigated the inflammatory 

infiltrate in general, we show that the focus of inflammation in the PAA lies in the intima 

rather than in the adventitia, as in the AAA. Our findings might explain the difference in 

symptoms between a PAA and an AAA: the intima is adjacent to the mural thrombus or 

lumen and is likely to influence processes such as thromboembolism or thrombosis as 

seen in PAAs, whereas the nature of AAAs is one of expansion and rupture.

In addition, the inflammatory reaction in AAAs is far more pronounced than in PAAs, 

given the higher cytokine levels in AAAs and the larger proportion of high categories 

histologic inflammation. 

The frequent presence of iron depositions in PAAs with virtually no depositions in AAAs 

also marks an important difference. Iron remnants are long-term results from 

hemorrhages,19 and this finding might point to a different etiology. Intramural bleeding 

can point to a healed dissection or repetitive smaller tears of the connective tissue, or 

Figure 3. Representative Perls staining of a popliteal artery aneurysm. Blue staining shows the presence of iron. 
Scale bar indicates 0.1 mm.
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both. This might be explained by structural factors, including turbulent blood flow in 

association with arterial branching points and wall fatigue secondary to repeated knee 

flexion.11 

MMP-9 is the most abundantly present protease and the most frequently investigated 

MMP in AAAs.20 Given the similar levels in AAAs and PAAs, MMP-9 appears to be a 

common factor and likely is vital for aneurysm formation in general. MMP-2 is more 

active in PAAs, despite lower numbers of inflammatory cells but it can also be produced 

by SMCs21, pointing to a more important role in progression of the PAA or a role in a 

repair mechanism.

Our study design was hampered by not being able to assess temporal changes in the 

aneurysm walls, which holds true for all current aneurysm-related research on human 

material. Aneurysmal disease is characterized by a large proportion of men, which is 

often described for AAAs but is even more pronounced in PAAs, reaching 94.2% to 

99.8%.9, 22 This is also the case in our study. The lower age in the PAA group might be 

explained by the occurrence of symptoms leading to an earlier diagnosis and treatment. 

Both characteristics are not likely to have influenced our results, because the absolute 

differences are small and no influences on wall composition have been reported.

ConCLUsIon

Inflammation in the PAA is mainly located in the intima, whereas the degree of 

inflammation in the AAA is more pronounced and its focus is the adventitia. In addition, 

PAAs show more iron compared with AAAs, which might be explained by more (repetitive) 

external trauma in the PAA through bending of the knee and turbulent flow resulting in 

tissue tears. Our results suggest differences in the mechanism of aneurysm formation 

between both localizations, and this might explain the difference in presenting symptoms.
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ABstRACt

Background

Popliteal artery aneurysms are the most common peripheral aneurysms. Patients with 

unrecognized aneurysms may present with acute limb ischemia and considerable threat 

for limb loss due to thromboembolic complications. This article reviews short-term and 

long-term results of surgical and endovascular treatment for mainly elective repair of 

popliteal artery aneurysms. 

Methods

A systemic review was conducted of data in the English literature from 1990.

Results

The review included 1 prospective randomized trial, 6 prospective studies, and 42 

retrospective studies on the management of popliteal artery aneurysms. These studies 

contained 2197 patients with 2882 popliteal artery aneurysms. Short-term results are 

acceptable, with average 1-year patency rates of 90% for surgical treatment and 75% for 

endovascular treatment, and respective limb salvages rates of 95% and 100%. 

Endovascular treatment lacks long-term follow-up, whereas venous surgical repair has 

an average 5-year patency rate of up to 85% (prosthetic grafts, 40%-80%).

Conclusions

There is a need for randomized trials comparing long-term results of surgical versus 

endovascular treatment of popliteal artery aneurysms. So far, long-term results of elective 

surgical repair for popliteal artery aneurysms are acceptable if venous grafts are used. In 

any case, acute repair of popliteal artery aneurysms must be avoided.
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IntRoDUCtIon

Popliteal artery aneurysm (PAA) appears to be relatively uncommon in the general 

population, with an incidence of 0.1% to 2.8%1-3. Popliteal artery aneurysm is considered 

to be the second most frequent location of arterial aneurysms, accounting for up to 70% 

of all peripheral aneurysms4. Popliteal aneurysms may cause serious ischemic 

complications, associated with thromboembolization, which often results in limb loss. 

Open surgical treatment with a venous bypass graft is still the treatment of choice for 

most surgeons. Patency rates of these reconstructions depend mainly on the quality and 

number of outflow arteries, the type of bypass material (venous or prosthetic), and 

whether the reconstruction is performed for acute ischemia or in an elective setting. 

During recent years, endovascular treatment has become a valid alternative for open 

surgery. 

To identify relevant literature, we performed a search on PubMed using a wide spectrum 

of search terms that describe the terms popliteal artery aneurysm and surgical or 

endovascular treatment. For surgical treatment of PAA, we used the terms surgical 

treatment, open repair, popliteal artery aneurysm, and the combination of MeSH terms 

popliteal Artery and Aneurysm. For endovascular treatment we used the terms stenting, 

popliteal artery aneurysm stenting, endovascular treatment, percutaneous transluminal 

angioplasty, and the combination of MeSH terms Stents and Angioplasty. The following 

limitations were inserted: humans, English language; published date: 1990-01-01 to 

2006-12-31; and age: middle age and older. We selected all relevant articles. Results 

were collected from 49 series published in the English language literature containing 

clinical data from a total of 2197 patients with 2882 PAAs. 

Anatomy

The popliteal artery is located behind the knee in the popliteal fossa and is a continuation 

of the superficial femoral artery after it passes the adductor hiatus canal. It is susceptible 

to simultaneous forces, such as flexion, extension, and rotation, and has to overcome 

unique mechanical stress. The popliteal artery is divided into the 3 segments P1, P2, and 

P3. Between the adductor hiatus and the top of the kneecap, the popliteal artery is called 

segment P1. Segment P2 continues until the split of the knee articulation; thereafter, the 

popliteal artery is called segment P3 until the artery divides in the crural arteries.  The 

bending point of the knee joint is between segment P1 and P2. 

At the popliteal fossa the popliteal artery divides into different branches: the lateral 

superior genicular artery, the medial superior genicular artery, the medial inferior 

genicular artery, and the lateral inferior genicular artery. Below the knee joint, the popliteal 

artery divides into anterior tibial artery and the tibioperoneal trunk, which divides into 

the peroneal artery and the posterior tibial artery (Figure 1). The total length of the 

popliteal artery is 12 to 18 cm, of which 5 to 7 cm is distal of the knee joint split. 

The normal diameter of the popliteal artery is 5 to 9 mm5-8. The popliteal artery is 

considered to be aneurysmal if its external diameter exceeds 20 mm or measures more 

than 1.5 times the diameter of the normal proximal popliteal artery. 
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Etiology

Aneurysms can generally be categorized as either true or false. True aneurysms occur 

when all layers of the arterial wall are abnormally dilated. False aneurysms are due to a 

defect in the arterial wall related to trauma or mycotic infections. The pathogenesis of 

true PAAs has not been definitively established.

At the start of this century, syphilis was the most frequent cause of PAAs but is seldom 

the cause now9. Popliteal aneurysms may rarely be associated with connective tissue 

diseases such as Marfan syndrome or Ehlers-Danlos syndrome; the aorta is more frequent 

affected in those syndromes10. A congenital origin of PAA is also very rare. Other causes 

of nonatherosclerotic PAAs are popliteal artery entrapment syndromes and blunt or 

penetrating trauma11.

Arteriosclerosis is currently the most frequent cause of PAA formation and is involved 

with multiple cofactors. The predominance of PAAs in men suggests a genetic factor, as 

in the case for abdominal aortic aneurysms12. A deficit of collagen may be a precipitating 

cause of aneurysm formation and expansion, as has already published for abdominal 

aortic  aneurysm13. 

Figure 1.   The arteries of the lower extremity.
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One of the factors proposed as a possible contributor of aneurysm formation is turbulent 

flow beyond a relative stenosis. In these individuals, the tendinous hiatus adductorius, 

the heads of the gastrocnemius muscle, and popliteal ligaments may compress the artery. 

Another cause of turbulent flow leading to aneurysm formation is sstemic stress of 

hypertension, which is present in many patients. Alterations in the arterial wall caused 

by vibration and turbulence proximal to a major side branch or from stress and kinking 

during knee joint flexion might contribute to aneurysm formation as well. 

Clinical manifestations

The clinical manifestations of PAAs span the spectrum from an asymptomatic pulsatile 

mass to severe lower extremity ischemia. Approximately 42% of patients are asymptomatic 

at the time of diagnosis (Figure 2)1,3,14-60. Symptomatic patients present with lower 

extremity ischemia, which can be manifested as claudication, rest pain, or tissue loss 

associated with thrombosis or embolization and, rarely, with rupture. Local symptoms, 

including awareness of a popliteal mass, local pain, and leg swelling due to popliteal vein 

compression, account for the remainder of symptoms (Figure 2)1,3,14-60.

The main complications of PAA include thrombosis, distal embolization, and rupture. 

Thrombosis may result from multiple embolic events that occlude the crural arteries and 

precipitate thrombosis of the PAA, with severe ischemia as the usual result. 

In some patients, this process may progress slowly and allows the development of 

collateral circulation. When thrombosis occurs in these patients ischemia might not be 

limb threatening. Rates of acute limb ischemia due to PAA thrombosis are 7% to 68%, 

depending on the extent of thrombosis1, 3,14-60. Acute limb ischemia requires immediate 

treatment to prevent limb loss. Rarely, patients may present with a ruptured PAA (4%), 

which also requires emergency repair (Figure 2)1, 3,14-60. Popliteal artery aneurysms are 

usually diagnosed in the sixth and seventh decades of life (Figure 3) and have a strong 

male predilection, with a male/female ratio of 20:1 (Table 1)1,3,14-60. 

Figure 2.   Presenting symptoms associated with 2882 popliteal artery aneurysms. Values are means. 
 Data are derived from series published between January 1990 and December 2006(1,3,14-60).
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Popliteal artery aneurysms are associated with aneurysms at other locations. An 

abdominal aorta aneurysm is present in 39% of patients with a PAA. Risk factors for 

atherosclerosis are common in these patients, 56% have a history of smo king, 49% have 

hypertension, and approximately 13% have diabetes. As expected, the incidence of other 

cardiovascular diseases is high. More than 30% of patients have evidence of significant 

cardiac disease, and 12% manifest cerebrovascular disease (Table 1)1,3,14-60.

Diagnosis

It is very important to diagnose PAA before limb-threatening thrombotic complications 

occur3, 61. Physical examination remains difficult62, however, and once the diagnosis is 

suspected, it must be confirmed by duplex ultrasonography, computed tomography (CT) 

angiography, or magnetic resonance arteriography (MRA). In general, ultrasonography 

is the most commonly used diagnostic tool to confirm a PAA. Duplex ultrasonography 

can help to determine the presence of an aneurysm and whether it contains thrombus. 

Angiography cannot determine the size of the aneurysm, but MRA or angiography are 

essential before surgery because they will provide secure information about the patency 

of arterial segments proximal and distal to the aneurysm.

Indications for treatment

Patients with symptomatic PAAs should undergo intervention because of the risk of limb 

loss due to thromboembolic complications increases with the onset of symptomatic 

disease14-17. Several authors, however, have also reported a high incidence of 

complications in patients with asymptomatic lesions, varying from 28% to 100%, with 

amputation rates up to 20%16,18-22. Dawson et al.19 described cumulative complication 

rate of untreated asymptomatic PAAs (mean aneurysm size, 31 mm) during follow-up as 

high as 24% at 1 year, increasing to 68% at 5 years after diagnosis. 

Figure 3.   Distribution of mean age at presentation in 2197 patients with popliteal artery aneurysms. 
 Data are derived from series published between January 1990 and December 2006(1,3,14-60).
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The treatment of asymptomatic aneurysms is still controversial. Many authors recommend 

elective surgical intervention in patients with low surgical risk who have  asymptomatic 

aneurysms larger than 20 mm with mural thrombosis19,21,23-26. Elective surgery for 

asymptomatic popliteal aneurysms has a very low associated risk of limb loss or 

death6,17,18,25. Lowell et al.21 reported aneurysm diameter exceeding 2 cm, presence of 

thrombus, and poor runoff as risk factors for ischemic complications in a group of 67 

aneurysms treated conservatively. Davidovic et al.24, Duffy et al.1, Vermilion et al.63, and 

Whitehouse et al.64 found that untreated aneurysms smaller than 2 cm in diameter were 

associated with a much lower incidence of complications compared with PAAs larger 

than 20 mm. In contrast, Inahara and Toledo65 found no significant correlation between 

aneurysm sac diameter and risk for complications. 

In the analysis of early-term (<30 days) and long-term results of endovascular and 

surgical repair of PAAs, studies reporting data merely on acutely treated PAAs were 

excluded. The included articles primarily describe elective PAA repair, however, numerous 

articles also include a few symptomatic PAAs. Unfortunately, these patients could not 

be excluded from this review because only a combined patency rate and limb salvage 

rate was given.

Surgical repair

Medial approach

The most common performed surgical technique for PAA repair is the medial approach, 

which consists of a combined supragenicular and infragenicular incision at the medial 

side of the leg. The popliteal artery is exposed and ligated distally and proximally from 

the PAA, after which end-to-end or end-to-side autologous venous or 

polytetrafluoroethylene (PTFE) bypass grafting is performed66. This approach is preferred 

by surgeons because of its technical ease and the accessibility of the great saphenous 

vein through the medial incision. In case of a more proximal or distal PAA, this approach 

remains applicable.

Table 1. Preoperative characteristics.

n Incidence (%)*

Men 2197 94.9(5.6) (76.5-100)

Bilateral aneurysm 1750 44.3(20.0) (13-86)

Cerebrovascular accident 533 11.9(6.8) (3-22)

Acute myocardial infarction 1149 30.9(11.8) (8-52)

Aortic aneurysm 1342 39.2(15.1) (7-80)

Diabetes mellitus 1248 13.0(8.3) (1-41)

Hypertension 1502 49.0(15.1) (9-88)

Hypercholesterolaemia 590 31.4(11.8) (11-61)

Tobacco history 978 56.2(23.7) (20-92)

* Values are means (standard deviation) (range). Data are derived from series published between January 
1980 and December 20061,3,14-60.
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posterior approach

This approach includes a lazy S-shaped incision in the posterior aspect of the knee, with 

dissection in between the medial and lateral head of the gastrocnemius muscle, taking 

care not to injure the tibial nerves and popliteal vein. The popliteal artery is clamped 

superior and inferior of the PAA, after which the aneurysm sac is opened with a 

longitudinal arteriotomy, and mural thrombosis is evacuated. Patent side branches of 

the genicular arteries are interrupted, and autologous venous or PTFE interposition 

grafting is performed with end-to-end anastomoses28,29.  

Early (<30 days) complications

No studies to date have compared the medial and the posterior approach so differences 

in early complications have not been reported. Our analysis, which included both surgical 

approaches, found 1711 PAAs treated by open repair. In-hospital mortality was 2.0% 

(range, 0%3.6%), but all deaths were not directly related to the PAA. Amputations occurred 

in 3.2% of the patients (range, 0%-14.5%). In 3.9% (range, 0%-10%), early graft thrombosis 

occurred and necessitated a reintervention during the same hospital stay. Other 

complications, such as wound infection, foot drop, deep venous thrombosis and 

hematoma, are summarized in Table 21,3,14,15,17,21-30,32,36-39,41,44,46,49,51,53-55,58-60.

Endovascular repair

Endovascular procedure

The advent of endovascular technology and its application in the treatment of aortic 

aneurysms has led to increased adaptation of these techniques for the treatment of PAAs. 

This intervention is mostly performed under local anesthesia. The approach is from an 

ipsilateral antegrade common femoral artery puncture with an 8F to 14F sheath or, 

seldom, through an open exposure of the femoral artery. The selection of the appropriate 

stent graft is determined by measurements of landing zone diameters and lengths29,30. 

