
S U P P L EM EN T A R T I C L E

Effectiveness of bedside investigations to diagnose peripheral
artery disease among people with diabetes mellitus:
A systematic review

Rachael O. Forsythe1 | Jan Apelqvist2 | Edward J. Boyko3 | Robert Fitridge4 |

Joon Pio Hong5 | Konstantinos Katsanos6 | Joseph L. Mills7 | Sigrid Nikol8 |

Jim Reekers9 | Maarit Venermo10 | R. Eugene Zierler11 | Nicolaas C. Schaper12 |

Robert J. Hinchliffe13

1British Heart Foundation, University of Edinburgh Centre for Cardiovascular Science, University of Edinburgh, Edinburgh, UK

2Department of Endocrinology, University Hospital of Malmö, Malmö, Sweden

3Seattle Epidemiologic Research and Information Centre, Department of Veterans Affairs Puget Sound Health Care System, University of Washington, Seattle,

Washington

4Vascular Surgery, The University of Adelaide, Adelaide, South Australia, Australia

5Asan Medical Center, University of Ulsan, Seoul, South Korea

6School of Medicine, Patras University Hospital, Patras, Greece

7SALSA (Southern Arizona Limb Salvage Alliance), University of Arizona Health Sciences Center, Tucson, Arizona

8Clinical and Interventional Angiology, Asklepios Klinik St. Georg, Hamburg, Germany

9Department of Vascular Radiology, Amsterdam Medical Centre, Amsterdam, The Netherlands

10Helsinki University Hospital, University of Helsinki University Hospital, Helsinki, Finland

11Department of Surgery, University of Washington, Seattle, Washington

12Division of Endocrinology, MUMC+, CARIM and CAPHRI Institute, Maastricht, The Netherlands

13Bristol Centre for Surgical Research, University of Bristol, Bristol, UK

Correspondence

Rachael O. Forsythe, British Heart Foundation,

University of Edinburgh Centre for

Cardiovascular Science, University of

Edinburgh, Edinburgh, Scotland, UK.

Email: rachael.forsythe@ed.ac.uk

Abstract

The accurate identification of peripheral artery disease (PAD) in patients with diabe-

tes and foot ulceration is important, in order to inform timely management and to

plan intervention including revascularisation. A variety of non-invasive tests are avail-

able to diagnose PAD at the bedside, but there is no consensus as to the most useful

test, or the accuracy of these bedside investigations when compared to reference

imaging tests such as magnetic resonance angiography, computed tomography angi-

ography, digital subtraction angiography or colour duplex ultrasound. Members of the

International Working Group of the Diabetic Foot updated our previous systematic

review, to include all eligible studies published between 1980 and 2018. Some

15 380 titles were screened, resulting in 15 eligible studies (comprising 1563

patients, of which >80% in each study had diabetes) that evaluated an index bedside

test for PAD against a reference imaging test. The primary endpoints were positive

likelihood ratio (PLR) and negative likelihood ratio (NLR). We found that the most

commonly evaluated test parameter was ankle brachial index (ABI) <0.9, which may
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be useful to suggest the presence of PAD (PLR 6.5) but an ABI value between 0.9

and 1.3 does not rule out PAD (NLR 0.31). A toe brachial index >0.75 makes the diag-

nosis of PAD less likely (NLR 0.14-0.24), whereas pulse oximetry may be used to sug-

gest the presence of PAD (if toe saturation < 2% lower than finger saturation; PLR

17.23-30) or render PAD less likely (NLR 0.2-0.27). We found that the presence of

triphasic tibial waveforms has the best performance value for excluding a diagnosis of

PAD (NLR 0.09-0.28), but was evaluated in only two studies. In addition, we found

that beside clinical examination (including palpation of foot pulses) cannot reliably

exclude PAD (NLR 0.75), as evaluated in one study. Overall, the quality of data is gen-

erally poor and there is insufficient evidence to recommend one bedside test over

another. While there have been six additional publications in the last 4 years that met

our inclusion criteria, more robust evidence is required to achieve consensus on the

most useful non-invasive bedside test to diagnose PAD.
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1 | INTRODUCTION

The estimated pooled worldwide global prevalence of foot ulceration

among people with diabetes is 3%,1 of which up to 50% may have

underlying peripheral artery disease (PAD).2 Diabetes is strongly asso-

ciated with the presence of PAD; among individuals with diabetes in

the US National Health and Nutrition Examination Survey in 2004;

