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The accuracy and cost-eftectiveness of strategies
used to identify peripheral artery disease among
patients with diabetic foot ulcers

Neal R. Barshes, MD, MPH," Everardo Flores, BS,” Michael Belkin, MD,® Panos Kougias, MD,"
David G. Armstrong, DPM, PhD, MD,¢ and Joseph L. Mills Sr, MD,"* Houston and El Paso, Tex; Boston,
Mass; and Tucson, Ariz

Background: Patients with diabetic foot ulcers (DFUs) should be evaluated for peripheral artery disease (PAD).
We sought to estimate the overall diagnostic accuracy for various strategies that are used to identify PAD in this
population.

Methods: A Markov model with probabilistic and deterministic sensitivity analyses was used to simulate the clinical events
in a population of 10,000 patients with diabetes. One of 14 different diagnostic strategies was applied to those who
developed DFUs. Baseline data on diagnostic accuracy of individual noninvasive tests were based on a meta-analysis of
previously reported studies. The overall sensitivity and cost-effectiveness of the 14 strategies were then compared.
Results: The overall sensitivity of various combinations of diagnostic testing strategies ranged from 32.6% to 92.6%.
Cost-effective strategies included ankle-brachial indices for all patients; skin perfusion pressures (SPPs) or toe-
brachial indices (TBIs) for all patients; and SPPs or TBIs to corroborate normal pulse examination findings, a
strategy that lowered leg amputation rates by 36%. Strategies that used noninvasive vascular testing to investigate
only abnormal pulse examination results had low overall diagnostic sensitivity and were weakly dominated in cost-
effectiveness evaluations. Population prevalence of PAD did not alter strategy ordering by diagnostic accuracy or
cost-effectiveness.

Conclusions: TBIs or SPPs used uniformly or to corroborate a normal pulse examination finding are among the most sensitive
and cost-effective strategies to improve the identification of PAD among patients presenting with DFUs. These strategies

may significantly reduce leg amputation rates with only modest increases in cost. (J Vasc Surg 2016;64:1682-90.)

The rising incidence of diabetes mellitus and the
increased proportion of elderly populations in the United
States,’ United Kingdom,2 and other western countries
may bring an increased burden of associated complications,
including peripheral artery disease (PAD) and diabetic foot
ulcers (DFUs). Nearly 50% of patients presenting with
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DFUs have PAD.” Large DFUs accompanied by untreated
PAD are associated with leg amputation rates exceeding
30% at 1 year,” so the identification and management of
PAD have been stressed as important in minimizing limb
loss risk.” Despite this, PAD diagnosis and treatment are
delayed or nonexistent in as many as 30% of patients with
DFUs presenting to tertiary care centers.®”

Such delays may be related to challenges inherent to
diagnosing PAD among patients with diabetes. The palpa-
tion of pedal pulses is known to have mediocre diagnostic
accuracy in identifying PAD, even when it is performed by
vascular surgeons.®” Noninvasive testing with ankle-
brachial indices (ABIs) may produce false-negative rates as
high as 35% because of calcification that limits the compress-
ibility of the medial layer of the artery.'® Diagnostic angiog-
raphy provides anatomic information but is more costly,
does not provide physiologic information, exposes the
patient to contrast material and radiation, and may not
always be readily available.” No particular strategy for navi-
gating these diagnostic challenges has emerged, and rele-
vant multidisciplinary guidelines still generally recommend
ABIs despite the known limitations.'"!?

With these challenges in mind, we designed the current
study (1) to evaluate the overall diagnostic accuracy of
various strategies (including both single diagnostic tests
and combinatorial testing) used to identify PAD among
patients with DFUs, with the primary objective of
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Fig 1. Schematic diagram demonstrating the clinical states featured in the model. DFU, Diabetic foot ulcer;
DSA, digital subtraction angiography; PAD, peripheral artery discase.

identifying strategies that would be preferred in various
contexts, and (2) to estimate incremental cost-
effectiveness ratios of these various options. Here we report
the results of these evaluations.

METHODS

Markov model properties. A Markov cohort model
with probabilistic and deterministic sensitivity analyses
was created to simulate the clinical events occurring in a
hypothetical population of 100,000 individuals with dia-
betes mellitus. At baseline (time 0), this population
had no current DFUs and no prior history of DFU. Each
scenario evaluated consisted of 1000 simulations during
the course of 5 years. At any given time, patients were in
one of six clinical states: (1) intact foot/no DFU; (2)
DFU without infection; (3) DFU with infection; (4) limb
loss, ie, major (above-ankle) amputation; (5) healed
DFU; and (6) death from any cause (Fig 1). Any transi-
tions between clinical states occurred at the beginning of
monthly cycles during the 5-year period. Probabilistic
sensitivity analyses were achieved through the use of beta
and triangular distributions for all state transition proba-
bilities. All modeling and analysis were performed using
Microsoft Excel 2010 with additional programming in
Visual Basic for Application (Microsoft Corporation,
Redmond, Wash). Neither informed consent nor

Institutional Review Board approval was obtained as no
individual patient information was used for this study.

The probability of moving between clinical states during
cycles was modeled on a three-level array of transition prob-
abilities derived from a validation of the International Work-
ing Group on the Diabetic Foot risk categorization
scheme.'® Specifically, transition probabilities of the low-
risk stratum were based predominantly on the reported clin-
ical outcomes of patients with diabetes but without periph-
eral neuropathy or PAD. The transition probabilities of the
moderate-risk stratum were based on those with peripheral
neuropathy but no PAD, whereas those of the high-risk stra-
tum were based on outcomes of patients with PAD. An
annual foot ulcer incidence rate of 1.3% (25%-75%; inter-
quartile range, 1.0%-1.6%) was used for low-risk patients,
3.7% (range, 3.0%-4.7%) for moderate-risk patients, and
13.8% (range, 12.7%-15.0%) for high-risk patients
(Table I) based on data from a large prospective observa-
tional study.'? In the base case scenario, 72% of the hypo-
thetical population was assumed to be low risk, 17%
moderate risk, and 11% high risk.'* Estimates of the proba-
bilities of clinical events after the development of an initial
DFU in patients with and without PAD were obtained
from previously published literature reviews.'>'®

