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Peripheral Arterial Disease: Efficacy of the Oscillometric Method
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c Laboratorio de Investigación Clı́nica, Hospital San Pedro de Alcántara, Cáceres, Spain

INTRODUCTION

Given that it is asymptomatic in over 50% of cases, peripheral

arterial disease (PAD) is underdiagnosed.1 The high cardiovas-

cular morbidity and mortality associated with a diagnosis of

PAD make early detection essential if therapies aimed at halting

its progression are to be implemented.2 Currently, there are no

evaluation methods available which provide a quick and

accurate diagnosis of the disease, although determination of

the ankle-brachial index (ABI) provides a highly reliable

diagnosis.3 The usual way of calculating this index is to use a

manual sphygmomanometer and a Doppler probe to assess

blood flow. The ABI is the ratio obtained by dividing the

highest systolic blood pressure in the ankle by the highest

systolic blood pressure in the upper extremities. The main

disadvantages of the method are that it requires a substantial

amount of time, a Doppler device is specifically required, and

prior training is required to avoid high inter-observer varia-

bility.4,5 This leads to a lack of systematic measurement of ABI in

primary care.

Several attempts have been made to simplify the test’s

implementation by replacing the ultrasonic probe of the classic

Doppler method (DM) with automated commercial machines

which use the oscillometric method (OM) to calculate systolic

blood pressure quickly and objectively.6-8 In this study to

determine the diagnostic accuracy of each technique, three

medical residents determined ABI using the DM and OM after a

short training period. The results were compared to those obtained

using angiography.
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A B S T R A C T

Relatively little is known on how the Dopplermethod compares with oscillometricmeasurement using a

conventional automatic blood pressure device to determine the ankle-brachial index, when

determinations are performed by physicians with little experience. To assess the diagnostic efficacy

of both methods in this professional group, we calculated their sensitivity, specificity, and positive and

negative predictive value in 158 legs of 85 patients with symptoms of intermittent claudication.

Angiography was used as the gold standard. Of the legs examined, 131 showed significant arterial

obstruction. The oscillometric method showed 97% sensitivity, 89% specificity, 98% positive predictive

value, and 86% negative predictive value. The Doppler method showed 95% sensitivity, 56% specificity,

91% positive predictive value, and 68% negative predictive value. This study suggests that the automatic

blood pressure equipment has greater diagnostic accuracy when the test is performed by physicians not

specifically trained to use the Doppler probe.

� 2010 Sociedad Española de Cardiologı́a. Published by Elsevier España, S.L. All rights reserved.
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R E S U M E N

La seguridad para determinar el ı́ndice tobillo-brazo con método Doppler o con un aparato automático

convencional de medir la presión arterial no está bien establecida cuando realizan la determinación

médicos con poca experiencia. Para evaluar la eficacia diagnóstica de cada método en este grupo

profesional, calculamos mediante angiografı́a la sensibilidad, la especificidad y los valores predictivos

positivo y negativo en 158 piernas de 85 pacientes con sı́ntomas de claudicación intermitente. Del total

de piernas analizadas, 131 (83%) presentaron obstrucción significativa. El método oscilométrico mostró

sensibilidad del 97%, especificidad del 89%, valor predictivo positivo del 98% y valor predictivo negativo

del 86%. El método Doppler mostró sensibilidad del 95%, especificidad del 56%, valor predictivo positivo

del 91% y valor predictivo negativo del 68%. Los resultados indican que el equipo automático de presión

arterial tiene mejor rentabilidad diagnóstica cuando realizan la prueba médicos no especialmente

entrenados en el manejo de la sonda Doppler.

� 2010 Sociedad Española de Cardiologı́a. Publicado por Elsevier España, S.L. Todos los derechos reservados.
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METHODS

A total of 85 patients over 30 years of age referred to the

catheterization laboratory for angiography for peripheral arterial

intermittent claudication or suspected advanced PAD were

included consecutively in the study.