9.6% had PAD as defined by ankle brachial index (ABI) <0.9 in either

leg, compared with 4% of individuals without diabetes (age and gender

standardised).3 In diabetic subjects older than 60 years, the prevalence

of PAD was 25%.4 Evidence suggests that PAD is causally related to

the development of a Diabetic foot ulcer (DFU), thereby leading to a

higher prevalence of PAD in diabetic patients with DFU than in those

without a DFU. A prospective study of 749 patients without diabetic

foot ulcer identified a significant association between lower ABI and

higher foot ulcer risk.5

The combination of diabetes and PAD substantially increases the

risk of amputation or non-healing and of cardiovascular mortality.6-8

In the Eurodiale study, patients with a foot ulcer and PAD, when com-

pared with ulcer patients without PAD, had healing rates of 69% vs

84% and major amputation rates of 8% vs 2%, respectively.2 Not only

is PAD an independent risk factor for developing foot ulceration and

limb loss, it is also associated with a higher risk of incident cardiovas-

cular disease and of overall mortality, irrespective of symptoms or the

populations studied.9 PAD is therefore clearly associated with poorer

lower extremity and cardiovascular outcomes in patients with diabe-

tes. It is important for healthcare professionals to recognise it

promptly, and accurately, and to risk stratify patients and take steps

to minimise its deleterious effects. However, many patients with dia-

betes and co-existing PAD present late with foot ulceration10 and

with few or no preceding symptoms of PAD, probably due to the mas-

king of typical symptoms (such as claudication and ischaemic rest

pain) by peripheral neuropathy. In addition, physical examination in

these patients may not reliably exclude a diagnosis of PAD, or assess

its severity. Bedside tests that are useful to diagnose PAD in a popula-

tion of patients without diabetes may be rendered less accurate in

patients with diabetes due to the distal distribution of the peripheral

arterial disease, co-existing neuropathy, peripheral oedema and infec-

tion. Moreover, in patients with diabetes the lower leg or pedal arter-

ies can be less compressible on cuff inflation during external arterial

pressure measurements due to medial sclerosis (medial arterial calcifi-

cation) which can render tests, such as the ABI or toe brachial index

(TBI) less reliable.11 These tests can play a central role in diagnosing or

excluding PAD,12 and their advantage over reference imaging tests

(such as magnetic resonance angiography [MRA], computed tomogra-

phy angiography [CTA], digital subtraction angiography [DSA] and col-

our duplex ultrasound [CDUS]) is that they are quick, cheap, non-

invasive, may be performed at the bedside and can be used as initial

screening tests in order to identify those patients who should go on

to have formal vascular imaging tests.

The aim of this systematic review was to evaluate the perfor-

mance of index non-invasive diagnostic tests against reference stan-

dard imaging techniques for the detection of PAD among patients

with diabetes and is an update of our previous review.13 This system-

atic review forms the basis for developing the IWGDF Guideline on

diagnosis, prognosis, and management of PAD in patients with a foot

ulcer and diabetes.14

2 | METHODS

2.1 | Search methods

Using the Preferred Reporting Items for Systematic Reviews and Meta-

analysis (PRISMA) guidance,15 we updated our previous systematic
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review,13 guided by a recent consensus document on updating system-

atic reviews16 and the IWGDF methodology document.17

As a start, the population of interest (P), interventions (I), compara-

tors (C) and outcomes (O) were defined, and clinical questions (PICOs)

were formulated accordingly. These definitions and PICOs were reviewed

for their clinical relevance by the IWGDF Editorial Board and external

experts worldwide, from various geographical regions (see acknowledge-

ments). Final definitions and PICOs are integrated within this paper.

We searched the MEDLINE and EMBASE databases for studies

relating to the diagnosis of PAD among patients with diabetes,

updating the previous search and therefore capturing any new records

published between 14 June 2014 and 14 September 2018. The search

string can be found in Data S1. Two reviewers independently

screened the abstracts for inclusion and a third reviewer adjudicated

any conflicts. Full-text articles of included abstracts were accessed

and assessed for inclusion and data were then extracted and verified

by members of the IWGDF PAD working group.