In most studies a self-expanding nitinol-supported stent graft is used, for example the 

Table 2. Thirty-day complication rates in open versus endovascular repair of PAAs.

OR ER

Mortality 2.0 (0-3.6) 1.3 (0-11)

Amputation 3.2 (0-15) 0

Occlusion 3.9 (0-10) 3.6 (0-22)

Wound infection 4.7 (0-20) 0

Foot drop 1.3 (0-5) 0

DVT 1.6 (0-9) 0

Haematoma 3.4 (0-7) 0.5 (0-4)

Endoleak x 4.5 (0-14)

*Values are presented in percentage of and are means (range). Data are derived from series published between 
January 1980 and December 2006 associated with 1711 PAA open repaired and 176 PAAs endovascular 
repaired(1,3,14,15,17,21-30,32,36-39,41,44,46,49,51,53-55,58-60). OR: open repair, ER: endovascular repair, DVT: deep venous 
thrombosis
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Hemobahn and Viabahn stent grafts (W.L. Gore & Associates, Inc, Flagstaff, Ariz). 

Endovascular graft repair has the advantage of being minimally invasive.

Early (<30 days) complications

Of 176 PAAs repaired endovascularly, 8 were treated for acute ischemia and 4 because 

of rupture. The 8 PAAs leading to acute ischemia were treated with thrombolysis and 

subsequent stent grafting. Only 1 patient (0.5%) died after endovascular treatment due 

to an unrelated cause. No amputations were necessary in any study. In 3.6% (range, 0% 

to 22%), an occlusion of the stent graft was reported that needed reintervention. Only 1 

patient was converted from an endovascular PAA repair to an open repair. During the 

30-day period, 4.5% (range 0-14) experienced an endoleak29,30,44,47,49,51,54,60 (Table 2).

Late results of intervention

Surgical repair

The reported overall 5-year primary patency rates for surgical repair of PAA are 66% to 

86%, with mean 5-year limb salvage rates of 93% (range, 86% to 99%) (Table 3)1,3,14,16-18,21-

23,27-29,32,34,36-38,41,46,53,55. Operative results are closely related to the presence of symptoms, 

the status of distal outflow, and the type of graft material. Results for prosthetic grafts 

are inferior to vein grafts: 5-year primary patency rates are 81% to 94% for venous grafts 

and 40% to 81% for prosthetic grafts16,18,21,38,46,55. Outcomes for patients undergoing 

elective repair of their PAA are favorable for acute repair, especially when asymptomatic 

and distal vessel runoff is preserved3,17,21,40,55,59.

A disadvantage of the medial approach is that it does not exclude side branches with 

their origin in the PAA. These can be responsible for persistent retrograde perfusion in 

the ligated aneurysm sac and eventually lead to persistent aneurysm enlargement and, 

worse, rupture31-35,67. A disadvantage of the posterior approach is that it is technically 

more challenging compared with the medial approach because the tibial nerve and 

popliteal vein are often densely adherent to large aneurysms.

Endovascular repair

Published results show 47% to 89% 1-year primary patency rates for endoluminal  

repair of PAA, with 100% 1-year limb salvages rates in all studies. With our PubMed 

search, we only found 2 studies with 3-year primary patency rates, which were  72% 

and 75% (Table 4).

Data are derived from series published between January 1980 and December 2006.

Potential advantages of endovascular repair of PAA include eliminating the need for open 

surgery in high-risk patients and morbidity of wound complications, and it is cost-

efficient due to reduced intervention time and hospital stay29. However, unique 

complications are seen after PAA endovascular intervention in up to 14% of patients, 

including graft migration and endoleak29,30,44,47,49,51,54,60.

In the only prospective randomized trial, Antonello et al.29 described no significant 

difference in early mortality, morbidity, and patency between surgical repair and 

endovascular repair. This study reported 2-year primary patency rates of 100% for open 
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Table 4. Reported primary patency, secondary patency and limb salvages after endovascular treatment of 
popliteal artery aneurysm.

Primary patency Secondary patency Limb salvage 

Reference

Ye
ar

1 
ye

ar

3
 y

ea
rs

5
 y

ea
rs

1 
ye

ar

3
 y

ea
rs

5
 y

ea
rs

1 
ye

ar

3
 y

ea
rs

5
 y

ea
rs

Henry et al.47 2000 78 — — 86 — — — — —

Rosenthal et al.54 2000 89 — — — — — 100 — —

Howell et al.49 2002 69 — — 93 — — 100 — —

Tielliu et al.60 2003 74 — — — — — — — —

Gerasimidis et al.44 2003 47 — — 75 — — 100 — —

Antonello et al.29 2005 87 — — 100 100 — 100 100 —

Tielliu et al.30 2005 80 72 72 90 77 77 100 100 100

Mohan et al.51 2006 80 75 — 89 83 — 100 — —

Table 3. Reported primary patency, secondary patency, and limb salvages after surgical repair of popliteal 
artery aneurysm. 

Primary patency Secondary patency Limb salvage

Reference

Ye
ar

1 
ye

ar

3
 y

ea
rs

5
 y

ea
rs

1 
ye

ar

3
 y

ea
rs

5
 y

ea
rs

1 
ye

ar

3
 y

ea
rs

5
 y

ea
rs

Dawson et al.18 1991 85 85 75 — — — 95 95 95

Shortell et al.17 1991 90 78 72 — — — 94 94 94

Roggo et al.16 1993 — — 69 — — — — — 94

Carpenter et al.14 1994 93 80 71 — — — 93 90 90

Hagino et al.46 1994 95 95 — — — — 100 100 —

Lowell et al.21 1994 — — — — — — 96 96 94

Varga et al.22 1994 — — — — — — 100 — —

Sarcina et al.55 1997 95 82 78 — — — 97 88 86

Duffy et al.1 1998 85 71 — 92 85 — 96 96 —

Reix et al.53 2000 91 — — — — — 100 — —

Galland et al.41 2002 90 72 — — — — — — —

Ascher et al.36 2003 72 — — — — — 94 — —

Jones et al.32 2003 — — 86 — — — — — —

Mahmood et al.28 2003 77 69 69 96 87 87 — — 87

Aulivola et al.23 2004 96 88 85 100 75 97 98 — 98

Blanco et al.37 2004 89 — 79 91 — 79 99 99 99

Mehta et al.34 2004 — 81 75 — 94 94 — — 96

Antonello et al.29 2005 100 91 — 100 91 — 100 100 —

Bourriez-PTFE et al.38* 2005 83 51 — 95 88 — 100 100 —

Bourriez-venous et al.38† 2005 96 94 — 99 99 — 99 99 —

Beseth et al.27 2006 92 — — 96 — — 100 — —

Pulli et al.3 2006 80 74 66 — — 84 94 90 87

Data are derived from series published between January 1980 and December 2006. * PTFE, † venous
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repair and 80% for endovascular repair. At 3 years, the secondary patency rate was 90.9% 

for the surgical treatment and 100% for the endovascular treatment 29. 

To know the exact indication of endovascular treatment in the repair of PAAs, more and 

larger trials have to be performed to investigate the early-term and long-term patency 

and the different selection criteria’s.

ConCLUsIon

Popliteal artery aneurysms are relatively rare, with an incidence of 0.1% to 2.8%. A patient 

with a PAA must be screened to see if it is a contralateral PAA and if an aortic aneurysm 

is also present. The cutoff point for elective treatment of a PAA seems to be a diameter 

of 20 mm. Currently, only 1 randomized trial comparing short-term results of open and 

endovascular repair of PAAs has been published, and no significant difference was found 

between the treatments. Both intervention modalities have acceptable early results, 

1-year patency rates, and limb salvage rates. Endovascular treatment lacks long-term 

follow-up, whereas venous surgical repair has an average 5-year patency rate of as high 

as 85%, which is better than prosthetic repair. More randomized trials comparing both 

intervention modalities are needed. In any case, acute repair of PAAs must be avoided.
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ABstRACt

Objectives

This study was conducted to compare the early and mid-term results of the medial and 

posterior approaches in the surgical treatment of popliteal artery aneurysms (PAAs). 

Methods

From 1992 to 2006 in three hospitals, 110 popliteal aneurysms needed surgical repair by 

either a posterior or a medial approach. Thirty three out of thirty six aneurysms repaired 

by the posterior approach could be case-matched to a medial excluded PAA according 

to the criteria of (1) patient age, (2) cardiovascular comorbidity, (3) indication for PAA 

repair, (4) diameter of PAA at time of surgical repair, (5) number of distal outflow vessels 

at time of surgical repair, and (6) type of bypass or interposition graft (venous or 

polytetrafluoroethylene).

Results

During the 30-day postoperative period, seven complications (21%) occurred in each 

group, no patients died, and no amputations were necessary. Two patients in the posterior 

group versus none in the medial group (p < .05) needed thrombectomy because of 

occlusion of the reconstruction. The mean follow-up was 47 months (range, 2 to 176). 

In this period, 13 deaths occurred, but none were related to the previous interventions. 

The primary patency rates at 6 months and at 1, 3, and 4 years were 84%, 79%, 66%, and 

66% in the posterior group and 96% (p<0.05), 93% (p<0.05), 76% (p=NS), and 69 % (p=NS) 

for the medial group, respectively. The secondary patency rates at 6 months, and at 1, 

3, and 4 years were 100%, 100%, 100%, and 90% in the posterior group and 96%, 96%, 

96%, and 90% in the medial group, respectively (p = NS). Limb salvage rates were 97% 

for the posterior and 100% for the medial group (p = NS). No neurologic complications 

or venous damage was seen in either group. Irrespective of approach, venous 

reconstructions resulted in significantly higher patency rates compared to prosthetic 

reconstructions at 3-year follow-up (84% versus 67%, p< .01). During follow-up, including 

duplex scanning, two patients in the medial group needed renewed surgical intervention 

and posterior exclusion because of persistent flow and growth of the native aneurysm.

Conclusion

Early (< 1 year) primary patency rates of the medial approach were significantly better 

than the posterior approach, maybe due to the limited posterior exposure. However, in 

the absence of a significant difference in long-term primary and secondary patency rates 

between the posterior and medial approach, and considering the substantial risk of 

aneurysm growth after medial approach (up to 22%), the posterior approach might be 

the surgical method of preference for PAA repair on the long run.
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IntRoDUCtIon

Even though popliteal artery aneurysm (PAA) is uncommon, with an incidence of 0.1% 

to 2.8%, it is the second most frequent location of arterial aneurysms.1-4 An untreated 

PAA will lead to complications within a 5-year interval in 68% to 74% of patients.1,3,5,6  

The main complications of PAA include distal embolization, thrombosis, and rupture. 

Thromboembolic complications carry a high risk of major amputation (20% to 59%) and 

even mortality (up to 11%).7,8 In contrast, elective repair can be performed with minimal 

chance of limb loss on the long term (<10%).1,3 PAAs >2 cm in diameter in patients with 

a low surgical risk are generally considered an indication for elective surgical 

intervention.2,5

The most common performed surgical technique for PAA repair is the medial approach 

with proximal and distal aneurysm ligation, followed by autologous vein or 

polytetrafluoethylene (PTFE) bypass grafting. The 5-year primary patency rates for this 

technique are 50% to 86%.1,7-12 This technique does not, however, exclude side branches 

with their origin in the PAA, which can be responsible for retrograde perfusion in the 

ligated aneurysm sac and eventually lead to aneurysm enlargement and worse, 

rupture.13-18 Direct exclusion from an extended medial incision is technically possible, 

with transection of the sartorius, gracilis, semimembranosus, and semitendinosus 

tendons. The only structure in the way is the medial head of the gastrocnemic muscle 

which might be rather easily to work around. Through such an extended medial incision 

the entire popliteal artery can be exposed then.

An alternative technique is the posterior approach. This technique includes a curved 

incision in the fossa poplitea, followed by direct opening of the aneurysm sac, interrupting 

patent side branches of the genicular arteries, and autologous venous or PTFE 

interposition grafting. Hereafter, retrograde perfusion of the aneurysm sac can no longer 

occur. The disadvantages of the posterior approach might be more dissection-related 

complications compared with the medial approach. So far, little is known about the 

results of this posterior technique. In a recent, noncontrolled case series that reported 

on early and mid-term outcomes of PAA repair with the posterior approach, the 2-year 

primary patency rate was 92.2%.19

The aim of this study was to perform the first head-to-head comparison of both the 

medial and posterior approach in the treatment of PAA. To minimize selection bias and 

confounding, a case-matched study was conducted. 

MetHoDs

All patients admitted for a PAA from January 1992 to July 2006 at St. Antonius Hospital, 

Nieuwegein; University Medical Center, Utrecht; and Atrium Medical Center, Heerlen, 

The Netherlands, were identified by a computer database search using the International 

Classification of Diseases code for PAA. The operation records of all patients were 

reviewed. Only patients with a posterior approach or medial approach for repair of PAA 
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were included in this study. In all three hospitals a dorsal approach is only performed if 

the popliteal aneurysm doesn’t extent to the proximal boundary of the P1 segment of 

the popliteal artery. Both approaches had to be able to be performed in the selected 

patients, which excluded aneurysms passing above the Hunter canal ( n = 31). This 

substantial amount of  aneurysms could not be operated through a posterior approach 

and were operated through a medial approach. All computerized medical reports and 

patient characteristics of the two groups were reviewed to collect variables for case-

matching. The registry review identified 110 PAAs, of which 74 were repaired through 

the medial approach and 36 were treated by the posterior approach.

Case-matching

Because of the smaller number of posterior treated popliteal aneurysms each of these 

36 aneurysms was tried to match with an aneurysm that underwent medial exclusion by 

ligation just proximally and distally of the popliteal aneurysm, for the following formerly 

defined prognostic criteria3,8: 

1. patient age ± 12 years,

2. cardiovascular comorbidity—coronary artery disease, yes or no,

3.  indication for PAA repair—symptomatic acute, symptomatic chronic, or asymptomatic 

and growth, 

4. diameter of PAA ± 9 mm at time of surgical repair, 

5.  number of distal outflow vessels at time of first surgical repair—none, one, two, or 

three (as measured with duplex ultrasound imaging, digital subtraction angiography 

or magnetic resonance arteriography [MRA]), and

6.  type of bypass or interposition graft (autologous vein or PTFE). 

In three aneurysms treated by the posterior approach, case-matching was not possible 

because the PAA diameter was >70 mm (n = 2) and the patient was 90 years old (n = 1). 

These patients were excluded from further analysis.

Surgical technique

The posterior approach includes a lazy S-shaped incision in the posterior aspect of the 

knee, with dissection in between the medial and lateral head of the gastrocnemic muscle, 

taking care not to injure the tibial nerves and popliteal vein. The popliteal artery is clamped 

superior and inferior of the PAA, after which the aneurysm sac is opened with a 

longitudinal arteriotomy and mural thrombosis is evacuated. Patent side branches of the 

genicular arteries are interrupted, and autologous venous or PTFE interposition grafting 

is performed with end-to-end anastomoses.8,19,20

The medial approach consists of a combined supra and infra genicular incision at the 

medial side of the leg. The popliteal artery is exposed and ligated distally and proximally 

from the PAA, after which an end-to-end or end-to-side autologous venous or PTFE 

bypass grafting is performed.21

All patients received 5000 IU of heparin before cross-clamping the popliteal artery and 

80 mg acetylsalicytic acid (ASA) daily for at least 3 months postoperative. 
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Data collection

The following additional preoperative variables were collected for the 66 matched 

aneurysms: gender, presence of bilateral PAA, presence of abdominal aortic aneurysm, 

symptoms (acute, chronic, or asymptomatic), diameter of the PAA, vascular risk factors, 

type of preoperative imaging, and the use of preoperative urokinase treatment. 