Estimates of the diagnostic accuracy of individual
tests. An extensive review identified previously published
manuscripts that assessed the diagnostic accuracy of various
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Table I. Point estimates for important clinical events (yearly incidence) and cost parameters (in 2013 U.S. dollars)

included in the model

Variable Normal-low risk Moderate risk High risk
Clinical events, %
DEFU incidence 0.1 0.3 1.2
Foot infection (with DFU present) 114 34.8 63.2
Proportion of DFUs healing
Without revascularization 93.1 85.8 41.0
With revascularization N/A N/A 75.0
Leg amputation with unhealed DFU
Without revascularization 2.4 5.8 135
With revascularization N/A N/A 38.0
Leg amputation with healed DFU 0.3 1.5 35
DFU recurrence 1.0 2.0 3.1
Mortality 5.8 9.2 13.5
Costs
DFU care $1004,/mo $1004,/mo $1421/mo
Noninvasive vascular evaluation (including ABI, TBI, Tcro,, or SPP) $175 $175 $175
Diagnostic angiography $5000 $5000 $5000
Moderate /severe foot infection $12,000 $12,000 $12,000
Arterial revascularization N/A N/A $35,572
Major (leg) amputation surgery $34,201 $34,201 $34,201
Postamputation care $1290,/mo $1290/mo $1290/mo

ABI, Ankle-brachial index; DFU, diabetic foot ulcer; N/A, not applicable; SPP, skin perfusion pressure; TBI, toe-brachial index; Tcro,, transcutaneous pulse

oximetry.

methods used to diagnose lower extremity PAD. This
review focused on the following diagnostic tests: (1) pulse
examination (ie, feeling for the presence of palpable pulses
on physical examination); (2) ABIs or absolute ankle
pressures; (3) toe-brachial indices (TBIs) or toe (digit)
systolic pressures; (4) transcutaneous oximetry (Tcro,);
and (5) skin perfusion pressures (SPPs). Primary studies in
which any of these diagnostic tests were compared with
diagnostic angiography or complete wound healing were
preferred, although some studies that used other compar-
ators were included (Supplementary Tables I-V, online
only). Studies that failed to report results with detail suf-
ficient for the calculation of diagnostic accuracy were
excluded. The frequency of true negatives, true positives,
false negatives, and false positives from each study was
tallied in a meta-analysis to obtain overall point estimates
and beta distributions for sensitivity, specificity, positive
predictive value, and negative predictive value of each of
the various diagnostic tests. For the purposes of this study,
digital subtraction angiography (DSA) was considered the
“gold standard” diagnostic test for PAD (ie, 100% sensi-
tivity and specificity).

Evaluation of the overall accuracy of diagnostic
testing strategies. The Markov model was used to
estimate the overall diagnostic accuracy of various diag-
nostic strategies that may be used to identify lower extrem-
ity PAD among patients with diabetes mellitus and foot
ulcers. Specifically, hypothetical patients who developed
foot ulcers were subjected to 1 of 14 diagnostic testing
strategies (Table IT). Strategy 14 modeled the strategy of
DSA for all patients who developed DFUs. The remaining
13 strategies used various conditional combinations of
tests. Strategy 1 consisted of an initial pulse examination,

followed by DSA if the finding on pulse examination was
abnormal. Strategies 2 through 5 consisted of an initial
physical examination, followed by a noninvasive physio-
logic test (ABI, TBI, Tcro,, or SPP) if the finding was
abnormal. Abnormal noninvasive testing results were
further interrogated with DSA. Strategies 6 to 9 consisted
of an initial pulse examination. Normal pulse examination
results were corroborated with noninvasive testing (with
subsequent DSA if abnormal), and abnormal pulse exam-
ination results were interrogated directly with DSA.
Strategies 10 to 13 did not include an initial pulse exami-
nation. Instead, all patients underwent an initial noninva-
sive test; abnormal results were interrogated with DSA
(Table II). For purposes of comparison, “strategy 0”
consisted of no diagnostic testing to identify lower
extremity PAD (and therefore no subsequent treatment for
lower extremity PAD).

Hypothetical patients subjected to these various
diagnostic testing strategies were then assigned to the
appropriate categories of true negative, true positive, false
positive, and false negative on the basis of the aforemen-
tioned composite estimates of diagnostic accuracy. True
negatives (ie, moderate-risk/neuropathic patients without
PAD) and true positives (ie, high-risk patients/PAD
patients) were assigned treatment outcomes based on those
previously described for standard-of-care treatment of pop-
ulations of these patient (see reviews'>'®). False positives
(moderate-risk patients subjected to DSA) were assigned
the additional costs associated with DSA and standard-of-
care treatment outcomes. False negatives (high-risk
patients with PAD) were assigned the treatment outcomes
associated with the natural history of untreated PAD asso-
ciated with foot ulcers (see review'®)
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Table II. Summary of diagnostic testing strategies
compared

Initial evaluation Second-order Third-ovder
Strategy (all DFEU patients) evaluation evaluation
1 Pulse exam nl: — —
abnl: DSA —
2 Pulse exam nl: —
abnl: TBI nl: —
abnl: DSA
3 Pulse exam nl: —
abnl; ABI nl: —
abnl: DSA
4 Pulse exam nl: —
abnl SPP nl: —
abnl: DSA
5 Pulse exam nl: —
abnl Tcro, nl: —
abnl: DSA
6 Pulse exam nl: TBI nl: —
abnl: DSA
abnl: DSA
7 Pulse exam nl: ABI nl: —
abnl: DSA
abnl: DSA
8 Pulse exam nl: SPP nl: —
abnl: DSA
abnl: DSA
9 Pulse exam nl: Tcro, nl: —
abnl: DSA
abnl: DSA
10 TBI nl: —
abnl: DSA
11 ABI nl: —
abnl: DSA
12 SPpP nl: —
abnl: DSA
13 Tcro, nl: —
abnl: DSA
14 DSA

ABI, Ankle-brachial index; abnl, abnormal; DFU, diabetic foot ulcer;
DSA, digital subtraction angiography; #/, normal; SPP, skin perfusion
pressure; TBI, toe-brachial index; Tcro,, transcutaneous pulse oximetry.

