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Background: Spectral Doppler ultrasound examination of pedal arteries is one of the
most frequently used noninvasive assessment methods by health-care professionals for
the diagnosis and ongoing monitoring of people at risk for or living with peripheral arterial
disease. The aim of this study was to determine the interrater reliability of the
interpretation of spectral Doppler waveform analysis.

Methods: An interrater reliability study was conducted among five experienced podiatric
physicians at the University of Malta Research Laboratory (Msida, Malta). A researcher
who was not a rater in this study randomly selected 229 printed spectral Doppler
waveforms from a database held at the University of Malta. Each rater independently
rated the qualitative spectral waveforms.

Results: Interrater reliability of the spectral Doppler waveform interpretation was
excellent among the five experienced podiatric physicians (a ¼ 0.98). The intraclass
correlation coefficient showed a high degree of correlation in waveform interpretation
across raters (P , .001).

Conclusions: This study demonstrates high interrater reliability in visual spectral
Doppler interpretation among experienced clinicians. The current foot screening
guidelines do not refer to spectral Doppler waveform analysis in their recommendations,
which has been shown in studies to be an important modality for the diagnosis of
peripheral arterial disease when ankle-brachial pressure indexes are falsely elevated in
calcified arteries. If interpreted correctly, the information obtained can provide an
indication of the presence of peripheral arterial disease and facilitate early management
of this condition. (J Am Podiatr Med Assoc 108(4): 280-284, 2018)

Although diagnostic and therapeutic decisions in
patients with vascular disease are guided primarily
by the medical history and physical examination,
the use of noninvasive investigations has increased
significantly in recent years, mainly as a result of
technological advances in ultrasonography.1 Ultra-
sonic spectral Doppler devices are widely used by
health-care professionals for the assessment of
peripheral arterial disease (PAD).2 Early detection
of peripheral vascular disease is imperative because
PAD is a significant public health problem; however,
as many as 50% of patients living with PAD are
asymptomatic.3 It has been estimated that only

approximately 25% of patients living with PAD

receive treatment because most people are not

aware that they are living with this condition.4

Despite the lack of symptoms, such patients still

share the same prognosis as symptomatic patients,5

showing a risk profile comparable with that of

patients with symptomatic lower-extremity PAD or

with chronic heart disease.4

Regular screening of all patients at risk for

peripheral vascular disease, especially people living

with diabetes, is essential to ensure early identifi-

cation of asymptomatic individuals who are at high

risk for the disease or its complications through

appropriate screening tests.

Several countries and organizations, such as the

World Health Organization and the International

Diabetes Federation, have set goals to reduce the
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rate of amputations by up to 50%. Implementing a
foot screening and protection program for patients

with risk factors for ulceration reduces morbidity
and is cost-effective6; however, a diabetic foot

screening tool needs to be evidence based and
relevant to the characteristics of the target popula-

tion.7 Furthermore, inaccurate interpretation of
spectral Doppler ultrasound outputs by clinicians

could contribute to the suboptimal management of
PAD or conversely subject patients to further

unnecessary investigation or misdiagnosis.8

Auscultation and palpation of the proximal lower-
limb pulses can give an indication of the condition

of the underlying vessels.9 Handheld continuous
wave spectral Doppler ultrasound has long been

considered a reliable tool and has been validated
and accepted into routine medical practice.10

Spectral Doppler ultrasound examination of pedal
arteries is one of the most frequently used nonin-

vasive assessment methods by health-care profes-
sionals for the diagnosis and ongoing monitoring of

people at risk for or living with PAD.11

In the foot, the two most frequently examined
arteries are the dorsalis pedis artery and the

posterior tibial artery. Both audio and visual
analysis of spectral Doppler waveforms could be

performed by clinicians12 and are usually classified
as triphasic, biphasic, and monophasic. However,

the current literature has shown that because there
is considerable variability among sonography pro-

fessionals and educators in defining and classifying
peripheral arterial waveforms, the issue of spectral

Doppler waveform classification, particularly path-
ologic waveforms, deserves higher priority in

research.11

A variety of diabetes foot screening guidelines

and expert consensus documents, including those
by the International Working Group on the Diabetic

Foot, have been formulated during the past decade
by various organizations—or experts—in the field,
recommending both palpation of pulses and mea-

surement of the ankle-brachial pressure index
(ABPI) as the recommended screening tools for