Perioperative variables collected were type of bypass/interposition graft (great saphenous 

vein, PTFE) and 30-day complications. Follow-up variables were hemodynamic stenosis 

or occlusion of the bypass/interposition graft, renewed symptoms, endovascular or 

surgical reinterventions, absence or existence of flow in the PAA, major amputation of 

the ipsilateral leg, and mortality.

Follow-up

The surveillance program consisted of postoperative clinical and ultrasonographic or 

MRA examinations at 1, 6, and 12 months, and yearly thereafter. Graft patency was 

assessed, including the native artery proximal and distal of the anastomoses. In addition, 

flow in the eliminated aneurysm sac was examined using duplex ultrasound imaging. 

Definitions

Primary patency was defined as uninterrupted flow (<50% stenosis) in the bypass/

interposition graft with neither an additional procedure performed nor an intervention 

to solve disease progression in the adjacent native vessel.  If a minor procedure such as 

percutaneous transluminal angioplasty was necessary to protect patency, and the bypass 

was not occluded, the designation assisted primary patency was used. Secondary patency 

was defined as restoration of graft patency by percutaneous or surgical intervention 

because of occlusion or technical problems with the graft or the anastomoses.22 Acute 

limb ischemia was classified according to the acute limb ischemia classification by 

Rutherford et al.22

Statistical analysis

Standard descriptive statistics were used. PAAs that were repaired by the posterior 

approach were compared with matched PAAs treated by the medial approach with 

primary, primary assisted, and secondary patency rates after 6 months and 1, 3, and 5 

years. Patency rates were computed using the Kaplan-Meier method and compared with 

the log-rank test. Values were compared by the Student t test, X2 test, and the Fisher 

exact test, as appropriate. A two-tailed P < .05 was considered statistically significant. 

The analysis was performed using SAS 8.2 software (SAS Inc, Cary, NC).

ResULts

Preoperative characteristics

Table I shows the preoperative characteristics of both the medial and posterior group. 

Adequate matching was obtained for all matching criteria. In addition, there were no 
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differences between groups for incidence of cerebrovascular accidents, hypertension, 

hyperlipidemia, diabetes mellitus, smoking, or concomitant abdominal aortic aneurysm. 

Only the incidence of contralateral PAA differed significantly between both groups 

(posterior, 48% vs medial, 85%, p = .002).

The patients of the 66 case matched PAAs had a mean age of 72 years (range, 56 to 85 

years), and 94% were men. Forty-four patients (67%) of the whole cohort had bilateral 

PAAs, of which 32 popliteal aneurysms had not to be treated because of asymptomatic 

aneurysms < 20mm. The remaining contralateral PAAs were treated surgically (n = 11) 

and endovascularly (n = 1). Thirty-three (50%) had a concomitant abdominal aortic 

aneurysm. All PAAs were of atherosclerotic origin. The mean diameter of the PAAs at the 

time of intervention was 32 ± 10 mm (range, 17 to 58 mm) confirmed by duplex 

ultrasonography, Computed Tomography angiography, or Magnetic Resonance 

Arteriography. These modalities were also used to rule out significant thrombus at the 

planned proximal and distal anastomosis.

The PAAs were asymptomatic in 25 (38%) of the 66 cases, and indication for surgical 

intervention in these patients was yearly growth of >10%, with an absolute mean diameter 

of 31 ± 8 mm. Another 15 patients (23%) presented with disabling intermittent claudication 

(8 in the posterior group, 7 in the medial group;  p = NS), and 13 patients (20%) presented 

with local compression symptoms caused by the aneurysm (6 in the posterior group, 7 

in the medial group; p = NS). 

Thirteen patients (20%) had acute symptomatic PAAs (7 posterior, 6 medial, p = NS), 12 

patients (7 posterior, 5 medial) presented with critical ischemia owing to thromboembolic 

complications, and one patient presented with a ruptured PAA. 

A digital substraction angiography was performed in the 12 patients with acute ischemia. 

Before undergoing surgical repair, four patients had thrombolytic therapy with urokinase 

(90,000 IU/h intraarterial) for a maximum of 72 hours. Thrombolysis was successful in 

three patients. One patient showed no clinical or angiographic improvement after 24 

hours of thrombolysis and underwent a thrombectomy and an interposition graft. 

The other eight patients (4 in the posterior group, 4 in the medial group) with acute 

ischemia underwent urgent operation because of immediately threatening acute limb 

ischemia that precluded thrombolytic pretreatment. Before bypass or interposition 

grafting, thrombectomy of the crural arteries was performed and outflow from at least 

one crural artery was achieved.   

Operative details

Autologous vein was the preferred graft material, with the ipsilateral reversed great 

saphenous vein most commonly used in 36 patients. The lesser saphenous vein was 

used in 12 patients, and a prosthetic graft was implanted in the remaining 18 (27%). The 

medial group had 24 great saphenous vein reconstructions (73%) and 9 prosthetic 

reconstructions (27%). In the posterior group 12 greater saphenous vein reconstructions 

(37%), 12 lesser saphenous vein reconstructions (36%), and also 9 (27%) prosthetic 

reconstructions were performed. The number of patent crural arteries was one in 15%, 

two in 36%, three in 42% of the patients, and was unknown in 4 patients (Table 1). 
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Perioperative (30 days) results

The 30-day postoperative mortality rate was 0% in both groups, and no amputation was 

necessary. Postoperative complications are summarized in Table 2. Seven complications 

(21%) occurred in both groups. In the posterior group, there were two occluded venous 

interposition grafts (successful thrombectomy in both patients) in the first 24 hours 

post-operative, one compartment syndrome (dermato fasciotomy), one deep wound 

infection (surgical drainage), and three superficial wound infections (intravenous 

antibiotics). In the medial group, there were two patients with a compartment syndrome 

(dermato fasciotomy), one patient each with saphenus nerve neuralgia, an infected 

seroma (surgical drainage), and postoperative bleeding (re-exploration), and two 

superficial wound infections (intravenous antibiotics). 

The perioperative 30-day primary patency rate for the posterior approach was 94% versus 

100% in the medial group (p < .05), secondary patency rates for both groups were 100%.

Table 1. Preoperative characteristics.

Posterior Group
n (%)

Medial Group
n (%)

Patient total 33 33

Age (years) 65 ± 9 65 ± 10

Abdominal aortic aneurysm 16 (48%) 17(51%)

Contralateral PAA 16 (48%) 28 (85%)*

Vascular risk factors

    Coronary heart disease 10 (30%) 9 (27%)

    Cerebrovascular accident 2 (6%) 3 (9%)

    Hypertension 15 (45%) 16 (48%)

    Hyperlipidemia 10 (30%) 8 (24%)

    Diabetes mellitus 4 (12%) 3 (9%)

    Smoking 17 (52%) 13(39%)

Symptoms/indication for intervention

    Symptomatic, acute 7 (21%) 6 (18%)

    Symptomatic, chronic 14 (42%) 14 (42%)

    Asymptomatic 12 (36%) 13 (39%)

Diameter PAA (mm) 32±10 32±10

Operative details

    Runoff status (vessels)

         0 0 (0%) 0 (0%)

         1 5 (15%) 5 (15%)

         2 12 (36%) 12 (36%)

         3 14 (42%) 14 (42%)

         n.a. 2 (6%) 2 (6%)

    Venous bypass graft 24 (73%) 24 (73%)

    PTFE bypass graft 9 (27%) 9 (27%)

PAA, Popliteal artery aneurysm; PTFE, polytetrafluoroethylene.  * p = .002
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Long-term results

Mean follow-up was 47 months (range, 2 to 176 months), and no patient was lost to 

follow-up. Although 13 deaths (10 in the medial group, 3 in the posterior group) occurred 

during follow-up, none was related to previous interventions. 

Posterior group

One patient (3%) underwent a successful percutaneous transluminal angioplasty (PTA) 

because of a >75% symptomatic stensosis of the interposition venous graft. Two patients 

underwent a percutaneous endovascular intervention because of an occlusion of the 

graft. Both attempted interventions failed, but because of mild clinical complaints, no 

surgical intervention was indicated. One patient required a renewed interposition graft 

because of an infected PTFE interposition graft. Owing to occlusion and restenosis of 

the interposition graft, and despite of two endovascular attempts, a transtibial amputation 

was necessary. A symptomatic proximal anastomotic aneurysm developed in another 

patient and was repaired with an interposition graft.

Medial group

A successful PTA was performed because of a >75% symptomatic stenosis of the bypass. 

Four endovascular interventions were necessary because of occlusion of the bypasses, 

and all interventions were initially successful. During follow-up of those four patients, 

surgical revision of the bypass was necessary in two patients because of reocclusion, 

another endovascular reintervention was needed owing restenosis with severe clinical 

complaints, and one patient with mild complaints did not need a reintervention. A 

symptomatic proximal anastomotic aneurysm was treated with an interposition graft. 

Two patients in the medial group showed growth of the aneurysm during follow-up 

(after 80 and 120 months) despite proximal and distal aneurysm ligation. Both PAAs 

became symptomatic again; in one patient the PAA ruptured, and the other presented 

with local compression symptoms. Both were successfully treated with a posterior 

approach, opening of the PAA, and interrupting of the side branches.

Table 2. Thirty-day postoperative complications.

Posterior Group
n, (%)

Medial Group
n, (%)

Patients 33 33

No complication 26 (79%) 26 (79%)*

Wound infection 3 (9%) 2 (6%)*

Wound infection deep 1 (3%) 0 (0%)*

Bleeding 0 (0%) 1 (3%)*

Occlusion 2 (6%) 0 (0%)†

Fasciotomy 1 (3%) 2 (6%)*

Amputation 0 (0%) 0 (0%)*

Others 0 (0%) 2 (6%)*

* p = not significant. † p = <.05
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Kapler-Meier life table analyses of primary and secondary patency of the medial and 

posterior groups are shown in Figure 1 and Figure 2. The primary patency rates at 6 

months, and 1, 3, and 4 years were, respectively, 84%, 79%, 66%, and 66% in the posterior 

group and 96% (p < .05), 93% (p < .05), 76% (p = NS), and 69% (p = NS) for the medial 

group. At 6 months and 1 year, the respective assisted primary patency rates were 84% 

and 80% for the posterior group and 100% and 96% for the medial group (p = .04). The 

respective assisted primary patency rates at 3 and 4 years were 80% and 80% for the 

posterior group and 85% and 78% for the medial group (p = NS). The secondary patency 

rates at 6 months, and 1, 3, and 4 years were, respectively, 100%, 100%, 100%, and 90% 

in the posterior group and 96%, 96%, 96%, and 90% in the medial group (p = NS). Limb 

salvage rates were 97% in the posterior group and 100% in the medial group (p = NS). 

Long-term (4 year) primary and secondary patency rates of the 44 PAAs which were 

excluded from this case-matched study were 68% and 91% respectively, and were not 

significantly different compared to the included PAAs. 

The primary patency of autologous venous bypasses and PTFE grafts is shown in Figure 3. 

At the 3-year follow-up, the primary patency rate of the venous bypasses was significantly 

better compared with prosthetic grafts (84% vs 67%, p < .01). This was irrespective of 

approach (medial group 86% vs 68% and dorsal group 84% vs 65%).

No neurologic complications or problems related to the deep venous system occurred 

in either group.

Figure 1. Kaplan-Meier life table analysis of primary patency after surgical repair of popliteal artery aneurysm 
through a medial or posterior approach (log-rank, p = .4187).
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Figure 2. Kaplan-Meier life table analysis of secondary patency after surgical repair of popliteal artery aneurysm 
through a medial or posterior approach (log-rank, p = .9720).

Figure 3. Kaplan-Meier life table analysis of primary patency after surgical repair of popliteal artery aneurysm 
PAA through a medial or posterior approach with either an autologous venous or polytetrafluoethylene 
(PTFE) bypass graft (log-rank, p = .0196).
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DIsCUssIon

This study is the first head-to-head comparison of the initial and mid-term outcomes 

of both the medial and posterior approach in the treatment of PAAs. According to 

evidence-based medicine guidelines, a retrospective case-matched study will yield the 

highest level of evidence in the absence of a prospective, randomized trial.23 Furthermore, 

the entire medial group was a mixture of  subgroups with varying exclusion techniques: 

some medial approached patients had their proximal ligation not just proximal of the 

aneurysm, but at the origo of the superficial femoral artery in the groin. Some patients 

had only proximal ligation and no distal ligation of the PAA, and some patients were 

treated by an extended medial approach with direct exclusion of the PAA. By mutual 

agreement with our statisticians we decided to case match popliteal aneurysms treated 

by a posterior approach and aneurysms repaired by a medial approach with ligation just 

proximally and distally from the PAA.

The medial approach with proximal and distal aneurysm ligation is by far the most 

commonly used surgical technique for PAA repair.24 It might be preferred by surgeons 

because of its technical ease, safety, and the accessibility of the great saphenous vein 

through the medial incision. However, several recent publications have pointed out that 

after the medial approach, late aneurysm growth owing to retrograde flow through 

remaining side-braches of genicular arteries still can occur. This might lead to mechanical 

complications and sometimes even rupture.13-18 To overcome this problems, the extended 

medial approach is used by some surgeons. Working around the medial head of the 

gastrocnemic muscle direct exclusion of the PAA will be possible. In our medial group 

<15 patients were treated by use of this technique.

One of the main advantages of the posterior approach is the definitive exclusion of the 

PAA, which has been proposed by several authors.8,19 This method seems to be 

technically more challenging compared with the medial approach because the tibial 

nerve and popliteal vein are often densely adherent to large aneurysms by which  

exposure might be limited. Harvesting the great saphenous vein is often challenging 

through one posterior incision, which makes diversion to a separate medial incision or 

to harvest the lesser saphenous vein sometimes necessary. Popliteal aneurysms which 

extend above the Hunter canal are basically excluded to expose through a posterior 

approach.  

The present study found no significant differences in long-term outcomes between the 

posterior and medial group in repair of PAAs not passing above the Hunter canal, in other 

words, not passing the proximal boundary of the P1 segment. Postoperative complications 

and primary, assisted primary, and secondary patency, and limb salvage rates were similar 

between the groups. 

However, in the posterior group, two early (<24 hours) occlusions occurred. This lead 

to a significant difference in primary and assisted primary patency rates between the two 

groups perioperative, at 6 months and after 1 year of follow-up. Patients of the posterior 

and medial group reaching 6 months without a stenosis or occlusion, had no significant 

difference in 1 year primary patency (P = 0.80). Therefore, the significant difference in  
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1 year primary patency between both groups is likely to be caused by the two early 

occlusions in the posterior group. Maybe the limited exposure was detrimental and cause 

of this early thrombotic complications. On the other hand, no anastomotic related failure 

could be found in both patients and no anastomotic revisions had to be performed. No 

significant kinking of the grafts were found during re-exploration on additional 

angiographies with the knee joint > 90 degrees flected. After thrombectomy, both grafts 

remained patent during long-term follow-up without renewed intervention. 

No neurologic complications or problems related to the deep venous system were seen 

in the posterior or the medial groups. 

In two retrospective studies, Mahmood et al.8 and Martelli et al.25 performed an univariate 

analysis to identify risk factors for graft failure after PAA repair using either the posterior 

or the medial approach. As in the present study, no significant differences for primary 

patency and the limb salvage between the posterior and medial approach were observed.

Beseth et al.19 reported a 2-year primary patency of 92.2% and a 2-year secondary 

patency of 95.8% for repair of PAA through the posterior approach. In our series, primary 

patency at 2 years was 66% and secondary patency was 100%. The low primary patency 

rate in our posterior group could partly be explained by the two early technical failures. 

The 4-year primary patency rate of 69% after the medial approach in this study is 

comparable with patency reported in literature of 50% to 86%.1,7-12

According to many authors, the graft material seems to influence the initial and mid-term 

results.1,3,7,24,26,27 In our series, the graft material also influenced the primary patency at 1, 

2, and 3 years. At 3 years, primary patency in the group treated with autologous venous 

graft was 84% vs 67% for the PTFE group (p < .01). This was irrespective of the kind of 

approach. So, in contrary to some studies in literature, venous posterior reconstructions 

proved to be better compared to prosthetic reconstructions. However, the small amounts 

of patients (9 prosthetic reconstructions in each group) and the retrospective character 

of this study have to be taken into account. 

