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¤CLINICAL INVESTIGATION ¤

Five-Year Irish Trial of CLI Patients With TASC II Type
C/D Lesions Undergoing Subintimal Angioplasty or
Bypass Surgery Based on Plaque Echolucency

Sherif Sultan, MD, FRCSI, EBQS Vasc, and Niamh Hynes, MD, MRCSI

Western Vascular Institute, Department of Vascular & Endovascular Surgery, University
College Hospital, and The Galway Clinic, Doughiska, Galway, Ireland.

¤ ¤
Purpose: To report a 5-year observational parallel group study comparing the effectiveness
of subintimal angioplasty (SIA) to bypass grafting (BG) for treatment of TASC II type C/D
lesions in the lower limb arteries of patients with critical limb ischemia (CLI).
Methods: Of 1076 patients referred with PVD from 2002 to 2007, 206 SIAs in 190 patients
(104 women; mean age 73613 years) and 128 bypass grafts in 119 patients (77 men; mean
age 70614 years) were enrolled in the study. All patients had Rutherford classification 4–6
ischemia manifested as rest pain and/or tissue loss. Primary endpoints were (1) survival
free from amputation and (2) sustained clinical improvement [+2 Rutherford category and/
or ABI increase .0.15 without target lesion revascularization (TLR)]. Secondary endpoints
were major adverse events (MAE), the binary restenosis rate, freedom from TLR, and a
special quality-adjusted life year (QALY) endpoint (Q-TWiST) that incorporated both length
and quality of life to evaluate treatments. A cost analysis was also performed.
Results: At 5 years, clinical improvement was sustained in 82.8% of the SIA group versus
68.2% of the BG patients (p50.106). Five-year all-cause survival was similar for SIA (78.6%)
and BG (80.1%; p50.734), as was amputation-free survival (SIA 72.9% versus BG 71.2%;
p50.976). Hyperfibrinogenemia (p50.009) and C-reactive protein (p50.019) had negative
effects on survival without amputation. Five-year freedom from binary restenosis rates
were 72.8% for SIA versus 65.3% for BG (p50.700). While the 5-year freedom from TLR
rates (SIA 85.9% versus BS 72.1%, p50.262) were not statistically significant, the risk of
MAE (p,0.002) and length of hospital stay (p,0.0001) were significantly reduced. Q-TWiST
significantly improved (p,0.001) and cost-per-QALY (SIA J5663 versus BG J9172,
p,0.002) was reduced with SIA. The 5-year risk of re-intervention (p.0.05) and mean
number of procedures (p50.078) were similar.
Conclusion: Five-year freedom from MAE was enhanced by 20% in the SIA group, with
substantial cost reduction and better Q-TWiST. SIA is a minimally invasive technique that
expands amputation-free and symptom-free survival. SIA is poised to bring about a
paradigm shift in the management of CLI.

J Endovasc Ther 2009;16:000–000
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¤ ¤

The prognosis for patients with critical limb
ischemia (CLI) is dismal: mortality estimates
are ,30% for the first year and up to 70% at 5
years if left untreated.1–4 In the context of such

poor long-term survival, infrapopliteal bypass
surgery is commonly applied, but it is a
demanding procedure, so a minimally invasive
endovascular procedure that is cost effective,
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easy to perform, and has equivalent results to
traditional surgery is highly desirable.

Ongoing refinements in vascular surgery
and enhancements in endovascular tech-
niques have revolutionized CLI management.5

The changes have been so pronounced over
the past 10 years that historical studies and
the original TASC (TransAtlantic Inter-Society
Consensus) classifications and recommenda-
tions no longer apply to contemporary CLI
management protocols.

Considering the poor prognosis of CLI
patients, an aggressive management strategy
seems appropriate as long as the rates for
technical success, limb salvage, and sus-
tained clinical improvement (ulcer healing
and alleviation of rest pain) are at least
75%.6 However, the literature shows that only
19% of bypass graft patients have an uncom-
plicated infrainguinal reconstruction.1,4 Sub-
intimal angioplasty (SIA), on the other hand,
has shown promising results as an alternative
to surgical revascularization.3,7–9

Our primary aim in this 5-year parallel group
observational study was to evaluate the effec-
tiveness of SIA versus bypass grafting (BG) in
regards to sustained clinical improvement and
amputation-free survival. A variety of outcome
measures were also evaluated in addition to a
cost-effectiveness analysis.

METHODS

Study Design

In 2002, a 5-year observational parallel group
study was initiated to evaluate SIA in CLI
patients with TASC II type C or D lesions1 who
had been selected for treatment based on
plaque echolucency [gray scale median
(GSM).35 on the duplex scan] and the
presence/absence of a flush occlusion not
amenable to an endovascular approach. SIA
was the preferred treatment for lower limb
occlusive lesions; however, the presence of a
flush occlusion (no ‘‘nipple’’ between the
plaque and the vessel wall) or an echolucent
plaque .5 cm long at one or more locations
within the occlusion were contraindications
to the endovascular procedure. Patients with
either of these lesion characteristics were
submitted to bypass surgery.