PAD in the diabetic population.13 However, the
literature highlights major limitations in ABPI

measurements in people with diabetes, and spectral
Doppler has been shown to be a more accurate and

suitable screening tool in this population, which is
known to present with calcification of arteries. Note

that in the evaluation of the individual patient there
may be errors and that the reliability of any

diagnostic test depends on the previous probability
of disease (the Bayes theorem). This is mainly a

result of poorly compressible arteries due to the

presence of medial arterial calcification due to
smoking or underlying disease, thus rendering the
diagnosis of PAD by ABPI alone less reliable and
inaccurate due to artifactually raised occlusion
pressures, especially in patients with diabetes
mellitus and end-stage renal failure.14

However, a clinical assessment tool is only of
value if the interpretation of the results is correct
and repeatability has been clinically established.15

This prompted us to conduct this study to further
evaluate and determine the interrater reliability of
the interpretation of this testing method among
experienced clinicians. This is essential to deter-
mine the clinical efficacy of using this technique for
early diagnosis of PAD and ongoing peripheral
vascular screening and monitoring.

Methods

An interrater reliability study was conducted among
five experienced podiatric physicians at the Univer-
sity of Malta Research Laboratory (Msida, Malta). A
prospective, single-blind, comparative study design
was used. This study was approved by the Univer-
sity of Malta Research Ethics Committee. All
investigations were performed in accordance with
the principles of the Declaration of Helsinki as
revised in 2000.

Raters

Five experienced podiatric physicians (ie, the
raters) with previous hospital experience with
spectral Doppler assessments in people with diabe-
tes were randomly selected and invited to partici-
pate in this study. These podiatric physicians had all
received undergraduate training during their respec-
tive courses from a specific university. Written
informed consent was obtained from each partici-
pating podiatric physician. All of the raters had
previous extensive experience (.5 years) with the
use and interpretation of spectral Doppler ultra-
sound for lower-limb vascular assessment.

Procedure

A researcher at the University of Malta who was not
a rater in this study used simple random sampling
techniques to select 229 printed spectral Doppler
waveforms of the posterior tibial artery and the
dorsalis pedis artery from a diabetes spectral
Doppler waveform database held at the same
university. This method of random sampling is the
most popular method for choosing a sample. It has
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been stated that the logic behind this sampling is

that it removes bias from the selection procedure

and results in the representative samples.16 A power

calculation was not performed for the purpose of

the study owing to financial constraints.

Each waveform had previously been acquired by

an experienced clinician using a Dopplex Assist

color spectral Doppler device (Huntleigh Health-

care, Cardiff, Wales) under standard procedures,

with an 8-MHz probe held at 608 against the blood

flow of the dorsalis pedis and tibialis posterior

arteries of patients living with type 2 diabetes. Each

waveform was consequently transferred to propri-

etary AR2 software, which is a database that allows

both storage and postanalysis of waveforms.

Each rater (n ¼ 5) independently rated the

qualitative spectral waveforms and interpreted these

as triphasic, biphasic, monophasic, or monophasic

continuous (Fig. 1) using standard medical defini-

tions.17-20 Triphasic patterns are the result of the

combination of ventricular systole, elasticity of the

blood vessels, and the backflow caused by the

closing of the semilunar valves; biphasic patterns

occur in more distal blood vessels as the result of

ventricular systole and the elasticity of the blood

vessels; monophasic patterns occur when the flow of

blood is no longer pulsatile; and more severe disease

is represented by monophasic continuous waveforms

with attenuated amplitude and continuous flow.

Data Analysis

Interrater reliability of the qualitative spectral

waveforms among the five podiatric physicians

was calculated by determining the level of agree-

ment between measures using the Cronbach alpha

and the intraclass correlation coefficient (ICC). The

Cronbach alpha is a measure of internal consisten-

cy, that is, how closely related items are as a group.

It is considered to be a measure of scale reliability.

This test was performed to measure the coefficient

of reliability (consistency). The ICC[2,1] was used

for the assessment of consistency of measurements

made by the five different raters measuring the

same variable.

Results

There was complete agreement in spectral Doppler

waveform interpretation across the five raters in 142

(62%) of the 229 waveforms presented for analysis.

Of the remaining 87 waveforms (38%), 20 were

triphasic, 22 were biphasic, 22 were monophasic,

and 23 were monophasic continuous as classified by

at least 3 raters. Using IBM SPSS Statistics for

Windows, Version 21.0 (IBM Corp, Armonk, New

York), internal consistency was measured using the

Cronbach alpha test, which registered excellent

internal consistency (a ¼ 0.980). Furthermore,

Figure 1. Spectral Doppler waveforms as visualized on the proprietary AR2 software. Waveforms are depicted
as triphasic (A), biphasic (B), monophasic (C), and monophasic continuous (D).

