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Abstract

A narrative review of the data provided by Randomised Controlled clinical
trials and meta-analyses was undertaken to assess how much reliance a clini-
cian could place on these in selecting a treatment for patients with disease of
the Femoral artery. An attempt was made to detect and review every clinical
trial and meta-analysis published on treatments relating to disease of the
femoral artery but not relating to drug treatment. Disease of the femoral ar-
tery in >65 years age group occurs in approximately 20% of the population
but symptomatology was present in <2%. Associated morbidity was high and
the 5-year mortality rate was >40%. In almost all trials the predominant
(>90%) indication for treatment was intermittent claudication. In this setting,
clinical benefit was limited and did not extend beyond 12 months. Mortality,
from co-morbidities was high. The Basil Trial was the only one to examine
intervention for critical limb ischemia. The results for Bypass surgery and
Percutaneous transarterial balloon angioplasty (PTA) were equivalent. There
is little evidence to support the use of PTA or stenting other than in the
treatment of patients with critical limb ischemia.

Keywords

Femoral Artery, Stent (Nitinol, Drug-Eluting, Covered), Percutaneous
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1. Background

Atherosclerotic disease of the femoral Artery is a marker for the presence of sys-

temic atherosclerotic disease. It may manifest in any one of 3 ways; asympto-
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matic, as intermittent claudication (IC-the disability of being able to walk only a
limited distance before the development of calf pain induces the necessity of
stopping to rest before being able to carry on usually for a similar distance) and
as critical limb ischemia (CLI) evidenced by rest pain, ulceration or gangrene.

Diehm C, Schuster A, Allenberg JR et al. [1] reported on 6880, unselected pa-
tients, older than 65 years of age in the German Epidemiological Trial. In this
cross-sectional study 344 general practitioners measured bilateral Doppler ul-
trasound ankle brachial systolic pressure Indices (ABSPI) bilaterally, recorded
history, physical examination, and the WHO questionnaire on Claudication.
Males accounted for 42% of the cohort, 19.8% had low ABPSI (indicating
atherosclerotic disease-PAD) and 16.8% were women with reduced ABSPI and
PAD. Patients with PAD had Odds Ratio (OR) of diabetes x 1.8, hypertension x
2.2, lipid disorders x 1.3, cerebrovascular event x 1.8 and any cardiovascular
event x 1.8.

Similarly, Meijer WT, Hoes AW, Rutgers D ef al. [2], in the Rotterdam study,
investigated 7715 patients over 55 years of age (40% men, 60% women) and
found the prevalence of PAD to be 19.1%, but symptoms of IC were present in
only 1.6% of the study population (men-2.2%, women-1.2%). When PAD was
detected, 6.8% reported IC. This study highlighted that the increased incidence
of PAD in the elderly was not associated with frequent symptomatology.

Therefore, question arises as to when PAD in the femoral artery should be
treated and what form should this treatment take. It is clear from the quoted
studies that the co-morbidities of hypertension, diabetes, lipid disorders and
smoking should be addressed as baseline management of any patient with pe-

ripheral vascular disease.

2. Methodology

The format of this research was by narrative review. This study was not a
meta-analysis or systematic review but was designed to include information that
would have been excluded by these techniques. Figure 1 shows the Flow dia-
gram of literature selection process.

I formulated research questions such as “what is the natural history of athero-
sclerotic disease of the femoral artery?”, “supervised exercise therapy and in-

» o«

termittent claudication”, “trials of supervised exercise therapy compared to

Key Word Cohort

Search Studies Pooled RCTs

Randomised
Control Trials

Figure 1. Flow diagram of literature selection process.
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intervention”, “treatment of atherosclerotic disease of the femoral artery by
percutaneous balloon angioplasty (PTA) and stenting”, “drug eluting balloons
(DEB) in PTA and drug eluting stents and the femoral artery” and cross refer-
enced these with clinical trials and meta-analyses. Within each question, the ini-
tial objective was to identify all published meta-analyses that addressed the given
research question. A meta-analysis that addressed the given research then be-
came a source of references with respect to that research question. Studies used
in the given meta-analysis were obtained. Where possible studies that were ex-
cluded from the meta-analysis were also obtained. Cochrane reviews were par-
ticularly useful in this respect because they contained a complete list of refer-
ences that were not included in the ultimate review.