Patient Samples

From 2002 to 2007, 1076 patients were
referred to our regional facility with peripher-
al vascular disease (PVD). Clinical, procedur-
al, imaging, and follow-up data were pro-
spectively maintained in a Vascubase system
(Consensus Medical, Vancouver, Canada).
From this database were selected 309 CLI
patients (Table 1) who met the criteria and
were enrolled in the study. In all, 334 primary
procedures were performed: 206 SIAs in 190
patients (104 women; mean age 73613 years)
and 128 bypass grafts in 119 patients (77 men;
mean age 70614 years). All patients were
symptomatic with rest pain and/or tissue loss.
The majority of the SIA patients (52%) and
slightly less than half (47%) of the BG patients
had Rutherford category 4 ischemia10; ap-
proximately a third of each group had major
tissue loss (category 6). The distal runoff was
compromised as would be expected in CLI
patients (mean runoff score was ,5 in both
groups). All patients had TASC II type C or D
lesions that were de novo occlusions rather
than recurrent lesions.

Imaging

All preoperative and follow-up imaging was
done with B-mode and color duplex ultra-
sound (IU22 scanner; Philips Medical Sys-
tems, Andover, MA, USA). Ankle-brachial
indices (ABIs) and toe pressures were mea-
sured on the Flow Lab (Parks Medical Elec-
tronics, Inc, Aloha, OR, USA). Duplex was the
sole imaging modality in 90% of the patients;
the remaining 10% had magnetic resonance
imaging (MRI) due to calcification hampering
visualization of the tibial vessels. All patients
had resting ankle pressures ,40 mmHg and
toe pressures ,30 mmHg in the presence of
rest pain or ,60 and ,40 mmHg, respective-
ly, if they had tissue loss.10 Peak systolic
velocities (PSV) and the velocity ratios were
calculated across all identified lesions.

Serum Markers

Routine hematology workup was performed
on all patients as part of a department admis-
sion protocol. Tests included full blood count,
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coagulation screen, electrolytes, renal profile,
liver function panel, erythrocyte sedimentation
rate, C-reactive protein (CRP), fasting lipid
profile, fasting glucose, HbA1c, fasting homo-
cysteine, and brain natriuretic peptide level.

Procedures

Bypass grafting was performed using au-
tologous vein preferentially; a Dynaflo ringed
polytetrafluoroethylene graft (Bard, Murray
Hill, NJ, USA) was used only in above-knee
bypass procedures when no suitable leg or
arm vein was available.

All SIA procedures were performed in an
operating room using the OEC 9800 mobile C-
arm imaging system (GE Medical Systems,
Milwaukee, WI, USA). SIA patients received a
perioperative N-acetylcysteine and normal
saline infusion (1.5 mL/kg/h) to minimize the
risk of contrast-induced nephropathy. All
primary endovascular procedures were per-
formed percutaneously; in patients with pre-
vious groin surgery and potential fibrosis at
the intended access site, a mini transverse
groin incision was used to expose the anterior
wall of the artery. The mini-cut was used in
redo cases where the contralateral approach
was not possible and in obese patients in

whom the fatty apron hampered both canali-
zation and closure.

Approximately 15% of cases were done via
a contralateral approach with a Vanshee 3
catheter, Amplatz super-stiff 0.035-inch wire,
and 6-F Balkin Tip sheath (Cook Medical,
Bloomington, IN, USA). In the remaining
cases, 6-F introducer sheaths (Cordis, a
Johnson & Johnson company, Warren, NJ,
USA) and 0.035-inch curved, straight, or Bolia
tipped guidewires (Terumo, Somerset, NJ,
USA) were used. The plane of subintimal
dissection was always initiated at the point of
occlusion. If approached from the ipsilateral
side, the subintimal plane was continued with
a 180-cm Glidewire (Terumo) supported by a
65-cm Pier catheter (Cordis) in the proximal
part and/or 80-cm Van Andel catheter (Cordis)
in the distal artery. On the other hand, if the
approach were from the contralateral side, a
260-cm Glidewire (Terumo) was supported
with a 100-cm Van Andel catheter (Cordis). A
concerted effort was always made to preserve
the profunda femoris artery, which is an
important source of lower limb blood supply
in CLI patients.7 In the event re-entry could
not be achieved, the Outback catheter (Cor-
dis) or intravascular ultrasound was used to
satisfactorily re-engage the true lumen.
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TABLE 1

