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Abstract: In a (negative) multicenter randomized trial on management for inoperable

critical lower limb ischemia, comparing spinal cord stimulation and best medical

treatment, a number of pre-defined factors were analyzed for prognostic value. We

included a radiological arterial disease score, modified from the SVS/ISCVS runoff

score. The purpose of this analysis was to evaluate clinical factors and commonly

used circulatory measurements for prognostic modeling in patients with critical

lower limb ischemia. We determined the incidence of amputation and its relation to

various pre-defined risk factors. A total of 120 patients with critical limb ischemia

were included in the study. The integrity of circulation in the affected limb was evalu-

ated on five levels: suprainguinal, infrainguinal, popliteal, infrapopliteal and pedal. A

total radiological arterial disease score was calculated from 1 (full integrity of circula-

tion) to 20 (maximally compromised state). We used Cox regression analysis to quan-

tify prognostic effects and differential treatment (predictive) effects. Major amputation

occurred in 33% of the patients at 6 months and in 51% at 2 years. The presence of

ischemic skin lesions and the radiological arterial disease score were independent

prognostic factors for amputation. Patients with ulcerations or gangrene had a higher

amputation risk (hazard ratio 2.38, p = 0.018 and 2.30, p = 0.036 respectively) as well

as patients with a higher radiological arterial disease score (hazard ratio 1.17 per

increment, p = 0.003). We did not observe significant interactions between prognostic

factors and the effect of spinal cord stimulation. In conclusion, in patients with critical

lower limb ischemia, the presence of ischemic skin lesions and the described radio-

logical arterial disease score can be used to estimate amputation risk.

Keywords: amputation; peripheral arterial disease; predictive value of tests; prognosis;

randomized controlled trials

Introduction

The fate of patients with critical limb ischemia
(CLI) is influenced by treatment as well as by a
number of other variables.1–3 Prospective studies
provide an excellent basis to identify risk factors
for amputation. In the modern practice of vascular
surgery, it is difficult to study the natural history of
CLI. Older studies in patients with CLI not under-
going revascularization showed that major amputa-
tion of the limb is necessary in a majority of patients
within a year.4–8 However, Marston et al.9 showed

that limb salvage can be achieved in most patients
with arterial insufficiency and uncomplicated
chronic non-healing limb ulcers when treated in a
dedicated wound program.

Several authors have recommended the use of
spinal cord stimulation (SCS) for patients with
CLI in whom a meaningful vascular reconstruction
is not possible.10–13 Although many retrospective
and some prospective series reported better (than
expected) limb survival in CLI,10,14–16 these results
have not been substantiated in randomized
studies.17–21 Later reviews claimed that SCS might
be a beneficial therapeutic alternative, particularly
in those patients without established gangrene
or after the selection of patients using microcir-
culatory measurements such as transcutaneous
oximetry.12,22,23
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The objective of this analysis was to evaluate the
impact of demographic, clinical and commonly
used circulatory parameters on outcome in a pro-
spectively followed cohort of patients with inopera-
ble CLI. In the largest randomized trial,20 a number
of predefined factors were analyzed for prognostic
value. For calculation of a radiological arterial dis-
ease score, the proposed system of the Ad Hoc
Committee on Reporting Standards of the Society
for Vascular Surgery and the International Society
for Cardiovascular Surgery (SVS/ISCVS) was
used.24 This angiographic scoring system grades
the quality of vessels distal to a planned bypass
site and calculates an overall runoff score. We
applied this system to a lower limb radiological
arterial disease score and compared its prognostic
ability to other factors.

Methods

The trial design and procedures have been described
in detail elsewhere.20,25 Eligible patients had CLI
and a meaningful vascular reconstruction was not
possible. The arterial anatomy of the lower extrem-
ities was assessed by digital subtraction angiogra-
phy with use of either stepping techniques with a
single contrast material bolus or multiple contrast
material injections. The need for additional images
and selective catheterizations was left to the angio-
graphers performing the examinations. No attempt
was made to standardize the angiographic tech-
nique. All the centers participating in this study
used the same non-reconstructability criteria.
These were absence of a suitable autologous vein
for distal bypass grafting surgery or the absence of
all three crural arteries on a selective angiogram,
which was a prerequisite for judgment of the calf
and foot arteries. The angiogram should delineate
contrast down to the distal foot and the adequacy
was validated by an independent vascular surgeon.
Inclusion criteria were persistent rest pain for more
than 2 weeks or ischemic skin lesions, ankle pressure
below 50 mmHg or, in patients with diabetes and
incompressible vessels, absent palpable ankle pulses
or toe pressure below 30 mmHg.

