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WHAT THIS PAPER ADDS

Previous comparisons between open surgical (OSR) and endovascular (ER) repair for popliteal aneurysms (PA)
were hampered by differing subgroups of patients being selected for the different treatments. ER was often
chosen for asymptomatic patients with good outflow, but also for elderly and frail patients, and when no
suitable vein was available for bypass. A small, randomised trial was published, but it included only asymp-
tomatic patients. This investigation is the first attempt to identify risk factors for occlusion in a large, population
based, cohort with comparable groups, including anatomical data by examining all imaging in a core lab.
Objective: To identify factors affecting the outcome after open surgical (OSR) and endovascular (ER) repair of
popliteal artery aneurysm (PA) in comparable cohorts.
Methods: A matched comparison in a national, population based cohort of 592 legs treated for PA (2008 e
2012), with long term follow up. Registry data from 899 PA patients treated in 2014 e 2018 were analysed
for time trends. The 77 legs treated by ER were matched, by indication, with 154 legs treated with OSR.
Medical records and imaging were collected. Analysed risk factors were anatomy, comorbidities, and
medication. Elongation and angulations were examined in a core lab. The main outcome was occlusion.
Results: Patients in the ER group were older (73 vs. 68 years, p ¼ .001), had more lung disease (p ¼ .012), and
were treated with dual antiplatelet therapy or anticoagulants more often (p < .001). The hazard ratio (HR with
95% confidence intervals) for occlusion was 2.69 (1.60 e 4.55, p < .001) for ER, but 3.03 (1.26 e 7.27, p ¼ .013)
for poor outflow. For permanent occlusion, the HR after ER was 2.47 (1.35 e 4.50, p ¼ .003), but 4.68 (1.89 e
11.62, p < .001) for poor outflow. In the ER subgroup, occlusion was more common after acute ischaemia (HR
2.94 [1.45 e 5.97], p ¼ .003; and poor outflow HR 14.39 [3.46 e 59.92], p < .001). Larger stent graft diameter
reduced the risk (HR 0.71 [0.54 e 0.93], p ¼ .014). In Cox regression analysis adjusted for indication and stent
graft diameter, elongation increased the risk (HR 1.020 per degree [1.002 e 1.033], p ¼ .030). PAs treated for
acute ischaemia had a median stent graft diameter of 6.5 mm, with those for elective procedures being 8
mm (p < .001). Indications and outcomes were similar during both time periods (2008 e 2012 and 2014 e 2018).
Conclusion: In comparable groups, ER had a 2.7 fold increased risk of any occlusion, and 2.4 fold increased risk of
permanent occlusion, despite more aggressive medical therapy. Risk factors associated with occlusion in ER were
poor outflow, smaller stent graft diameter, acute ischaemia, and angulation/elongation. An association between
indication, acute ischaemia, and small stent graft diameter was identified.
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INTRODUCTION configuration of the vessel,14,15 with possible different im-
Popliteal artery aneurysms (PA) are uncommon compared
with abdominal aortic aneurysms1 and therefore difficult to
study. Complications of PA2 include acute ischaemia
through distal embolisation and thrombosis of the PA,
compression of veins and nerves, and rupture.3

Optimal treatment is controversial. Open surgical repair
(OSR) with bypass is challenged by minimally invasive
endovascular repair (ER), using stent grafts to exclude the
aneurysm. Routines vary greatly between centres and
countries.4e6

Primary and secondary patency rates after ER of 76%e 79%
and 86% e 90% were reported after two years.7e10 Most pa-
tients in these reports were asymptomatic however, and data
suggest inferior patency after treatment for acute
ischaemia.11,12 In a nationwide studyof 592PA, theprocedures
with an indication of acute ischaemia had lower patency after
ER compared with OSR. The difference was less pronounced
after elective procedures, albeit still in favour of OSR.13

The reasons why outcomes differ depending on indica-
tion are not clear. Anatomical features such as vessel
diameter, outflow, and the degree of popliteal elongation or
angulation may differ between PA with acute ischaemia and
those with prophylactic surgery and could impact ER and
OSR differently. Flexion of the knee will affect the
 A B

Figure 1. Images from the same patient with popliteal ar
and (B, C) computed tomography demonstrating a max
TeraRecon of 1.22 (B, C). The curved thick white line is
line.
pacts on ER and OSR.
To investigate reasons for the superior results of OSR vs.