Patient Demographics and Lesion Characteristics

SIA (n5190) Bypass (n5119) p

Demographics

Age, y 73613 70614 .0.05
Male gender 86 (45%) 77 (65%) p,0.0005*
Diabetes 44 (23%) 25 (21%) .0.05
Smoking 67 (35%) 40 (34%) 0.767
Heart disease 91 (48%) 54 (45%) 0.667
Renal insufficiency 29 (15%) 27 (23%) 0.099
Comorbidity severity scores 22 19 .0.05

Lesion characteristics (n5206) (n5128)

Rutherford classification
6 64 (31%) 45 (35%) 0.438
5 35 (17%) 23 (18%) 0.818
4 107 (52%) 60 (47%) 0.368

TASC C:D 3:5 2:3 0.678
Lesion length, cm 15.563.2 14.362.1 0.798
Runoff score8 5.261.4 5.761.7 0.098

¤ ¤
Continuous data are presented as means6standard deviation; categorical data are given as counts (percentages).
SIA: subintimal angioplasty, TASC: TransAtlantic Inter-Society Consensus.
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In the case of dissection, perforation, elastic
recoil, or residual stenosis .30% despite
prolonged balloon inflation, SMART (Cordis)
or Complete SE (Medtronic Vascular, Santa
Rosa, CA, USA) nitinol self-expanding stents
were used in the superficial femoral artery
(SFA); in the popliteal artery, the Lifestent
(Bard, Murray Hill, NJ, USA) was implanted
with the knee bent during deployment
(Fig. 1).

Adjuvant Pharmacotherapy

Adequate pain management, control of any
infection, prevention of thrombosis progres-
sion, and optimization of cardiac and respira-
tory function were instituted routinely as part
of a multimodal approach to PVD patient
treatment.11 Every patient in the study had
adjuvant pharmacological treatment in the
form of aspirin and pravastatin combined
with a cardioselective beta-blocker and/or a
calcium channel blocker. These were com-
menced preoperatively and continued post-
operatively with the addition of clopidogrel to
reduce early failures due to thrombosis,
intermediate graft occlusion due to intimal
hyperplasia, or further progression of athero-
sclerosis. Dual antiplatelet therapy was pre-
scribed for life unless contraindicated. High-
dose statin therapy (atorvastatin 80 mg) was
adjusted as needed to meet targets of
,4.2 mmol/L for total cholesterol and
,1.7 mmol/L for low-density lipoprotein. Hy-
perhomocysteinemia was treated with folate
therapy (niacin, vitamin B6, and vitamin B12).

Follow-up

Follow-up was performed in the immedi-
ate postoperative period, at 6 weeks postop-
eratively, and at 6-month intervals for the
first 2 years and yearly thereafter. The
follow-up protocol consisted of interval his-
tory (new symptoms) and examination, mea-
surement of ABIs, and duplex scanning of
the entire length of the target vessel. A PSV
ratio .2.4 together with a drop in ABI of
.0.15 in the presence of deteriorating clini-
cal status was taken as an indication for re-
intervention.7,12

Definitions

Technical success of the endovascular
procedure was defined as successful access,
creation of the subintimal channel, and re-
entry to the true lumen, with ,30% residual
stenosis after revascularization. Major ad-
verse events (MAE) were death, limb loss,
myocardial infarction, or stroke.

A distinction was made between clinical
success, which applied to the whole limb, and
binary restenosis, which applied to the re-
vascularized or bypassed segment only. Bi-
nary restenosis was defined as .50% diam-
eter stenosis as indicated by a PSV ratio .2.4
on duplex scanning at the treatment site or in
the graft. Target lesion revascularization
(TLR) was defined as an endovascular or
surgical redo procedure on the target lesion
in surviving patients with a preserved limb.
For the limb salvage evaluation, only ampu-
tations above the level of the mid-forefoot
were counted as major amputations.

Sustained clinical improvement was de-
fined as a persistent upward shift of at least
2 Rutherford categories and/or hemodynamic
improvement (ABI increase .0.15) without
the need for TLR in surviving patients. Relief
of rest pain, which is essentially a purely
subjective phenomenon, was defined for the
purposes of this study as ‘‘complete relief of
pain without the use of any analgesics.’’ Total
ulcer healing was taken as the primary
endpoint, rather than merely a tendency to
healing or reduction in ulcer size. Because
patients with ‘‘flat surface’’ or ‘‘transdermal’’
ulcers were admitted to the trial, ischemic
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Figure 1¤ (A) Balloon inflation in the popliteal
artery with knee bent. (B) Completion angiogram
after stent deployment in the popliteal artery while
the knee is bent.
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cracks between the toes or on the heel were
not used as measurable endpoints.

Endpoints

Primary endpoints were survival free from
major amputation and sustained clinical im-
provement. Secondary endpoints were MAE,
the binary restenosis rate, freedom from TLR,
and a special quality-adjusted life year (QALY)
endpoint that incorporated both length and
quality of life (QoL) to evaluate treatments.
TWiST (time spent without symptoms of
disease and toxicity of treatment)13 deals with
the fact that extensions to disease-free time
may be at the expense of treatment toxicity.
This variable was useful for evaluating a
treatment if sustained clinical improvement
and/or amputation-free survival differences
were statistically significant but overall sur-
vival differences were not.