As mentioned earlier, a major disadvantage of the medial approach is the risk of remaining 

patent side branches of the aneurysm sac. In the present series, two patients in the medial 

group showed postoperative flow and aneurysm growth that required immediate 

reintervention. The reported incidence of postoperative aneurysm growth after the 

medial approach is 22% to 33%, and approximately 50% is associated with 

complications.12-18 This seems to justify a regular yearly follow-up with duplex ultrasound 

imaging. Notably, loss of patency after the posterior approach in the present study 

occurred ≤2 years of follow-up in all cases. This suggests that a follow-up period of 2 

years after repair of a PAA with a posterior approach might be sufficient.

Thrombolytic therapy has been widely advocated for occluded PAAs with acute ischemia 

before surgical revascularization; however, the limb must be capable of withstanding an 

additional period of ischemia. Therefore, thrombolytic pretreatment is discouraged in 

patients with level IIb acute limb ischemia or irreversible major tissue changes.22,28,29  

In only four studied patients (33%) with acute ischemia caused by thromboembolic 

complications did the level of ischemia allow preoperative thrombolysis.
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If a PAA is passing above the Hunter canal, repair with a medial approach should primarily 

be performed, as is the case with PAAs combined with obstructions in the femoral 

superfical artery.

The present study has some limitations. Although the number of patients presented is 

in line with many published reports, the sample size is small. It was chosen not to simply 

compare the medial group with patients undergoing a posterior approach, because the 

aim was to minimize selection bias and confounding. Consequently, the two groups 

were highly comparable. Of course, owing to the retrospective character of this study, 

selection bias cannot be completely ruled out. 

ConCLUsIon 

Early (< 1 year) primary patency rates of the medial approach are better compared to the 

posterior approach. Maybe the limited exposure is detrimental and cause of some early 

thrombotic complications in the posterior group which require reintervention. Venous 

reconstructions will led to significantly higher patency rates compared to prosthetic 

reconstructions irrespective of the manner of approach. On the long run, no significant 

differences in patency rates between the posterior and medial approach could be found. 

Considering the risk of persistent popliteal aneurysm growth (up to 22%) after distal and 

proximal ligation, the posterior approach might be the preferred surgical method of PAA 

repair at the end.
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ABstRACt

Objectives

A systematic review was performed to summarize outcomes of acute thrombosed 

popliteal artery aneurysms (PAAs) treated with thrombolysis or thrombectomy followed 

by bypass. 

Methods

A systematic review was conducted of data on acute thrombosed PAAs dated January 

1, 1990, through June 30, 2008, using the Cochrane Library, MEDLINE and EMBASE 

databases. Primary endpoint was limb salvage, secondary endpoints were mortality and 

patency of the bypasses.

Results

No randomized trials, eight prospective studies, and 25 retrospective studies with 895 

patients presenting with acute ischemia were included. The mortality rate after surgical 

repair was 3.2 per cent [95 % confidence interval (c.i.) 1.8 to 4.6]. The amputation rate 

was 14.1 per cent [95 % c.i. 11.8 to 16.4]. Thrombolysis before surgery did not result in a 

significant reduction of the number of amputations, compared with surgery 

(thrombectomy and bypass) alone. The mean primary patency rates of the bypasses at 

1, 3, and 5 years were, respectively, 79, 77 and 74 % in the “thrombolysis” group and 71 

(p  = 0.026), 54 (p = 0.164), and 45 % (p = 0.249) in the “thrombectomy”group. Because 

of lack of sufficient data no distinction could be made concerning secondary patency 

rate and limb salvage rate between both groups.

Conclusions

Preoperative and intraoperative thrombolysis result in a significant improvement in 1 year 

primary graft patency rates, but does not result in a significant reduction for amputations 

compared with surgery alone.
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IntRoDUCtIon

Popliteal artery aneurysms (PAAs) are the most frequently encountered peripheral arterial 

aneurysms, with an incidence of 0.1 to 2.8 %1-3. Many authors recommend elective 

surgical intervention in patients with asymptomatic aneurysms larger than 20 mm with 

mural thrombus because of the increased risk of thromboembolic complications4-9. 

Other authors suggest a diameter of 3 cm should be the cutoff point10,11. There is hardly 

any need to exclude PAAs to prevent rupture; in contrast with abdominal aortic 

aneurysms, PAA rupture is rare4,8.  The consequences of acute thrombosis of a PAA are 

both limb- and life-threatening. Because of thromboembolization of the runoff arteries, 

an important risk of major amputation exists despite emergency interventions. Historically, 

surgical thrombectomy of the crural arteries and additional femoropopliteal or 

femorocrural bypass grafting was the treatment of choice. In the 1980s, however, intra-

arterial catheter-directed thrombolysis was successfully attempted to improve arterial 

runoff before surgical revascularization to increase patency rates of peripheral bypass 

surgery12. During recent years, complete endovascular treatment (thrombolysis and 

stentgrafting) has become an alternative to open surgery. 

The goal of this paper is to conduct a systematic review of patients presenting with acute 

thrombosed popliteal artery aneurysms with ischemia and to compare different strategies 

of treatment; preoperative thrombolysis followed by exclusion of the PAA with bypass 

surgery (group A) and surgery alone (crural thrombectomy and bypass surgery, group 

B), using as primary outcome limb loss and as secondary outcomes mortality rate and 

primary patency of the bypasses.

MetHoDs

Literature search

To identify relevant literature, a systematic search was performed in the medical databases 

of Medline (January 1990 through Jun 2008), Embase (January 1990 through Jun 2008), 

and Cochrane Library, comprising the Database of Systematic Reviews (January 1990 

through Jun 2008). The keywords “acute ischemia,” OR “leg ischemia,” OR “acute 

thrombosis,” AND “popliteal artery aneurysm,” OR “thrombosed popliteal artery 

aneurysm,” were used along with synonyms. For endovascular or surgical treatment, we 

used the terms “thrombolysis,” OR “thrombosuction,” OR “endovascular treatment,”OR 

“surgical treatment,” OR “open repair,” OR “bypass,” OR “peripheral bypass”. There was 

no language restriction. 

Criteria for inclusion

Titles and abstracts were screened by two reviewers (R.K. and J.V.) independently to 

identify potentially relevant articles, using the inclusion and exclusion criteria. 

Discrepancies in judgment were resolved after discussion and, when necessary, after 

mediation of a third reviewer (F.M.). First, patients had to be treated for an acute 
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thrombosed popliteal artery aneurysm with either thrombolysis followed by bypass 

surgery, including intraoperative thrombolysis (group A) or surgery alone (crural 

thrombectomy followed by bypass, group B). In some articles, patients with acute 

thrombosed PAAs were not the main subject of the manuscript, but a subpopulation, 

and no detailed information was given of this subgroup. Data was included in this review 

only if there was a separate description of the acute PAAs in the article. Second, at least 

one of the outcome parameters--i.e. limb salvages, mortality and primary graft patency-- 

had to be reported. Third, the study should include a minimum of 5 patients. Fourth, it 

should be an original patient series (studies containing duplicate material were excluded 

and the ones with the best documented material were included for analysis).

Data extraction

The following data were recorded per study: method of data collection (prospective or 

retrospective), selection of patients for the study (consecutive or selected and, if selected, 

inclusion and exclusion criteria). Furthermore, patient characteristics (number of patients, 

sex, age, grade of acute ischemia), relevant risk factors, (i.e., diabetes, smoking, 

hypertension, renal failure) and characteristics of the arterial tree (diameter PAA, number 

of outflow arteries) were recorded. Finally, data about the procedure were collected such 

as technique (medial/dorsal approach, venous/PTFE bypass, endovascular repair), and 

follow-up data. The following outcomes were recorded and analyzed: technical success, 

primary patency, limb salvage, complications, and survival. Technical success was defined 

as restored outflow through at least one patent crural artery in continuation with the 

pedal arch. Primary patency was defined as uninterrupted flow (< 50 % stenosis) in the 

bypass with neither an additional procedure performed nor an intervention to solve 

disease progression in the adjacent native vessel.

Data extraction was done by two reviewers (R.K. and J.V.) independently. Discrepancies 

in judgment were resolved after discussion and, when necessary, after mediation of a 

third reviewer (F.M.). Full text of these articles was retrieved for further analysis.

Data Analysis

Continuous values will be described as means ± standard deviation.  Trial heterogeneity 

was estimated using the Cochrane Q statistic. The I2 statistic, which is the proportion of 

total variation among studies that is likely to be explained by between-study heterogeneity 

rather than chance, is reported. Substantial heterogeneity exists when I2 exceeds 50 %. 

Data were pooled using a fixed-effect model if heterogeneity was limited; a random-

effect model was used when there was significant heterogeneity among the studies. The 

conventional 0.05 level of significance was employed.

Thrombolytic treatment

In 28 per cent of patients, a PAA was diagnosed due to acute symptoms of thrombosis8. 

Patients with acute limb ischemia usually present with limb-threatening ischemia with 

minimal or no sensory loss, which, in the the absence of paralysis is defined as grade IIa 

or, in the presence of sensory loss extending beyond the toes, grade IIb, according to 
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Rutherford acute limb ischemia classification14. Rutherford grade III limb ischemia 

presents with muscle paralysis extending above the foot, profound sensory loss, and 

inaudible arterial and venous Doppler signals14. This classification of acute ischemia is 

very important, because it determines the urgency of the treatment. Thrombolysis, with 

or without additional surgery, has been advised for the treatment of acute ischemia 

Rutherford class I to IIa14. When sensory loss or motor deficit is present (class IIb to III), 

there is no time for thrombolysis and surgery has to be performed immediately.

In recent years, a combination of thrombolysis followed by surgery, or sole endovascular 

treatment consisting of thrombolysis of the PAA and crural arteries and additional 

exclusion of the PAA with use of a covered stent, has been proposed for treatment of 

acute thrombosed PAA. Lysis can clear the thrombosed PAA itself and the runoff arteries 

effectively and might improve inflow and outflow and, therefore, relieve persistent 

ischemia. However, thrombolysis-related complications might occur, the limb must be 

capable of withstanding an additional period of ischemia, and the patient must tolerate 

the administration of a fibrinolytic agent. In the included studies no patients were treated 

with intravenous thrombolysis. Of the 313 patients treated with intra-arterial thrombolysis, 

255 were treated with pre-operative thrombolysis, the remaining 58 were treated with 

intra-operative thrombolysis. Of note is that only 4 out of 22 studies used intra-operative 

thrombolysis. 

ResULts

The initial search yielded 135 articles. After screening of titles and abstract, 101 articles 

were excluded. The most frequent reasons for exclusion were study design (review, case 

report with <5 patients), location of aneurysms and no acute trombosed PAAs. One study 

was excluded after reading the full text. 

Results were collected from 33 series containing data from 895 acute thrombosed PAAs3-

5,7,9-11,13,18-20,23,25-45. Of those 895 patients, intra-arterial thrombolysis was used in 313 

(35%)3,4,7,10,11,18-20,23,27-29,32-34,36-39,4,44,45 (Figure 1). In 223 of 313 PAAs the thrombolytic treatment 

was successful, defined as restored outflow through at least one patent crural artery in 

continuation with the pedal arch, resulting in 71 % success. In 52 (17 %) patients the 

thrombolytic treatment was unsuccessful; all of those patients were treated with 

thrombectomy followed by bypass surgery and were included in the preoperative 

thrombolysis group. In 38 patients results of the thrombolytic therapy were not recorded. 

Only in 142 of the 313 acute thrombosed PAAs treated with thrombolysis details were 

published of complications during thrombolytic treatment (Table 1). Minor bleeding 

occurred in 14 patients (9.9 %), but none required surgical intervention. No major 

bleedings or cerebral vascular accidents were recorded. Most of the retrieved articles 

lacked detailed information concerning Rutherford grade of ischemia, time, total dose 

of thrombolytic treatment, and the number of patent crural arteries.

Of the 895 patients whose data were collected, the acute ischemia classification was 

only noted in 122 patients (17 %). Of these 122 patients 101 (83 %) presented with 
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marginally threatened limb ischemia grade IIa, 18 (15 %) patients presented with grade 

IIb, and 3 (3 %) presented with irreversible limb ischemia grade III. Only in the minority 

of these 122 patients, a description per individual patient of the method of treatment 

was provided.

Surgical vascular repair was performed in 846/895 patients (95 %). In 31 patients a primary 

amputation was necessary. Thrombolysis was followed by surgical repair in 295 of 313 

patients. After thrombolysis, 18 patients did not undergo surgery, nine (3 %) were not fit 

for any surgery, and nine (3 %) received an endograft. 

Data on the surgical approach was available for 372 of the 846 patients (44 %). A medial 

approach was used in 312 PAAs (84 %) and the posterior approach in 60 (16 %). In only 

Table 1. Complications due to thrombolysis in 142 PAA3,4,7,10,11,15,16,17,20,24,26,29,30,34-36,38,41,42.

% SD (%)

Haematoma 2.8 16,5

Minor bleeding 9.9 29,8

Major bleeding 0.0

Acute leg detoriation 3.5 18,4

Foot drop 2.1 14,4

Pneumonia 0.7 8,4

Mortality 0.0

Figure 1.  Flow chart of the treatment modalities of patient group A and B.
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402 patients was the type of conduit recorded, comprising a vein graft in 318 patients 

(79 %) and a prosthetic graft in 84 (21 %). No detailed information was given concerning 

the type of prosthetic material used.

Early outcome (< 30 days) of acute thrombosed PAA

A 30-day fixed effect pooled mortality rate of 3.2 % [95 % confidence interval (c.i.) 1.8 to 

4.6] was determined in 564 of 895 patients. Data concerning the mortality rates between 

both groups is too limited. The major amputation rate within 30 days was 14.1 % [95 % 

c.i. 11.8 to 16.4] (I2 = 27 %) of the 895 acute thrombosed PAAs because of irreversible 

ischemia. Of these amputations, 31 (20 %) were performed without previous thrombolysis 

or bypass surgery. Thrombolysis before surgery resulted in a non-significant 2.3 per cent 

[95 % c.i. -12.7 to 8.2; p = 0.688] absolute reduction of the number of amputations 

compared with thrombectomy followed by bypass (Figure 2).

Long-term results of acute thrombosed PAAs

The mean primary patency rates at 1, 3, and 5 years after the bypass of the acute 

thrombosed PAAs were, respectively, 79 % ± 19.0 (n = 57) , 77 % ± 6.3 (n = 36), and 74 % 

± 6.3 (n = 7) in group A and 71 % ± 12.8 (n = 88)  (p = 0.026) , 54 % ± 26.0 (n = 37) (p = 

0.164), and 45 % ± 28.4 (n = 16) (p = 0.249) in group B (Table 2). 

Figure 2. Amputation rate with or without preoperative thrombolysis in acute thrombosed popliteal artery 
aneurysms. Q-test: p  = 0.0009, I2 = 65% [95 per cent c.i. 35.3 to 81.1]
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Because of the small group size no distinction between the different approaches and 

the different types of conduit could be made.

Because of lack of data in the included studies no distinction between group A and group 

B could be made concerning mean secondary patency rates and mean limb salvage 

rates. The mean secondary patency rates and mean limb salvages rates at 1 year were, 

82% ± 24.6 ( n = 74) and 85% ± 10.4 (n = 94), respectively and at 5 years, 80% ± 14.0 ( n 

= 26) and 76% ± 13.1 (n = 41), respectively.  

DIsCUssIon

Thrombolysis before surgery results in a significant improvement in 1 year primary graft 

patency rates compared with surgery alone. There is no effect concerning reduction in 

amputation rate.