Costs and cost-effectiveness analysis. The costs asso-
ciated with the management of DFUs in the low- and
moderate-risk strata were obtained from previously pub-
lished estimates. The costs associated with management of
the high-risk stratum were obtained from a previous study
focusing on this population of patients.'” Total (direct and
indirect) inpatient costs associated with revascularization,
wound care, and major and minor amputations were esti-
mated from patients with PAD and foot ulcers undergoing
these procedures at a single institution."” Outpatient costs,
including those associated with outpatient nursing care,
wound care, and any needed limb prostheses, were ob-
tained from a thorough literature review.'® All cost values
are reported in 2013 U.S. dollars (USD) and represent a
median value unless otherwise noted. The standard dis-
counting rate of 3.5% was applied to all cost values.'®

Our primary measure for cost-effectiveness was the in-
cremental cost (in 2013 USD) per each additional year of
limb preservation (cost per limb-year) gained from a
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particular diagnostic strategy over its comparator. In addi-
tion, incremental costs per patient/member per month
(PMPM)"?! per additional limb-year gained and per
major amputation avoided were calculated. With the
5-year time horizon included in the model, the total costs
associated with each diagnostic strategy represented not
only diagnostic costs but also “downstream” costs associ-
ated with any treatment that would have been initiated
on the basis of diagnostic testing. By convention, the
lowest cost strategy was used as the comparator.

RESULTS

Cumulative accuracy of diagnostic testing strate-
gies. A total of 31 original studies describing the results of
8086 evaluations using pulse examination or noninvasive
vascular testing were identified and included in the meta-
analysis. The cumulative results of these studies were
then used to obtain point estimates and distributions of
overall sensitivity, specificity, positive predictive value, and
negative predictive value (Table IIT) weighted according to
study sample size. The overall sensitivity among the eight
studies reporting the diagnostic accuracy of pulse exami-
nation was 53.3%. ABIs were estimated to have an overall
sensitivity of 61.0% among 12 studies. SPP, TBI, and
Tcro, had overall sensitivity rates ranging from 81.7% to
84.0%. SPP and TBI had comparable overall specificity
rates (79.3% and 77.8%, respectively), whereas the overall
specificity rate of Tcro, was slightly lower (62.8%).

The overall diagnostic accuracy of the various combina-
torial diagnostic testing strategies was then evaluated using
the probabilistic Markov model (Table 1V). Strategies that
used noninvasive testing to determine the need for DSA
only when the pulse examination findings were abnormal
(strategies 2-5) were found to have low-median sensitivity
rates (32.6%-44.8%) in the detection of PAD. The use of
ABIs for all patients with DFUs (strategy 11) had a median
sensitivity rate of 60.9%, and the use of ABIs to corroborate
normal pulse examination findings (strategy 7) had a me-
dian sensitivity rate of 81.8%. The three strategies that uni-
formly used other noninvasive tests for a// patients with
DFUs (strategies 10, 12, and 13) had sensitivity rates
ranging from 82.0% to 84.0%. Finally, the three strategies
that used these noninvasive tests to confirm normal pulse
examination findings had the highest median sensitivity
rates, ranging from 91.6% for SPP (strategy 8), 92.1% for
Tcro, (strategy 9), and 92.6% for TBI (strategy 0).

Predicted clinical outcomes. In the base scenario, a
median of 1053 DFUs developed during the 5-year
period (range, 721-1492). Overall 5-year survival was
68.7%, with stratified 5-year survival rates of 72.5%, 61.8%,
and 54.3% for the low-, medium-, and high-risk groups.
With a PAD prevalence of 9.8% in the general population,
the median prevalence was 44.5% (range, 29.7%-61.5%)
among those who developed DFUs.

The median number of major amputations occurring
during the 5-year time horizon was 220 with strategy
0 (reference strategy of no diagnostic testing; Table V).
Among strategies that used noninvasive diagnostic testing,
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Table III. Overall sensitivity and specificity of individual tests included among the diagnostic testing strategies

Variable

Sensitivity

Specificity

PPV

NPV

Pulse exam
ABI

SPP 81.7 (79.9-83.6)
Tero, 83.0 (81.8-84.3)
TBI 84.0 (82.8-85.0)

53.3 (52.1-54.6)
61.0 (59.7-62.1)

82.6 (82.2-83.1)
89.1 (88.6-89.6)
79.3 (77.2-81.1)
62.8 (61.2-64.4)

42.5 (41.4-43.7)
74.7 (73.7-75.9)

66.7 (65.7-68.1)

77.8 (76.1-79.5)

(
(
81.0 (78.9-83.1)
(
(

86.7 (85.8-87.8)

88.0 876884)

80.6 (79.1-82.2)

(
(
80.1 (78.2-82.4)
(
73.7 (71.9-75.2)

ABI, Ankle-brachial index; NPV, negative predictive value; PPV, positive predictive value; SPP, skin perfusion pressure; TBI, toe-brachial index; Tcro,,
transcutancous pulse oximetry.

See Supplementary Tables I-V (online only) for individual studies.

Table IV. Cumulative sensitivity, specificity, positive predictive value, and negative predictive value ( NPV) of various
combinatorial testing strategies, ordered by increasing sensitivity, in the base case scenario (population peripheral artery
disease [PAD] prevalence of 9.8%)

Strategy No.