282 July/August 2018 � Vol 108 � No 4 � Journal of the American Podiatric Medical Association



interrater reliability of the spectral Doppler wave-

form interpretation was found to be excellent

among the five experienced podiatric physicians,

with significant (P , .001) ICCs of 0.904 for single

measures and 0.979 for average measures with the

two-way mixed effects model (Table 1).

Discussion

The aim of this study was to determine the

interrater reliability of the interpretation of qualita-

tive spectral waveform analysis among experienced

clinicians. The results of this study suggest that

podiatric physicians had a high skill level in the

interpretation of visual spectral waveform analysis.

Correct identification of the four types of blood flow

patterns was observed to be in agreement among

the five raters participating in this study. These

results are similar to those observed in a recent

study11 in which private and public podiatric

physicians obtained interrater and intrarater reli-

ability of j ¼ 0.9 and j ¼ 0.77, respectively, when

interpreting visual waveform analysis. In the pre-

sent study, however, we felt the need to further

subdivide pathologic waveform classification into

monophasic and monophasic continuous because

the severity of PAD and the treatment regimen may

vary substantially between these two clinical

presentations.

Regarding clinicians from different professions,

the literature reports conflicting results related to

interrater reliability of the interpretation of spectral

waveforms among clinicians having different levels

of expertise in spectral Doppler assessment and

interpretation. Review of the literature shows that

poor training, inexperience, and time constraints

may result in errors when interpreting spectral

Doppler ultrasound outputs8,15,18 and that interob-

server and intraobserver reliability is variable and

depends on experience and technique.9 Studies have

found that qualified staff, trained in vascular

assessment, are more accurate than junior staff of

their respective professions in Doppler sound

interpretation.8,21 This study confirms this finding

and concludes that when spectral Doppler wave-

form reports are interpreted by experienced clini-

cians in the field, accurate interpretation of the
patients’ lower-limb arterial status is accomplished.

The level of experience in interpreting spectral
waveform analysis is of maximum importance if this
method of screening/assessment for arterial perfu-
sion is to be recommended in the high-risk foot. We
recommend that peripheral arterial perfusion be
assessed using spectral Doppler waveforms. Diabe-
tes foot screening guidelines do not refer in any way
to spectral Doppler waveform analysis in their
recommendations,22,23 which has been shown in
recent studies to be an important modality for the
diagnosis of PAD, especially when ABPIs are falsely
elevated in calcified arteries.22 The spectral Doppler
is a versatile, inexpensive, and portable piece of
equipment that allows rapid assessment of limb
perfusion. If interpreted correctly, the information
obtained can detect lower-limb arterial disease.

This study highlights the importance of spectral
Doppler waveform analysis by clinicians experi-
enced in the interpretation of these waveforms for
early detection of possible pathologic disorders to
allow initiation of appropriate and timely risk factor
control measures. The authors recommend that
reports of vascular screening in high-risk patients
should be scrutinized by experienced clinicians to
ensure correct diagnosis. Early detection of abnor-
mal blood flow in the lower limb may lead to early
treatment and advice. It will also aid in timely
preventive measures to avoid deterioration and
development of serious complications, such as
lower-limb ulceration, amputation and, consequent-
ly, even death. Recommendations about physiologic
testing of peripheral perfusion using qualitative
spectral waveform analysis should be considered
to facilitate the early identification of asymptomatic
PAD in the high-risk foot.

Because this study investigated spectral Doppler
waveform analysis, results cannot be generalized to
other forms of Doppler assessment. Furthermore,
this testing method is qualitative in nature, operator
dependent, and should never be used in isolation to
determine a patient’s ongoing management plan.

Conclusions

This study demonstrates high reliability in spectral
Doppler interpretation among experienced podiat-
ric clinicians. Current foot screening guidelines do
not refer to spectral Doppler waveform analysis in
their recommendations, which has been shown in
studies to be an important modality for the
diagnosis of PAD when ABPIs are falsely elevated
in calcified arteries. The spectral Doppler device is a

Table 1. Intraclass Correlation Coefficients (ICCs)

ICC
95% Confidence

Interval P Value

Single measures 0.904 0.884–0.921 ,.001

Average measures 0.979 0.974–0.983 ,.001
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relatively inexpensive and portable clinical tool that
allows rapid assessment of limb perfusion. If
interpreted correctly by experienced podiatric
clinicians, the information obtained can give an
indication of the presence of PAD and facilitate
early management of this condition.
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