ER observed in the previous investigation, a matched
comparison in the population based cohort was designed.
Matching was done on indication for treatment. The aim
was to explore the hypothesis that anatomical features such
as diameter, elongation, kinking, and outflow could affect
patency differently in legs treated by ER and OSR.
PATIENTS AND METHODS

Patients

This study was performed according to the STROBE
Guidelines. Swedvasc was created in 1987 and includes data
on more than 90% of open and endovascular procedures in
the country since 1992.16,17 Indications, comorbidities,
surgical techniques, 30 day and one year follow up data are
registered prospectively. Since May 2008 there has been a
dedicated module for PA.

In a study published in 2015,13 all PA procedures regis-
tered in Swedvasc between May 2008 and May 2012, were
retrieved and cross checked using a questionnaire: 592 legs
in 499 patients. Of the ER, 77% (75/97) were performed in
nine hospitals. From this original cohort, 64 legs (10.8%)
C

tery aneurysm in (A) digital subtraction angiography
imum angle of 93� (A) and tortuosity index (TI) in
the centreline; the straight, thin line is the Euclidean
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were excluded; 11 had incomplete treatment (i.e., unsuc-
cessful thrombolysis and no surgical repair of the PA), 26
patients (36 legs) gave no informed consent, 13 legs were
treated for rupture (a subgroup with particular features,
reported in a recent focused publication2), and four were
treated with multilayer stents. The multilayer stents all
occluded and were considered an experimental treatment
with negative bias in the ER group. After these exclusions,
528 legs treated for PA at 29 hospitals remained for anal-
ysis. To allow a detailed comparison of ER vs. OSR with a
reasonable number of legs to analyse, a matched compar-
ison within the population based cohort was designed.

Seventy-seven PAs (15%) were treated by ER: 25 had
acute ischaemia, 10 had other symptoms and 42 were
asymptomatic. The remaining 451 PA were treated by OSR.
For the three PA groups treated by ER, each defined by the
initial indication for the index procedure (acute ischaemia,
symptomatic or asymptomatic), a corresponding group
twice the size and treated by OSR was randomly selected by
a computer generated random permutation. In total, 154
legs with matched indications constituted the OSR group.

For the 231 treated legs (77 ER, 154 OSR in 212 patients),
medical records and radiological images were collected, and
sent to the core lab in Gothenburg. Data on demographics,
indications, procedural details, aneurysm diameter, and
medication were registered. Popliteal elongation was eval-
uated using pre-operative imaging, including computer to-
mography (CT), magnetic resonance (MR), and/or digital
subtraction angiography (DSA). Patency was registered at
one year in Swedvasc and cross checked by medical records.
Table 1. Demographic and clinical characteristics of the 212 p
endovascular (ER) or open surgical repair (OSR) for popliteal arter

Surgical technique n ER

Male sex 231 72
Age e y 231 73
Diabetes 221 13
Heart disease 212 25
Hypertension 212 43
Cerebrovascular disease* 212 4/
Respiratory disease 205 12
Smoker 167 40
Bilateral PA 210 43
AAA 198 35
Iliac aneurysm 172 24
Mean diameter e mm 187 28
Median max angulation e degree 167 43
Pre-operative thrombolysis 21
Outflow vessels 191

0 3/
1 23
2e3 47

Antithrombotic therapy 205
Nothing 0
Single antiplatelet therapy 32
Dual antiplatelet therapy 25
Anticoagulation 14

Data are presented as n (%) or mean (range). AAA ¼ abdominal aortic an
* Cerebrovascular disease ¼ stroke or transient ischaemic attack.
A supplementary late follow up duplex ultrasound (DUS)
examination was requested from the treating hospitals. If
no DUS or other imaging had been performed during follow
up, patency was assessed by clinical examination and ankle
brachial index.

An ad hoc analysis was performed comparing PA treat-
ment from the time period 2008 e 2012 with a more recent
time period, based on Swedvasc data.4 During the years
2014 to 2018, 899 legs were compared with the original,
cross checked cohort of 592 legs from May 2008 to May
2012. There were differences in registrations in the two
time periods. From 2014, outflow was registered in
Swedvasc.
Definitions

The duration of follow up was defined as the time between
the index procedure until a permanent occlusion was
determined, or the last date when the reconstruction was
examined and found to be patent. Primary patency was a
patent reconstruction without occlusion. Secondary patency
was an occluded reconstruction that had been successfully
reopened after one or more re-interventions. Conversion
surgery was defined as OSR (in all cases a bypass) in a leg
previously treated by ER. Outcome is reported on an
intention to treat basis.