No level 1 evidence can be obtained concerning this limb and life threatening subject. 

Remarkably, most published studies are conducted with retrospective data, and almost 

every study lacks important characteristics (grade of ischemia, type of graft material, 

outflow crural arteries, conduction of dermatofasciotomy, surgical approach), or long 

follow-up.

The reported overall 5-year primary patency rates for elective surgical repair of non-acute 

symptomatic PAA are 66 to 86 per cent8. In this review primary patency rates for acute 

symptomatic PAAs were 74 % in group A and 45 % in group B (p = 0.249) at 5 years. As 

in elective femoro-popliteal occlusions, the additional value of thrombolysis prior to 

bypass surgery remains to be proven46-48.  

The major amputation rate was 14 per cent because of irreversible ischemia. Thrombolysis 

before surgery resulted in a small absolute reduction of the number of amputations 

compared with surgery alone; however, this effect is not significant because of the high 

heterogenicity between the different studies, and the small numbers of the subgroups. 

Endovascular stenting has been successfully used in the management of aortic 

Table 2. Primary patency rate for surgical repair of acute thrombosed PAA. a with thrombolytic therapy, b without 
thrombolytic therapy

Shortell et al. 1991 22b 69b 60b 39b 39b 39b

Carpenter et al. 1994 7a 17b 100a 66b 78a 48b 78a 38b 78a 38b 78a 38b

Hoelting et al. 1994 9a 11b 100a 66b — — — —

Sarcina et al. 1997 17b 88b 82b 76b 67b 67b

Steinmetz et al. 2000 15a 80a 80a 80a — —

Dorigo et al. 2002 14a 10b 74a 56b — — — —

Galland et al. 2002 22a 14b — — 76a 67b — —

Marty et al. 2002 11a 46a — — — —

Aulivola et al. 2004 4a 9b 67a 85b 67a 85b 67a 85b 67a 85b 67a 85b

Huang et al. 2007 24a 50b 84a 62b — — — —
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aneurysms; however, its utility in the treatment of PAAs remains questionable. 

Unfortunately, endovascular treatment of PAAs lacks long-term follow-up. Conversely, 

endovascular graft repair has the advantage of being minimally invasive, which is 

important in the treatment of unfit patients. Disadvantage of an all endovascular treatment 

of PAA thrombosis could be the fact that the restored flow is often in one crural artery, 

and the flow is unlikely to be sufficient to sustain a prosthetic stent. However, it is 

remarkable that after successful thrombolysis, with at least one patent crural artery, only 

nine patients received an endograft in this systematic analysis.

Operative results concerning repair of PAA are closely related to the status of the distal 

outflow and the type of graft material8. Unfortunately, only a few studies reported the 

status of the distal outflow and the grade of ischemia. Therefore, the patencies between 

both groups can not be statistically compared without taking notice of bias.

In any case, acute repair of PAAs must be avoided. 

ConCLUsIon

Preoperative and intraoperative thrombolysis do not result in a significant reduction for 

amputations. One year primary patency rates of surgical interventions after thrombolysis 

are significantly different compared with surgery alone, 3 and 5 years primary patency 

are not significantly different. No distinction could be made between both groups 

concerning secondary patency rate and limb salvage rate. Data on complete endovascular 

approach of thrombosed PAAs are scarce.
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Objective

It is not clear which characteristics of an asymptomatic popliteal artery aneurysm (PAA) 

will increase the risk for acute thrombosis. Besides PAA diameter, hemodynamic changes 

in the popliteal artery (including the aneurismal segment) during knee movement may 

play a role. This study examined changes in popliteal artery lumen area as well as changes 

in angles proximal and distal of the PAA during flexion and extension of the knee joint.

Methods

This was a single-center prospective study of consecutive patients with PAAs presenting 

from January 2010 to April 2012. Computed tomography angiography was used to 

perform measurements of the PAA during 0° extension and 90° flexion of the knee in a 

specially prepared brace. After semi-automated segmentation of the popliteal lumen, a 

center lumen line (CLL) was automatically constructed by placement of a start point 5 

cm proximal to the PAA and an end point 5 cm distal to the aneurismal segment. PAA 

diameter and length, lumen area, and the degree of angulation were measured. 

Results

The study included 13 men with 16 asymptomatic PAAs. Mean PAA diameter was 29 ± 

11 mm, median PAA volume was 19 mL (interquartile range [IQR], 10-68 mL), and median 

PAA length was 63 mm (IQR, 51-112 mm). Median lumen area of the nondiseased 

popliteal artery directly proximal of the PAA was 57 mm2 (IQR, 44-87 mm2) in extension 

vs 51 mm2 (IQR, 38-73 mm2) during 90° flexion (p = .007). Median lumen area of the 

nondiseased popliteal artery directly distal of the PAA was 46 mm2 (IQR, 32-66 mm2) in 

extension vs 38 mm2 (IQR, 30-62 mm2) with 90° flexion of the knee (p = .03). The median 

of the greatest decrease in lumen area (direct proximal or distal from the aneurysm) after 

flexion and extension of the knee was 36 mm (IQR, 28-48 mm) in PAAs ≥30 mm 

compared with 11 mm (IQR, 4-18 mm) in PAAs <30 mm (p < .05). The proximal angulation 

between the axis of the lumen of the aneurysm and the axis of the lumen of the popliteal 

artery was a median of 48° in extension (IQR, 27º-61º) and 75° during flexion (IQR, 

46º-99º; p = .02). Distal angulation was a median of 31° (IQR, 21º-42º) after extension 

vs 62° (IQR, 33º-81º) during flexion (p = .03). No significant differences were found 

between proximal and distal angulation in extension compared with flexion among small 

and large aneurysms (p = .87).

Conclusions

Knee bending in patients with PAAs will lead to a significant reduction in the lumen area 

proximal and distal of the PAA and produce a significant change in the degree of 

angulation at the proximal and distal part of the PAA, which may be a cause for increased 

thromboemboli. A significant decrease in lumen area was seen in PAAs ≥30 mm 

compared with PAAs <30 mm after flexion of the knee.
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IntRoDUCtIon

Popliteal artery aneurysms (PAAs) are considered to be the second most frequent location 

of arterial aneurysms.1-3 Approximately 40% of patients with a PAA are asymptomatic at 

time of diagnosis.4,5 However, PAAs may cause serious ischemic complications, associated 

with thromboemboli, which may lead to limb loss.6 Many authors recommend elective 

surgical intervention in patients with asymptomatic aneurysms >20 mm with mural 

thrombus because of the increased risk of thromboembolic complications.7-11 Other 

authors suggest a cutoff point for intervention at a diameter of 30 mm.12,13 

It is not clear which characteristics of an asymptomatic PAA will lead to acute thrombosis. 

Diameter alone might not be the only predicting factor. The popliteal artery has two 

relatively fixed points, one proximal to the adductor canal and the other distal to the 

orifice of the anterior tibial artery.14 In healthy volunteers, arterial flexions of the popliteal 

artery contribute to tortuosity during flexion and extension of the knee, as described by 

Wensing et al.15 Tortuosity is also seen in PAAs during flexion and extension of the knee 

joint, which might result in undesired and unexpected reduction in lumen area.16 This 

reduction in lumen area might induce critical flow changes in the popliteal artery, which 

can lead to low-flow status, turbulent blood flow, and thromboembolization. This study 

examined changes in the lumen area and the degree of angulation directly proximal and 

distal of the PAA after flexion and extension of the knee joint and their association with 

the diameter of the PAA.

MetHoDs

This prospective single-center (St. Antonius Hospital Nieuwegein) study included all 

consecutive patients with an asymptomatic PAA from January 2010 to April 2012. PAAs 

were diagnosed by duplex ultrasound imaging. A preoperative computed tomography 

angiography (CTA) in flexion and extension was performed in PAAs >2 cm PAAs are 

defined as a localized dilatation of the popliteal artery >150% of the nondiseased ipsilateral 

popliteal artery. The medical ethical committee approved the study.

The following clinical characteristics of included patients were obtained: sex, presence 

of bilateral PAA, presence of abdominal aortic aneurysm, cardiovascular risk factors, type 

of preoperative imaging, and preoperative ankle-brachial index. 

Imaging

CTA was performed on a 256-slice CT scanner (Philips Medical Systems, Best, The 

Netherlands). The femoropopliteal segment was scanned in 0° extension and in 90° 

flexion of the knee in a specially prepared brace. The extension and flexion scans were 

performed with 70-mL flow of 4.0 mL/s of iodinated contrast (Guerbet 300 mg iodine/

mL), followed by a 40-mL 3.0 mL/s saline flush. Scanning parameters were 100 kV, 160 

mAs, slice thickness, 1.5; increment, 0.75, pitch, 0.664, and a collimation of 128 × 0.625.

All acquired CTA scans were transferred to a 3mensio Vascular 5.1 workstation (3mensio 
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Medical Imaging BV, Bilthoven, The Netherlands). After semi-automated segmentation 

of the popliteal lumen, a center lumen line (CLL) was automatically constructed by 

placement of a start point 5 cm proximal to the PAA and an end point 5 cm distal to the 

aneurysmal segment. Popliteal CLL spline points were manually checked and corrected, 

if necessary. Multiplanar reconstructions were made perpendicular to the popliteal CLL 

to perform measurements at two levels: just proximal and just distal to the PAA. Diameter 

and area of the contrast-enhanced lumen were measured at these points. Proximal and 

distal angles were also measured (Figure 1). The proximal angle (α) is the angle between 

Figure 1.  CTA scan of a popliteal artery aneurysm after  multiplanar reconstructions of the center lumen line. 
A extension, B 90° flexion. (α) is the angle between the longitudinal axis of the normal popliteal artery 
proximal to the aneurysm and the longitudinal axis of the PAA sac. (β) is the angle between the 
longitudinal axis of the PAA sac and the longitudinal axis of the normal popliteal artery distal to the 
aneurysm
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the longitudinal axis of the normal popliteal artery proximal to the aneurysm and the 

longitudinal axis of the PAA sac. The distal angle (β) is the angle between the longitudinal 

axis of the PAA sac and the longitudinal axis of the normal popliteal artery distal to the 

aneurysm. The sharpest angle of the CLL was considered the true angle of the popliteal 

axis and was determined according to the angle measurement technique as described 

by van Keulen et al.17  Maximum aneurysm diameter, total aneurysm volume, and lumen 

volume were also determined. The proximal and distal end of the aneurysm was 

independently determined by two blinded observers (H.Z. and R.K.). Discrepancies in 

judgment were resolved after discussion and, when necessary, after mediation of a third 

reviewer (J.V.). The same protocol was followed for the extension and flexion CTA scans.

Statistical analysis

Standard descriptive statistics were used. Continuous data are presented as mean ± 

standard deviation and range, and as median with interquartile range (IQR) in case of 

non-normal distributions. Statistical analysis was performed using the Mann-Whitney U 

test and the χ2 test. Data were calculated using SPSS 20 software (IBM Corp, Armonk, 

NY). p < .05 was considered statistically significant.

ResULts

The study included 13 men with 16 asymptomatic PAAs. Table I reports the patients 

characteristics. Mean PAA diameter was 29 ± 11 mm, median PAA volume was 19 mL 

(IQR, 10-68 mL), and median PAA length was 63 mm (IQR, 51-112 mm) with knee 

extension. Median lumen area of the nondiseased popliteal artery directly proximal of 

the PAA was 57 mm2 (IQR, 44-87 mm2) in extension vs 51 mm2 (IQR, 38-73 mm2) during 

90° flexion (p = .007). The nondiseased popliteal artery directly distal to the PAA had a 

median lumen area of 46 mm2 (IQR, 32-66 mm2) in extension compared with 38 mm2 

(IQR, 30-62 mm2) with 90° flexion of the knee (p = .03). When the PAAs were grouped 

by size <30 mm (n = 8) and ≥30 mm (n = 8), the greatest decrease in lumen area (directly 

proximal or distal from the aneurysm) after flexion and extension of the knee was a 

median of 36 mm (IQR, 28-48 mm) in PAAs ≥30 mm compared with 11 mm (IQR, 4-18 

mm) in PAAs <30 mm (p < .05).

The proximal angulation between the axis of the lumen of the aneurysm and the axis of 

the lumen of the popliteal artery was a median of 48° in extension (IQR, 27-61) and 75° 

during flexion (IQR, 46-99; p = .02). Distal angulation was a median of 31° (IQR, 21-42) 

after extension vs 62° (IQR, 33-81) during flexion (p = .03). No significant differences 

were determined between proximal and distal angulation in extension compared with 

flexion among small and large aneurysms (p = .87). 
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DIsCUssIon

To our knowledge, no previous study has been published regarding changes in the lumen 

area of the aneurysmatic popliteal artery during flexion and extension. The lumen area 

of the popliteal artery directly proximal and distal of the PAA was significantly lower 

during flexion than during extension. The degree of proximal and distal angulation 

between the axis of the lumen of the aneurysm and the lumen of the popliteal artery 

were significantly higher after flexion than after extension. The greatest decrease in lumen 

area (directly proximal or distal from the aneurysm) after flexion of the knee was 

significantly larger in PAAs ≥30 mm than in PAAs <30 mm. 

Bending the knee results in a S curve of the popliteal artery to deal with the length surplus 

of the artery.18 In older patients, this S curve of the popliteal artery has been seen distal 

to the adductor canal.15 Bending the knee when a PAA is present might induce an increase 

of angulation and a lumen area reduction of the popliteal artery, distal or proximal of the 

PAA, or both, because the PAA is stiff. Our study confirmed this hypothesis. 

Flexion of the knee with a PAA ≥30 mm results in a significant lumen reduction compared 

with a PAA <30 mm. On one hand, this might confirm why large PAAs will become 

symptomatic more often than smaller PAAs. On the other hand, large aneurysms that 

Table 1. Demographics and clinical variables.

Variables Mean ± SD or No. (%)
(n = 13)

Age, y 67 ± 7

Abdominal aortic aneurysm 10 (77)

Contralateral PAA 7 (54)

Vascular risk factors

 Coronary heart disease 6 (46)

 Cerebrovascular accident 1 (8)

 Hypertension 3 (23)

 Hyperlipidemia 5 (38)

 Diabetes mellitus 0 (0)

 Smoking 6 (46)

PAAs 16

PAA diameter, mm 29 ± 11

Ankle-brachial index 1.1 ± 0.2

Runoff status, vessels 

 0 0 (0)

 1 2 (13)

 2 7 (44)

 3 7 (44)

PAA, Popliteal artery aneurysm; SD, standard deviation.
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do not become symptomatic probably do not have a significant lumen reduction or a 

significant increase of angulation after flexion of the knee. Another important finding in 

this study are the huge variations in lumen area reduction and angulation changes during 

flexion and extension within the group of small aneurysms, as well as within the group 

with large aneurysms. These measured variability within the groups may explain why 

some small popliteal aneurysms will still become symptomatic and why some large 

aneurysms will not become symptomatic. We propose to add a flexion and extension 

CTA scan in the pre-procedural work-up in patients with PAA and take into account the 

degree of lumen area reduction and angulation during knee movements. These 

parameters might be of interest, besides the absolute diameter in order to decide to 

operate or not. 

The degree of proximal and distal angulation between the axis of the lumen of the 

aneurysm and the lumen of the popliteal artery was significantly higher after flexion than 

after extension. In 2005, Galland et al16 reported that the degree of angulation was 

significantly increased in symptomatic PAAs compared with asymptomatic PAAs. 

Therefore, a great degree of angulation proximal or distal of the aneurysm might be a 

predictor of becoming symptomatic. However, in contrast to Galland et al,19 the current 

study did not find a relationship between larger aneurysms (PAA ≥30 mm) and the degree 

of angulation of the popliteal artery distally or proximally of the aneurysm. Aneurysm 

diameters ≥30 mm are predictors of becoming symptomatic. Further inclusion of 

symptomatic PAAs would allow a comparison of the examined lumen area and angulation 

between asymptomatic and symptomatic PAAs. A significant increase of angulation and 

a significant decrease in lumen area between the symptomatic and asymptomatic PAAs 

would further strengthen the value of the proposed predictors. 