AIB Measurement

The Doppler measurement was performed using an 8 MHz

Doppler probe Doplex II MD2/SD Huntleigh model and a

sphygmomanometer with appropriate size cuffs. The oscillometer

used was an Omron M4-I. The ABI was calculated as the ratio of

peak systolic pressure at the ankle and arms.We excluded patients

with non-compressible arteries with an ABI>1.4. If the OM still

gave an error reading after three serial attemptswith rehabilitation

of cuff pressures, pressure was assumed to be <60 mmHg and a ‘‘0

index’’ was assigned. A ‘‘0 index’’ was also assigned if it was not

possible to detect flow with the DM.

Angiography

Sequential images were performed using the digital subtraction

technique. Severity was determined simultaneously by visual

comparison between healthy and diseased segments and by using

the Quantitative Coronary Angiography (QCA) program. Hemody-

namically significant or severe PAD was defined as stenosis with

�50% obstruction and non-significant PAD as <50% obstruction.

Statistical Analysis

The data were analyzed using SPSS13.0 software (Chicago,

Illinois, USA). Continuous variables were expressed as mean

� standard deviation and categorical variables as percentages. To

determine the reliability of the ABI in diagnosing PAD, we calculated

the sensitivity, specificity, positive predictive value, negative

predictive value, and the area under the ROC curve. The results of

standard angiography were used as the gold standard.

RESULTS

A total of 85 patients were included (Tables 1 and 2). Twelve

legs were excluded, for a variety of reasons: 6 cases because of

amputation, 4 due to painful ulcers which ruled out examination,

and 2 because the ABI was >1.4. In total, 158 legs were analyzed.

Based on our angiographic criteria, 131 legs (83%) were diagnosed

with PAD. OM gave 3 false positives and DM 12, together with 4

and 7 false negatives, respectively. The area under the curve (AUC)

for the OM, including the ‘‘0 index’’ (Fig. 1), was 0.94 (95%

confidence interval [CI], 0.85 to 1.03); sensitivity was 97% (93%-

99%), specificity 89% (67%-95%), positive predictive value 97%

(94%-99%), and negative predictive value 86% (63%-93%). For the

DM, the AUC was 0.81 (95% CI, 0.67 to 0.94), while sensitivity was

95% (89%-97%), specificity 56% (33%-70%), positive predictive value

91% (85%-95%), and negative predictive value 68% (43%-82%).

DISCUSSION

In these patients, the diagnostic accuracy of OMwas found to be

superior to DM in determining the ABI when performed by doctors

who had not received specific training inDoppler testing. However,

as reported by other authors,6,8 very severe angiographic lesions

lead to very low blood pressure (<70 mmHg) which is not

detectable using currently available, validated commercial auto-

mated devices.

The Omron device was unable to measure blood pressure in 70

legs after three serial attempts with cuff rehabilitation to a ‘‘0

index’’. However, severe angiographic lesionswere present in 69 of

these 70 legs. The strong association between severe arterial

lesions and the impossibility of calculating systolic blood pressure

after several attempts with the OM suggests a new criterion to

predict the severity of arterial obstruction.

Using the DM, we did not detect tibial or dorsalis pedis pulse in

55 legs with severe angiographic lesions. We were, however, able

to distinguish values of <60 mmHg in 9% of the affected legs. This

finding represents a clear advantage over the oscillometric

method, as it means the device can detect very low blood

pressures in the lower limbs. The main inconvenience of the DM is

inter-observer variability; being able to locate the pulse with the

Doppler is directly related to the expertise of the clinician carrying

out the exploration.4,5 In the present study, we were unable to

capture a tibial or dorsalis pedis pulse usingDoppler in 12 legswith

normal vessels or non-significant lesions, from a total of 27. This

lack of expertise in capturing a theoretically normal pulse is what

led to a specificity of barely 56%.

When the ‘‘0 index’’ is included in the analysis, the results were

better for OM (97% sensitivity; 89% specificity) than for the DM

(95% sensitivity; 56% specificity).

The main limitations of the study are the low number of

patients studied and the bias introduced by including patientswith

intermittent claudication or suspected advanced PAD. The high

prevalence of PAD in the patients included directly influenced the

predictive values obtained, so the results cannot be extrapolated to

the general population. Larger studies in this type of population are

Table 1

Demographic Characteristics

Patients 85

Age 68�11

Male 76 (89)

High blood pressure 65 (76)

Diabetes mellitus 44 (52)

Hypercholesterolemia 37 (43.5)

Current smokers 27 (32)

Ex-smokers 39 (46)

Ischemic heart disease 24 (30)

Percutaneous coronary interventionism 10 (12)

Coronary surgery 5 (6)

Previous stroke 18 (22)

Carotid revascularization 2 (2.4)

Aortic aneurism 5 (6)

Data are expressed in n (%) or mean� standard deviation.