Outflow was categorised into 0 (poor outflow), 1, 2, or 3
patent infrapopliteal vessels, with < 50% stenosis, imme-
diately before the index procedure, but after pre-operative
thrombolysis, if performed.
atients with 231 legs, matched for indications, treated by
y aneurysm (PA)

(n [ 77) OSR (n [ 154) p value

(94.5) 147 (95.5) .54
(46e89) 68 (42e102) <.001
/74 (17.6) 20/147 (13.6) .43
/70 (35.7) 33/142 (23.2) .071
/68 (63.2) 96/144 (66.7) .65
70 (5.7) 17/142 (12.0) .22
/69 (17.4) 8/136 (5.9) .012
/50 (80) 93/117 (79.5) 1.0
/70 (61.4) 104/140 (74.3) .078
/70 (50) 73/128 (57) .37
/64 (37.5) 39/108 (36.1) .87
.5 (67) 30.0 (122) .45
(70) 48 (97) .25
/77 (27.3) 35/154 (22.7) .52

.30
73 (4.1) 9/119 (7.6)
(31.5) 40 (33.6)
(64.4) 69 (58.5)

<.001
(0) 7 (5.2)
(45.1) 99 (73.9)
(35.2) 10 (7.5)
(19.7) 18 (13.4)

eurysm.
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Elongation and angulation of the popliteal artery were
estimated by measuring a tortuosity index (TI) and
maximum angulation18 in pre-operative imaging with a
straight leg. Measurements were done in CT datasets, when
available, using the iNtuition, TeraRecon Inc. (Foster City,
CA, USA) software. The tortuosity index was calculated by
dividing the arterial centreline distance by the Euclidean
distance from the exit of Hunters canal to the origin of the
anterior tibial artery. Angulations of the popliteal artery
were measured both proximal and distal to the aneurysm.
The maximum angle was measured in CTA and/or MRA
images by rotating the three dimensional image of the
popliteal artery until its most severe angulation was pro-
jected perpendicularly, and measuring this angle in a two
dimensional plane. In patients without pre-operative CT or
MR, the maximum angulation was measured in two
dimensional DSA images using the OsiriX imaging software
(Pixemo, Geneva, Switzerland) (Fig. 1). In cases with mul-
tiple angulations, the most pronounced angulation was
chosen. TI was measured (using CT) in 65 cases; maximum
angulation was measured in 167 cases, with CTA (75), MR
(26), and DSA (66).

Reproducibility of angulation measurements was calcu-
lated by comparing with a second, blinded observer in 20
CT and 15 DSA examinations. There was a significant cor-
relation between the two estimates of popliteal artery
elongation, TI and maximum angulation (Spearman rho,
rs, ¼ 0.786, p < .001), and between observers (rs ¼ 0.756
for TI, p < .001, and rs ¼ 0.847 for maximum angulation, p
< .001). As maximum angulation was available in more
patients than TI (167 vs. 65 legs), it was chosen to estimate
popliteal artery elongation.
0

0 1 2 3 4 5

77 43 33 28 23 9

154

ER

OSR 121 94 74 50 32

Time after PA repair – years

Log rank p-value .001

No. at risk

Figure 2. Cumulative KaplaneMeier estimates of (A) primary and
(B) secondary patency after endovascular (ER) and open surgical
repair (OSR) of popliteal artery aneurysm (PA).
Statistics

The distribution of continuous variables was visually
assessed by histograms and Q-Q plots and evaluated by
the Kolmogorov-Smirnov test. Independent samples t test
was used to evaluate differences in continuous variables if
normally distributed, if not the ManneWhitney U test was
used. Differences in proportions were assessed using
Fisher’s exact test or chi square, as appropriate. A trend in
ordinal data was evaluated by p value for linear by linear
association. The correlations between the continuous var-
iables that were not normally distributed (TI, maximum
angulation, and stent diameter) were assessed by
Spearman rho (rs). The KaplaneMeier method was used to
analyse time to event (primary and secondary patency)
and Cox proportional hazards regression model to estimate
the unadjusted and adjusted hazard ratios (HR) with 95%
confidence intervals (CI). Variables included in the multi-
variable analysis had p values < .30. A p value of < .05
was considered to be statistically significant. Statistical
analyses were performed using SPSS version 24.0 (IBM
SPSS, Inc.).
Ethics