2.2 | Inclusion/exclusion criteria

We sought to evaluate the performance and reliability of bedside tests

for PAD in diabetic patients with and without a foot ulcer. We evaluated

any bedside test that aimed to detect the presence of PAD in patients

with diabetes. Diagnostic tests were considered as any specific evalua-

tion that sought to identify the presence of PAD. To be eligible for inclu-

sion, all studies were required to meet the following criteria:

(a) evaluated a potential index diagnostic test for PAD against a standard

reference test (including DSA, CTA, MRA or CDUS); (b) reported sepa-

rately on at least 10 patients with diabetes or, in mixed studies, more

than 80% of the cohort were patients with diabetes. We included stud-

ies that reported on patients with or without a foot ulcer. Studies were

excluded if the comparison was between two reference tests, or if there

was insufficient data with which to calculate the sensitivity/specificity

values. Unlike our previous review, we did not include serum markers as

an expression of possible PAD as it was concluded that such tests would

have little added value in diagnosing PAD.

2.3 | Primary endpoints

The positive likelihood ratio (PLR) and negative likelihood ratio (NLR)

were the primary endpoints for this systematic review. In order to

assess the usefulness of bedside tests, we have used likelihood ratios,

which reflect a diagnostic test's ability to rule in or rule out disease.18

Likelihood ratios were used to express a change in odds of reaching

an outcome, in the context of a known pre-test probability of disease

(ie, knowledge or estimation of the prevalence of disease in the stud-

ied population). The PLR gives the change in odds of experiencing an

outcome if the test is positive, whereas the NLR expresses a change in

odds of experiencing an outcome if the test is negative. PLR is calcu-

lated as follows: PLR = sensitivity/(1 − specificity); NLR is calculated

as follows: NLR = (1 − sensitivity)/specificity. A PLR or NLR of 1.0

means that the test does not change the probability of the outcome

over and above the pre-test probability and therefore is not a useful

diagnostic test. As a general rule of thumb, a test is considered to have

very good performance if PLR ≥10 (representing an increased proba-

bility of the specified outcome by around 45% in the presence of a

positive test result) and NLR≤0.1 (representing a decrease in the prob-

ability of the specified outcome of around 45% in the presence of a

negative test result).19-21 Generally, minimal change in disease proba-

bility can occur when a test is used with a PLR between 1 and 2 or a

NLR between 0.5 and 1. The PLR and NLR therefore provide a more

meaningful assessment of diagnostic utility than sensitivity or specific-

ity when used with the aim of disease-probability revision (Table 1).

2.4 | Data extraction and quality assessment

Data extraction was undertaken and independently verified by two

investigators. Methodological quality was assessed using the QUADAS

tool, a consensus quality assessment tool designed specifically for diag-

nostic accuracy studies.22 There was a wide range of heterogeneity in

the populations evaluated, outcomes reported and diagnostic tests

used, and it was therefore not possible to conduct a meta-analysis.

Instead, measures of test performance were presented for each diag-

nostic test used and summarised within and across studies. Where not

explicitly reported, sensitivity/specificity, PLR and NLR were calculated

from the available data and reported in our evidence table (Table 2).

2.5 | Evidence statements

Finally, two investigators drew conclusions for each intervention

based on the strength of the available evidence, formulated as evi-

dence statements and accompanying assessment of the quality of the

evidence, according to GRADE.23

3 | RESULTS

3.1 | Search results

In the search performed for our previous systematic review, 6629

studies were screened (published between 1980 and 2014), which

TABLE 1 Interpretation of likelihood ratios and their effect on
probability of disease46

High likelihood
ratios

Low likelihood
ratios

Interpretation—affect on
ability to rule in/rule out
disease

>10 <0.1 Large

5-10 0.1-0.2 Moderate

2-5 0.2-0.5 Small

1 1 No change
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resulted in total of 10 observational studies reporting data from 2585

patients with diabetes. Our updated search included papers published

between June 2014 and June 2018; this search yielded 8751 titles, of

which six observational studies ultimately met the inclusion criteria.

After including nine studies from the 2016 systematic review (having

excluded one paper investigating a serum biomarker of PAD24), a total

of 15 studies (comprising 1563 patients) were included in the qualita-

tive data table for this updated systematic review (Table 2). The total

numbers of identified, screened, eligible and finally included publica-

tions in both the original and the updated search are given in the PRI-

SMA flowchart in Figure 1.

3.2 | Patient demographics

The mean or median age of participants was reported as 66 years,

with most study cohorts consisting primarily of men (range 47%-

88%). The reporting of patient demographics was variable and sur-

prisingly sparse, but, where reported, comorbidities were as

expected—coronary artery disease in 22.9%, cerebrovascular disease

in 10% and 40% of patients were current or ex-smokers (Table 2).