A preintervention flexion and extension CTA scan might also be useful if placement of 

an endovascular stent graft is planned. The choice for an endovascular stent graft should 

probably be reconsidered in the presence of a significant lumen reduction or a significant 

angulation in flexion because of the increased risk of stent fracture or stent occlusion. 

Furthermore, a flexion and extension CTA scan can be used to determine the most severe 

angulations of the popliteal artery during flexion. It must be avoided to land with the 

proximal or distal border of a stent, or bypass just in this segment of the popliteal artery. 

Unfortunately, analysis of the intramural thrombus was technically not feasible. The 

amount of intramural thrombus might be another predictor of becoming symptomatic.

Despite of the small number of PAAs included in this study, results clearly indicate that 

the lumen area in flexion and the level of angulation in flexion might be predictors of 

whether a PAA will become symptomatic. Widespread consensus has been achieved to 

repair asymptomatic aneurysms ≥30 mm to prevent thromboembolic complications; 

however, no consensus has been reached for aneurysms between 20 and 30 mm.20-23 

Aneurysm diameter is currently the only factor that determines aneurysm repair in 

asymptomatic PAAs. A flexion and extension CTA scan to detect the degree of angulation 

and the possible lumen area reduction might be helpful to decide whether to operate 

on asymptomatic PAAs between 20 and 30 mm. Furthermore, the amount of thrombus, 

the number of outflow vessels, the presence of a vein graft, and the patient’s sex should 

2012110 proefschrift Rogier Kropman.indd   91 03-05-13   22:56



chapter 7 

92

be taken into account in deciding whether to repair the PAA. Hence, PAA diameter alone 

is not the only characteristic in predicting acute thrombosis.

ConCLUsIons

Knee bending in patients with PAAs will lead to a significant reduction in lumen area 

proximal and distal of the PAA and produces a significant change in the degree of 

angulation distal and proximal of the aneurysm, which may be a cause for increased 

thromboembolic complications. A significant decrease in lumen area was seen in PAAs 

≥30 mm compared with PAAs <30 mm. Besides, a substantial variability in angulation 

and lumen area has been determined in both small and large PAAs. Both parameters may 

be taken into account in the decision to treat PAAs regardless the diameter alone.
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Objectives

To compare initial and long term outcomes between men and women after endovascular 

and open repair of popliteal artery aneurysm (PAA).

Methods

Between January 1993 and July 2011, 202 patients (185 men, 92%), underwent open (n 

= 186), or endovascular (n = 16) repair of a PAA. Data were retrospectively analyzed.

Results

Significant differences in baseline characteristics were determined between men and 

women; diameter of the aneurysm (men 30 mm, range 14-90, women 26 mm, range 

13-70, p = .02), and age (men 66±10 years, women 71±9 years, p = .05). The 30-day 

mortality rate was 0% in both groups. No significant differences were determined 

concerning 30-days complications. The median follow-up was 55 months (range 1-121) 

in men, compared with 35 months (range 1-183) in women (p = .74). The primary patency 

rates at 1,3 and 5 years were were 88%, 82%, 76% in men, compared with 64%, 64% and 

48% in women respectively (p = 0.007). The limb salvage rates in men at 1, 3 and 5 years 

were 97%, 97%, and 96% and in women 87%, 87% and 87%, respectively (p = .07). When 

correcting for potential confounders with multivariable regression analysis, gender was 

independently associated with primary patency HR  2.98 (95%-CI 1.39-6.42 ),  p = .005.

Conclusion

No significant differences between men and women were observed in 30-day mortality 

and morbidity rates after PAA repair. In the long run, women are associated with lower 

primary patency rates, and a trend towards lower limb salvage rates compared to men.
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IntRoDUCtIon

Arterial vascular disease is a significant problem in men and women. In general, women 

have smaller arteries than men. This has been proven in the carotid artery1-3, aorta4 and 

popliteal artery5,6. 

The popliteal artery is the second most frequent location of arterial aneurysms. The 

incidence in the general population is 0.1-2.8%7-9. Combined results of studies focusing 

on the outcome of bypass surgery in the lower extremity, do not show significant 

differences in primary patency rates, percentage limb salvage and survival between males 

and females10-18.

To our knowledge no studies have been performed to specifically investigate the effect 

of gender on the outcome of popliteal artery aneurysms (PAA) treatment. A difference 

in outcome might be relevant for follow-up regimens and the choice whether or not to 

treat a PAA at a certain diameter in males and females. The aim of the current study is 

to investigate whether there is a difference in outcome after PAA repair between males 

and females.

 

MetHoDs

This was a retrospective observational cohort study on patients who underwent open 

or endovascular repair of PAA. The medical ethics committees of all centers approved 

the study. All patients admitted for a PAA from January 1993 to July 2011 at (SAZ, 

Nieuwegein, CZ, Eindhoven, MSZ, Rotterdam and UMC, Utrecht; The Netherlands), were 

identified by a computer database search using the International Classification of 

Diseases code for PAA. Medical records of all patients were reviewed retrospectively. 

The diagnosis PAA was confirmed by duplex ultrasonography (preferred imaging 

modality) followed by Computed Tomography Angiography (CT-A) or Magnetic 

Resonance Angiography (MRA). In all participating centers, indications for surgery were 

acute and chronic symptomatic PAAs and asymptomatic PAAs with a diameter > 2 

centimeters. The treatment of choice was open surgery. From the year 2000, patients 

with a PAA with severe cardiopulmonary comorbidity were treated by endovascular 

means. All implanted endovascular stent grafts were Hemobahn or Viabahn stentgrafts 

(W.L. Gore & Associates, Inc, Flagstaff, Arizona), and introduced via an antegrade 

common femoral artery access. Before this date, patients with severe cardiopulmonary 

comorbidity were offered open repair.

All patients who underwent open repair (posterior and medial approach), with a proximal 

anastomosis at the supragenual femoral artery and a distal anastomosis at the infragenual 

popliteal artery, or, endovascular repair of PAA were included in this study. In all hospitals 

a posterior approach was only performed if the popliteal aneurysm did not extend to 

the proximal boundary of the P1 segment of the popliteal artery. 
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Operation technique

Either a posterior or medial approach was used in the patients who underwent open 

repair. The preferred graft was the great or small saphenous vein. Only in patients with 

insufficient veins, a prosthetic graft was used.

The posterior approach included a lazy S-shaped incision in the posterior aspect of the 

knee, with dissection between the medial and lateral heads of the gastrocnemic muscle, 

taking care not to injure the tibial nerves and popliteal vein. The popliteal artery was 

clamped proximal and distal of the PAA, after which the aneurysm sac was opened with 

a longitudinal arteriotomy the mural thrombus, if present, was evacuated. Patent side 

branches of the genicular arteries were interrupted, and reversed venous or prosthetic 

(Dacron) interposition grafting was performed using end-to-end anastomoses19-21.

The medial approach consisted of a combined supra- and infragenicular incision at the 

medial side of the leg. The popliteal artery was exposed and ligated proximally and distally 

of the PAA, after which reversed venous or prosthetic (non-reinforced, 6 mm Dacron) 

bypass grafting was performed using end-to-end or end-to-side anastomoses22.

All endovascular stent grafts were Hemobahn or Viabahn (W.L. Gore & Associates, Inc, 

Flagstaff, Arizona), and placed via an antegrade common femoral artery puncture. The 

choice for a Hemobahn or Viabahn stentgraft was according to the physician’s preference. 

When more than one endograft was used, an overlap of at least 2 centimeters was obtained.

Data collection

The following additional preoperative variables were collected: gender, presence of 

bilateral PAA, presence of abdominal aortic aneurysm, symptoms (acute, chronic, or 

asymptomatic), use of preoperative thrombolytic treatment (for acute PAA) (in all hospitals 

catheter directed Urokinase had been used during the years. Dosage which has been 

used in the majority of the patients is 90.000 IU / hr via antegrade access), diameter of 

the PAA, vascular risk factors, type of preoperative imaging. Per-procedurally collected 

variables were: type of graft (great saphenous vein, small saphenous vein or prosthetic) 

and 30-day complications. Follow-up variables were hemodynamic stenosis or occlusion 

of the graft, renewed symptoms, endovascular or surgical re-interventions, absence or 

existence of flow in the PAA, major amputation of the ipsilateral leg, and mortality.

Follow-up

The surveillance program consisted of post-procedural clinical and duplex 

ultrasonography or MRA examinations at 1, 6, and 12 months, and yearly thereafter. Graft 

primary patency was assessed, including the native artery proximal and distal of the 

anastomoses or stent grafts. 

Definitions

Primary patency was defined as uninterrupted flow (< 50% stenosis) in the graft or stent 

graft with neither an additional procedure performed nor an intervention to solve disease 

progression in the adjacent native vessel.23 Acute limb ischemia was retrospectively 

classified according to the acute limb ischemia classification by Rutherford et al.23
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Statistical analysis

Standard descriptive statistics were used. Patency rates were computed using the Kaplan-

Meier method and compared with the log-rank test. The Kolmogorov–Smirnov test was 

used to assess whether continuous data were normally distributed. Continuous data are 

presented as mean ± standard deviation and in case of non normal distributions as 

median with range. Values were compared by the Student t test, Mann-Whitney U test, 

χ2 test, and the Fisher exact test, as appropriate. To evaluate the true effect of gender on 

outcome, we also performed regression analysis. First all baseline characteristics were 

entered in a univariate Cox regression model to investigate the association with primary 

patency. All factors associated with primary patency with p < .2 were entered in a 

multivariable Cox regression model. Results are presented as hazard ratios with 

95%-confidence intervals. p < .05 was considered statistically significant. The analysis 

was performed using SPSS software.

 

ResULts

Pre- and per -operative characteristics

Between January 1993 and July 2011 202 patients (185 men, 92%), with a mean age of 

67 ± 10 years underwent PAA repair. In 48 cases the PAA was bilateral, 43 men and 5 

women. The PAA diameters and the inflow and outflow arteries were determined using 

duplex ultrasonography, computed tomography angiography, or magnetic resonance 

angiography. Table 1 summarizes the pre- and per-operative characteristics of men and 

women. With regard to the baseline characteristics, diameter of the aneurysm and the 

presence of an abdominal aortic aneurysm were significantly different in both groups. 

No significant differences between gender groups were seen in vascular risk factors, the 

use of a venous graft or prosthetic, the operation technique (endovascular, posterior and 

medial approach) or the indication for intervention (acute symptomatic, chronic 

symptomatic (intermittent claudication or mechanical complaints) or asymptomatic).

During the study period 16 additional patients were diagnosed with an acute symptomatic 

PAA (n=7), chronic symptomatic PAA (n=3) or asymptomatic PAA >2 cm (n=6). Eight of 

these patients had primary amputations. The remainder were not treated at all because 

of severe comorbidity in combination with short life expectancy and/ or unsuitable 

anatomy for endografting. No follow-up was done of these patients. 

Thirty-day results

The 30-day mortality was 0% in both groups. No significant differences were seen in 

amputation rates (1% in men and 0% in women) or in graft obstruction rate (3% in men 

compared to 6% in women). Nor were there significant differences in complication rate 

between men and women (Table 2). 

Long term results. The median follow-up was 55 months (range 1-121) in men, compared 

to 35 months (range 1-183) in women (p = .74). The primary patency rates at 1, 3 and 5 

years were 88%, 82%, 76% in men, compared with 64%, 64% and 48% in women 
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respectively (p = .007). The limb salvage rates in men were 97% (1 year), 97% (3 years), 

and 96% (5 years) and in women 87%, 87% and 87% respectively (p = .07). Kaplan-Meier 

life-table analyses of primary patency and limb salvage of men and women are shown 

in figures 1 and 2.

Table 1. Pre- and per -operative characteristics.

Men 
n (%)

Women 
n (%)

P-value

Patient total 185 (92%) 17 (8%)

Age (years) 66 ± 10 71 ± 9 .05 *

Abdominal aortic aneurysm 107 (58%) 5 (29%) .02 *

Contralateral PAA 140 (76%) 10 (59%) .13

Vascular risk factors

    Coronary heart disease 60 (32%) 7 (41%) .46

    Cerebrovascular accident 28 (15%) 1 (6%) .30

    Hypertension 90 (49%) 9 (53%) .74

    Hyperlipidemia 70 (38%) 4 (24%) .24

    Diabetes mellitus 25 (14%) 1 (6%) .37

    Smoking 75 (41%) 6 (35%) .67

Symptoms/indication for intervention .18

    Symptomatic, acute 45 (24%) 6 (35%)

    Symptomatic, chronic 53 (29%) 7 (41%)

    Asymptomatic 87 (47%) 4 (24%)

Thrombolysis 18 (10%) 1 (6%) .60

Diameter PAA (mm) 30  (14-90) 26 (13-70) .02 *

Operative details

    Operation technique .18

        Medial approach 111 (60%) 14 (82%)

        Posterior approach 59 (32%) 2 (12%)

        Endovascular stent graft 15 (8%) 1 (6%)

    Runoff status (vessels) .54

         0 8 (4%) 2 (12%)

         1 22 (12%) 3 (18%)

         2 47 (26%) 5 (29%)

         3 82 (44%) 5 (29%)

         n.a. 26 (14%) 2 (12%)

    Graft material .29

        Venous graft 141 (76%) 11 (65%)

        Prosthetic graft 44 (24%) 6 (35%)
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The primary patency rates at 1 year were 92% in open repair compared with 81% in 

endovascular repair (p = .10).  The standard error in endovascular repair exceeded 10% 

after 12 months, and therefore no long-term comparison could be made. 

Table 2. Thirty-day post-operative complications.

Men 
n (%)

Women 
n (%)

P-value

Patients 185 (92%) 17 (8%)

No complication 136 (74%) 11 (65%) .43

Death 0 (0%) 0 (0%)

Wound infection 11 (6%) 1 (6%) .99

Wound infection deep 4 (2%) 0 (0%) .54

Bleeding 10 (5%) 2 (12%) .29

Occlusion 5 (3%) 1 (6%) .46

Fasciotomy 5 (3%) 1 (6%) .46

Amputation 1 (0.5%) 0 (0%) .76

Others 25 (14%) 3 (18%) .64

Figure 1.  Kaplan-Meier life table analysis of primary patency after repair of popliteal artery aneurysm in men 
and women (log-rank, p = .007).
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The results of Cox regression analysis is shown in Table 3. In univariate analysis, the 

factors significantly associated with primary patency were: gender, type of graft material 

and operation technique. When these factors were entered in a multivariate regression 

model, only gender remained significant. All other factors (including symptoms) were 

not associated with primary patency. Thus, when correcting for potential confounders 

with multivariable regression analysis, gender was independently associated with primary 

patency: HR  2.98 (95%-CI 1.39-6.42 ),  p = .005.

DIsCUssIon

To our knowledge, this is the first study comparing the initial and long-term outcome 

between men and women after PAA repair. No significant differences in 30-day mortality 

and morbidity rates were observed between men and women. Women have significantly 

lower primary patency rates compared to men. Notably, patency rate drops remarkably 

at the first year post-intervention in women. When correcting for potential confounders 

with multivariable regression analysis, gender was independently associated with primary 

patency.

As in other muscular arteries, the diameter of the popliteal artery increases with age, being 

affected by age and body size, and is larger in men than in women. With aging, the 

popliteal artery also suffers from a decreased distensibility, which is more pronounced in 

men than in women. This distensibility is due to an inflammatory condition in the popliteal 

Figure 2.  Kaplan-Meier life table analysis of limb salvage after repair of popliteal artery aneurysm in men and 
women (log-rank, p = .07). 
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artery wall5. The demonstrated higher age in women undergoing PAA repair has also 

been described for abdominal aortic aneurysm repair24-26. A possible explanation for the 

differences in age between both genders in the development of vascular disease could 

be the difference in hormones. Estrogen might create an atheroprotective environment 

in premenopausal women through mechanisms that are not totally understood27-29. 