Brief description

Median sensitivity

Median specificity

Median NPV

Strategy 3 PE: if abnl, ABI; if abnl, DSA
Strategy 4 PE: if abnl, SPP; if abnl, DSA
Strategy 5 PE; if abnl, Tcroy; if abnl, DSA
Strategy 2 PE: if abnl, TBI; if abnl, DSA
Strategy 1 PE: if abnl, DSA

Strategy 11 ABI: if abnl, DSA

Strategy 7 PE: if nl, ABI; if abnl, DSA
Strategy 12 SPP: if abnl, DSA

Strategy 13 TcPO,: if abnl, DSA

Strategy 10 TBI: if abnl, DSA

Strategy 8 PE: if nl, SPP; if abnl, DSA
Strategy 9 PE: if nl, Tcro,; if abnl, DSA
Strategy 6 PE: if nl, TBI; if abnl, DSA

32.6 (31.6-33.6)
437 (42.4-45.1)
443 (43.0-45.7)
44.8 (43.7-46.2)
53.3 (52.1-54.6)
60.9 (59.9-62.1)
81.8 (81.1-82.5)
82.0 (80.0-83.6)
83.1 (81.8-84.4)
84.0 (83.0-85.2)
91.6 (90.7-92.4)
92.1 (91.4-92.8)
92.6(92.1-93.1)

97.4 (97.2-97.6)
96.5 (96.0-96.8)
93.5 (93.2-93.9)
96.1 (95.8-96.4)
82.6 822831)

89.1 (88.6-89.6)
62.8 (61.3-64.5)
77.8 (76.1-79.4)
65.7 (63.7-67.2)
51.9 (50.6-53.4)

(
(
(
(
E
73.6 (73.0-74.2)
(
(
(
E
64.2 (62.8-65.7)

69.9 (66.5-73.5)
74.0 (70.0-76.6)
73.6 (70.0-76.2)
74.3 (70.5-76.9)
74.7 708772)

889 869903)

(

(

(

(

E

87.0 (847 88. 6)

(

E

92.8 (91.2-93.9)
(
(

934 921943)

ABI, Ankle-brachial index; abnl, abnormal; DSA, digital subtraction angiography; #/, normal; PE, pulse examination; SPP, skin perfusion pressure;

TBI, toe-brachial index; Tcro,, transcutaneous pulse oximetry.
Values in parentheses represent the 25%-75% interquartile range of values.

the median number of amputations ranged from 184 with
strategy 3 (pulse examination; if abnormal, ABI; if
abnormal, DSA) to 116 for strategy 6 (pulse examination;
TBI if normal, DSA if abnormal) and strategy 9 (pulse ex-
amination; Tcro, if normal, DSA if abnormal). Strategy 14
(DSA for all DFU patients) resulted in a median of 107
major amputations. These equated to major amputation
annual incidence rates ranging from 536,100,000 popula-
tion for strategy 0 (no diagnostic testing) to 259 for strat-
egy 14 (DSA for all DFU patients; Table V).

Costs and cost-effectiveness. The median total 5-year
cost was 20.5 million USD without any diagnostic testing
or treatment for PAD. The total costs for strategies 1 to 13
ranged from 25.1 million USD for strategy 3 (pulse ex-
amination; if abnormal, ABI; if abnormal, DSA) to 34.7
million USD for strategy 9 (pulse examination; if normal,
Tcroy; if abnormal, DSA). When converted to cost per
person (member) per month (PMPM), these values were
45.58 USD PMPM for strategy 3, 63.58 USD PMPM for
strategy 9, and 67.81 PMPM for strategy 14 (Table V).
Strategy 14 (DSA for all DFU patients) resulted in a me-
dian 5-year total cost of 37.2 million USD.

Incremental cost-effectiveness ratios were then calcu-
lated using the lowest-cost strategy (initial pulse

examination; if pulse examination finding is abnormal,
ABI; if ABI is abnormal, DSA [strategy 3]) as the compar-
ator. Compared with strategy 3, strategies 6, 8,10, 11, 12,
and 14 (Table V) were all found to be cost-effective. The
incremental costs (in USD) per limb-year gained ranged
from 58,464 for strategy 11 (ABI for all; if abnormal,
DSA) to 75,824 for strategy 14 (DSA for all). When con-
verted to incremental PMPM costs, these values were 1.35
USD PMPM per limb-year gained for strategy 11 and 1.68
USD PMPM per limb-year gained for strategy 14. Seven
strategies (strategies 1, 2, 4, 5,7, 9, and 13) were weakly
dominated (ie, lower incremental cost-effectiveness ratios
compared with other alternatives; Table V). No strategies
were strongly dominated (ie, both more costly and less
effective than other alternatives).

Deterministic sensitivity analyses. Two deterministic
sensitivity analyses were done. First, the cost of ABIs was
reduced to zero to approximate performing this evaluation
in the office or at the bedside (rather than in a dedicated
noninvasive vascular laboratory with trained personnel).
This change reduced the total strategy cost for strategy
11 from 29.2 million USD (53.51 USD PMPM) to 28.9
million USD (53.29 USD PMPM) and the incremental
cost-cffectiveness ratio from 58,464 USD per limb-year
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Table V. A comparison of incremental costs and health benefits associated with various strategies to identify and to treat
peripheral artery disease (PAD) among a hypothetical cohort of patients with diabetic foot ulcers (DFUs)

Incremental per
person annual cost
(USD) per limb-year
gained

Median cost,
millions
of USD

Median No. of  Incremental cost
Median  leg amputations (USD) per
PMPM cost  during 5 years  limb-year gained

Brief description

Strategy of strategy

Cost-effective strategies (increased costs, increased health benefits compared with comparator); these diagnostic strategies are preferred and
are ordered by increasing sensitivity and increasing cost

Strategy 3 PE: if abnl, ABI; if abnl, DSA 25.1 45.58 184 — —

Strategy 11~ ABI: if abnl, DSA 292 53.51 150 58,464 1.35
Strategy 12 SPP: if abnl, DSA 322 59.18 128 60,629 1.40
Strategy 10 TBI: if abnl, DSA 32.8 60.31 125 63,624 1.46
Strategy 8 PE: if nl, SPP; if abnl, DSA 342 62.79 117 65,236 1.49
Strategy 6 PE: if nl, TBI; if abnl, DSA 344 63.13 116 65,361 1.49
Strategy 14 DSA for all 372 67.81 107 75,824 1.68

Weakly dominated strategies (increased cost, increased benefits vs comparator but less so than strategies listed above); these diagnostic
strategies are not as cost-effective as the above-listed strategies and should 7ot be used

Strategy 4  PE: if abnl, SPP; if abnl, DSA 26.7 48.60 171 59,816 1.38
Strategy 2 PE: if abnl, TBI; if abnl, DSA 26.8 48.93 170 59,949 1.38
Strategy 5  PE; if abnl, Tcroy; if abnl, DSA 26.9 48.92 170 62,749 144
Strategy 1~ PE; if abnl, DSA 28.3 51.66 160 65,411 1.48
Strategy 7  PE: if nl, ABI; if abnl, DSA 32.6 59.85 128 64,572 1.47
Strategy 13 TcPO,: if abnl, DSA 33.1 60.74 127 67,348 1.53
Strategy 9 PE: if nl, Tcro,; if abnl, DSA 34.7 63.58 116 68,048 1.54

ABI, Ankle-brachial index; abnl, abnormal; DSA, digital subtraction angiography; »/, normal; PE, pulse examination; PMPM, per patient/member per month;

SPP, skin perfusion pressure; TBI, toe-brachial index; Tcro,, transcutaneous pulse oximetry; USD, 2013 U.S. dollars.

gained (1.35 USD PMPM per limb-year gained) to 55,864
USD per limb-year gained (1.31 USD PMPM per limb-
year gained).