The regional ethics committee approved the study. All pa-
tients in the matched cohort gave informed written con-
sent. Data for the 2014 e 2018 period were approved in a
separate application, and patient consent was waived.
RESULTS

Demographics and clinical characteristics in the ER and OSR
groups are presented in Table 1. Late patency was assessed
with duplex or other imaging in 104 legs, with ABI and
clinical examination in 45. In 64 cases, the graft was already



Table 2. Univariable Cox proportional hazard regression model for occlusion and permanent occlusion of popliteal artery
reconstruction in 212 patients, treated by endovascular (ER) or open surgical repair (OSR) for 231 popliteal artery aneurysms (PA)

n

Occlusion Permanent occlusion

HR (95% CI) p value HR (95% CI) p value

Age 231 1.01 (0.98e1.03) .73 1.02 (0.99e1.05) .23
Diameter PA 189 1.01 (0.99e1.03) .63 1.01 (0.99e1.03) .37
Bilateral PA 210 0.81 (0.48e1.37) .42 0.87 (0.48e1.56) .63
Concomitant AAA 198 1.18 (0.71e1.95) .52 0.78 (0.45e1.37) .39
DAT or AC vs. SAT 187 1.16 (0.68e1.97) .58 0.90 (0.49e1.69) .75
Maximum angulation 167 1.01 (0.99e1.02) .37 1.01 (0.99e1.02) .28
Surgical technique ER vs. OSR 231 2.74 (1.68e4.46) <.001 2.41 (1.38e4.19) .002
Outflow vessels 0 vs. 1 to 3 191 2.16 (0.93e5.05) .074 3.34 (1.41e7.94) .006

HR ¼ hazard rate; AAA ¼ abdominal aortic aneurysm; DAT ¼ dual antiplatelet therapy; AC ¼ anticoagulation; SAT ¼ single antiplatelet therapy
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occluded, or the patient was dead. The median follow up
was 30 months (interquartile range, IQR, 11 e 54). For ER,
the median follow up time was 16 months (IQR 2.5 e 51.5),
and for OSR 35 months (IQR 14 e 56) (p ¼ .003), a
consequence of the higher incidence of early occlusions
after ER, as follow up ended at permanent occlusion.

Open surgical repair

Bypass was done with a medial approach in 116/154
(75.3%) legs, and posterior approach in 38 (24.7%). Vein
grafts were used in 126 (82%). The proximal anastomosis
was to the common femoral artery in 20/152 (13%), the
distal superficial femoral artery (SFA) or the proximal
popliteal artery in 132 (87%). The distal anastomosis was to
the popliteal artery in 131/152 (86.2%), the tibioperoneal
trunk in nine (5.9%), and the crural vessels in 12 (7.9%). In
two, the exact anatomy was undefined.

Endovascular repair

All stent grafts were Viabahn (GORE VIABAHN Endopros-
thesis). No relining with uncovered stents was performed.
The mean number of stent grafts per leg was 2.15 (range 1
e 5). The mean total length of stent grafts per leg was 220
mm (range 100 e 550 mm) (data from 70 legs). The median
Table 3. Re-interventions and complications in the 212 patients w
open surgical repair (OSR)

30 days 1 y

OSR
(n [ 154)

ER
(n [ 77)

p
value

OSR
(n [ 154)

Permanent
occlusion

5/154 (3.2) 8/76 (10.5) .034 13/144 (9.0)

Re-interventions
Thrombolysis 0 5 .038 3
PTA/stent 2 0 12
Embolectomy 3

Conversion/new
bypass

2 2 .60 4

Major amputation 3/154 (1.9) 4/77 (5.2) .23 6/149 (4.0)
Death 0/141 (0) 1/71 (1.4) .34 3/141 (2.1)

Data are presented as n (%). PTA ¼ percutaneous transluminal angioplas
diameter of the most proximal stent graft was 8 mm (range
5 e 13 mm), and the distal stent graft 7 mm (range 5 e 11
mm) (72 legs).

