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A B S T R A C T

Objective: To be effective in screening, prognostic, and monitoring contexts, the toe–brachial index (TBI) should
not be susceptible to large sporadic fluctuations from one time to another. In order to identify whether those
fluctuations exist in people who have suboptimal TBIs, the temporal stability of their TBIs was examined in detail
across 6 months.
Methods: TBI readings from SysToe and Omron automated devices were taken from 21 participants at baseline
and at 2- and 6-month timepoints subsequently. The primary inclusion criterion was that participants had at
least one of three baseline TBIs on either foot≤0.65 if a standard 25-mm wide occlusion cuffwas used, or≤0.85
if a 15-mm occlusion cuff was used.
Results: After excluding five participants because of their extremely high TBI fluctuations, TBI stability within
the remaining 16 participants was examined. Ipsilateral TBIs changed by ≥0.10 on at least one foot for 11
participants across the initial 2-month timespan (maximum difference 0.26) and for same number of participants
across the full 6-month timespan (maximum difference 0.36), with the composition of the 11-person groups
differing slightly for the two timespans. Contralateral differences were ≥0.10 for five participants across the 2-
month timespan (maximum difference 0.26) and for nine participants across the 6-month timespan (maximum
difference 0.42), again with some group overlap. The foot with the higher TBI at baseline remained so across the
6 months.
Conclusions: For many people with suboptimal TBIs there might be inherent ipsilateral and contralateral in-
consistency among TBI readings. This threatens the effectiveness of TBIs for screening, prognostic, and mon-
itoring purposes. In order to maximize the prospects of the TBI as a valuable metric, adherence to standard
protocols should be observed and other prospects for the TBI to assess vascular supply to the foot more effec-
tively should be considered.

1. Introduction

The toe–brachial index (TBI) is included in a number of classifica-
tion systems and guidelines, primarily as a noninvasive indicator of
peripheral artery disease (PAD) [1–8]. In the relevant documentation,
TBIs are often recommended only after the ankle–brachial index (ABI)
had produced abnormally high or inconclusive readings, usually be-
cause calcification of arteries in the ankle renders the ABI an ambiguous
and misleading indicator of peripheral perfusion [9,10] and [11]. In
addition, TBIs have sometimes been used as prognostic indicators of
pedal wound healing potential and lower-limb amputation risk [12] as
well as prognostic indicators for postoperative healing following am-
putation [13] and cardiovascular disease and mortality [14,15], and
TBIs could also be valuable in monitoring the progression of peripheral
artery occlusive diseases; the effectiveness of surgical,

pharmacotherapeutic, or externally applied physical interventions; or
the effect of lifestyle changes related to variables such as smoking, diet,
weight, and exercise.

In order to be effective within screening, prognostic, and monitoring
contexts, all of which may involve people who have suboptimal TBIs, it
would be disadvantageous if those TBIs were susceptible to large
sporadic inconsistency within either brief, or longer, periods of time.
With regard to screening, if TBIs exhibit temporary fluctuations beyond
the bounds that might be regarded as normal they could to result in
outcomes that indicate either the presence or absence of disease at one
point in time but not at another without there being any actual dif-
ference in disease status. Large temporary fluctuations could also pro-
duce deceptively optimistic versus pessimistic prognoses or deceptively
positive versus negative monitoring results.

For screening and prognostic purposes, the prospect of ipsilateral

https://doi.org/10.1016/j.foot.2018.03.001
Received 2 January 2018; Received in revised form 24 February 2018; Accepted 5 March 2018

⁎ Corresponding author.
E-mail address: robertrevethan@gmail.com (R. Trevethan).

The Foot 36 (2018) 49–54

0958-2592/ © 2018 Elsevier Ltd. All rights reserved.

T

http://www.sciencedirect.com/science/journal/09582592
https://www.elsevier.com/locate/foot
https://doi.org/10.1016/j.foot.2018.03.001
https://doi.org/10.1016/j.foot.2018.03.001
mailto:robertrevethan@gmail.com
https://doi.org/10.1016/j.foot.2018.03.001
http://crossmark.crossref.org/dialog/?doi=10.1016/j.foot.2018.03.001&domain=pdf


TBI instability is of primary interest because a person’s feet could differ
from each other with regard to vascular status. For monitoring pur-
poses, both ipsilateral and contralateral instability might be of interest
depending on two fundamentally different contexts in which TBIs could
be used. The first of these contexts, and the most likely, pertains when
both feet are expected to be equally affected by pathology or by a
systemic or bilateral intervention. This is likely to focus on ipsilateral
stability versus change—possibly with both feet considered, but in-
dependent of each other. In the second monitoring context, one foot
might be expected to change as a result of pathology or a unilateral
intervention while the other might be expected to remain relatively
stable and thus serve as a control. This would focus on contralateral
stability versus change.

In all of the above situations, TBIs might be valuable because the
brachial systolic pressure as its denominator could provide an adjust-
ment for blood flow to the periphery that reflects a person’s concurrent
systemic blood pressure. This could mitigate unwanted distorting in-
fluences at the periphery caused by such variables as time of day; recent
exercise or tobacco use; or recent consumption of food, caffeine, or
alcohol. Sometimes these variables are controlled by requesting people
to avoid them in a specified period immediately prior to measurements
being taken. However, there is a prospect that those confounding
variables could differ across timespans of several weeks or months
despite attempts to avoid them introducing inconsistency, and therefore
those variables, along with variables such as medication, ambient
temperature, emotional state, and time of day that people are availa-
ble—all of which are less controllable—could affect both systemic and
peripheral blood pressures. It is the unwanted effect of these variables
that the TBI, in contrast to standard systolic toe pressures, might avoid
or at least reduce.

