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Abstract

Background: The time at which claudication symptoms are reported is used to modulate exercise intensity in
clinical treatment of patients with peripheral arterial disease, but tissue oxygenation values at that point are unknown.
Objective: To describe tissue oxygen supply measured using Near-Infrared Spectroscopy (NIRS) when patients
report initial and maximum claudication symptoms during exercise tests. Methods: Nine patients (eight men)
aged 65.63 £ 6.02 years and previously diagnosed with peripheral arterial disease performed constant load exercise
testing and incremental load exercise testing while tissue oxygenation levels were monitored by NIRS. Oxygen
saturation values at the times at which each patient reported initial onset of claudication symptoms and maximum
claudication symptoms were compared with values obtained during the arterial occlusion maneuver, using the 95%
confidence interval of the difference. Results: It was found that saturation values at the time of both initial and
maximum claudication symptoms were statistically different from saturation during the arterial occlusion maneuver,
but on the basis of percentage analysis they were similar from a clinical point of view. Conclusions: Oxygen saturations
at the time patients report initial and maximum claudication symptoms are very close to saturations during arterial
occlusion. From a clinical perspective, subjective patient report of symptoms is an appropriate parameter on which
to base exercise prescription.
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Resumo

Contexto: O relato de sintoma claudicante em pacientes com doenga arterial periférica é utilizado como modulador
da intensidade de exercicio fisico para o tratamento clinico, entretanto os valores de oxigenacéo tecidual nesse
momento sdo desconhecidos. Objetivo: Descrever o suprimento tecidual de oxigénio por meio da espectroscopia de
luz proxima ao infravermelho ou Near-Infrared Spectroscopy (NIRS) nos momentos em que o paciente relata sintoma
claudicante inicial e maximo em testes de exercicio. Métodos: Nove pacientes, oito homens com 65,63 + 6,02 anos de
idade, previamente diagnosticados com doenca arterial periférica, realizaram teste de exercicio de carga constante e
de carga incremental com monitorizacao do nivel de oxigenagao tecidual através da NIRS. As saturagdes de oxigénio
obtidas no momento em que o paciente relata sintoma claudicante inicial e no momento em que relata sintoma
claudicante maximo foram comparadas com os valores de saturacdo da manobra de oclusdo arterial por meio do
intervalo de confianga de 95% da diferenca. Resultados: Verificou-se que os valores de saturagdo nos momentos
de sintoma claudicante inicial e maximo séo estatisticamente distintos quando comparados aqueles obtidos na
manobra de oclusdo arterial, entretanto, através da analise percentual do quéo distante esses valores encontram-se
¢ possivel observar que, do ponto de vista clinico, eles estdo préximos. Conclusdes: A saturagdo no momento em
que o paciente relata sintomas claudicantes inicial e maximo é bastante proxima do valor de saturagdo no momento
de ocluséo e do ponto de vista clinico o relato subjetivo de sintoma do paciente é adequado como parametro para
a prescricéo do exercicio fisico.

Palavras-chave: doenca arterial periférica; espectroscopia de luz proxima ao infravermelho; teste de esforco;
claudicagao intermitente.
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INTRODUCTION

Peripheral arterial disease (PAD) is caused by
arterial obstruction, frequently of atherosclerotic origin,
resulting in reduced blood flow to the lower limbs.!
Its principal symptom is intermittent claudication, in
turn the result of an ischemic process caused by the
imbalance between demand for oxygen in peripheral
musculature and the oxygen supplied.>* Intermittent
claudication is defined as sensations of discomfort,
pain, tingling or cramps in muscles in the area
affected at times of greater aerobic demand.?* These
symptoms generally leads to functional compromise
since walking can be limited by claudication.*’

There is a high level of scientific evidence in favor
of conservative treatment in which rehabilitation
is based on physical exercise.®® The objective is
to achieve functional improvements by means of
aerobic training designed to provoke hemodynamic
adaptations with exercise.'*!! These favorable aerobic
adaptations are complemented by vascular changes that
improve oxygen transport and transfer to hypoxemic
regions.'’ Programs that expose the musculature of the
lower limbs to high intensity submaximal ischemia
are considered to provide the greatest benefits from
treatment.'? It is therefore necessary to reach levels
close to maximum claudication symptoms during
training, if the optimal adaptations in PAD patients’
capacity to walk are to be achieved."