Anatomical characteristics

Measurements of maximum angulation were available in
91% of ER and in 63% of OSR. There were no differences
between OSR patients with or without measures of
maximum angle in terms of age, indication, outflow, or
post-operative patency.

The median maximum angulation for all legs with PA was
45� (range 17� e 110�, IQR 32� e 61�), with no significant
difference between ER (43�) and OSR (48�) (p ¼ .25). In 14
cases, DSA imaging after deployment of the stent graft, with
90� flexion of the knee was available.

Outcomes in the combined cohort, endovascular repair
and open surgical repair

Primary and secondary patencies were better after OSR
than ER: the HRs of any and permanent occlusion were 2.74
(95% CI 1.68 e 4.46) and 2.41 (95% CI 1.38 e 4.19),
respectively. Most occlusions occurred within the first year
(Fig. 2A and B). In a univariable Cox proportional regression
model, there were no associations between occlusion and
ith popliteal artery aneurysm, treated by endovascular (ER) or

3 y

ER
(n [ 77)

p
value

OSR
(n [ 154)

ER
(n [ 77)

p
value

21/68 (30.9) <.001 18/102 (17.6) 22/50 (44.0) .001

14 <.001 4 16 <.001
4 13 4

4
9 .012 4 11 <.001

4/75 (5.3) .74 6/117 (5.1) 4/51 (7.8) .49
8/71 (11.3) .008 13/141 (9.2) 17/71 (23.9) .006

ty.



Table 4. Indications and surgical techniques in patients
treated for popliteal artery aneurysm (PA). Comparison
between two time periods

May 2008 e

May 2012*

(n [ 592)

Jan 2014 e

Dec 2018*

(n [ 899)

p value

Acute ischaemia 174 (29) 227 (25) .084
Asymptomatic 300 (51) 421 (47) .15
Elective symptomatic 105 (18) 223 (25) .001
Ruptured PA 13 (2.2) 26 (2.9) .51
Age e y 69 (42e102) 72 (33e97) <.001
Stent graftz 95/568 (17) 126/848 (15) .60
OSR with veinz 395/451 (88) 596/678 (88) .93
Prosthetic graftz 56/451 (12) 82/678 (12) .93

Data are presented as n (%) or mean (range). OSR ¼ open surgical
repair.
* The first time period is four years, the second is five years.
z Legs treated for ruptured PA are not included, nor treatments
registered as “not vascularised” with no registration for either stent
graft or bypass.
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age, concomitant aneurysms (i.e., bilateral PA, aortic or iliac
aneurysms), diameter of the PA, antiplatelet or anti-
coagulation medication, or degree of popliteal elongation
(Table 2). In an adjusted Cox regression model, including
only surgical technique and outflow, both poor outflow (0
vessels) and ER were independent risk factors for occlusion
(poor outflow HR 3.03 [95% CI 1.26 e 7.27], p ¼ .013; ER
HR 2.69 [95% CI 1.60 e 4.55], p < .001) and permanent
occlusion (poor outflow HR 4.68 [95% CI 1.89 e 11.62], p <
.001; ER 2.47 [95% CI 1.35 e 4.50], p ¼ .003). The number
of patent crural vessels (1, 2, or 3) did not affect the risk of
occlusion as long as at least one vessel was patent.

Follow up regarding major amputations, re-interventions,
and mortality are given in Table 3.
Variables affecting outcome in the patients treated
endovascularly

At one year, primary and secondary patencies for the
indication of acute ischaemia were 38% (9/24) and 46%
(11/24), respectively. In a univariable Cox regression
Table 5. Comparison of surgical technique and outcome between
treated for acute ischaemia

May 2008 e May 2012*

(n [ 165)

ER
(n [ 27)

OSR
(n [ 138)

Mean age e y 70 69
Patency 1 year 10/21 (48) 99/114 (87)
Amputation 1 year 4/23 (17) 8/117 (6.8)
Deaths 1 year 4/27 (15) 6/138 (4.5)