Few studies reported the presence or absence of neuropathy and

ulceration, despite the importance of both of these clinical features

on subsequent outcome. Only four studies reported on the

F IGURE 1 PRISMA Flow Diagram
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presence of neuropathy25-28 with a mean prevalence of 72%. The

median prevalence of foot ulcers was 7% among those studies

reporting it26-33 —two of these studies included a population of

patients of which all had a foot ulcer.28,29 The mean duration of

diabetes was 13.6 years among those studies in which it was

reported.

3.3 | Reference tests to confirm PAD

CDUS was used as the reference test for confirming PAD in 13 of

the observational studies, while DSA was used in the other two

studies. A variety of PAD definitions were used in the CDUS studies

(Table 2), with some studies measuring change in velocity and

others the degree of stenosis. The two studies with DSA as a refer-

ence test used a cut-off of >50% reduction in vessel diameter to

diagnose PAD.

3.4 | Index beside tests and threshold values used
to diagnose PAD

It is important to note that recent international guidelines abandon

the idea of fixed threshold values for PAD, particularly in patients with

diabetes,34 and instead champion the use of classification systems to

categorise patients into clinical stages correlating with outcomes. This

is an important approach that also takes factors such as the severity

of the perfusion deficit, wound characteristics and infection into

account, when assessing the likely prognosis of a patient with DFU and

PAD. This topic, in particular the WIfI system, is covered in the

IWGDF systematic review of diabetic foot classifications, also publi-

shed in this journal.35 However, in this present review, we focus on

the use of bedside tests for the diagnosis of PAD in the ulcerated or

intact foot and present the available literature to date, with a caveat

that we must accept that there is no “one-fits-all” threshold value for

objective bedside testing that can be used in isolation to make the

diagnosis of PAD.

Among the studies identified, the most commonly evaluated

bedside test was the ABI, which was reported in 13 of the studies.

Two studies that did not use ABI32,36 were written by authors who

previously reported on the use of ABI in a smaller cohort of

patients37 and a further study reported ankle pressure without cor-

recting for brachial pressure.27 The threshold value for diagnosis of

PAD was defined as <0.9 or ≤0.9 in most studies; however, three

studies used both a lower and upper threshold for diagnosis (<0.9 or

>1.328,30 and ≤0.9 or ≥1.4.37 Three studies used TBI with a threshold

for diagnosis of <0.737 or ≤ 0.75.26,28 Systolic toe pressure was

reported by two studies (using <97 mm Hg36 or <50 mm Hg28 as

thresholds). Other tests used included TcPO2
27,28 altered waveforms

on colour wave Doppler26,28,32,37 audible Doppler waveforms,26

pulse reappearance time (PRT),31 change in pulse oximetry33 and

pole test.28 One study looked at a wide variety of subjective clinical

examination tests.28

3.5 | Data synthesis and analysis

3.5.1 | PICO 1

In a person with diabetes and an intact foot, which symptoms and

signs (clinical examination) should clinicians examine in order to iden-

tify or exclude PAD?

3.5.2 | PICO 2

In a person with diabetes and a foot ulcer, which symptoms and signs

(clinical examination) should clinicians examine in order to identify or

exclude PAD?

3.5.3 | Summary of the literature

We found no eligible studies reporting the symptoms and signs that may

identify or exclude PAD in patients with diabetes and an intact foot.

We found only one eligible recent study investigating basic clinical

examination in patients with diabetes with foot ulceration,28 which was

a prospective observational case series of 60 out-patients and in-

patients with diabetes and new onset foot ulceration at a tertiary hospi-

tal. This study evaluated a number of tests, including clinical signs (hair

loss, muscle atrophy, dependent rubor, cool skin, purple/blue skin, capil-

lary refill time, venous filling time, presence of neuropathy and palpation

of foot pulses). Using CDU or flow velocity waveforms as the reference

tests in order to confirm/define the presence of PAD, the study found

that 33% of participants had PAD on diagnostic ultrasound. Palpation of

foot pulses had a sensitivity of 55% and a specificity of 60% for diagnos-

ing PAD, with a PLR of 1.38 and a NLR of 0.75, meaning that this clinical

examination would not accurately rule in or exclude presence of PAD.

Pulse palpation should therefore not be used to rule out a diagno-

sis of PAD. None of the other clinical features investigated were

found to accurately exclude the diagnosis of PAD.