From 17 hospitals in The Netherlands, 120
patients were enrolled from 1991 until 1996. The
ethical committees at each center approved the
study protocol, and patients gave written informed
consent. The treatment strategies SCS in addition to
best medical treatment (‘SCS-treatment’) and best
medical treatment alone (‘standard treatment’)
were allocated at random to eligible patients. Stan-
dard treatment included analgesics, antithrombotic
drugs (aspirin, coumarins), cardiovascular risk
factor control, hemorrheologic drugs (such as pen-

toxifylline, buflomedil, ketanserin), local wound
care and antibiotics, if indicated. There was a list
of recommended medications, but no fixed treat-
ment regimen. Chemical lumbar sympathectomy
and prostanoids were not excluded, but were used
in three patients only. The patients allocated to SCS
treatment additionally received an implantable
spinal-cord stimulation system. A quadripolar lead
(Medtronic, Minneapolis, MN, USA) was placed in
the epidural space and connected to an Itrell II pulse
generator (Medtronic). Both treatment regimens
aimed at adequate pain suppression.

All patients were assessed at 1, 3, 6, 12, and 18
months after randomization and at the end of the
study. Between follow-up visits patients came to
hospital as often as necessary. Limb survival was
defined as the absence of major amputation (ampu-
tation above the level of the foot).26 The Notting-
ham Health Profile (NHP) and EuroQol were used
to assess quality of life. For further assessment of
pain, the McGill Pain Questionnaire was used and
the pain-rating index (PRI) was the measure of
expressed pain. Analgesic use was recorded and
quantified by the medication quantification scale
(MQS). During follow-up (at 1, 3, 6, 12, and 18
months), over 90% of the quality-of-life question-
naires were adequately completed by the patients
using reminding letters, if necessary.

Prognostic factors
A number of predefined factors were collected by the
treating physicians of the participating hospitals
before randomization. Demographic data included
age and sex. Clinical data included diagnosis of dia-
betes, smoking status, hypertension (systolic blood
pressure ≥ 160 mmHg), history of myocardial infarc-
tions and history of cerebrovascular accidents (CVA)
or transient ischemic attacks (TIA). Previous vascu-
lar reconstructions were summarized as the number
of vascular and endovascular reconstructions at the
affected limb. The presence of ischemic skin lesions
was categorized to ulcerations or gangrene. A num-
ber of patients with ischemic skin lesions had ulcera-
tion(s) as well as gangrene. These data were used
separately in this analysis. Circulatory measurements
included the radiological arterial disease score, the
ankle pressure and ankle–brachial index (ABI). The
angiograms were re-examined by an independent
observer (CHAW) to calculate the radiological arte-
rial disease score, constructed similar to the runoff
score of the Ad Hoc Committee on Reporting Stan-
dards of the SVS/ISCVS. The integrity of circulation
in the affected limb was evaluated on five levels:
suprainguinal, infrainguinal, popliteal, infrapopliteal
and pedal. A total score was calculated from 1 (full
integrity of circulation) to 20 (maximally compro-
mised state) as explained in Table 1.
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We studied not only the prognostic weight of
these variables for the risk of amputation, but also
their potential influence on the effect of SCS treat-
ment. In a multivariable analysis, the treatment
effect was tested as well as the impact of risk factors
that emerged from our analysis with p-value < 0.20
or were regarded important in the literature.4,18,27–32

All data were recorded on standardized forms
and entered in a concurrent database. Analysis of
clinical outcome was by intention-to-treat and
included all patients who underwent randomiza-
tion. Patient and limb survival were estimated with
the Kaplan–Meier method and compared using log-
rank tests. In the analysis of limb survival, patients
were censored at death. The Cox proportional
hazards model was used (1) for analysis with prog-
nostic factors and (2) for analysis of interactions
between prognostic factors and treatment. Hazard
ratios (HRs) were estimated to quantify the effect of
prognostic factors. When the HR was greater than
1, the risk of amputation was higher with the prog-
nostic factor present than without this factor. In
multivariable analyses, we selected prognostic fac-
tors with a p-value < 0.20 and the variable indicat-
ing SCS treatment. For all hypothesis tests, p < 0.05
was considered statistically significant.