Next, the prevalence of PAD in the hypothetical popu-
lation was varied from the base case prevalence of 9.8% to
values ranging from 5% to 40%. The resulting prevalence of
PAD among hypothetical patients with DFUs ranged from
28.2% to 80.9% over this range (Supplementary Table VI,
online only). Negative predictive values significantly
decreased as population PAD prevalence increased from
5% to 40%—an expected result, as higher prevalence rates
magnify the number of false-negative results when sensi-
tivity rates are <100%. The ordering of strategies 3, 11,
12, 10, 8, 6, and 14 based on incremental cost-
effectiveness ratios remained unchanged, however, as did
the weak domination of strategies 4, 2, 5, 1, 13, and 9.

DISCUSSION

The diagnosis of PAD among patients with diabetes
mellitus is more than a matter of simply palpating for pedal
pulses. Indeed, pedal pulse examination has poor sensitivity
and low levels of interobserver agreement.” The utility of
ABIs in patients with diabetes has been criticized because
of the high false-negative rate attributed to tibial artery
noncompressibility. Although various guidelines have rec-
ommended pulse examination®® and ABIs,"™'? clinicians
have had few quantitative evaluations to support choosing
among various diagnostic strategies for identifying PAD in
patients with DFUs.

The focus of this study was on evaluating such diag-
nostic strategies—not singular diagnostic tests but the
combinations of tests available in most clinical practice

settings to reliably identify PAD. The primary objective
was estimating overall diagnostic accuracy for the various
strategies with a particular focus on sensitivity. Additional
economic modeling was included to determine if more
accurate diagnostic strategies would be within thresholds
typically considered cost-effective. To date, only one small
(n = 96) single-center trial by de Graaf et al has compared
two diagnostic strategies used for the diagnosis of PAD.**
In comparison to a randomized trial or large observational
study, a probabilistic Markov model has several advantages
in its ability to incorporate numerous pre-existing estimates
of diagnostic accuracy, clinical events, health benefits, and
costs in the creation of detailed simulations. Predictions ob-
tained from such simulations would otherwise be available
only from rigorously controlled studies or trials enrolling
and observing several thousands of patients during a period
of several years. Such predictions can at least provide some
basis for refining the approach to diagnostic testing for
PAD until other studies are performed on this topic.

Results from this analysis suggest that noninvasive tests
used to evaluate absent pedal pulses (strategies 2-5) have
overall sensitivity values ranging from 32.6% to 44.8%,
values that are strikingly low for a clinical context in which
false negatives (ie, undiagnosed and thereby untreated
PAD) can have a significant negative impact on health
and function. Indeed, many cases of impaired DFU heal-
ing, limb loss, or forms of DFU-related treatment failure
occurring in the setting of a “normal” pedal pulse examina-
tion or “normal” ABIs have been erroneously attributed to
“small-vessel disease” or other misconceptions” and are in
fact cases in which the diagnosis of macrovascular PAD has
been missed.
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Good sensitivity for detection of PAD: strategies 10 & 12

abnormal:

skin perfusion pressure (SPP)

toe-brachialindex (TBI)

normal:
no further testing

digital subtraction
angiography (DSA)

Best sensitivity for detection of PAD: strategies 6 & 8

normal:

normal:
no further testing

skin perfusion pressure (SPP)

pulse exam

/\

toe-brachial index (TBI)

abnormal:

digital subtraction angiography (DSA)

Fig 2. Cost-effective diagnostic strategies with highest sensitivity for the identification of peripheral artery disease

(PAD) among patients with diabetic foot ulcers (DFUs).

Alternative strategies for using noninvasive testing may
improve diagnostic accuracy and decrease limb loss rates at
only modest increases in cost. The uniform use of ABIs for
all patients who have developed a DFU (strategy 11)
would improve overall sensitivity for detecting PAD to
61%. Uniform use of SPPs and TBIs (strategies 12 and
10, respectively) would further increase the overall sensi-
tivity rate to 82.0% to 84.0%. Still higher sensitivity rates
(92%-93%) would result from the use of SPPs and TBIs
to corroborate a normal pulse examination (strategies 8
and 6, respectively; Fig 2). In these latter strategies,
patients with an abnormal pulse examination finding
(ie, pulses not palpable) appear best served by proceeding
directly to angiography without noninvasive testing, as
the costs of negative angiography appear to be outweighed
by the costs and health effects of a false-negative noninva-
sive testing result that may occur with noninvasive testing
in this situation. Strategies incorporating Tcro, were
weakly dominated (increased benefits but at higher incre-
mental cost-effectiveness ratios compared with other strate-
gies) because of a slightly lower diagnostic accuracy
compared with TBIs and SPPs, but use of Tcro, should
still be considered in settings in which these other modal-
ities are not available.