3.5.4 | Evidence statement

In patients with diabetes (with an intact or ulcerated foot), there are

no clinical signs or symptoms that can accurately exclude PAD.

3.5.5 | Quality of the evidence

Low: based on one observational study of 60 patients.

3.5.6 | PICO 3

In a person with diabetes, which “bedside” diagnostic procedure, alone or

in combination, has the best performance in ruling in or excluding PAD?
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3.5.7 | Summary of the literature

Nine observational studies investigated the use of Doppler ABI (most

commonly considered diagnostic if ABI < 0.9) compared to CDUS,

with a variety of definitions, to diagnose PAD based on CDUS. Eight

of these studies used peak systolic velocity—maximum systolic

velocity ratio >2, corresponding to ≥50% stenosis, or monophasic

waveforms in any artery, while one had a less well defined

parameter—“presence of atherosclerotic plaques or arterial calcifica-

tion”.38 These studies reported a sensitivity of the ABI between 45%

and 100% and specificity between 58% and 97%, with corresponding

PLR of 1.69 to 23.8 and NLR of 0.02 to 0.59. One study also looked

at oscillatory ABI, which had a PLR of 7.9 and a NLR of 0.5.25

Of the other observational studies reporting on ABI, two studies

used either Doppler waveform39 or colour spectral waveform30 as ref-

erence tests. These studies reported markedly different PLR (24.8 and

4.0) and NLR (0.38 and 0.12), while one study using DSA as the refer-

ence test31 gave a PLR of 5.1 and NLR of 0.69.

One small study compared the use of ABI in patients with

(n = 57) or without (n = 32) neuropathy.26 The authors found that

neuropathy does not seem to have a particularly adverse effect on

PLR (11 in patients with neuropathy vs 8 in patients with no neuropa-

thy); however, the NLR was significantly poorer in those patients with

neuropathy (0.5 vs 0.1), suggesting that it is a less useful test to

exclude PAD in patients with neuropathy. No significant improvement

in PLR or NLR was observed when studies used thresholds to account

for the presence of incompressible vessels (ie, abnormally raised ABI).

When comparing the four studies comprising patients with intact

feet vs the two studies including only those with a foot ulcer, the ABI

was found to produce sensitivity 80.7% vs 69.5%; specificity 91.5% vs

74%, PLR 6.74 vs 4.10 and NLR 0.12 vs 0.43 (median values of the

combined studies), respectively.

Overall, of the 12 studies that used ABI as an index test (regard-

less of reference test used), the median PLR was 6.5 and the median

NLR was 0.31. ABI <0.9 can therefore be considered helpful to rule in

the diagnosis of PAD, but less effectively rules out PAD if the ABI is

within the normal range (0.9-1.3). Moreover, the ABI may be more

useful to rule in the diagnosis of PAD in patients with intact feet, but

is a less useful test to exclude PAD in patients with neuropathy or

foot ulceration.

Ankle pressure <70 mm Hg (vs DSA27 or CDUS28) did not appear

to be accurate for the detection or exclusion of PAD (PLR 2.25, NLR

0.67).

Of the three observational studies that evaluated TBI, all used CDUS

as the reference test, with a diagnostic threshold of either <0.737

or <0.75.26,28 Two studies presented data on groups with a high prev-

alence of neuropathy (>70%), finding that TBI >0.7 or > 0.75 is useful

to exclude PAD, while TBI <0.7 or <0.75 is less useful to diagnose

PAD (PLR 1-3; NLR 0.14 to 0.24).26,28 The third study37 did not report

on the prevalence of neuropathy, but found broadly similar outcomes

(PLR 3.55; NLR 0.44).

In a study of 60 patients with a foot ulcer, toe pressure <50 mm

Hg was found to have a much better diagnostic performance (PLR

17.55) than TBI (PLR 1.63)28 but this was at the expense of poorer

NLR (0.56 vs 0.24) and sensitivity (0.45 vs 0.89). However, when the

diagnostic threshold for toe pressure was increased to <97 mm Hg in

another study,36 the performance of the test reduced markedly (PLR

2.67).