Q-TWiST (quality time spent without symp-
toms of disease or toxicity from treatment)
was used as a natural extension of the QoL-
oriented TWiST endpoint. Q-TWiST is an
adaptation of the concept of QALYs, and the
methodology was extended so that periods
spent with toxicity or relapses were included
in the analysis but weighted to represent their
quality value relative to TWiST. Thus, overall
survival was scaled downward by arbitrarily
giving a reduced value to survival during
treatment or with symptoms.

Cost Analysis

The total costs in Euros (J) per procedure,
inclusive of follow-up, were calculated to
estimate the cost-per-QALY gained. Both
direct and indirect costs were included in
the analysis, and the incremental cost-effec-
tiveness ratio of an SIA program relative to
the standard bypass surgery program was
calculated.

Statistical Analyses

Continuous data are presented as mean-
s6standard deviation; categorical data are
given as counts (percentages). Data were
analyzed on an intention-to-treat basis. Cate-
gorical variables were compared with the chi-

square or Fisher exact test; continuous vari-
ables were examined using a Student t test or
Mann-Whitney U test as appropriate. Kaplan-
Meier life-table analysis was used to estimate
amputation-free survival for the 2 procedures.
Kaplan-Meier analysis was also used to
compare the rates for sustained clinical
improvement, freedom from TLR, and free-
dom from binary restenosis.

A Cox proportional hazards survival regres-
sion model was used to predict the influence
of the following covariates on amputation
free survival and freedom from binary reste-
nosis survival curves: age, gender, Society for
Vascular Surgery comorbidity score, cardiac
disease, respiratory disease, smoking, renal
insufficiency, hypertension, diabetes mellitus,
elevated HbA1c (.6.0%), hyperlipidemia, hy-
perhomocysteinemia (.13.9 mmol/L), hyperfi-
brinogenemia (.3.6 g/L), elevated CRP (.5
mg/L), lesion length, stent implantation, and
number of stents implanted. Data from these
hazards models were reported as the risk
ratio (RR) and 95% confidence interval (CI).
P,0.05 was considered significant. Data were
analyzed using PASW statistics (version 17;
SPSS Inc, Chicago, IL, USA),

A sensitivity analysis was performed in
accordance with the methods described by
Gelber et al.13 as part of the of Q-TWiST
model; Q-TWiST values were compared for
both treatment methods across a full range of
utility values from 0 to 1, where 0 indicated no
impact of subsequent treatments and 1
denoted maximum impact. Utility values for
both SIA and BG were based on values
previously derived using a Markov decision
analysis model.14

Due to the risks of informative censoring and
biased Kaplan-Meier estimates of the survival
function, a partitioned survival analysis was
performed.15 Overall survival was partitioned
into the time spent in each health state, i.e.,
time spent without symptoms or toxicity from
treatment was separated from time spent with
toxicity of treatment and time spent with
secondary intervention. The mean duration in
each state for each group was combined as a
weighted sum according to the Q-TWiST
model. Weighting the time spent in each health
state at the group level, rather that at the
individual level, avoided the need to weight
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censored survival times and thus overcame the
problem of informative censoring.

RESULTS

Procedure Outcome

In the bypass group, autologous vein was
used in 60% of cases and a prosthetic graft in
the remaining cases. Technical success for
bypass was 100%. In the SIA group, there were
no re-entry failures or residual stenosis .30%.
One diabetic man had an SFA that was too
calcified to pass a guidewire into the subinti-
mal plane; he was converted on-table to a
bypass procedure, giving a technical success
rate of 99.5% for SIA. About a third of cases
(35%) had nitinol self-expanding stents im-
planted (mean 1.3 stents per stented vessel).

Primary Endpoints

Amputation-free survival (Fig. 2A). After 5
years, there was no difference in the number
of patients surviving without the need for
major amputation (above-knee or below-
knee) regardless of whether they had primary
SIA (72.9%, 95% CI 66.2% to 78.7%] or BG
(71.2%, 95% CI 62.5%–78.7%) as their primary
procedure (p50.976). Factors related to in-
creased risk of death and/or amputation at 5
years were hyperfibrinogenemia (RR52.4,
95% CI 1.4 to 4.6; p50.009) and elevated
CRP (RR51.02, 95% CI 1.01 to 1.04; p50.019).
Neither elevated HbA1c (p50.603) nor hyper-
homocysteinemia (p50.524) were associated
with survival.