This research comprises a detailed examination of the extent to
which both ipsilateral and contralateral TBIs are consistent over 2- and
6-month timespans in a sample of people with suboptimal TBIs and for
whom, apart from disease progression, TBIs were expected to exhibit
little change. The data were obtained from a larger clinical study in
which the effectiveness of transdermal glyceryl trinitrate (GTN) patches
was assessed for enhancing pedal blood supply [16]. In their study, the
GTN patches were applied to the lower baseline TBI foot of two treat-
ment groups, and the higher baseline TBI foot served as a covariate in
analyses that compared treatment, placebo, and control groups. The
robustness of those analyses was dependent on minimal contamination
being produced by naturally occurring ipsilateral and contralateral
blood pressure fluctuations. Participants initially selected for this cur-
rent study comprised the 21 members of the control group from the
larger study. A flowchart indicating participant selection is provided in
Fig. 1. Control group participants, only, were deemed suitable because
their postbaseline TBIs would not have been subject to treatment or
placebo effects. Although the larger study had a monitoring focus, the
results of the research presented in this article have implications for
screening and prognostic, as well as monitoring, contexts.

2. Method

This research was conducted at the allied health clinic of Charles
Sturt University (Albury, NSW, Australia). Ethics approval was granted
by the university’s Human Research Ethics Committee, and the trial was
registered with the Australian New Zealand Clinical Trials Registry,
trial number ACTRN12612000883819.

2.1. Participants

Participants were clients attending the university’s health clinic,
referrals from local GPs, members of the local diabetes support group,
and members of the public who responded to invitations in newspapers
and on television. Inclusion criteria relevant to this component of the
research were that people be aged 18 or over and, at an initial visit,

have at least one of three TBIs on either foot ≤0.65 if a standard 25-
mm-wide occlusion cuff was used, or ≤0.85 if a 15-mm-wide occlusion
cuff was used. More extended descriptions of the participant selection
procedures relevant to this study are available elsewhere [16,17]. Each
participant provided informed written consent and was asked to attend
seven visits spaced approximately 1 month apart.

Exclusion criteria relevant to this component of the research were
brachial systolic pressure > 160 or<100 mmHg; brachial diastolic
pressure > 110 mmHg; or heart failure associated with myocardial
insufficiency due to known obstruction, hypertrophic cardiomyopathy,
aortic or mitral stenosis, or pericarditis [16]. Several of the exclusion
criteria were applied because of absolute or relative precautions or
contraindications associated with transdermal GTN patches in the
treatment groups [16]. People whose brachial blood pressure was
measured as being high at the time of recruitment were excluded be-
cause they were likely to have been prescribed a range of anti-
hypertensive medications that may have needed periodic adjustment in
dose and type to attain maximum efficacy. This could have been a
source of unwanted inconsistency in blood pressures within the context
of the main study, but also avoided medication changes as a confounder
of results in the present study.

Among the participants selected for this study, the mean age was
68.1 years (SD = 13.1), and the majority (n = 13; 62%) were males.
Nine participants (43%) had diabetes, with an average duration of 19.5
years (SD = 14.3), and four participants (19%) had Raynaud’s disease.
There were no current smokers, but five participants (24%) had smoked
in the past. Participants’ mean BMI was 27.7 (SD = 4.0). Sixty-two
percent were taking antihypertensive medication, 57% anticoagulants,
52% hypolipidemics, 29% insulin, and 24% oral antihyperglycemics.
Eighty-six percent were taking additional medications including war-
farin, platelet inhibitors, NSAIDs, and heparin.

In the main study, 14 of the 97 participants had exhibited high
variation within the readings taken from a particular foot on several
occasions or extreme contralateral TBI irregularities from one occasion
to another [17]. Of the original 97 participants, 60% had diabetes, but
among the 14 people with high fluctuations, only 36% (5 people) had
diabetes. Furthermore, of the 9 people in the control group who had
diabetes, only one had noticeably fluctuating TBIs. No TBI readings had
been obtained during or adjacent to any Raynaud’s disease episodes. In
the majority of cases the fluctuations could be attributed to other causes
of blood pressure variability including participants failing to take their
prescribed antihypertensive medicine regularly, being prescribed two
or three antihypertensive medications (indicating complex hyperten-
sive disease), or having atrial fibrillation. Five of the 21 people in the
control group were among these 14 people. We decided not to include
their data in the analyses reported in this study lest those data had an
undesirably strong distorting influence on the results or prevent valid
abnormal TBI readings from being regarded as departing from what
might be expected without incidental contaminating variables. There-
fore, the results reported here pertain to only 16 participants and are
consequently conservative in that any evidence of inconsistency in the
findings is likely to be an underrepresentation. Notes available about
these 16 participants, made as part of monitoring at each visit, sup-
ported an expectation that, other than the possibility of disease pro-
gression during the study period, TBIs would not change substantially
either within the feet of individual participants or between their con-
tralateral feet, and that their retention in this research was therefore
appropriate.

2.2. Procedure

On each occasion, brachial systolic blood pressure was obtained
from a single reading on the left arm with an HEM-7221 automated
sphygmomanometer (Omron, Kyoto, Japan). TBIs were obtained with
the SysToe (Atys Medical, Soucieu-en-Jarrest, France). Occlusion cuffs
of 25 mm on the hallux were used whenever possible (all control group
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