Data are presented as n (%) unless stated otherwise. ER ¼ endovascular r
* The first time period is 4 years, the second is 5 years.
y The p-value refers to comparison of outcomes for each surgical technique
follow-up differed between the two cohorts; in the early time-period, 83%
model, variables affecting occlusion (loss of primary
patency) and permanent occlusion in the ER group were
evaluated. Indication of acute ischaemia (HR 2.94 [95%
CI 1.45 e 5.97], p ¼ .003; and HR 4.16 [95% CI 1.79 e
9.67], p ¼ .001), as well as poor outflow (HR 14.39 [95%
CI 3.46 e 59.92], p < .001; and HR 53.18 [95% CI 7.92
e 356.91], p < .001), increased the risk. Larger stent
graft diameters (HR 0.71 [95% CI 0.54 e 0.93], p ¼
.014; and HR 0.66 [95% CI 0.48 e 0.91], p ¼ .011)
reduced the risk. Median stent graft diameter (the distal
sealing zone) was 7 mm for occluded, and 8 mm for
patent stent grafts. For permanently occluded stent
grafts the median diameter was 6 mm vs. 8 mm in
patent grafts. Neither total stent graft length (p ¼ .53),
medical therapy (anticoagulants, dual or single anti-
platelet therapy, p ¼ .59), nor maximum angulation
(p ¼ .29) affected the risk of occlusion significantly.

To explore risk factors for occlusion following ER, a
multivariable Cox regression analysis was performed. Three
patients with poor outflow (0 vessels) were excluded, as this
was an obvious, independent risk factor. There were 25
occlusions in the remaining 62 patients. The model included
stent graft diameter, indication, and maximum angulation.
Diameter had a HR of 0.70/mm (95% CI 0.49 e 0.98, p ¼
.039), indication of acute ischaemia a HR of 1.74 (95% CI
0.74 e 4.10, p ¼ .20), and maximum angulation a HR of
1.02/degree (95% CI 1.00 e 1.03, p ¼ .030). The median
angulation was 43� (range 17� e 110�).

Indication and stent graft diameter were associated (p <
.001). Procedures for acute ischaemia had a median diam-
eter of 6.5 mm (range 5 e 8 mm), elective surgery 8 mm
(range 5 e 11 mm). Maximum angulation was neither
correlated with indication (p ¼ .19), nor with stent graft
diameter (rs ¼ 0.108, p ¼ .39).

Eleven patients were converted to open surgery after
initial ER: nine developed limb threatening ischaemia after
occlusion, one severe claudication, and one had unknown
symptoms. During follow up of the conversion bypasses,
eight were patent after a follow up of 3 e 36 months. The
remaining three had no examination of patency, but none
of them were amputated after 6 e 48 months.
two time-periods in patients with popliteal artery aneurysm,

Jan 2014 e Dec 2018*

(n [ 211)
Comparisons between
the time-periodsy

ER
p

OSR
p

ER
(n [ 28)

OSR
(n [ 183)

75 71.4 .053 .009
9/14 (64) 95/104 (91) .49 .39
2/15 (13) 10/111 (9) 1.0 .63
1/14 (7.1) 3/104 (2.9) .65 .74

epair; OSR ¼ open surgical repair.

between the two time-periods. The number of patients with complete
, in the latter, 62% (p <.001).



Table 6. Comparison of surgical technique and outcome between two time-periods in patients treated for asymptomatic popliteal
artery aneurysm

May 2008 e May 2012*

(n [ 300)
Jan 2014 e Dec 2018*

(n [ 421)
Comparisons between
the time-periodsy

ER
p

OSR
p

ER
(n [ 55)

OSR
(n [ 245)

ER
(n [ 73)

OSR
(n [ 348)

Mean age e y 74 68 75 71 .57 .002
Patency 1 year 41/49 (84) 200/214 (94) 46/52 (89) 221/232 (95) .57 .42
Amputation 1 year 1/50 (2.0) 2/220 (0.9) 1/52 (1.9) 0/231 (0) 1.0 .24
Death 1 year 3/55 (5.5) 3/244 (1.2) 3/73 (0) 2/348 (0.5) 1.0 .74

Data are presented as n (%) unless stated otherwise. ER ¼ endovascular repair; OSR ¼ open surgical repair.
* The first time period is 4 years, the second is 5 years.
y The p-value refers to comparison of outcomes for each surgical technique between the two time-periods. The number of patients with complete
follow-up differed between the two cohorts; in the early time-period, 83%, in the latter, 62% (p <.001).
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Variables affecting outcome in patients treated by open
surgical repair