Sustained clinical improvement (Fig. 2B).
Over a 5-year period, 82.8% (95% CI 76.8% to
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Figure 2¤ (A) Amputation-free survival. (B) Five-year sustained clinical improvement. (C)
Kaplan-Meier curves for 5-year freedom from binary restenosis. (D) Kaplan-Meier curves for 5-
year freedom from target lesion revascularization.
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87.6%) of patients who had primary SIA
showed sustained clinical improvement of at
least 2 Rutherford categories and maintained
an improvement in ABI of at least 0.15
without the need for TLR. This was similar
to the 68.2% sustained clinical improvement
rate (95% CI 59.3% to 76.0%) seen with BG
(p50.106, h50.65, 95% CI 0.38 to 1.11).

Secondary Endpoints

Morbidity and mortality. Perioperative mor-
tality in the SIA group (1.6%) was half that in
the BG group (3.4%, p50.317), but the differ-
ence did not reach statistical significance.
However, a significant reduction in periopera-
tive morbidity in the SIA group was reflected in
the sizeable reduction in hospital stay (14616
days) compared to BG (24623 days, p,0.0001)
and the continued freedom from MAE at 5
years (68% for SIA versus 57% for BG, p,0.002)
despite no significant difference in all-cause
survival: 78.6% for SIA (95% CI 72.2% to 80.9%)
versus 80.1% (95% CI 72.0% to 86.5%) for BG
(p50.734, h51.10, 95% CI 0.65 to 1.87).

Binary restenosis (Fig. 2C). At 5 years, free-
dom from binary restenosis was statistically
similar between the SIA (72.8%, 95% CI 66.1%
to 78.6%) and standard BG (65.3%, 95% CI
56.3% to 73.3%) groups (p50.700, h51.10, 95%
CI 0.69 to 1.74). Among the serum markers,
only hyperhomocysteinemia was an adverse
prognostic indicator for the risk of binary
restenosis at 5 years for both SIA (p50.008)
and BG (p50.019). The use of a stent did not
impact the risk of binary restenosis at 5 years
(RR51.10, 95% CI –0.53 to 1.59; p50.780) nor
did the mean number of stents used (RR51.69,
95% CI 0.59 to 1.49; p50.330).

Freedom from TLR (Fig. 2D). There were a
mean 1.45 re-interventions per patient in the
SIA group (97 re-interventions) over the 5-
year period compared to 1.74 in the bypass
group (93 re-interventions). The 5-year free-
dom from TLR for SIA (85.9%, 95% CI 80.3% to
90.2%) was improved compared to BG
(72.1%, 95% CI 63.4% to 79.5%), albeit not
significantly (p50.262, h50.71, 95% CI 0.39 to
1.30). There was a non-significant reduction
in the mean number of procedures in the SIA
group (1.1960.50) compared to the BG group
(1.1060.41, p50.078).

Patient variables. For the most part, baseline
patient variables were similar between the
groups (Table 1), but there was a preponder-
ance of women in the SIA group (p,0.0005)
owing to the large population of aging retirees
in the West of Ireland, where the female life
expectancy is the highest in the country (.80
years). However, gender was not found to
have an influence on primary endpoints in the
predictive models. Patients were well matched
for symptom status and disease morphology,
with no statistical difference in the length of
target occlusion or runoff score. The greater
number of patients with renal insufficiency in
the bypass group did not reach statistical
significance (p50.099), and renal insufficiency
was not found to have an influence on primary
endpoints.

QoL analysis. Over a 5-year follow-up period,
the Q-TWiST was 24.7 months for SIA versus
24.5 months for BG (p,0.001). Sensitivity
analysis showed that Q-TWIST was significant-
ly improved with SIA compared to BG over a
full range of utility values between 0 and 1
(p,0.003). Toxicity of treatment was signifi-
cantly lower with SIA (0.45) than with BG (0.79,
,0.0001), as were relapses (readmissions and
re-interventions, p50.0001).

In the 5-year period, 128 critically ischemic
limbs were treated with BG at a total inpatient
cost of J2,185,092 (Table 2). In the SIA group,
78 more patients were treated, and it cost
J77,512 less. If we include the cost of 5 years
of follow-up and repeat procedures, mean
cost per primary procedure was J11,656
for SIA and J18,726 for BG (p50.002), which
meant a savings per primary procedure of
J7070 if treated with SIA rather than BG.
SIA cost J5663 per QALY, which is J3509
cheaper per QALY than BG (p,0.002), giving
an incremental cost-effectiveness ratio of
J10,768 per QALY gained in favor of SIA
(Table 2).

DISCUSSION

Contemporary studies on lower limb endo-
vascular therapy primarily focus on technical
and clinical outcomes. Consequently, there is
a paucity of data on either QoL or cost
effectiveness, which seems somewhat re-
miss, especially in a population overbur-
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dened with comorbidities and a limited life
expectancy, with obscure lines between treat-
ment risks and benefits. As objective indica-
tors of technical efficacy and clinical outcome,
binary restenosis and TLR rates serve to
contextualize studies and need to be reported
in standard format to allow for inter-study
comparisons. However, on a day-to-day ba-
sis, they add little in practical terms, and they
should not be examined in isolation without
addressing the issues of functional capacity,
QoL, and cost effectiveness.