Two studies that reported on transcutaneous oxygen pressure

(TcPO2)
27,28 used different diagnostic thresholds (TcPO2 < 50 mm Hg

and < 60 mm Hg) and compared this with an ankle pressure of

<70 mm Hg, with either DSA or CDUS as reference. One study pro-

vided only enough data to suggest that the sensitivity of TcPO2 was

better than ankle pressure (82% vs 67%).27 However, another study

of patients with foot ulcers showed much lower sensitivities for

TcPO2 and ankle pressure (28% vs 47%), with overall minimal diag-

nostic value for TcPO2 (PLR 0.81, NLR 1.1).28

Two studies compared pulse oximetry with ABI, using Doppler wave-

form or CDUS as the reference test.33,39 Both studies used the same

definition (“toe saturation <2% lower than finger saturation or

increased by >2% when the leg is elevated to 12 in. higher than the

horizontal plane”). They found that pulse oximetry was a more useful

diagnostic test than ABI, with PLR and NLR of pulse oximetry of

17.23 to 30 and 0.2 to 0.27, respectively, when compared to PLR and

NLR of ABI of 5.49 to 24.8 and 0.09 to 0.37, respectively.33,39

Four studies used Doppler waveform analysis, recording abnormal

waveform at the tibial arteries or ankles as suggestive of

PAD.26,28,32,37 In all studies, waveform analysis performed very well

with respect to NLR (0.09-0.28), although the PLR were less consis-

tent and varied between 3 and 13. Abnormal waveform was variably

defined.

One study looked at PRT after compression of the thigh for 3 minutes,

and compared this with ABI at a threshold of <0.9.31 DSA was used as

the reference test. PRT and ABI had identical PLR and very similar
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NLR when compared to DSA (PLR 5 vs 5; NLR 0.6 vs 0.7). However,

PRT correlated with the severity of stenosis seen on DSA, whereas

ABI did not, although this property of PRT did not translate into

improved ability to detect PAD compared to ABI.

In this test, the leg is elevated passively, with the patient supine, while

the Doppler signal is continuously monitored and the height at which

the Doppler signal is lost is determined. The pole test was used in one

study of patients with ulcerated feet.28 The PLR was found to be

10.29 and of potentially high diagnostic value but the NLR was of

minimal value at 0.74.

1. An ABI < 0.9 may be useful to suggest the diagnosis of PAD, but a

value between 0.9 and 1.3 does not rule out PAD, in particular in

patients with neuropathy and/or a foot ulcer.

2. A TBI >0.75 makes the diagnosis of PAD less likely.

3. Pulse oximetry (if toe saturation <2% lower than finger saturation

or increased by >2% when the leg is elevated to 12 in. higher than

the horizontal plane) may be useful to suggest the diagnosis of

PAD and to render PAD less likely.

4. The presence of triphasic tibial waveforms demonstrated small to

large value for ruling in or ruling out PAD depending on the study,

and hence may be useful in diagnosis.

1. Low: based on 12 studies on ABI using different definitions of

PAD with inconsistent results, with one study on the effect of neu-

ropathy and four studies that included patients with a foot ulcer,

with the majority having a high risk of bias.

2. Moderate: based on three observational studies, one with low and

two with moderate to high risk of bias.

3. Low: based on two observational studies with limited number of

patients with diabetes and PAD.

4. Low: based on four observational studies with variable definitions

of an abnormal waveform and two with low and two with moder-

ate to high risk of bias.

4 | DISCUSSION

Despite increasing knowledge and understanding of the deleterious

effect of PAD on DFU outcomes, there were limited new data regard-

ing diagnosis of the presence of PAD since our previous review.13

Previous studies have reported on the use of bedside tests to identify

PAD in mixed cohorts of patients with and without diabetes;

however, there are few studies dedicated to the assessment of

patients with diabetes, and even fewer examining patients with diabe-

tes and a foot ulcer. However, it should be noted that in the period

1980 to 2014 we found nine eligible studies while in the last 4 years,

six new studies were identified, indicating that this important topic is

beginning to garner more interest, but certainly needs more sustained

attention.