Therefore women might start developing atherosclerosis at higher ages compared to 

men. Post menopausal estrogen replacement therapy might hence result in even higher 

ages for developing atherosclerosis. This hypothesis however was disproved in three large 

prospective trials, on the effect of replacement of estrogen and progestin or estrogen 

alone on the development of peripheral arterial disease. These trials actually showed 

more, rather than less vascular events in the active treatment group30-32. 

Graft patency after PAA repair depends on multiple factors. In literature the number of 

outflow arteries, type of bypass (venous or prosthetic grafts), surgical approach and 

severity of symptoms have been identified as factors that influence outcome9,21,32-36. 

Several studies state that an asymptomatic PAA, with good runoff, operated via the 

posterior approach with a venous graft should produce the best long-term outcome. In 

the current study univariate analysis was used to determine factors that were significantly 

associated with primary patency: gender, type of graft material and operation technique. 

When these factors were used in a multivariate regression model, only gender remained 

significant. All other factors (including symptoms) were not associated with primary 

patency.

Table 3. Univariate and multivariate analysis.

Univariable cox regression analysis Multivariable cox regression analysis

Characteristic

Hazard ratio
(95%-confidence 
interval) P-value

Hazard ratio 
(95%-confidence 
interval) P-value

Gender 2.75 (1.28-5.88) .009 2.98 (1.39-6.42) .005

Age 1.01 (0.98-1.04) .55

Operation technique 1.51 (0.99-2.28) .05 1.45 (0.95-2.22) .09

Diameter 1.01 (0.98-1.04) .54

Graft material 1.94 (1.09-3.47) .03 1.77 (0.98-3.23) .06

Runoff 1.02 (0.77-1.34) .91

Symptoms 0.92 (0.49-1.74) .81

Abdominal aortic aneurysm 0.94 (0.54-1.64) .82

Bilateral PAA 1.01 (0.54-1.90) .98

Cerebrovascular accident 0.95 (0.43-2.11) .90

Coronary heart disease 1.06 (0.60-1.89) .83

Diabetes mellitus 1.45 (0.73-2.92) .29

Hypertension 1.37 (0.78-2.40) .28

Hyperlipidemia 1.01 (0.57-1.78) .99

Smoking 1.17 (0.67-2.04) .59
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One of the limitations of the present study is the marked difference in number of treated 

women and men. This difference is to be expected according to literature, since the 

incidence of PAA is much lower in women compared to men21,32. Despite of the small 

number of women in this series, gender appeared to be an independent factor in uni- 

and multivariate analysis. A randomized controlled trail comparing the outcome of men 

and women would further strengthen the independency of the value of gender. 

Ravn et al.38 reported 571 patients with PAA of which 5.8% were women. They found 

similar patient characteristics between men and women, except that women were more 

likely to have surgery for symptomatic disease. Current study reports the same tendency 

although it is not significant in this study. 

We did not found a significant difference in complications between men and women, 

especially no differences in wound infections . In literature women might have more 

wound complications after infrageniculate bypass surgery10,11,16.

The treatment of asymptomatic PAAs is still controversial. Although there is no level I 

evidence, aneurysms > 2 centimeters are an operation indication in asymptomatic 

PAAs39-42. Based on the current study, it may be prudent to exclude asymptomatic PAAs 

in women at a larger diameter than in men, because women have more complications 

during follow-up.

Because women have lower primary patency rates after PAA repair compared to men, 

their follow-up protocol should probably be more intensive in order to detect significant 

restenosis prior to re-occlusion occurs. Because most of the re-obstructions occur in 

the first year post-intervention duplex ultrasound is recommended at 6 and 12 months 

post-intervention. Furthermore, the use of venous grafts should be the preferred 

treatment, especially in women. It has been shown in former studies that the posterior 

approach is the surgical method of preference in PAA repair, if the popliteal aneurysm 

does not extend to the proximal boundary of the P1 segment of the popliteal artery19,32.

Besides comorbidity, aneurysm diameter, number of outflow vessels, the amount of 

mural thrombus and type of operation (posterior or medial approach), gender might also 

be taken into account before deciding to operate or not in patients with PAA.

ConCLUsIon 

No significant differences between men and women were observed in 30-day mortality 

and morbidity rates after PAA repair. In the long run, women are associated with lower 

primary patency rates, and a trend towards lower limb salvage rates compared to men.
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sUMMARY AnD GeneRAL DIsCUssIon

Popliteal artery aneurysms (PAAs) are the most common peripheral aneurysms. Patients 

with unrecognized aneurysms may present with acute limb ischemia and are at a 

considerable threat for limb loss due to thromboembolic complications. Physical 

examination remains difficult, and once the diagnosis is suspected, it must be confirmed 

by duplex ultrasonography, computed tomography angiography (CTA), or magnetic 

resonance arteriography (MRA). Awareness of the terminal branching pattern of the 

popliteal artery before intervention enhances the planning for lower limb surgery and 

preoperative planning of below-the-knee bypasses and should reduce the incidence of 

serious, unexpected arterial injury during vascular surgery, percutaneous endovascular 

procedures, and even orthopedic surgery (Chapter 2). 

Abdominal aortic aneurysms (AAAs) frequently coincide with PAAs in almost 40% of 

patients with a PAA, and 5% to 10% of patients with an AAAs are also affected with a PAA. 

In 40% of patients with a PAA, both sides are affected. For this reason, patients with PAAs 

should be screened to see if there is a contralateral aneurysm and if an aortic aneurysm 

is also present (Chapter 4). The frequency and nature of the symptoms of AAAs and PAAs 

differ. Approximately 60% of patients with a PAA will be symptomatic at the time of 

diagnosis, most frequently with thromboembolic complications, and less than 2% of 

patients present with a ruptured PAA. In contrast, patients with an AAA are mostly 

asymptomatic at the time of diagnosis, and when symptomatic, rupture is the most 

frequently observed symptom. 

This might be explained by important differences in the pathophysiology of aneurysm 

formation between these locations. PAA walls show more signs of previous microscopic 

hemorrhages compared with walls of AAAs. In addition, inflammation in PAAs is mainly 

located in the intima, whereas its focus is in the adventitia in AAAs. This might explain 

the difference in symptoms between the two types of aneurysm, because the intimal 

infiltrate in PAA is adjacent to the intraluminal thrombus and could potentially cause 

processes such as thromboembolism and thrombosis. This is reported in an 

immunohistochemical study in Chapter 3. 

Despite earlier published scientific research, a few important questions still need to be 

addressed regarding repair of PAAs. The main controversies or ambiguities in PAA repair 

will be discussed and recommendations will be given. These issues are related to (1) 

endovascular treatment as an alternative to open surgery, (2) the type of surgical 

approach, (3) the strategy for acute leg ischemia due to a thrombosed PAA, (4) diameter 

indication for treatment, and (5) gender-related differences in outcome.

Open surgical versus endovascular repair 

The first endovascular treatment with a stent graft was offered to a patient with a PAA in 

19941. Stent grafts can be inserted without the need for dissection of the diseased segment. 

Endovascular repair of PAAs has other advantages compared with open surgery. There is 

a decreased need for anesthesia and a reduced need for blood transfusions. Moreover, it 

will lead to quicker recovery, a shorter hospital stay, and causes fewer wound infections. 
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Chapter 4 provided an overview of the literature regarding open surgical repair and 

endovascular repair of PAAs. To prefer endovascular treatment over open surgery, the 

patency rate of endovascular stent graft placement in the popliteal artery should not be 

inferior to that obtained by open repair. Recently, some relevant studies about 

symptomatic and asymptomatic PAA repair with endovascular stent graft placement 

were reported2-5. With all the literature in mind, it is not clear if endovascular stent graft 

placement of PAA will produce the same patency rates in the long-term in all patients 

with PAAs. This remains unclear, especially for young patients, acute symptomatic 

patients, and patients with poor outflow. Furthermore, little is known about long-term 

stent-related complications such as the occurrence of endoleak, stent infolding, and 

stent fracture.  

It therefore seems reasonable that at this moment, stent grafting should be performed 

only in trials. However, the primary treatment in patients with severe cardiopulmonary 

comorbidity should be by endovascular repair. 

Type of surgical approach

 Several surgical approaches and techniques for PAA repair have been proposed. The 

medial approach, described by Edwards et al.6, is the most commonly performed surgical 

technique for PAA repair. It consists of a combined supragenicular and infragenicular 

incision at the medial side of the leg. This technique does not exclude side branches 

with their origin in the PAA, which can be responsible for retrograde perfusion in the 

ligated aneurysm sac and eventually lead to aneurysm enlargement and worse, rupture7-12. 

An alternative technique is the posterior approach. This approach includes a lazy 

S-shaped incision in the posterior aspect of the knee, with dissection between the medial 

and lateral heads of the gastrocnemius muscle, taking care not to injure the tibial nerves 

and popliteal vein. 

Chapter 5 describes the initial and mid-term outcomes of both the medial and posterior 

approach in the treatment of PAAs. It may be concluded from this head-to-head 

comparison that in the long-term, no significant differences in patency rates between 

the posterior and medial approach could be reported. Considering the risk of persistent 

PAA growth (up to 22%) after distal and proximal ligation, the posterior approach is the 

preferred surgical method of PAA repair in the end. Furthermore, it can be concluded 

that irrespective of the approach, venous reconstructions resulted in significantly higher 

patency rates compared with prosthetic reconstructions at the 3-year follow-up.

Strategy of acute leg ischemia

The consequences of acute thrombosis of a PAA are threatening to both life and limb. 

Despite emergency interventions, an important risk of major amputation exists because 

of thromboembolization. Historically, surgical thrombectomy of the crural arteries and 

additional femoropopliteal or femorocrural bypass grafting was the treatment of choice. 

In the 1980s, however, intra-arterial catheter-directed thrombolysis succeeded in 

improving arterial runoff before surgical revascularization to increase patency rates of 

peripheral bypass surgery13. In Chapter 6, a systematic review was performed to 
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summarize the outcomes of acute thrombosed PAAs treated with thrombolysis or 

thrombectomy from inflow and outflow arteries and the PAA itself, followed by a bypass. 

This review showed that preoperative and intraoperative thrombolysis did not result in 

a significant reduction in amputations compared with thrombectomy. The 1-year primary 

patency rates of surgical interventions after thrombolysis were significantly better 

compared with surgery alone, and primary patency rates at 3 and 5 years were not 

significantly different. Furthermore, no distinction could be made between the groups 

concerning the secondary patency rate and the limb salvage rate. In acute ischemic 

PAAs, thrombolysis has been advised for the treatment of acute ischemia Rutherford 

class I to IIa14, if no contraindications are present. When sensory loss or motor deficit 

exists (class IIb to III), there is no time for thrombolysis, and surgery must be performed 

immediately. 

Diameter indication for treatment

Patients with symptomatic PAAs, mechanical complaints by compression of the PAA, 

acute ischemia by thrombosis of the PAA, or chronic ischemia by partial thrombosis of 

the PAA, should undergo intervention because the risk of limb loss due to thromboembolic 

complications increases with the onset of symptomatic disease15-18. The diameter in those 

symptomatic aneurysms does not influence this decision. However, no consensus has 

been reached when patients are asymptomatic. Many authors recommend elective 

surgical intervention in patients with asymptomatic aneurysms larger than 20 mm with 

mural thrombus because of the increased risk of thromboembolic complications19-25. 

Others suggest a diameter of 30 mm as the most suitable cutoff point26-28.  There is no 

level I evidence regarding this topic. It is not entirely clear which characteristics of an 

asymptomatic PAA will lead to acute thrombosis. Diameter alone might not be the only 

predicting factor.

Chapter 7 describes a prospective study to improve intervention criteria for asymptomatic 

PAAs between 20 and 30 mm. In this study, all patients with asymptomatic aneurysms 

underwent a computed tomography angiography to perform measurements of the 

popliteal artery, including the PAA at 0° extension and 90° flexion of the knee in a specially 

prepared brace. Knee-bending in patients with PAAs led to a significant reduction in 

lumen area proximal and distal of the PAA. Moreover, it produced a significant change 

in the degree of angulation distal and proximal of the aneurysm. These two characteristics 

may be a cause for increased thromboemboli. Flexion of the knee with a PAA ≥ 30 mm 

results in a significant lumen reduction compared with a PAA < 30 mm. Another important 

finding in this study are the huge variations in lumen area reduction and angulation 

changes during flexion and extension within the group of small aneurysms as well as 

within the group with large aneurysms. This measured variability within the groups can 

explain why some small PAAs will still become symptomatic and why some large PAAs 

will not become symptomatic. Performing a flexion and extension CTA scan, as described 

above, should be implemented when deciding whether a patient with an asymptomatic 

PAA is eligible for intervention.
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Gender-related differences in outcome

Arterial vascular disease is a significant problem in both men and women. In general, 

women have smaller arteries than men. Combined results of studies focusing on the 

outcome of bypass surgery in the lower extremity did not show significant differences 

in primary patency rates, percentage of limb salvage, and survival between men and 

women29-37. No studies have been performed to specifically investigate the effect of 

gender on the outcome of PAA treatment. This was the main focus of the study described 

in Chapter 8, which compared initial and long-term outcome between men and women 

after PAA repair. Despite the small number of women in this series, gender was 

independently associated with primary patency in univariate and multivariate analysis. 

There were no significant differences in 30-day mortality and morbidity rates between 

men and women after PAA repair. In the long-term, women have significantly lower 

primary patency rates and a trend toward lower rates of limb salvage. On the basis of 

these results, it may be prudent to exclude asymptomatic PAAs in women at a larger 

diameter than in men because women have more PAA-related complications during 

follow-up. Furthermore, the follow-up protocol for women should be intensified 

compared with men because women have higher risks for restenosis before reocclusion. 

FUtURe PeRsPeCtIVes

Screening for PAAs

All patients with an AAA and patients with other peripheral aneurysms should be screened 

for PAAs. Furthermore, when the diagnosis of a PAA is suspected, it must be confirmed. 

The least invasive diagnostic tool is duplex ultrasound, and it is therefore the preferred 

screening device, although CTA and MRA are good alternatives.  

Prevention of PAAs becoming symptomatic

Future research should especially focus on predicting which PAAs will become  

symptomatic. Besides diameter, decrease of lumen area and increase of the degree of 

angulation after flexion of the knee might not be the only predictors of becoming 

symptomatic. A flexion and extension CTA scan should be made to detect the lumen 

reduction and degree of angulation after bending the knee in patients with an 

asymptomatic PAA diameter between 20 and 30 mm. Because no level I evidence is 

available to aid in the decision to operate on asymptomatic PAAs at 20 or 30 mm, more 

effort should be on developing diagnostic tools to predict the change on becoming 

symptomatic. For instance, correlation of pathology of a PAA wall with preoperative 

single photon-emission computed tomography (SPECT) imaging can be helpful to 

predict the vulnerability of the aneurysm and may thus differentiate between stable and 

instable PAAs. Further, correlation with SPECT scan and flexion and extension CTA scan 

will lead to more insight of vulnerability of the PAA. New studies that investigate the 

correlation between the lumen area and the degree of angulation after knee bending, 

with clinical follow-up, are also needed. 

2012110 proefschrift Rogier Kropman.indd   113 03-05-13   22:56



chapter 9 

114

Optimization of treatment 

At this moment, open surgical repair of the PAA is the gold standard. Figure 1 shows a 

proposal of treatment of patients with a PAA, based on findings described in this thesis. 