Ours was a unique study as all patients
were enrolled because of CLI with tissue loss,
gangrene, or rest pain. The protocol for
assignment to the most suitable treatment
based on plaque echolucency and morpholo-
gy of the occlusion was followed in all cases.
In concert with the minimal invasiveness that
was necessary to treat such a highly comor-
bid population, we used duplex ultrasound as
our sole preoperative imaging technique in
most of the patients. We have previously

demonstrated this to be an accurate and
sensitive tool that requires very minimal
supplementation with other imaging modal-
ities, especially in the femoropopliteal seg-
ment where the limitations posed by calcifi-
cation are not as pronounced as they are in
the crural vessels.15

In our institution, plaque echogenicity is the
sole indication for offering bypass surgery to
circumvent distal embolization from friable
plaque or recurrent thrombosis. However, in
a study on preoperative duplex as a predictive
tool for lumen re-entry during femoropoplite-
al angioplasty, Marks et al.17 failed to re-enter
the lumen in 90% of lesions that had a
GSM.35 and in 50% of vessels with
GSM.25, indicating high calcification as an
obstacle to successful SIA. Similarly, we
reported failure due to high levels of calcifi-
cation in an earlier study16; in 18% of those
patients who had extensive calcification on
preoperative duplex, we chose bypass sur-
gery as the primary modality.
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TABLE 2

Cost Analysis

Unit Cost SIA (n5206) Bypass (n5128)

Preoperative workup

Chest radiography J87.56 J18,037.36 J11,207.68
Duplex screening J185.00 J38,110.00 J23,680.00
Echocardiogram J145.00 J29,870.00 J18,560.00
Pharmacy, transfusion, and lab J305–J415 J74,160.00 J46,080.00

Accommodation (per diem) J540.00 J1,576,800.00 J1,637,280.00

Operating room (per diem and overhead) J6,401.80 J219,795.13 J409,715.20

Equipment

Graft J756.25 — J38,568.75
Stents J650.00 J61,100.00 —
Catheters, wires, balloons, etc. J435.47 J89,706.82 —

Total inpatient cost of primary procedure J2,107,579.31 J2,185,091.63

Follow-up (vascular laboratory) J75.00 J111,225.00 J77,775.00

Total cost of primary procedure J2,218,804.31 J2,262,866.63

Mean cost J10,770.89 J17,678.65

Repeat procedures J182,311.09 J134,067.77

Overall cost J2,401,115.40 J2,396,934.40

Average overall cost J11,655.90 J18,726.05

Q-TWiST 24.7 24.5

Cost per QALY J5,662.79 J9,171.94
¤ ¤

SIA: subintimal angioplasty, Q-TWiST: quality time spent without symptoms of disease and toxicity of treatment,
QALY: quality adjusted life year.
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In the past, the orthodox reporting of
outcomes for CLI focused on graft patency,
limb salvage, and survival after surgical
procedures.10 Times have changed and now
binary restenosis, TLR, target vessel revascu-
larization (TVR), amputation-free survival,
limb salvage, overall survival, and freedom
from MAE are now the standards for report-
ing outcomes from endovascular interven-
tion.7 Over the past few years, excellent
results have been reported for these vari-
ables, especially for bypass surgery, which
many traditional vascular surgeons still con-
sider the gold standard for CLI. There are
consistent reports of overall 5-year patency
rates ranging from 60% to 80% for bypass
surgery, with limb salvage rates of 70% to
90%.4 In the current study, in which we looked
only at patients with the worst TASC disease
categories, our 65% patency and 71% ampu-
tation-free survival rates at 5 years for bypass
surgery are certainly on a par with previous
reports.1 At the same time, we showed
equally impressive, even superior, results
with SIA: 73% freedom from binary restenosis
and amputation-free survival at 5 years
without any increase in the number of repeat
procedures.

We are not the only group to have demon-
strated such impressive results with SIA,8,9

although there are few studies designed to
investigate CLI, especially with TASC C/D
lesions, and even fewer studies with long-
term follow-up. However, our results do
concur with the Jamsen et al.18 that SIA in
patients with CLI results in gratifying limb
salvage, with a low number of supplementary
revascularization treatments even though
overall patient survival is poor.

Our justification for offering SIA as a first-
line modality in the management of CLI is
based on high limb salvage rates with
minimal morbidity, enhanced long-term free-
dom from MAE, and no increase in re-
intervention rates compared to traditional
surgery. These endpoints are consistently
achievable in the management of CLI with
TASC C/D lesions and are similar to the
findings of others.8,9,19 Moreover, our results
contradict the findings of DeRubertis et al.,20

who perceived that SIA was associated with
higher re-intervention rates and would even-

tually necessitate salvage surgical bypass for
enduring results. In more recent publications,
though, DeRubertis et al.21 reported 75% 1-
year patency rates in the femoropopliteal
segment using SIA as a primary modality.
They also found that the use of SIA did not
compromise or lower the distal anastomosis
of secondary bypass, nor was it associated
with a higher secondary amputation level.