Results

A total of 120 patients were included in the study.
Sixty patients were randomized to SCS-treatment
and 60 patients received standard treatment. The

median follow-up was 2 years (range 244–1710
days). Table 2 shows the demographic, clinical and
circulatory characteristics. The mean age was 72.6
years, nearly 40% of the patients were diabetic, and
over 60% had ulcerations or gangrene in addition to
rest pain. There was extensive comorbidity and
many patients had (multiple) vascular reconstruc-
tions on the affected limb. The mean Doppler
ankle pressure was 38 mmHg and the mean ABI
was 0.25. The mean radiological arterial disease
score was 10.3.

(Limb) survival data have been presented
before.20 Mortality was comparable in both treat-
ment groups: at 6 months is was 17% in both
groups, and at 2 years it was 36% in the SCS-
group vs 37% in the standard treatment group (log
rank, p = 0.96). Limb survival was similar in both
treatment groups: at 6 months it was 66% vs 68%, at
2 years it was 52% in the SCS-group vs 46% in the
standard treatment group (log-rank, p = 0.47). The
general trend in both the SCS and standard treat-
ment groups was toward some improvement of
quality of life, with no significant differences
between the groups.20

The prognostic significance of the studied vari-
ables for the risk of amputation is summarized in
Table 3. The analysis did not show a significant
prognostic influence for age, sex, diabetes, hyper-
tension, history of myocardial infarction or cerebro-
vascular symptoms, ankle pressure or ABI. Most of
the patients (n = 94) had previous revasculariza-
tions. The amputation outcome between those
who had (multiple) previous revascularizations
and those who did not was not statistically

Table 1 Calculation of radiological arterial disease score

Arterial segment Artery Value ×weight Subscore

A. Suprainguinal Common iliac [0–4] ×3 (a1)
External iliac [0–4] ×2 (a2)
Internal iliac [0–4] ×1 (a3)
Common femoral [0–4] ×3 (a4) > (a1+a2+a3+a4)/9 A [0–4]

B. Infrainguinal Superficial femoral [0–4] ×2 (b1)
Deep femoral [0–4] ×1 (b2) > (b1+b2)/3 B [0–4]

C. Popliteal Popliteal [0–4] (c) C [0–4]
D. Infrapopliteal Anterior tibial [0–4] ×1 (d1)

Posterior tibial [0–4] ×1 (d2)
Peroneal [0–4] ×1 (d3) > (d1+d2+d3)/3 D [0–4]

E. Pedal arch Arch [0–3] (e) > E [0–3]
‘Base resistance’ 1+
Total radiological arterial

disease score
A+B+C+D+E+1 [1–20]

For four segments (A–D), angiographic disease was scored by weighting of the degree of occlusion in the main arteries.
Points assigned as: 0 = no evidence of disease; 1 = mild disease (stenosis < 20%); 2 = stenosed (20–50%); 3 = severely
stenosed (51–99%); 4 = occluded.
For the pedal arch (E), points were assigned as: 0 = completely patent arch; 2 = partially occluded arch; 3 = completely
occluded arch.
A ‘base resistance’ of 1 is added as arbitrary intrinsic resistance of the normal vascular bed, leading to a radiological
arterial disease score ranging from 1 to 20.
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significant (HR 1.1 per previous revascularization
procedure, p = 0.18). The HR for smoking was
1.27 (p = 0.12). Patients with ischemic skin lesions
(ulcerations or gangrene) had a significantly worse
prognosis (i.e. a higher risk of amputation: HR 2.30,
p = 0.01. For the pooled cohort of patients, limb
survival at 6 months was 76% in patients with rest
pain and 62% in patients with ischemic skin lesions;
at 2 years it was 65% and 40% respectively (log-
rank, p < 0.01). Angiographic abnormality as
scored by the radiological arterial disease score
was also associated with worse prognosis (HR 1.11
per point increase of the score, p = 0.05). Based on
the distribution of the radiological arterial disease
score in this cohort of patients, three groups were
formed: low score ≤ 8, intermediate score 9–12 and
high score > 12. Limb survival at 6 months in these
groups was 75%, 59% and 53% and at 2 years was
65%, 36% and 33% respectively (trend p = 0.03).