Among patients treated by OSR, seven had a new bypass.
Two within a month, two within a year, two after four
years, and one after five years. Nine patients treated by
OSR had poor outflow (0 vessels), with two occluded
permanently: one immediately with early amputation, and
A B

Figure 3. Images from the right leg of a patient with popli
graft (B). (C) A final digital subtraction angiogram with
kinking directly distal to the graft. The reconstruction occ
the patient was first treated with thrombolysis, followed
end of the stent graft.
one within a year without amputation. The remaining
seven were alive at one year and had no amputation during
follow up. In an analysis adjusted for bypass graft material
and indication, HR for permanent occlusion was 3.44 (95%
CI 1.45 e 8.18, p ¼ .005) for prosthetic bypass, and 2.49
(95% CI 1.14 e 5.48, p ¼ .023) for indication of acute
ischaemia.
C

teal artery aneurysm (A), treated with a Viabahn stent
the knee in 90� flexion demonstrates pronounced
luded after six weeks. To open up the crural vessels,
by a bypass with vein. The arrows indicate the distal
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Ad hoc analysis

The indications, treatments, and outcomes of the original
cohort of 592 legs, were compared with Swedvasc data
2014 e 2018.4 Indications for treatment and choice of
technique were similar (Table 4). Patients were older during
the later time period (69 vs. 72 years, p < .001). In Tables 5
and 6 the outcomes after OSR and ER, when treating pa-
tients with acute ischaemia and for asymptomatic disease,
are compared during the two time periods. The trends are
similar during the most recent time period, again favouring
OSR. The numerical differences are less pronounced during
the second time period, although there is no statistical
difference (Tables 5 and 6). There were great differences in
follow up information, however. During the first time
period, registry data were supplemented with case records,
explaining why there was one year follow up in 83%,
compared with 62% during the second time period (p <
.001), when only registry data were available.
DISCUSSION

A primary endovascular strategy had an almost three fold
increased risk of post-operative occlusion compared with
OSR. Patency was associated with the presence of at least
one patent outflow vessel. In the endovascular group, oc-
clusion was associated with operation for acute ischaemia,
small stent graft diameter, and arterial elongation.
A B

Figure 4. (A) A popliteal artery aneurysm treated with a
gram with the knee in 90� flexion, taken when the stent gr
occluded, and the patient was treated by thrombolysis. (C)
The arrows indicate the distal end of the stent graft.
Results after OSR for PA are well studied. Independent
risk factors for occlusion and amputation are emergency
procedures and the use of prosthetic bypass grafts,19,20

confirmed by this study. There is a risk of wound compli-
cations, especially after emergency procedures, but opera-
tive mortality is low, even in high risk patients.21 Four year
secondary patency of 84% e 97% has been reported.19,22,23

OSR is dependent on the availability of good conduits for
bypass, however, and with an ageing population there are
potential benefits with a minimally invasive procedure, if
the outcome is comparable.

In two large studies comparing ER with OSR, the groups
were markedly different with 2.5 e 3 times more patients
with acute ischaemia, as well as worse runoff, in the OSR
group.10,24 In spite of this, primary patency still favoured
OSR, even though secondary patency rates were compa-
rable. Similar results were reported in a meta-analysis
from 2017, including 14 studies and 4 500 operated
PAs.25 The only randomised controlled trial comparing
OSR and ER was small, 30 patients, and included only
asymptomatic PAs, reporting no difference in patency.26 In
a recent large international study of 10 764 PA repairs,
early amputation and death were higher after acute than
elective surgery (5.0% vs. 0.7%; 1.9% vs. 0.5%) with a
similar difference after one year, highlighting the impor-
tance of matching for indication when comparing the
techniques.4
C

Viabahn stent graft. (B) A digital subtraction angio-
aft was applied. Four months later, the reconstruction
An edge stenosis is seen at the distal end of the graft.
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In this population based study, both primary and sec-
ondary patency strongly favoured OSR. Secondary patency
was lower than in most previously published cohorts of
ER,10,24,27,28 only 69% at one year, probably a result of the
high proportion of patients treated for acute ischaemia, at
32%. After matching for indication, the groups of ER and
OSR differed only in age, lung disease, and higher degree of
DAPT and anticoagulation in the ER. Outflow was similar.