First, symptoms have to be determined. In the event of a symptomatic aneurysm, acute 

or chronic complaints must be determined. In case of an asymptomatic PAA < 20 mm, 

follow-up is recommended, whereas for an asymptomatic PAA > 30 mm, an intervention 

is advised. In case of an asymptomatic PAA between 20 and 30 mm, a flexion and 

extension CTA scan should be made and further risk stratification for patency of the 

bypass performed. When there is lumen reduction and angulation with the flexion-

extension CTA scan, an intervention should be considered, provided that outflow is 

sufficient, an acceptable vein is present, and the patient is male. The amount of thrombus 

in the aneurysm is also a consideration. Second, comorbidities should be analyzed. If 

the patient has extensive comorbidities, endovascular repair should be pondered. Third, 

the anatomy of the PAA must be examined.

Endovascular repair is promising, but data from the total PAA population and solid long-

term follow-up are missing. A randomized controlled trial comparing open repair versus 

endovascular repair with long-term follow-up is required to determine the optimal PAA 

management. 

Figure 1. Proposed treatment of PAA.
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Additionally, the selection of specific subgroups of patients who would benefit from 

endovascular repair, for instance, patients with extensive comorbidities or elderly patients 

with asymptomatic aneurysms and good runoff, will further clarify whether endovascular 

stent graft placement will provide comparable or even better results than open repair. 

Further refinement of stent graft design, such as increased flexibility and less 

thrombogenicity, will probably produce even better results, even in the long-term. 

A preintervention flexion and extension CTA scan might be useful if placement of an 

endovascular stent graft is planned. The choice for an endovascular stent graft should 

probably be reconsidered in the presence of a significant lumen reduction or a significant 

angulation in flexion because of the increased risk of stent fracture or stent occlusion. 

Furthermore, a flexion and extension CTA scan can be used to determine the most severe 

angulations of the popliteal artery during flexion. Landing the proximal or distal border 

of a stent, or a bypass, just in this segment of the popliteal artery must be avoided. 

Treatment for acute ischemia due to thrombosed PAAs 

When failing to predict whether an aneurysm will become symptomatic, new thrombolysis 

techniques, for instance, ultrasound accelerated thrombolysis (EKOS), might improve 

current thrombolysis techniques38,39. If the lysis from the thrombus needs less time, EKOS 

might be an indication for acute ischemia Rutherford IIb as well, if the patient is checked 

frequently for deterioration of the leg. 
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Een verwijding van de slagader in de knieholte wordt een arteria poplitea aneurysma 

(APA) genoemd. In de algemene bevolking heeft 0.1% tot 2.8% een verwijding van de 

knieslagader. Poplitea aneurysma’s zijn de meest voorkomende aneurysma’s na het 

aneurysma van de grote lichaamsslagader, de aorta. De aandoening treft vooral mannen 

boven de 60 jaar, de man:vrouw ratio is 20:1.  De meest voorkomende oorzaak voor het 

krijgen van een APA is atherosclerose (aderverkalking). De belangrijkste risicofactoren 

voor het ontstaan van atherosclerose zijn: roken, een familiegeschiedenis voor hart- en 

of vaatziekten, diabetes mellitus, eerdere hart- en of vaatziekten, een verhoogde 

bloeddruk, en een verhoogd of verkeerd cholesterolspectrum. 

Patiënten met een niet herkend aneurysma in de knieholte, kunnen zich presenteren 

met een acute vaatafsluiting van het aangedane been. Dit kan eventueel resulteren in de 

noodzaak tot het amputeren van het been. Hoewel lichamelijk onderzoek bij deze 

aandoening lastig is, kan door middel van duplex ultrasonografie, computed tomografie 

angiografie (CTA), of magnetic resonance angiografie (MRA) de diagnose vastgesteld 

worden. Oplettendheid op het vertakkingspatroon van de knieslagader voorafgaand aan 

een interventie of operatie verkleind het risico op ernstige onverwachte letsels gedurende 

een vaatchirurgische of dotter procedure en zelfs bij een orthopedische operatie. 

(hoofdstuk 2)

Patiënten met een APA moeten gescreend worden of aan de andere zijde ook geen 

aneurysma aanwezig is, en of zij geen verwijding van de buikslagader hebben, abdominaal 

aorta aneurysma genaamd (AAA). Bij patiënten met een APA wordt namelijk in 40% ook 

een AAA gevonden, en in 5-10% wordt bij een patiënt met een AAA ook een APA 

vastgesteld. (hoofdstuk 4) De frequentie en aard van de symptomen tussen beide soorten 

aneurysma’s zijn verschillend. Bij het stellen van de diagnose is ongeveer 60% van 

patiënten met een APA symptomatisch, meestel uit dit zich in tromboembolische 

klachten (loopklachten, mechanische klachten van druk in de knieholte, acute afsluiting 

van enkele bloedvaatjes in de tenen of acute klachten van afsluiting van het aneurysma), 

minder dan 2% presenteert zich met een gebarsten APA. Dit in tegenstelling tot patiënten 

met een AAA, die bij het stellen van de diagnose meestal zonder klachten zijn, en wanneer 

er klachten zijn, dit meestal een scheur in het AAA is. Een mogelijke verklaring hiervoor 

zou kunnen liggen in belangrijke verschillen in pathofysiologie van de beide type 

aneurysma’s. Zo worden er bij APA-wanden meer tekenen van bloedingen gevonden in 

vergelijking met wanden van AAA. Daarnaast, bevindt de ontsteking (oorzaak van 

atherosclerose) in APA’s zich met name in de intima (binnenlaag), waar dit bij AAA’s met 

name in de adventitia (buitenlaag) wordt gevonden. Dit zou een verklaring kunnen zijn 

voor het verschil in symptomatologie tussen de twee genoemde aneurysmata, omdat 

de ontsteking van APA’s grenzend aan de intraluminale trombus potentieel processen 

kan initiëren als tromboembolieën (losgeschoten bloedpropjes) en trombose (stolling 

van bloed).  Deze bevindingen worden beschreven in een immunohistochemische studie 

in hoofdstuk 3. 

Ondanks alle eerder gepubliceerde wetenschappelijke onderzoeken, blijven er een aantal 

belangrijke vragen onbeantwoord bij het herstel van APA’s. De belangrijkste controversies 

en onduidelijkheden binnen het herstel van APA’s worden bediscussieerd en er worden 
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aanbevelingen gegeven. Deze vragen zijn gerelateerd aan: (1) endovasculaire behandeling 

als een alternatief voor open chirurgie, (2) type chirurgische benadering, (3) strategie 

voor behandeling bij het ontstaan van acute ischemie bij een getromboseerd APA, (4) 

diameter indicatie voor behandeling, (5) geslacht gerelateerde verschillen in de 

behandeluitkomsten.

Open chirurgie versus endovasculaire behandeling

In 1994 werd de eerste patiënt met een APA endovasculair behandeld met een stent. 

Stents kunnen geplaatst worden via een slagaderlijke vaattoegang, zonder de noodzaak 

van het volledig blootleggen van het aangedane slagader gedeelte. Deze endovasculaire 

behandeling van het APA heeft verschillende voordelen in vergelijking met open chirurgie. 

Zo zijn er minder anesthesiemiddelen noodzakelijk, en is er een verminderde noodzaak 

tot bloedtransfusie. Daarnaast leidt het gebruik van deze methode tot een sneller herstel 

van de patiënt, kortere ziekenhuisopnames en geeft het minder wondinfecties. In 

hoofdstuk 4 wordt een overzicht van de huidige literatuur over open chirurgie en 

endovasculaire behandeling van het APA gegeven. Om de voorkeur te geven aan 

endovasculaire behandeling boven open behandeling dient de patency rate (het 

percentage van doorgankelijke arteriën) van endovasculaire stentplaatsing in de 

knieslagader minstens gelijkwaardig te zijn aan die van open herstel. Met de huidige 

literatuur is het niet duidelijk of endovasculaire stentplaatsing bij APA dezelfde lange 

termijn patency rates zal geven bij alle patiënten. Dit blijft onduidelijk, met name bij jonge 

patiënten, acuut symptomatische patiënten en patiënten met een slechte outflow 

(slechte onderbeenslagaderen). Daarnaast is er nog te weinig bekend over stent 

gerelateerde complicaties zoals endoleak (lekkage van bloed langs de stent in de 

aneurysma zak) en stentbreuk. 

Derhalve zou op dit moment stentplaatsing alleen in onderzoeksvorm verricht moeten 

worden. In geval van ernstige hart -en of longziekten, zouden patiënten wel primair met 

endovasculaire stentplaatsing behandeld moeten worden.

Type van chirurgische benadering

Diverse benaderingen en technieken voor herstel van een APA zijn reeds beschreven en 

verricht. De mediale benadering is de meest toegepaste chirurgische techniek bij de 

uitschakeling van een APA. Het omvat een gecombineerde snede boven en onder de 

knie aan de binnenzijde van het been. Deze techniek schakelt helaas niet de eventuele 

zijtakken van een APA uit, waardoor er alsnog vulling in het aneurysma kan ontstaan, en 

eventueel zelfs groei van het aneurysma, resulterend in een mogelijke scheur. Een 

alternatieve techniek is de dorsale benadering (via de achterzijde van de knie). Deze 

benadering bestaat uit een S-vormige snede in de knieholte, met inachtneming van 

zenuwen en enkele aderen. Hoofdstuk 5 beschrijft de korte en middellange resultaten 

van de mediale en dorsale benadering bij de behandeling van APA’s. Geconcludeerd kan 

worden dat op de lange termijn geen significante verschillen in patency rates tussen de 

mediale en dorsale benadering gevonden kunnen worden. Aangezien er na de mediale 

uitschakeling een persisterend risico op groei van het aneurysma blijft bestaan (tot 22%), 
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is de dorsale benadering uiteindelijk de voorkeursbenadering bij de behandeling van het 

APA. Daarnaast, heeft het gebruik van een ader als bypass de voorkeur boven het gebruik 

van kunststof, onafhankelijk van de benadering bij het herstel van APA’s.

Strategie bij acute ischemie van een been 

De consequenties van acute stolling van een APA zijn zowel een bedreiging voor het 

behoud van het been als van het leven. Ondanks spoedinterventies, blijft er een belangrijk 

risico bestaan op amputaties door stolling van de onderbeenslagaderen. Historisch gezien 

was een trombectomie (het chirurgisch verwijderen van stolsel) van de 

onderbeenslagaderen gevolgd door een bypass de gouden standaard. Echter, sinds 1980 

wordt trombolyse (een stolseloplosmiddel toegediend via de slagader) succesvol 

toegepast, om de onderbeenslagaderen voor chirurgische revascularisatie te verbeteren. 

In hoofdstuk 6 wordt een overzicht van de literatuur gegeven om de uitkomsten van 

acute stolling van APA’s door trombectomie of trombolyse gevolgd door een bypass 

weer te geven. Dit literatuuroverzicht toont dat pre- en intraoperatieve trombolyse geen 

significante reductie in het aantal amputaties oplevert vergeleken met trombectomie. 

De 1-jaars primary patency van chirurgische interventie na trombolyse was significant 

hoger vergeleken met chirurgie alleen. De primary patency na 3 en 5 jaar was niet 

significant verschillend tussen beide groepen. Bovendien, kon er geen onderscheid 

gemaakt worden tussen de groepen wat betreft secondary patency (percentage 

doorgankelijke slagaders, na één behandeling om de slagader doorgankelijkheid te 

waarborgen) en het percentage patiënten waarbij geen amputatie noodzakelijk was. 

Geconcludeerd kan worden dat indien er sprake is van een acute vaatafsluiting door een 

APA met milde kliniek, het gebruik van trombolyse geadviseerd wordt mits er geen 

contra-indicaties zijn. Bij een acute vaatafsluiting door een APA met ernstige kliniek, zich 

uitende in uitgebreide gevoelsstoornissen en of motorische stoornissen, dient chirurgie 

direct plaats te vinden.

Diameter indicatie voor behandeling

Vanwege het toenemend risico op verlies van het aangedane been bij het ontstaan van 

klachten (mechanische klachten door compressie van het APA, acute ischemie door 

trombose van het APA, of chronische ischemie door partiële trombose van het APA) 

zouden patiënten met een dergelijk symptomatisch APA behandeling moeten ondergaan. 

De diameter van het symptomatische aneurysma heeft geen invloed op deze beslissing. 

Echter, er is geen consensus over asymptomatische APA’s (klachtenvrij). Meerdere auteurs 

adviseren geplande chirurgische uitschakeling bij patiënten met een asymptomatisch 

aneurysma groter dan 20 mm. Andere suggereren dat een diameter van 30mm het juiste 

afkappunt is. Het is niet geheel duidelijk welke karakteristieken van een asymptomatisch 

APA leiden tot een acute trombose. Diameter alleen lijkt niet de enige voorspellende 

factor. Hoofdstuk 7 beschrijft een prospectieve studie om de interventiecriteria van 

asymptomatische APA’s tussen 20 en 30mm te verbeteren. In deze studie ondergingen 

alle patiënten met een asymptomatisch APA een CT-angiografie om berekeningen aan 

de arteria poplitea te verrichten, inclusief het APA met het strekken en 90° buigen van 
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de knie in een speciaal geprepareerde brace. Kniebuigingen bij patiënten met een APA 

lijden tot een significante lumenreductie boven en onder het aneurysma. Daarnaast, 

geeft het een verandering in de buigingsgraad (angulatie) van de slagader boven en onder 

het aneurysma. Deze twee kenmerken kunnen een oorzaak zijn voor het verhoogde 

risico op tromboembolieën. Kniebuigingen met een APA ≥ 30 mm geeft een significante 

lumenreductie vergeleken met PAA < 30 mm. Een andere belangrijke bevinding in deze 

studie is de grote variatie in lumenreductie en angulatie veranderingen gedurende 

strekken en buigen binnen de groep met kleine aneurysma’s als ook in de groep met 

grote aneurysma’s. Deze gemeten variabiliteit binnen de groepen kan verklaren waarom 

enkele kleine APA’s toch symptomatisch worden en waarom sommige grote aneurysma’s 

niet symptomatisch worden. Het verrichten van een CT-A scan tijdens het strekken en 

buigen van de knie, zoals hierboven beschreven, zou geïmplementeerd moeten worden 

in het beslisproces of een patiënt met een asymptomatisch APA geopereerd dient te 

worden.

Geslacht gerelateerde verschillen in uitkomst

Vaatziekten zijn een belangrijk volksgezondheidsprobleem in zowel mannen als vrouwen. 

In het algemeen, hebben vrouwen kleinere slagaderen dan mannen. Gecombineerde 

resultaten van studies die zich richtten op de uitkomst van bypass chirurgie in het 

onderbeen, geven geen significant verschil in primary patency, percentage patiënten 

waarbij geen amputatie noodzakelijk was, en overleving tussen mannen en vrouwen. Op 

dit moment zijn er geen studies verricht die specifiek het effect van het geslacht op de 

uitkomst van de behandeling van APA onderzocht hebben. Dit was het belangrijkste doel 

van de studie beschreven in hoofdstuk 8, waarin de korte en lange termijn uitkomsten 

van het herstel van APA’s tussen mannen en vrouwen werden vergeleken. Ondanks het 

kleine aantal vrouwen in deze studie, was het geslacht onafhankelijk geassocieerd met 

primary patency. Er werden geen significante verschillen in 30-dagen sterfte en het aantal 

complicaties tussen mannen en vrouwen geconstateerd. Op de lange termijn, hebben 

vrouwen een significant lagere primary patency en een trend tot een hoger 

amputatiepercentage. Op basis van deze resultaten, zou het verstandig zijn om 

asymptomatische APA’s in vrouwen bij een grotere diameter te behandelen dan in 

mannen, omdat vrouwen meer APA gerelateerde complicaties hebben gedurende follow-

up. Daarnaast, dient het follow-up protocol voor vrouwen geïntensiveerd te worden in 

vergelijking met mannen, omdat vrouwen een grotere kans op hernieuwde vernauwing 

van het bloedvat voor afsluiting van het bloedvat hebben.

In hoofdstuk 9 worden de bovengenoemde hoofdstukken samengevat en bediscussieerd, 

en tevens een visie voor de toekomst gegeven.
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