A multivariable analysis was performed to esti-
mate the effect of relevant prognostic factors on
treatment (predictive effect). The results are summa-
rized in Table 4. Relevant factors were selected from

Table 3 Univariate analysis of amputation risk

Characteristics HR amputation p-value

Male/female 1.02 0.94
Age (years) 0.99 0.93
Diabetes 1.03 0.97
Current smoking 1.27 0.12
Hypertension 0.98 0.86
CVA or TIA 1.45 0.22
Myocardial infarction 0.97 0.91
Angina pectoris 1.38 0.29
Ischemic skin lesions 2.20 0.016
Gangrene 2.48 0.001
Vascular reconstructions

Nil
1 or 2 1.10 / intervention 0.18
>3

Ankle systolic pressure
(mmHg)

0.92 / 10 mmHg 0.25

Ankle–pressure index 0.87 / 10% 0.87
Radiological arterial

score
1.11 / point 0.05

CVA, cerebrovascular accidents; TIA, transient ischemic
attacks.

Table 2 Baseline characteristics of study group

Characteristics n = 120 n = 60
SCS

n = 60
Standard

Male/female 70/50 33/27 37/23
Age (years)* 73 ± 10 73 ± 10 72 ± 11
Diabetes 45 22 23

Insulin-dependent 19 10 9
Current smoking 44 18 26
Hypertension 61 35 26
CVA or TIA 29 13 16
Myocardial infarction 45 23 22
Angina pectoris 27 12 15
Ischemic skin lesions 79 38 41

Gangrene 47 24 23
Vascular reconstructions

Nil 26 15 11
1 or 2 55 26 29
>3 39 19 20

Ankle systolic pressure (mmHg)* 38 ± 24 35 ± 25 41 ± 22
Ankle–brachial index* 0.25 ± 0.15 0.23 ± 0.16 0.28 ± 0.13
Radiological arterial score* 10.3 ± 2.7 10.1 ± 2.9 10.4 ± 2.6

CVA, cerebrovascular accidents; TIA, transient ischemic attacks.
Data given as numbers or *mean ± SD.

Table 4 The impact of prognostic factors and treatment effect in the multivariable analysis

Factor HR amputation p-value HR mortality p-value

Presence of gangrene 2.30 0.036 1.41 0.37
Presence of ulcerations 2.38 0.018 1.38 0.43
Radiological arterial disease score 1.17 0.003 1.10 0.14
Current smoking 1.23 0.19 1.03 0.84
Previous vascular reconstructions 1.05 0.52 1.92 0.28
SCS-treatment 0.92 0.86 1.00 0.99

SCS, spinal cord stimulation.
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the risk factor analysis combined with the available
literature.4,18,27–32 Risk factors included were smok-
ing, ischemic skin lesions, the number of previous
vascular interventions and radiological arterial dis-
ease score. Adjusted for these factors, SCS was no
more effective than standard treatment; the HR for
the treatment effect (the amputation risk in SCS vs
standard treatment) was estimated at 0.92
(p = 0.86). We could not identify a subgroup of
patients who might specifically be helped by SCS.

Independent risk factors for amputation were:
the presence of ischemic skin lesions (HR 2.30,
p = 0.036 for gangrene; HR 2.38, p = 0.018 for
ulcerations) and the radiological arterial disease
score (HR 1.17 per point increase of the score,
p = 0.003). Global probabilities of amputation
within 6 months were estimated for several catego-
ries of patients as is shown in Table 5.