The increased sensitivity in the detection of PAD of
these strategies was associated with modest increases in
cost. Specifically, the model estimated incremental cost of

$58,464 to $65,361 per limb-year gained for the implemen-
tation of strategies 6, 8, 10, 11, and 12. Deterministic sensi-
tivity analyses demonstrated that the overwhelming majority
of this additional cost is not from the diagnostic testing itself
but from treatment indicated subsequent to the identifica-
tion of PAD. Distributed among the population of patients
with diabetes, the additional costs of the strategies 6, 8, 10,
11, and 12 translate to an additional 95 to 210 USD per
person per year, 1.35 to 1.49 USD per person per year
for every additional limb-year gained, or 2.86 to 3.10
USD per person per year for every leg amputation
avoided—cost estimates that should be acceptable to payers
in all but the most resource-limited health care settings.
This study does have limitations. First, the analysis is
based on published studies that examined the diagnostic ac-
curacy of noninvasive vascular testing. The quality of this
literature is mediocre, as most studies included limited
numbers of patients, and varying thresholds were used to
define PAD. Some but not all studies were specific to
patients with diabetes or patients with foot wounds. The
use of computed tomography angiography and magnetic
resonance angiography was not considered because these
tests are more expensive and less is known about their diag-
nostic accuracy, especially in the popliteal and tibial seg-
ments often affected by PAD in the setting of diabetes
mellitus. The high cost and (in the case of computed
tomography angiography) high doses of iodinated contrast
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material and radiation make these modalities less appealing
in the setting of DFUs. There are some reports that
describe improved sensitivity in identifying PAD with
nonstandard variations in diagnostic testing, for example,
the addition of pulse oximetry with ABIs*® and the calcula-
tion of a “low ABL”?” These methods are interesting and
may be relevant to cost-effective or resource-limited set-
tings, but there is not yet sufficient literature to make mean-
ingful comparisons to the well-described tests included
here. Finally, PAD is often approached as a binary variable
in both research endeavors and clinical practice. In reality,
various levels of PAD severity may or may not require revas-
cularization to achieve DFU resolution. This observation is
reflected in the recent Society for Vascular Surgery Wound,
Ischemia, and foot Infection (WIfI) threatened limb classi-
fication system”® but not in most reports of the diagnostic
accuracy of individual noninvasive tests.

CONCLUSIONS

Results from this study suggest that several strategies
may improve accuracy and cost-effectiveness in the iden-
tification of PAD among patients presenting with DFUs.
First, standard noninvasive testing should be performed
to corroborate normal pulse examination findings, as
pulse examination alone should not be considered suffi-
ciently accurate for ruling out PAD in patients with
DFUs. Using noninvasive testing to verify normal pulse
examination findings (as in strategies 6 and 8) or as an
initial test (as in strategies 10 and 12) would successfully
identify more patients than using noninvasive testing to
determine the need for angiography in patients with ab-
sent pedal pulses (ie, strategies 2-5). SPP or TBI should
be used in preference to ABI and Tcro, when possible. It
may be cost-effective to perform DSA on the basis of
abnormal pulse examination findings (ie, pedal pulse
diminished or absent).
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Supplementary Table I (online only). Summary of studies examining pedal pulses

Study True positive False negative False positive True negative Comparison
Stoffers’ 9 36 41 410 Pulse examination vs ABI <0.9 for subset with diabetes mellitus
Boyko® 30 16 121 438 “Absent or diminished” pulses vs ABI <0.5
Criqui® 67 27 46 484 For PT pulse vs ABI =0.8
91 91 119 322 For DP pulse vs ABI =0.8
Hiart* 28 102 151 666 Combined findings for either diminished or absent pedal pulses vs

various ABI thresholds (including ABI<0.94 at rest); among
} patients with diabetes
Tan” 45 34 25 150 For pulse examination vs ABI <0.94
Faglia® 79 24 — — For the n = 103 who were found to have PAD (stenosis >50% on
DSA); not enough information on those without significant
stenosis (n = 1)
Williams” 39 9 21 20 ABI <0.9 vs color duplex imaging

ABI, Ankle-brachial index; DP, dorsalis pedis; DSA, digital subtraction angiography; PAD, peripheral artery disease; PT, posterior tibial.

Supplementary Table II (online only). Summary of studies examining ankle pressures or ankle-brachial indices (ABIs)

Study True positive False negative False positive True negative Comparison

Ouriel® 43 13 38 234 Ankle pressure <60 mm Hg vs “nonviable” limb

Guo’ 16 5 28 249 ABI <0.9 vs DSA stenosis >50%

Schroder'’ 77 36 1 102 ABI <0.9 vs color duplex ultrasound * DSA

Niazi'' 115 51 7 35 ABI =0.9 vs DSA

Parameswaran12 22 13 2 77 ABI <0.9 vs monophasic waveform on duplex ultrasound

Williams” 29 19 10 31 ABI <0.9 vs color duplex imaging

Okamoto'? 14 32 0 26 ABI <0.9 vs computed tomography (stenosis >75% above
knee or occlusion below knee)

Premalatha'* 48 20 3 23 ABI <0.9 vs color duplex imaging

Lijmer"® 63 17 1 13 ABI <0.91 vs DSA (stenosis >50%)

Yamada'® 38 16 5 14 Ankle pressure <80 mm Hg vs complete wound healing

Wikstom'” 19 93 4 417 ABI <0.90 vs magnetic resonance angiography

Carter®” 25 11 63 84 ABI <0.5 vs complete wound healing

DSA, Digital subtraction angiography.

Supplementary Table III (online only). Summary of studies examining toe-brachial indices (TBIs) or toe pressures

Study True positive  False negative  False positive  True negative Comparison

Park'® 13 0 0 17 TBI <0.6 vs angiograph

Weinberg'” 92 8 — — TBI <0.7 vs angiography

Carter”’ 121 14 — — TBI <0.62 vs angiography

Yamada'® X 43 5 6 10 Toe pressure <30 mm Hg vs complete wound healing

Okamoto'? 21 25 0 26 TBI <0.6 vs computed tomography (stenosis >75% above
- knee or occlusion below knee)

Williams” 47 1 15 26 TBI <0.75 vs angiography

Apelq)vist21 74 25 43 139 Toe pressure <45 mm Hg vs complete wound healing

Bone™? 8 2 0 6 Toe pressure <45 mm Hg vs complete wound healing
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Supplementary Table IV (online only). Summary of studies examining transcutaneous pulse oximetry (7cro,)

Study True positive  False negative  False positive  True negative Comparison
Lo** X 5 8 30 57 Tcro, <30 mm Hg vs complete wound healing
Okamoto'? 28 18 8 18 Tcro, <50 mm Hg vs computed tomography