Table 2

Angiographic Characteristics

Legs 158

Non-significant stenosis (<50%) 27 (17)

Significant lesion (�50%) 131 (83)

Isolated proximal lesion >50% 14 (8.8)

Isolated medial lesion >50% 12 (7.5)

Isolated distal lesion >50% 11 (7)

Total proximal lesions >50% 72 (45.5)

Total medial lesions >50% 99 (62.6)

Total distal lesions >50% 89 (56.3)

Distal, tibiofibular; Medial, femoropopliteal; Proximal, aortoiliac.
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needed to confirm these results, but we consider it questionable to

perform angiographies in patients without PAD only to evaluate

the efficacy of the method.

Previous studies in the general population3,9,10 showed variable

results when using the DM as a reference to evaluate the security

and efficacy of OM. Using DM as the reference technique limits the

conclusions of those studies because interobserver variability

cannot be avoided, even when the measurement is carried out by

experts.

The strength of our study is that we used peripheral

angiography as the standard in determining the presence of

arterial lesions; that allowed us to confirm the relationship that

exists between the ‘‘0 index’’ and the severity of the lesions,

independently of the expertise of the investigating clinician or the

method used.

The results indicate that automatic blood pressure measuring

equipment has better diagnostic accuracy when doctors not

specially trained in theuseof theDopplerprobecarryout the testing.

CONFLICTS OF INTEREST

None declared.

REFERENCES

1. Hirsch AT, Haskal ZJ, Hertzer NR, Bakal CW, Creager MA, Halperin JL, et al. ACC/
AHA 2005 Practice Guidelines for the Management of patients with peripheral
arterial disease. Circulation. 2006;113:e463–e654.

2. Hiatt Wr. Medical treatment of peripheral arterial disease and claudication. N
Engl J Med. 2001;344:1608–21.

3. Beckman JA, Higgins CO, Gerhard-Herman M. Automated oscillometric deter-
mination of the ankle-brachial index provides accuracy necessary for office
practice. Hypertension. 2006;47:35–8.

4. Blebea J, Ali MK. Procedures automatic postoperativemonitoring of infrainguinal
bypass. RVT Arch Surg. 1997;132:286–91.

5. Magee TR, Stanley PRW. Should we palpate foot pulses? Ann R Coll Surg Engl.
1992;74:166–8.

6. Rithalia SV, Edwards D. Comparison of oscillometric and intra-arterial
blood pressure and pulse measurement. J Med Eng Technol. 1994;18:
179–81.

7. Nukumizu Y, Matsushita M. Comparison of Doppler and oscillometric ankle
blood pressure measurement in patients with angiography documented lower
extremity arterial occlusive disease. Angiology. 2007;58:303–8.

8. Benchimol A, Bernard V, Pillois X, Hong NT, Benchimol D, Bonnet J. Validation of
a newmethod of detecting peripheral artery disease by determination of ankle-
brachial index using an automatic blood pressure device. Angiology.
2004;55:127–34.

9. Aboyans V, Criqui MH. Diagnosis of peripheral arterial disease in general
practice: results. Int J Clin Pract. 2008;62:59–64.

10. KornøM, Eldrup N, Sillesen H. Comparison of ankle-brachial indexmeasured by
an automated oscillometric apparatus with that by standard Doppler technique
in vascular patients. Eur J Endovasc Surg. 2009;38:610–5.

[()TD$FIG]

0.0

0.2

0.4

0.6

0.8

1.0

ROC curve

S
e
n

s
it

iv
it

y

0.0 0.2 0.4 0.6 0.8 1.0

Specificity

Origin of the curve

Doppler ABI

Oscillometric ABI

Reference line

Difference between

methods

Figure 1. Diagnostic performance of the ankle-brachial index using Doppler and oscillometric methods. ABI, ankle-brachial index.
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