The same factors (i.e. presence of tissue loss,
smoking, the number of previous vascular interven-
tions and radiological arterial disease score) were
used in a multivariable analysis to estimate the
influence on mortality risk. This analysis did not
show significant associations of these factors with
mortality (Table 4).

Discussion

In this cohort of patients with non-reconstructable
CLI, the presence of ischemic skin lesions and a
higher radiological arterial disease score, which
can be easily calculated for each patient undergoing
angiography, were significantly associated with
amputation risk. Baseline risk estimation is impor-
tant for the evaluation of treatment outcome in
patients with peripheral arterial disease.33,34

Definition of the patient populations in studies
assessing the efficacy of therapies of peripheral arte-
rial disease is often complex and previously defined
criteria and estimation of baseline risk have been
disputed.26,27 Comparison of studies is therefore dif-
ficult. Uniform reporting information remains the
best method for allowing comparisons of studies
involving differing revascularization techniques or
medical management. Such data would provide

more information on decisions about treatment in
relation to baseline risk probabilities.

Limb-threatening ischemia as characterized by
rest pain or ischemic skin lesions usually signals
the need for evaluation of revascularization options
and therefore the location and severity of stenoses
and patency of runoff vessels must be precisely
assessed. Several imaging techniques are available
to visualize the macroscopic vessels (digital subtrac-
tion angiography, MR angiography, ultrasono-
graphy).35,36 Runoff scores for segments of the
arterial system have been specifically used to
describe changes in peripheral circulatory patency
after revascularization techniques. The original
intention was to use these scores for research and
not for clinical purposes.24 However, imaging scores
can also be used as a baseline characteristic for eval-
uation of conservative treatments. In CLI, it is often
very difficult to decide for amputation. Although
statistics can never replace clinical judgment, quan-
tification of the burden of lower extremity athero-
sclerosis may be a valuable objective factor in this
decision analysis.

If meaningful revascularization strategies are
lacking, therapeutic options are limited. The evalu-
ation of non-surgical management as in spinal cord
stimulation, vasoactive drugs or angiogenesis thera-
pies underscores the need to develop and validate
methods of assessing the severity or extent of
PVD. In this study, we tested a simple scoring sys-
tem that uses angiography to estimate the extent of
macroscopic arterial disease. To be useful, such a
scoring system must be reproducible. High correla-
tion coefficients for inter- and intraobserver vari-
ability were reported by Crawford.37
Limitations of the current analysis include inter-

pretation issues and the studied patient group. The
interpretation of angiograms remains subjective.
The reader visually estimated the degree of stenosis
using the pre-randomization angiography series
from the participating hospitals. The interpretation
of the transition point from the SFA to popliteal
artery, collaterals, bypass grafts or variant anatomy
remains rather arbitrary. In the calculation of the
radiological arterial disease score, as presented in
Table 1, only the metatarsal arch is scored in the
foot. The assessment may be refined if the lateral
and medial plantar branch and the dorsalis pedis
branch were added to this score. The classification
and generalization performance of the scoring sys-
tem may be improved by better rules for scoring or
by the use of computer-aided learning systems. The
conversion factors used to translate angiographic
findings into the score estimates (especially in
multilevel disease) can be revised in such systems
as well.

Despite these limitations, the radiological arterial
disease score can be easily calculated for each

Table 5 Global estimated risk of major amputation
within 6 months in patients categorized according to
radiological arterial disease score and absence or
presence of ischemic skin lesions

Ischemic skin
lesions

Radiological arterial disease score

4–8 9–12 >12

No 15% 25% 40%
Yes 25% 50% 80%
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patient with CLI undergoing angiography. Further
evaluation in other prospectively followed cohorts
should refine its prognostic value for the broader
group of patients with occlusive peripheral vascular
disease.

Calculation of the radiological arterial disease
score combined with the presence or absence of
ischemic skin lesions can be used to estimate the
probability of amputation in patients with critical
lower limb ischemia. This may be relevant to the
management of patients with multi-level disease
and poor outflow in order to opt for risky revascu-
larization, primary amputation or medical therapy.
Moreover, estimation of baseline amputation risk is
important for evaluation of (medical) treatments.
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