However, since the feeling of claudication symptoms
close to the maximum are reported subjectively by
the patient during exercise sessions, it cannot be
guaranteed that the patient is reaching the ischemic
threshold because oxygen saturation is unknown
at the time of training. Near-Infrared Spectroscopy
(NIRS) offers the possibility of noninvasive and
objective evaluation of blood flow in the muscles
and oxygenation levels under both static and dynamic
conditions, enabling reductions in oxygen supply
during effort to be verified.'*!s

Considering that tissue oxygenation levels during
exercise are related to the intensity of ischemia, it
is important from a clinical perspective to explore
the responses of oxygen saturation to effort at the
points at which the initial and maximum symptoms
of claudication are reported subjectively. As such, the
primary objective of this study was to use NIRS to
evaluate oxygen supply to tissues at the points in time
at which patients report initial onset of claudication
symptoms and maximum claudication symptoms
during exercise testing and to compare these data with
saturation levels measured during arterial occlusion.
Secondary objectives are to assess test-retest reliability
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of NIRS saturation measurements taken during the
arterial occlusion maneuver and to test for associations
between the drop in tissue saturation during arterial
occlusion and performance in exercise tests.

METHODS

All procedures were approved by the Research
Ethics Committee at the institution where the research
was carried out (CAAE 36989914.3.0000.5149) and
all participants signed free and informed consent
forms. Nine patients previously diagnosed with PAD
were recruited at a support service for people with
peripheral arterial disease run by a University Hospital
in Minas Gerais, Brazil, and were invited to take
part in the study voluntarily. Patients were enrolled
if they had symptoms of intermittent claudication
while walking, whether in one or both calves, and if
they had no restrictions preventing them from taking
the exercise tests.

Clinical and demographic data were collected
to provide a profile of the sample. The Walking
Impairment Questionnaire (WIQ) and the Human
Activity Profile (HAP) were administered during
interviews.'®!” The ankle-brachial index (ABI) was
measured bilaterally. Each subject was tested on two
separate days with a 48-hour interval between them.
The procedures conducted on these two days were as
follows: (1) arterial occlusion maneuver, (2) 10 minutes
atrest, (3) exercise test (either the Incremental Shuttle
Walking Test or the Constant Load Test on a treadmill
— one on each day, in random order), (4) recovery.
Tests were conducted during the afternoon and the
temperature and humidity of the air were measured.
Tissue oxygen saturation (StO,) was continuously
monitored with NIRS throughout all tests in the leg
most limited by intermittent claudication symptoms,
which was ascertained during patient history taking
prior to testing.

The WIQ was employed to assess the extent to
which patients selected for the study had limitations
to locomotion. This questionnaire has been translated
and validated for the Brazilian population and covers
the patient’s experience during the previous month,
divided into three domains: walking distance, velocity
and climbing stairs.'® In each domain, the patient is
scored on a scale ranging from 0-100%, where 100%
is the best score possible, indicating no limitation to
that activity.

The HAP can be administered to people with a
wide variation in functional levels, ranging from
extremely low to very high,'” and was used to conduct
a functional assessment of the physical activity level



of the sample. The instrument covers 94 items that are
categorized according to the International Classification
of Functioning, Disability and Health and separated
into two domains: activity and participation.'® There are
three possible responses for each item, “Still doing”,
“Have stopped doing” or “Never did” (this activity)."”
On the basis of the patient’s responses, the profile
provides a maximum activity score (MAS), which
corresponds to the number of the activity with the
highest oxygen demand to which the answer was
“Still doing”, and an adjusted activity score (AAS),
which is calculated by subtracting from the MAS the
number of items to which the answer was “Have stopped
doing” that precede the last item for which the answer
was “Still doing”." Respondents are classified as
impaired or inactive (scores < 53), moderately active
(scores 53-74) or active (scores > 74).2°