(stenosis >75% above knee or occlusion below knee)

Faglia® 95 8 - - Tcro, <50 mm Hg vs angiography (stenosis >50%)
Yamada'® 59 9 10 15 Tcro, <30 mm Hg vs complete wound healing
Ruangsetakit™* 26 0 9 15 Tcro, <40 mm Hg vs complete wound healing
Andrews?® 74 17 91 125 Tcro, <40 mm Hg vs complete wound healing
Yang?® 22 3 6 30 Tro,2 <25 mm Hg vs complete wound healing

Supplementary Table V (online only). Summary of studies examining skin perfusion pressures (SPPs)

Study True positive  False negative  False positive  True negative Comparison
Cas’gr011uox'027 12 2 4 11 SPP <30 mm Hg vs complete wound healing
Lo™® 5 8 9 78 SPP <30 mm Hg vs complete wound healing
Yamada'® N 61 8 7 18 SPP >40 mm Hg vs complete wound healing
Okamoto'? 39 7 9 20 SPP <50 mm Hg vs computed tomography

(stenosis >75% above knee or occlusion below knee)

Urabe?® 35 9 SPP <40 mm Hg vs complete wound healing

N
—
—

Supplementary Table VI (online only). Negative predictive values for diagnostic strategies based on varying levels of
incidence of peripheral artery disease (PAD)

Variable 5% 10% 15% 20% 30% 40%
Strategy 3 PE: if abnl, ABI; if abnl, DSA 82.8 70.0 59.7 51.5 39.6 30.4
Strategy 5 PE; if abnl, Tcro,; if abnl, DSA 84.8 73.0 63.1 55.1 43.0 33.6
Strategy 4 PE: if abnl, SPP; if abnl, DSA 85.0 73.5 63.5 55.4 43.4 34.1
Strategy 2 PE: if abnl, TBI; if abnl, DSA 85.2 73.7 64.0 56.0 439 343
Strategy 1 PE: if abnl, DSA 85.4 74.1 64.4 56.4 44.3 34.8
Strategy 11 ABI: if abnl, DSA 88.3 78.5 69.9 62.5 50.5 40.8
Strategy 13 Tcro,: if abnl, DSA 92.6 85.7 79.2 72.9 62.3 53.2
Strategy 7 PE: if nl, ABI; if abnl, DSA 93.1 86.7 80.5 74.6 64.6 55.1
Strategy 10 TBI: if abnl, DSA 94.1 88.8 83.3 77.8 68.4 59.4
Strategy 12 SPP: if abnl, DSA 94.2 88.8 83.3 77.9 68.6 59.8
Strategy 9 PE: if nl, Tcpro,; if abnl, DSA 95.6 91.5 87.0 82.8 74.7 66.7
Strategy 8 PE: if nl, SPP; if abnl, DSA 96.2 92.7 88.7 84.7 77.7 70.3
Strategy 6 PE: if nl, TBI; if abnl, DSA 96.6 93.3 89.8 86.2 794 72.2
PAD prevalence among DFU patients

Median 28.2 445 55.8 63.7 74.1 80.9

Minimum 17.4 29.7 40.2 50.0 60.9 70.7

Maximum 40.7 61.5 70.6 76.3 85.8 89.0

ABI, Ankle-brachial index; abnl, abnormal; DFU, diabetic foot ulcer; DSA, digital subtraction angiography; #/, normal; PE, pulse examination; SPP, skin
perfusion pressure; TBI, toe-brachial index; Ttro,, transcutaneous pulse oximetry.



JOURNAL OF VASCULAR SURGERY
Volume 64, Number 6

SUPPLEMENTARY REFERENCES (online only).

1.

10.

11.

12.

13.

14.

Stotters HE, Kester AD, Kaiser V, Rinkens PE, Knottnerus JA. Diag-
nostic value of signs and symptoms associated with peripheral arterial
occlusive disease seen in general practice: a multivariable approach.
Med Decis Making 1997;17:61-70.

. Boyko EJ, Ahroni JH, Davignon D, Stensel V, Prigeon RL, Smith DG.

Diagnostic utility of the history and physical examination for peripheral
vascular disease among patients with diabetes mellitus. J Clin Epidemiol
1997:50:659-68.

. Criqui MH, Fronek A, Klauber MR, Barrett-Connor E, Gabriel S. The

sensitivity, specificity, and predictive value of traditional clinical evalu-
ation of peripheral arterial disease: results from noninvasive testing in a
defined population. Circulation 1985;71:516-22.

. Hiatt WR, Marshall JA, Baxter J, Sandoval R, Hildebrandt W,

Kahn LR, et al. Diagnostic methods for peripheral arterial disease in the
San Luis Valley Diabetes Study. J Clin Epidemiol 1990;43:597-606.

. Tan MH, Gwee HM, Yeo PP, Cheah JS, Lim P. Accuracy of clinical

evaluation in diagnosing arterial occlusive disease of the lower ex-
tremity. Singapore Med ] 1982;23:194-7.

. Faglia E, Favales F, Quarantiello A, Calia P, Clelia P, Brambilla G, et al.

Angiographic evaluation of peripheral arterial occlusive disease and its
role as a prognostic determinant for major amputation in diabetic
subjects with foot ulcers. Diabetes Care 1998;21:625-30.

. Williams DT, Harding KG, Price P. An evaluation of the efficacy of

methods used in screening for lower-limb arterial disease in diabetes.
Diabetes Care 2005;28:2206-10.

. Ouriel K, Zarins CK. Doppler ankle pressure: an evaluation of three

methods of expression. Arch Surg 1982;117:1297-300.

. Guo X, Li J, Pang W, Zhao M, Luo Y, Sun Y, et al. Sensitivity and

specificity of ankle-brachial index for detecting angiographic stenosis of
peripheral arteries. Circ J 2008;72:605-10.

Schroder F, Diechm N, Kareem S, Ames M, Pira A, Zwettler U, et al. A
modified calculation of ankle-brachial pressure index is far more sen-
sitive in the detection of peripheral arterial disease. J Vasc Surg
20006;44:531-6.