Our SIA results may be improved over
others due to a technical proficiency that
comes with a high-volume practice dedicated
to CLI treatment; close attention to and
optimization of medical comorbidities; cor-
rection of adverse risk factors, such as
hyperhomocysteinemia and hyperlipidemia;
optimal pharmacotherapy; and rigorous fol-
low-up protocols with duplex imaging. It is
our policy to never operate on patients with a
total cholesterol .6 mmol/L (LDL.3.0 mmol/
L), and we treat hyperlipidemia with high-
dose statin therapy.

Interestingly, we found that hyperhomo-
cysteinemia was an adverse prognostic indi-
cator for binary restenosis at 5 years for both
the endovascular and surgical therapies.
Hyperhomocysteinemia confers a prothrom-
botic effect22,23 and promotes proliferation of
smooth muscle cells24 in response to vascular
injury; consequently, it has been implicated in
the pathogenesis of in-stent restenosis. He-
neghan et al.25 found that hyperhomocystei-
nemia was an independent risk factor for
vascular disease and adverse prognostic
factor for limb salvage and patency post
lower limb endovascular intervention. We
never treat a patient with a homocysteine
level .13 g/L. The benefits of being aware of
the adverse effects of homocysteine is that
high serum levels can be treated with folate
therapy, which has been associated with
impressive reductions in restenosis and TVR
rates.25,26 Other authors have reported this
association between hyperhomocysteinemia
and restenosis in the peripheral arteries to
such an extent that homocysteine is now
being dubbed the new cholesterol of the 21st

century.25–28

We found no statistically significant differ-
ence in mean runoff scores between our
groups, and unlike Ihnat et al.,29 we observed
that runoff score did not influence 5-year risk
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of binary restenosis. However, we did find
that a poor runoff score reduced the risk of 5-
year amputation free survival, which sug-
gests that it might be an indicator of poor
disease status. However, aggressive primary
management of multilevel disease with con-
comitant tibial angioplasty30 reduces the
outflow resistance and thereby lowers the
risk of restenosis. Lazaris et al.31 have shown
the positive influence of treating runoff
disease on SFA patency post SIA. They
suggested that trying to recanalize more than
one runoff vessel could raise SIA patency.

The role of stenting in femoropopliteal
occlusive disease has evolved since the initial
use of stainless steel stents, which showed no
benefit over angioplasty alone, forcing stent-
ing to be relegated to salvage procedures in
the face of failed angioplasty.32–34 However,
self-expanding stents following SIA have
achieved more favorable outcomes in femo-
ropopliteal disease, even for TASC C/D le-
sions. In our study, the number of stents used
per patient or the type of stent had no
influence on the long-term risk of binary
restenosis. This contradicts the study of Ihnat
et al.,29 in which poorer patency rates were
associated with TASC C/D lesions and poor
initial runoff score, although self-expanding
stents produced acceptable outcomes for
treatment of SFA disease. However, stent
occlusion and in-stent stenosis did not corre-
late with deterioration of the tibial artery
runoff in their cohort.

Our favorable outcomes may be due in part
to intensive follow-up and aggressive re-
intervention for threatened stents, but it is
certainly also a result of a comprehensive
adjuvant pharmacotherapy regime.11 The for-
mation of a subintimal plane in the context of
TASC C/D lesions renders an extensive area of
neolumen that is devoid of the protective
antithrombotic and anti-inflammatory effects
of the endothelium. The use of antiplatelet
agents and calcium channel blockers, in
combination with the pleiotropic effects of
statins, help to compensate for the pro-
thrombotic and pro-inflammatory effects of
SIA and stenting. This finding is not limited to
our experience, as other authors have report-
ed the positive effects of antiplatelet agents
and statins in reducing the need for TLR,

independent of a reduction in MAE.35 This is
all the more relevant in the context of the
adverse prognostic influence of pro-inflam-
matory and pro-thrombotic states on the
outcome of intervention found by us and
others.36–40 We found both elevated CRP and
elevated fibrinogen prognostic of reduced
amputation-free survival at 5 years.