Age, concomitant aneurysms, and aneurysm diameter did
not affect outcome. As expected, poor outflow was asso-
ciated with worse outcome, but outflow of more than one
vessel did not further improve outcome. The only other
independent risk factor for occlusion, in the combined
cohort, was ER.

The number of major amputations did not differ beween
ER and OSR. There were, however, many redo thrombolyses
in the ER group, 18% (14/77) at one year. Eleven patients
(14%) treated by ER were subsequently converted to OSR,
with acceptable results. It could be argued that primary ER
works if supplemented by future re-interventions, but this
comes at a cost, and a risk. The higher mortality after ER
is probably explained by differences in age and comorbidities.

In the ER group, small stent graft diameter and acute
ischaemia were associated with occlusion. The importance
of the diameter is congruent with previous observations
after stent graft treatment for chronic occlusive disease in
the SFA.29 Plausible reasons for this may be an increased risk
of stent graft oversizing in smaller vessels,30 and more se-
vere consequences of edge stenosis at the proximal or distal
ends.31,32 With flexion of the knee, conformational changes
in the popliteal artery will lead to lumen reduction and
increased vessel angulation.14,15,33 In this study, the median
diameter of occluded stent grafts was 7 mm, compared with
8 mm for those remaining patent. Although the absolute
difference was small, it was highly significant, indicating that
in patients with narrow distal sealing zones, outcome after
ER is particularly poor.

In the ER group, patency was associated with maximum
angulation, in an analysis adjusted for stent graft diameter
and indication. Although the statistical power of this asso-
ciation was relatively weak, 25 events in 62 patients, it
highlights a potential mechanism for occlusion, as kinking
can be seen at either end of the stent graft on flexion of the
knee (Fig. 3). Anatomically, most aneurysms are charac-
terised by an increase in both vessel diameter and length.
As the median angulation was 43� before ER, approximately
half of those treated had an angulation resulting in a HR of
� 2, based on the angulation only. It is possible that routine
imaging of the PA with a bended knee at the end of the
procedure could have improved the results after ER. In
others, with less elongation, there were no apparent kinks
on the initial procedure and yet over time, an edge stenosis
developed (Fig. 4). Small vessel diameter, risk of oversizing,
elongation, and conformational changes on flexion, are all
factors, independent or synergistic, that may increase the
risk of occlusion and/or edge stenosis in patients with PA,
treated with stent grafts.
An unexpected finding was the strong association be-
tween a small stent graft diameter and acute ischaemia as
treatment indication. The observed correlation of small
vessel diameter with risk of complications in an untreated
PA, warrants further investigation.

This study has strengths and limitations. The main novel
contribution compared with previous studies is the analysis
of anatomical and procedural features, in groups matched
for indication. The study is nested in a population based
cohort reducing the risk of selection bias. Patients were
treated at 29 hospitals during 2008 e 2012, reflecting daily
clinical practice at that time. The delay was explained by the
need for longer follow up, and the complexity of the
investigation, in particular the time consuming collection of
all the images, and the analysis in a core lab. To validate the
results, an ad hoc analysis, comparing the original study
cohort with patients treated in 2014 e 2018 was performed.
Outcomes were similar during the two time periods, sug-
gesting that the results of this study are relevant in a
contemporary context. The numerical non-significant trend
towards a better patency after ER during the latter time
period is most likely explained by a difference in follow up,
as patients lost to follow up usually have worse outcomes. A
type II statistical error cannot be ruled out, however.

It was not possible to evaluate oversizing from the avail-
able imaging. The Viabahn stent graft was modified in 2009,
with contour shaped edge and heparin bioactive surface.
However, no time trend was identified to suggest that such
modification affected the results. Although the patients were
entered prospectively in a registry dedicated to PA treatment,
detailed case history and imaging were collected retrospec-
tively, and as expected there were some missing data. Finally,
the association between treatment for acute ischaemia and
slender popliteal arteries distal to the aneurysm is a novel
finding and warrants further investigation.

In conclusion, patency is better and the need for re-
intervention is less frequent after OSR than ER. The po-
tential benefit of a minimally invasive treatment for elderly
and frail patients should be weighed against the increased
risk of complications and re-interventions. Patients with
slender, elongated popliteal arteries, and/or with acute
ischaemia, have higher risk of occlusion after ER, which
should be considered in surgical decision making.
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