The data extraction method used was by searching for keywords PTA, DEB,
DES, balloon angioplasty, covered stent, standardized exercise programs and pe-
ripheral artery disease. These keywords were cross reference with disease of the
femoral artery and superficial femoral artery. Search engines used include
PUBMED, Clinical Knowledge Network, Medline and The Cochrane Review.

When those studies from meta-analysis had been obtained, they then became
a source further to obtain references. The bulk of this work was performed by
hand and requests to libraries for reprints of publications. Reference was made
to trials registry and when a trial was identified an attempt was made to obtain
the published results of that trial. In some cases, references to abstracts from
clinical meetings are obtained from the reference section of a publication. Where
possible a copy of the abstract was obtained.

References that were excluded were those that pertained to treatment of
atherosclerotic disease of the aortoiliac or infra-popliteal segments of the vascu-
lar system where data relating to the femoropopliteal segment could not be
separated.

Analysis of the data obtained through the above process was then
cross-tabulated in chronological order. Data points of particular interest were
year of publication and authors. This produced a number of cases of double,
complete and fragmentary publication and the publication of some trial results
outside the ultimate declaration of trial results. The type of study that had been
conducted, the number of patients at recruitment and number of patients on
which the analysis was made and the type of intervention was also noted. The
trial endpoints and the stated conclusions of the trial investigators were also in-
cluded in these cross-referencing tables. Finally, the involvement of industry in
the conduct of the trial and declared conflict of interests of authors was noted.
What soon became obvious was that while financial conflict of interest was read-
ily declared, few authors recognised the possibility of intellectual conflicts of in-

terest.

3. Supervised Exercise Training for Intermittent
Claudication

Hobbs SD, Bradbury AW [3] outlined the difficulties associated with conducting
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RCT’s of supervised exercise training versus no treatment. However, some re-
searchers managed to overcome these problems. Ratcliff DA et al [4] demon-
strated that clinical benefit of supervised exercise training gained at 12 weeks
could be sustained for up to 3 years. This was not a RCT. An update of the
Cochrane Data Base [5] in 2017 came to the following conclusions based on 32
studies involving 1835 patients: maximum walking distance could be signifi-
cantly improved from 82.11 meters to 92.48 in studies where no exercise was
compared to exercise treatment, improvements were seen for up to 2 years. Ex-
ercise provided no benefit for outcomes of amputation or mortality. The authors
commented on significant heterogeneity between trials. Although this review
found statistical benefit and cost-effectiveness for supervised exercise therapy,
one could reasonably question what lifestyle benefit patients would gain from
this small improvement in walking distance gained by supervised exercise ther-
apy. Mazari et al [6], in a study comparing PTA to exercise therapy, RCT for
claudication patients, showed that PTA conferred a benefit related to physical
function and bodily pain but no benefit for general overall health and no benefit
beyond 12 months.

Table 1 lists a number of RCT’s comparing PTA to supervised exercise ther-
apy and one trial of PTA to SEP alone and PTA combined with SEP. These trials

Table 1. Supervised exercise therapy SET vs. PTA.