In patients with diabetes and a foot ulcer and features suggestive

of PAD, it is important for early referral to a specialist foot team, as

the combination of these pathologies is associated with poorer out-

comes than either in isolation.2 But to what extent can the clinician

rely on clinical examination to rule out PAD in this context? The study

of Vriens et al that was included in this review was the only study to

evaluate the diagnostic performance of clinical examination and con-

cluded that the negative and PLRs of pedal pulse assessment (0.75,

1.38) and other aspects of clinical examination were poor,28 in line

with other publications on this topic.40,41 Clinical examination alone is

therefore an insufficient assessment of patients with diabetes and a

foot ulcer. These data stress the importance of non-invasive diagnos-

tic tests, irrespective of the presence of foot pulses. In addition, we

have not assessed the usefulness of symptoms to suggest the diagno-

sis of PAD. Cohort studies suggest that patients with diabetes and

PAD, compared to PAD patients without diabetes, are less likely to

report classical intermittent claudication, but have more frequently

atypical symptoms that may be related to co-morbidities such as

neuropathy.42

Given the high impact on outcome and the relatively high preva-

lence in many circumstances, the best method of assessing the utility

of a diagnostic test for PAD in patients with a DFU is the NLR, which

expresses a change in odds of experiencing an outcome if the test is

negative (ie, a test that is effective in ruling out PAD). For a test to be

considered useful, the NLR should be low and NLR≤0.1 is considered

to have very good performance (representing a decrease in the proba-

bility of the specified outcome of around 45% in the presence of a

negative test result).19,20 If, for example, we assume that a prevalence

of PAD is 50% in patients treated in a diabetic foot ulcer clinic, an

ABI < 0.9 is measured in a patient and a PLR of 6.5 is assumed, the

probability of PAD would be increased to approximately 87%. Vice

versa if a normal Doppler waveform is found in this patient, for which

an NLR of 0.2 is assumed, the probability of PAD is reduced to

approximately 17%.

In this context, it is less important for the initial test to reliably

diagnose PAD, as the consequences of a false positive result would be

less than the consequences of a false negative test result, that is, in

which the diagnosis may be missed. Those patients in whom a positive

result is obtained should proceed for further investigations in order to

confirm the presence of PAD. The next step is to establish the extent

of the perfusion deficit and its likely impact on ulcer healing and ampu-

tation risk, as discussed in our IWGDF systematic review on progno-

sis.43 The final step is the identification of patients who may require

revascularization to promote healing and prevent amputation. This

decision is based not only on the severity of the perfusion deficit but

also on wound and patient related factors. Once a revascularization
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procedure is considered, establishing the anatomical distribution of dis-

ease may be achieved using CDUS, CTA, MRA or DSA.

The most commonly used bedside test to diagnose PAD is the

ABI, which was assessed in the majority of studies included in this

review. In this review, we found that the presence of a normal ABI

(0.9-1.3) was too inaccurate to exclude PAD in patients with foot

ulcers (NLR >0.3); however, ABI <0.9 appeared useful to suggest the

diagnosis of PAD (PLR >5 in most research). Moreover, in patients

with neuropathy, a normal ABI could not, in one study, effectively rule

out PAD (NLR 0.5).26 As the vast majority of DFU patients have neu-

ropathy, this could therefore contribute to the poorer performance of

the ABI in patients with a foot ulcer. Up to a third of DFU patients

have incompressible lower leg arteries resulting in abnormally high

ABI2,11 and an elevated ABI increased the probability of PAD in

patients with diabetes, but we could not calculate the PLR or

NLR.44,45 In conclusion, a normal ABI cannot accurately rule out PAD,

although an ABI < 0.9 or also an elevated ABI are suggestive of the

diagnosis of PAD. We suggest that ABI should not be used in isolation

to exclude PAD in patients with a diabetic foot ulcer.

The digital arteries are relatively spared from calcification and the

measurement of toe pressure (and TBI) may therefore be a more reli-

able alternative to ABI in the diagnosis of PAD. Unfortunately, in

patients with digital ulceration or a toe amputation it may not be pos-

sible to perform this examination. Four studies investigated the use of

toe pressure28,36 or TBI26,28,37 but only one study examined the use

of these tests in a population of patients with foot ulcers. A negative

test result seems somewhat more accurate to exclude PAD (NLR

0.14-0.44), whereas a positive test result (TBI <0.75 or <0.7) appeared

to be less accurate to rule in PAD (PLR 1.63-3.55). A toe pressure of

<50 mm Hg appeared to have very good diagnostic ability in patients

with foot ulcers (PLR 17.55) but a normal toe pressure was not con-

sidered accurate enough to exclude the diagnosis (NLR 0.56).28

A number of studies investigated other index bedside tests, the

most accurate was CWD with triphasic Doppler waveforms (NLR <0.2

in most cases). Pulse oximetry was tested in two studies33,39 with

NLR of 0.2 and 0.27, although it was unclear if any patient had a foot

ulcer, and the sensitivity estimates were only 77% and 74%.