Although we can demonstrate the technical
proficiency of limb salvage with new endo-
vascular techniques, the body of evidence on
patient-oriented outcomes is rather weak.
This has been identified as a critical issue by
the TASC committee, who criticized the lack
of QoL instruments that have been standard-
ized in patients requiring treatment for CLI.1 A
robust assessment of the incremental benefit
in QoL outcomes for the individual, in com-
bination with accurate evaluation of cost
effectiveness, is particularly desirable in the
context of the population at risk for CLI.
Experience has taught us the benefits of
ample intervention in our octogenarian pop-
ulation.3,7 However, we are more pragmatic
and not as quick to advocate intervention in
our centurion patients, the reason being that
the functional upshot for CLI patients under-
going SIA is not solely determined by the
traditional measures of reconstruction paten-
cy and limb salvage, but by genuine inherent
patient comorbidities. Our findings exemplify
the reservations echoed by Taylor et al.41 that
our current ‘‘do good to’’ approach to CLI in
functionally impaired, chronically ill patients
must resonate with the society views that
these patients are at the end of their life and
longevity of sick centurions is limited. This
issue will undoubtedly become more preva-
lent as our population ages.

Previous methods for evaluating QoL and
functional status are considerably flawed. The
retrospective analysis by Taylor et al.41 used
independent living and ambulatory status as
surrogate indicators of functional capacity.
Despite excellent patency (72.4%) and limb
salvage rates (72.1%), 5-year survival rates
were predictably low at 41.9%. Almost three
quarters (70.6%) of their patients were capa-
ble of independent living, while 81.3% could
ambulate on their own. The only predictors of
impaired functional outcome in the Taylor
study were poor preoperative functional sta-
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tus, dementia, and amputation. Anatomical
location of the lesion, type of reconstruction,
and comorbidities were unhelpful in predict-
ing functional outcome.

The inadequacy of traditional reporting
standards to address functional outcome
was similarly demonstrated by other authors
who used various parameters, such as
wound-healing, hospital readmissions, and
secondary interventions, as indicators of
functional outcome and QoL.42,43 However,
all of the above indicators of function and
QoL are limited by their relatively limited
scope. Independent living and ambulation,
although these are apparently desirable end-
points, are not necessarily accurate predictors
of QoL. A person who can walk does not
automatically have a superior quality of life
and, conceivably, someone may achieve a
better QoL in a well-structured assisted-living
environment compared to someone living
alone in the absence of a well-developed
support structure. This is even more relevant
in the context of extensive comorbid disease,
which may impact the patient’s QoL to a
greater extent than their vascular status.

Several studies have also used objective
questionnaires in an attempt to get a global
assessment of function, physical capacity,
pain status, and emotional wellbeing.44,45

These questionnaires have notoriously high
rates of non-responders, and because the
sicker and more incapacitated patients are
more likely not to respond, questionnaires
consequently are plagued by elevated false
positives and inaccuracy. We used Q-TWiST,
a more robust and objective assessment of
ongoing quality of life, which incorporates
perioperative outcomes, readmissions, non-
healing, and amputation outcomes by means
of individual utility assignment to these
respective health states. Using this tool, we
were able to demonstrate significant reduc-
tions in the adverse effects of the primary
procedure or of relapses. The accuracy of this
model was confirmed by sustained signifi-
cance over a full range of utility values.

We extended the use of the Q-TWiST model
further to allow accurate assessment of cost
effectiveness. We demonstrated considerable
savings for SIA, not only at the time of the
primary procedure, but when secondary proce-

dures and long-term follow-up costs were
included. Cost benefits of endovascular inter-
vention in PVD have been demonstrated by
previous authors.46–49 However, in those re-
ports, the particular issues pertaining to CLI and
tissue healing were seldom addressed. O’Brien-
Irr et al.46 advised of the need for reserved
selective stenting and use of outpatient endo-
vascular suites to enhance cost effectiveness.

Amidst all the debate on endovascular
versus surgical revascularization and the dura-
bility thereof, we cannot forget that durability is
not our ultimate goal in CLI treatment. In a sick
and aging population, QoL takes precedence;
to this end, intervention is not always best.
There are patients who are best served by
nonoperative management owing to very
advance age, severe comorbidity, or lack of
anatomical suitability for vascular reconstruc-
tion. There are effective options for these
patients, such as intermittent compression
therapy, which can be used in combination
with optimal pharmacotherapy and does not
preclude the concomitant use of tissue healing
therapies, such as vacuum-assisted closure,
even on an outpatient basis.50

We believe that endovascular management
as the treatment of choice in high volume
specialist centers routinely employing endo-
vascular techniques has surpassed the dic-
tum of bypass surgery. We and others45 have
maintained an aggressive stance toward en-
dovascular-based revascularization, primarily
because of the morbidity associated with
surgical revascularization in this high-risk,
underserved patient population.

Conclusion

Five-year freedom from MAE was enhanced
by 20% in the SIA group, and SIA augments
patient-specific Q-TWiST with substantial
cost reduction. SIA is a minimally invasive
technique that expands amputation-free and
symptom-free survival. As long as there is no
randomized trial comparing SIA to surgery,
we must be critical. However, with the
available data currently at hand, this tech-
nique seems to be efficacious and sustain-
able. SIA is poised to shift the paradigm in CLI
management and may soon be the gold
standard treatment for CLI.
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