PTA SET Bibliographic

Year  Author Journal (n) (n) Number Conclusions
ABSPI improved with
Creasy Eur ] Vasc PTA but exercise was
1990 20 16 [8] . .
TS Surg better for walking distance
at 12 months
. Eur ] Vas Exercise training confers
Perkins i
1996 JMT Endovas 30 26 [9] greater benefit in
Surg claudication over PTA
Wh;
1997 hz[fr;:an ] Vasc Surg 30 32 [10] [11] No difference at 2 years
Home-based exercise/not
Eur ] Vas .
Nylaende supervised. Benefit for
2007 Endovas 28 28 [12] K .
M Sur PTA plus Optimal medical
u
& therapy
MIMIC Eur ] Vas In fem-pop group short
2008 Trial Endovas 48 45 [13] term benefit for ABSPI but
ria
Surg not quality of life
Any initial advantage for
2009 S k Radiol 76 75 14
pron adiolosy [14] PTA lost at 6 months
Included n = 58 who had
both PTA + SEP, no
. quality of life
2012 Mazari BJS 60 60 [15]

improvement for any
group. PTA & SEP
equivalent
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dealt with patients in whom the focal arterial disease was in the femoral artery.
There are a number of trials that include disease in the aortoiliac segment which
have not been included in this table. However, Aherne T et al [7] have con-
ducted a meta-analysis of 11 RCT’s (969 patients) comparing SET with interven-
tion, but with disease involving multiple levels. Their conclusion was that all tri-
als should include SET and optimal medical therapy. As will be outlined below
this is a recommendation that is rarely included in most interventional RCT tri-

als.

4. PTA (with Stent Bailout) versus Routine Stenting

There are six meta-analyses which examine this question covering RCT’s be-
tween 1997 and 2014. Essentially all came to the same conclusion; that there is
no durable benefit for routine stenting and that any initial benefit is lost within
12 months.

None of the RCT’s contains control groups of optimal medical treatment and
SET. The number of RCT’s in each meta-analysis varies depending on the inclu-
sion criteria chosen by the authors. There is a suggestion of double publishing
among RCT’s and double counting in the meta-analyses. Taken together they
produce little evidence to support either PTA or stenting of the femoral artery
particularly in patients suffering from IC. Table 2(a) lists these meta-analyses
while Table 2(b) is a list of references for RCT’s included in the meta-analyses of
Table 2(a). At Least 2 of these meta-analyses have significant contributions of
data from cohort studies, the remainder relies entirely on RCT’s. The most reli-
able appears to be the Cochrane Meta-analysis from 2014 which took data from
11 trials and 1387 patients. Their conclusions were that any initial advantage for
stenting routinely was lost within 24 months. Further, there was no improve-
ment in quality of life from a physical or mental viewpoint. This meta-analysis
included both patients with intermittent claudication and critical limb ischemia
but excluded trials of new technology such as drug eluting balloons (DEB) and
stents (DES).

The last meta-analysis included in Table 2(a) is performed by Antonopoulos
et al. [88]. This meta-analysis compared 11 treatments for femoral artery occlu-
sive disease. The authors selected 33 studies to compare primary patency and
binary restenosis at 12 months follow up. They concluded that DES and bypass
surgery maintain roles as the principal intervention. The data for DES was based
on 1 study [68]. The data for bypass surgery was based on 3 studies [72] [73]
[89]. One trial [72] had been terminated prematurely with 44 patients recruited
because an interim analysis had shown that only 4% of lesions were amenable to
the study. Another study [73] concluded that percutaneous treatment with stent
graft was comparable to bypass revascularization at 12 months. The last study
[72] made the following statement “Despite 18 participating centres, only 56 pa-
tients were randomized to PTA or bypass surgery”.

The meta-analysis in question included only 200 patients, this was less than
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Table 2. Meta-analysis of trials of PTA vs. stent.

(a)
Stud # of
Journal Author Pelrlio):i Stu:i)ies Results Conclusion
PTA =923, Stent = 473. F L olot

unnel plo

Claudication results depended P .
J. Radiolo Muradin, on lesion type. CLI results were asymmetrical.