Niazi K, Khan TH, Easley KA. Diagnostic utility of the two methods of
ankle brachial index in the detection of peripheral arterial disease of
lower extremities. Catheter Cardiovasc Interv 2006;68:788-92.
Parameswaran GI, Brand K, Dolan J. Pulse oximetry as a potential
screening tool for lower extremity arterial disease in asymptomatic
patients with diabetes mellitus. Arch Intern Med 2005;165:442-6.
Okamoto K, Oka M, Maesato K, Ikee R, Mano T, Moriya H, et al.
Peripheral arterial occlusive disease is more prevalent in patients with
hemodialysis: comparison with the findings of multidetector-row
computed tomography. Am J Kidney Dis 2006;48:269-76.
Premalatha G, Ravikumar R, Sanjay R, Deepa R, Mohan V. Compar-
ison of colour duplex ultrasound and ankle-brachial pressure index

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Barshes et al 1690.e3

measurements in peripheral vascular disease in type 2 diabetic patients
with foot infections. J Assoc Physicians India 2002;50:1240-4.
Lijmer JG, Hunink MG, van den Dungen JJ, Loonstra J, Smit AJ.
ROC analysis of noninvasive tests for peripheral arterial disease.
Ultrasound Med Biol 1996;22:391-8.

Yamada T, Ohta T, Ishibashi H, Sugimoto I, Iwata H, Takahashi M,
et al. Clinical reliability and utility of skin perfusion pressure measure-
ment in ischemic limbs—comparison with other noninvasive diagnostic
methods. J Vasc Surg 2008;47:318-23.

Wikstrom J, Hansen T, Johansson L, Lind L, Ahlstrom H. Ankle
brachial index <0.9 underestimates the prevalence of peripheral artery
occlusive disease assessed with whole-body magnetic resonance angi-
ography in the elderly. Acta Radiol 2008;49:143-9.

Park SC, Choi CY, Ha YI, Yang HE. Utility of Toe-brachial Index for
Diagnosis of Peripheral Artery Disease. Arch Plast Surg 2012;39:
227-31.

Weinberg I, Giri J, Calfon MA, Hawkins BM, Weinberg MD,
Margey R, et al. Anatomic correlates of supra-normal ankle brachial
indices. Catheter Cardiovasc Interv 2013;81:1025-30.

Carter SA, Lezack JD. Digital systolic pressures in the lower limb in
arterial disease. Circulation 1971;43:905-14.

Apelqvist J, Castenfors J, Larsson J, Stenstrom A, Agardh CD. Prog-
nostic value of systolic ankle and toe blood pressure levels in outcome
of diabetic foot ulcer. Diabetes Care 1989;12:373-8.

Bone GE, Pomajzl MJ. Toe blood pressure by photoplethysmography:
an index of healing in forefoot amputation. Surgery 1981;89:569-74.
Lo T, Sample R, Moore P, Gold P. Prediction of wound healing
outcome using skin perfusion pressure and transcutaneous oximetry: a
single-center experience in 100 patients. Wounds 2009;21:310-6.
Ruangsetakit C, Chinsakchai K, Mahawongkajit P, Wongwanit C,
Mutirangura P. Transcutaneous oxygen tension: a useful predictor of
ulcer healing in critical limb ischaemia. ] Wound Care 2010;19:202-6.
Andrews KL, Dib MY, Shives TC, Hoskin TL, Liedl DA, Boon AJ.
Noninvasive arterial studies including transcutaneous oxygen pressure
measurements with the limbs elevated or dependent to predict healing
after partial foot amputation. Am J Phys Med Rehabil 2013;92:
385-92.

Yang C, Weng H, Chen L, Yang H, Luo G, Mai L, et al. Trans-
cutaneous oxygen pressure measurement in diabetic foot ulcers: mean
values and cut-point for wound healing. ] Wound Ostomy Continence
Nurs 2013;40:585-9.

Castronuovo JJ, Adera HM, Smiell JM, Price RM. Skin perfusion
pressure measurement is valuable in the diagnosis of critical limb
ischemia. J Vasc Surg 1997;26:629-37.

Urabe G, Yamamoto K, Onozuka A, Miyata T, Nagawa H. Skin
Pertusion Pressure is a Useful Tool for Evaluating Outcome of
Ischemic Foot Ulcers with Conservative Therapy. Ann Vasc Dis
2009;2:21-6.


http://refhub.elsevier.com/S0741-5214(16)30334-2/sref29
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref29
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref29
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref29
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref30
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref30
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref30
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref30
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref31
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref31
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref31
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref31
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref32
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref32
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref32
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref33
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref33
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref33
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref34
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref34
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref34
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref34
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref35
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref35
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref35
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref36
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref36
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref37
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref37
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref37
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref38
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref38
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref38
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref38
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref39
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref39
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref39
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref40
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref40
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref40
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref41
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref41
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref41
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref41
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref42
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref42
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref42
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref42
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref43
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref43
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref43
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref44
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref44
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref44
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref44
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref45
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref45
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref45
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref45
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref45
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref46
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref46
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref46
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref47
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref47
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref47
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref48
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref48
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref49
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref49
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref49
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref50
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref50
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref51
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref51
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref51
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref52
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref52
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref52
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref53
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref53
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref53
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref53
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref53
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref54
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref54
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref54
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref54
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref55
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref55
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref55
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref56
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref56
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref56
http://refhub.elsevier.com/S0741-5214(16)30334-2/sref56

	The accuracy and cost-effectiveness of strategies used to identify peripheral artery disease among patients with diabetic f ...
	Methods
	Markov model properties
	Estimates of the diagnostic accuracy of individual tests
	Evaluation of the overall accuracy of diagnostic testing strategies
	Costs and cost-effectiveness analysis

	Results
	Cumulative accuracy of diagnostic testing strategies
	Predicted clinical outcomes
	Costs and cost-effectiveness
	Deterministic sensitivity analyses

	Discussion
	Conclusions
	Author contributions
	References
	Supplementary References (online only).