In one study of patients with intact feet, parallel testing using ABI

and pulse oximetry improved the NLR from their individual values of

0.34 and 0.27 to 0.09 when used in a parallel combination strategy,33

suggesting that a combination of tests is potentially most useful to

exclude PAD. This was the only study to present a parallel testing

approach and further similar studies are warranted. Pulse oximetry is

an attractive technique because it requires equipment that is relatively

inexpensive and available in most healthcare environments, but fur-

ther studies are necessary to define its role in diagnosing PAD in

patients with a foot ulcer. In addition, in the experience of some of

the authors who have used this technique, it can be difficult to obtain

a reliable measurement due to practical issues. It is certainly important

to consider the technical aspects and potential inter-observer variabil-

ity when conducting any bedside test; however, these aspects are out

of the scope of our review. Ankle pressure, TcPO2, PRT and pole test

all had limited diagnostic utility (NLR >0.6 in most cases).

No study included satisfied the QUADAS criteria for an overall

“high quality” rating. The studies were generally of poor or moderate

quality, with substantial heterogeneity of patient characteristics and

outcome reporting. The presentation of data was frequently also poor,

with a number of studies failing to report on the presence of impor-

tant features such as ulceration and neuropathy. This precluded the

production of a valid meta-analysis.

In addition to the eligible observational studies included in our

review, we came across an informative systematic review/meta-

analysis of 31 studies that reported the use of clinical examination, as

well as a number of bedside tests, to diagnose PAD in patients with

diabetes (the majority of which did not have foot ulcers).41 It did not

meet the inclusion criteria for our review, as some of the studies used

ABI or “complete wound healing” as reference tests, rather than the

standard vascular imaging tests specified in our inclusion criteria. In

addition, the studies included were widely heterogeneous. Nonethe-

less, it provided some interesting comparisons. Barshes and colleagues

found the presence of palpable foot pulses to have poor diagnostic

reliability (PLR 3.06, NLR 0.57),41 which corresponds to the findings

of Vriens and colleagues included in our review,28 and suggested that

strategies using non-invasive bedside tests to investigate only those

patients with abnormal pulses had too low overall diagnostic sensitiv-

ity. In addition, they reported on the use of ABI, TBI, TcP02 and skin

perfusion pressure, all of which performed poorly when evaluating a

patient with diabetes for the presence of PAD (NLR >0.2 in all cases).

A limitation of this review is that the majority of studies used

CDUS as the reference test; however, this has its drawbacks. CDUS

may be less reliable in identifying significant arterial disease in the cru-

ral vessels, particularly in the presence of significant calcification and

if doubt exists then an alternative method of imaging should be con-

sidered. There is also a potential role for dynamic testing, such as pre-

and post-exercise ABI or TBI, but these tests were not reported in the

studies we included in our review.

It seems remiss that there continues to be such a dearth of evi-

dence in this area, but it is important to note the current trend away

from simply diagnosing PAD. As discussed above, determining the

presence of PAD is only the first step in evaluating the vascular

assessment of a person with diabetes and a foot ulcer. Not only

should we assess the presence and severity of ischaemia but also we

must simultaneously assess the presence of neuropathy, wound char-

acteristics, infection and other mitigating clinical characteristics, as

discussed elsewhere in this issue.14,35

5 | CONCLUSIONS

Among the studies included in our review, an ABI <0.9 or >1.3

appears to be a useful test for the detection of PAD, although it has

variable performance among the populations studied. Although widely

used to assess PAD at the bedside, palpation of peripheral pulses

showed disappointingly poor performance in either ruling in or ruling

out PAD. Alternative bedside tests that appear accurate are CWD

with absence of triphasic waveforms and perhaps pulse oximetry with
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toe saturation < 2% lower than finger saturation or increased by >2%

when the leg is elevated to 12 in. higher than the horizontal plane.

Overall, there was insufficient evidence to recommend a single bed-

side test to reliably rule out PAD in a patient with a foot ulcer. In such

a patient, a normal ABI (or palpable pulses) cannot reliably rule out

PAD. A second test should be performed such as assessment of

Doppler waveforms, possibly in combination with toe pressure/TBI

measurements. Pulse oximetry could become an attractive alternative

if confirmed in future studies. There is clearly a need for improved

reporting and for more informative studies of diagnostic tests for PAD

in patients with diabetes in order to reach more robust conclusions in

the future.
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