: &Y © 19932000 19 . Vpe: ML Cohort study
(2002) GS [16] independent of lesion types. sed for
u
Results were similar in both K
. analysis.
lesion types.
PTA and stent placement Initial benefit
J. Vasc Intev YaJun better 6/12 patency than PTA  for PTA and
. 1999-2007 7 . .
Radiol (2008) [17] alone with no difference after  stent lost at 6
this time months
Atl
o PTA = 452, stent = 482. - yearno
J Vasc Surg  Mwipatayi . difference
2000-2007 24  Patency no different
(2008) [18] between groups
between the groups.
for patency
Stent = 274, PTA with
European Kasabi provisional stent = 718. No difference in
asapis
Heart Journal [1;]) 1997-2007 10  Immediate technical failure TVR. Similar
(2009) higher in PTA group. amputation rate.
CLI < 10% of patients.
1-year patency
for stent
placement or
J Vasc Surg Perio cohort studies used in PTA alone no
1997-2007 19 ] )

(2010) [20] analysis difference.
Studies high
degree of
heterogeneity

Coch No long-t
ochrane Chowdhury Benefit of PTA and stent .o ong-term
Data Base 2014 11 difference
[21] lost at 12-months.
(2014) between groups
(b)
Author Bibliography Reference Comment
Double counting
Muradin [22]-[37] due to double
publishing
. Potential double
Yajun (38]-[44]
count
Mwipatayi [24] [38] [41] [42] [43] [45] [46] [47]
Kasapsis [22] [24] [38] [40] [41] [45] [46] [48]
Potential doubl
Perio [23] [40] [45] [46] [47] [49]-[59] otential double
count
Cochrane [22] [24] [38] [40] [41] [43] [46] [47] [60] [61] [62]

Antanopoulos et al.

[24] [38] [39] [41] [43] [46] [47] [57] [63]-[87]
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half the number of patients recruited to the BASIL trial [90] which showed no
difference for PTA compared to bypass surgery for critical ischemia.

5. Treatment of Femoral Artery Disease in the Presence of
Severe Ischemia

Trials so far listed have demonstrated little benefit in reducing mortality or limb
loss because the bulk of the patients entering these trials suffered from IC. The
reason for this is that it is easier to recruit patients with IC for a RCT.

“The Bypass versus angioplasty in severe ischemia of the leg (BASIL): multi-
centre, randomised controlled trial” [90] directly addressed the issue of treat-
ment of CLI caused by femoral artery disease. The original trial randomised 452
patients to either bypass surgery first (n = 228) or PTA first (n = 224). At the end
of follow up in the initial report in 2005, there was no difference in amputation
free survival or overall survival between the two groups but cost and length of
hospital stay were significantly greater for surgery first group and 37% of pa-
tients were dead (8% after amputation, 29% without amputation). In 2010 the
trial investigators published further follow up data [91] suggesting that for pa-
tients who survived more than 2 years after randomization, surgery first was as-
sociated with better overall survival. They claimed better amputation free sur-
vival, this did not reach statistical significance. During a subsequent mean follow
up of 3.1 years 56% of all patients were dead (59% in PTA group and 53% in
surgery group). This suggested that the possibility of selecting which patients
would survive 2 years could have been predicted by the toss of a coin and their
analysis suffered from retrospectivity. Trial investigators indulged in further
retrospective analysis [92] and used this to justify further RCT [93] comparing 3
different endovascular treatments for femoral artery disease causing CLI. The

results are yet to be published.

6. Trials Driven by Technology

There are a number of trials driven by advances in technology and these are
most often industry supported. Table 3 lists trials of nitinol stents. Some are
RCT’s and some are cohort studies. The overwhelming number of participants
in these trials suffered from IC. Examination of these trials suggests little benefit
for routine stenting with nitinol stents.

Table 4 lists trials of covered stent technology. There are two trials, one of
which was closed due to device failure, then restarted. The other showed no
benefit for this type of technology compared to PTA.

Table 5 lists trials of Drug-eluting Balloons (DEB) and Drug-eluting Stents
(DES). These devices are coated with Sirolimus [97] or Pacxlitaxel which are
drugs that prevent the ingrowth of smooth muscle cells and therefore the devel-
opment of stricture formation. These drugs are released from the balloon or
stent over a variable period of time. The trials are mostly conducted on patients

with IC, they frequently have questionable endpoints (freedom from binary
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Table 3. Trial of nitinol stents.

Author # of Clinical
Trial 2vs? Result
(Year) v Pts Indication v
3/119 CLINS
Krakenberg FAST ! NS vs PTA
NS vs PTA 244 4/114 CLI PTA R
(2007) [47] (RCT) . no difference
226 claudicants
Long lesions, Only 60
Zella (2008
¢ T9(4] ) FACT non-randomised, 110 Claudicants patients at
Single arm follow up
Claimed
superiority
for NS after 3
All claudicant: but
Laird (2012)  RESILIENT craudicants yrs but no
NS vs PTA 206 moderate length duplex scan
[65] (RCT) .
lesions after 12/12.
Claimed
clinical
improvement
Chalmers Smart NS vs Protocol amended
SUPER 150 R No benefit
(2012) [62] PTA during study
. . Claimed
Bosiers Non-randomised . .
4EVER 120 All claudicants equivalence
(2013) [95] 4Fg NS
to 6Fg system
Mat Single Arm, 1 Effi trial
AWMU b rability 2 e IO 987 Claudicants = 273 cacy i
(2013) [96] stent of long stents
Laird (2014) . Claudicants Claimed
(64] CompleteSE Single Arm 196 193/196 12-month
CLI 3/196 benefit
Table 4. Trials of covered stent technology.
Author # of Clinical
Trial tvs? Result
(Year) ra s Pts Indication esuits
X Clinical
Single centre .
reportin improvement no
Saxon P K J PTFE stent vs different.
experience
(2003) P PTA 28 Claudicants Conclusion different
from i
[45] . (Viabahn) from reported
multicentre .
X results. Trial closed
trial
1999.
Saxon PTFE stent Same trial as above
RCT as from plus PTA .
(2008) 100 Claudicants restarted. Flawed
(101] Saxon (2003) vs PTA thodol
methodology.
(Viabahn) gy
Lammer Viabahn No difference in
RCT [ hepri 12- th pri
(2013) ong cprin 141 Claudicants month primary
(67] lesions bonded vs patency or
BMS incidence of TLR.
. CLI 38% No difference in
Heparin .
. endoluminal and  outcomes between 2
Reijnen bonded .
RCT . 32% surgical. groups. Results
(2017) . endoluminal 129 T i
multicentre Both groups 2/3 similar to BASil
[102] stent vs FP i i .
bypass Rutherford class trial, but including
P 2/3 claudicants.
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Table 5. Drug eluting technology.

Author (Year) Trial 2vs? # of Pts Clinical Indication Results
Dudda RCT Claudicants/long
S t vs DES (S t =93 No diffe
(2006) [55] SIRROCO ~ Smartvs DES (Smart) " lesions o difference
For restenosis .
Claud = 20.8% (11) Freedom from binary
Liistro DEBATE DEB and BMS vs PTA ) restenosis better for DEB.
n =104 vs 31.4% (16) L.
(2013) [66] SFA RCT and BMS Not significant for TLR
CLI =79.2% (42) vs
or amp.
68.6% (35)
12/12 primary patency
65.5% vs 52.6% p = 0.02
R field RCT =476 ignificant diffe
osenfie DEB vs PTA n . Claudicants no signi %can ifference
(2015) [69] LEVANT2 Randomized 2:1 for function, death/amp,
thrombosis or
re-intervention
DEB = 209/220 .
Freedom from Binary
IN. PACT DEB = 220 Rutherford 2, 3 .
Tepe (2015) [86] DEB vs PTA RCT restenosis, TLR. DEB
SFA PTA =111 PTA =104/111 X
Rutherford 2, 3 superior
At 5 years DES better
PTA + BMS vs DES, than PTA. C licated
Dake RCT VoS DES = 236 , an Foa. tompicate
. secondary bailout DES Claudicants randomization. Only
(2016) [68] Zilver PTX PTA =238 .
vs BMS 60% of patients
available for f/u
ABSPI no different
t12/12, pri t
Kinstner RCT Symptomatic in-stent 2 primary patency
DEB vs PTA n=74 K better for DEB, TLR or
(2016) [103] PACUBA restenosis L
clinical improvement no
different
Muller-Hulsbeck et al. hort stud Pri t t 24
uher-tiuisbeck el a . Cohort stu 'y Eluvia stent Rutherford class rimary patency a
(2016) [104] & (2017) MAJESTIC Single arm, multicentre months 83.5%. 36
. i n=>57 2,3 &4
[105] clinical trial months TLR 85.3%.
Jongsma RCT DEB and provisional .
n=254 No results until 2019
(2017) [106] FOREST stent vs DES
6 months follow up only.
Superior freedom from
bi t is for DEB
Bausback (2017) [107] Ranger RCT DEBn=71 All claudicants a;r;ar};ismejositzrrlc
. DEB DEB vs Standard PTA SPTAn=34 Rutherford class 2 - 4 p P ¥
But only 56% and 66% of
pts followed up by
angiography.
DEB 1 i
RCT and Stent vs . ¢ au<.11cants No difference between
DeBoer (2017) [108] Standard balloon N =160 intermediate to long
(RAPID) ] groups
and Stent lesion Supera Stent
PTA and stent, L.
Schroeder DEB =222 . Superiority for DEB over
RCT standard Claudicants
(2017) [109] St Balloon = 72 Standard PTA
balloon vs DEB
. Non-inferiority trial. Claimed Eluvia
RCT Eluvian = 309 Rutherford cl ivalent to Zilver PTX
Gray (2018) [110] IMPERIAL e Zilver PTX uthertord class equivaient to £Iver 22
Eluvia vs Zilver 156 2,3 &4. Primary patency TLR
n=
12 months follow up and adverse events.
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restenosis or Target lesion revascularization, change of Rutherford class) or have
complicated and questionable randomisation processes. A recent meta-analysis
[98] came to the conclusion that there was little benefit from DEB’s and there is
only one trial showing benefit for DES. This trial had a questionable randomisa-
tion process, 40% of the patients were lost to follow up and the trial was industry
driven. There is no substantial evidence that new technologies have a role to play

in the treatment of IC caused by atherosclerotic disease of the femoral artery.

7. Conclusions

Atherosclerotic disease of the femoral artery is a marker for advanced systemic
cardiovascular disease. It is most prevalent in the population of individuals
greater than 65 years of age. Most frequently it is an asymptomatic condition. Its
detection and management should remain in the realm of primary care physi-
cians.

Many RCT which address treatment of this condition are flawed because of
commercial objectives to demonstrate equivalence to an already approved pro-
cedure, because of the use of clinically fallacious end points, because the use of
follow up periods that do not extend beyond expired advantage and because the
sample population is too small or unrepresentative.

While meta-analyses of these RCT’s are designed to increase sample size, what
is in fact achieved is a compounding and magnification of these flaws.

Most trials that address treatment of this condition are conducted on patients
who have claudication and do not have an indication for intervention other than
the conduct of the trial. Industry funding of these trials makes it highly unlikely
that the results will be challenged after a positive result has been obtained. There
is profound profit motive to obtain and publish only trials with positive results.
Investigators often have a similar conflict of interest. Authors rarely declare the
intellectual ownership of a positive result from a previous trial. Meta-analyses of

these trials are often flawed by compounding these biases [99] [100].
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Abbreviations

PTA Percutaneous transluminal angioplasty
CLI Critical limb ischemia

ABSPI  Ankle brachial systolic pulsatility index
IC Intermittent claudication

PAD Peripheral artery disease

DEB Drug eluting balloon

DES Drug eluting stent

SEP Standardized exercise program
RCT Randomised control trial
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