The NIRS measurements were made using a
continuous-wave portable system (Artinis®, Portamon
system, The Netherlands), which employs dual
wavelength light emission (760 and 850 nm) to
measure concentrations of oxyhemoglobin (O,Hb)
and deoxyhemoglobin (HHb) and calculate StO,. The
NIRS sensors were placed on the gastrocnemius muscle
of'the leg with greatest involvement and secured with
plastic film and elastic bandages. Data were initially
obtained at a frequency of 10Hz.

For the present study, after initial stabilization of
the reading, baseline tissue saturation (StO, . .) was
recorded and then the arterial occlusion maneuver was
initiated. This maneuver is performed by positioning
a cuff around the patient’s thigh and inflating it to a
pressure exceeding 250 mmHg. The cuffis left in place
for a period of 5 to 6 minutes. This procedure works
as a physiological calibration method, providing a
functional scale allowing better comparison of different
people.?! The lowest saturation value recorded during
this period (StO, ), after the HHb reading has
stabilized, is taken as zero functional tissue oxygenation
and used in analysis of the results, together with the
readings taken during the exercise tests: saturation
at the point of initial onset of claudication symptoms
(StO, ) and saturation at the point of maximum
claudication symptoms (StO, ).

Once the occlusion maneuver was completed,
patients remained at rest in a sitting position with
their feet on the floor for 10 minutes before starting
the exercise test, in order to ensure that the baseline
tissue oxygenation level had been completely restored,
thereby avoiding compromising performance during
the functional test.

Dedicated software (Artinis, Oxysoft) provided by
the manufacturer of the NIRS unit was used to analyze
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the results. Before extracting the variables of interest,
data were filtered with a 10 second moving average
and then the data were exported to a database at a
frequency of one sample per second (1Hz). Figure |
contains a graphical illustration of all the variables
provided by the NIRS during a single data collection
protocol. For the purposes of the present study, the
variable tissue saturation was used for analyses.

The Incremental Shuttle Walking Test (ISWT) is
a walking test which has previously been tested for
validity and reliability and is safe for use in functional
assessments of patients with vascular disease.”*?*
The ISWT is used to assess the distance that a patient
walks at a controlled rhythm, which is set by audible
signals recorded on a CD-ROM.* Walking speed is
increased every minute, with increments indicated by
three consecutive beeps. The test is stopped if the patient
reaches exhaustion, reports maximum claudication
symptoms, exceeds 85% of maximum heart rate
estimated for their age or is unable to keep up with
the speed imposed by the test. In the present study,
two cones were set 9 m apart, allowing 0.5 meters at
each extremity to avoid abrupt changes of direction.?
The patient was instructed to walk from cone to cone
at the velocity imposed by the test CD, starting slowly
and increasing velocity every minute when the three
consecutive beeps sounded. The patient was instructed
to continue walking until he or she was unable to reach
the next cone twice in succession. At each increase in
velocity the patient was encouraged verbally, “Walk
a little bit faster, increase your speed!” and, when he
or she was unable to reach the next cone for the first
time, “Walk a little bit faster, if you don’t reach the
cone next time the test will be stopped!” The patient
was instructed to report when he or she felt the
first claudication symptoms and again at maximum
claudication symptoms. The time elapsed and the
distance covered when the patient reported initial and
maximum claudication symptoms were recorded and
the time at rest needed for claudication symptoms to
cease after the test was also noted.

The Constant Velocity Test (CVT) was conducted
using a treadmill (Movement®, RT 200, Brazil) at a
velocity of 3.2 km/hour and with a 10% incline.?
The treadmill velocity was gradually increased up
to 3.2 km/hour over a 30- second period to give the
patient time to become accustomed to the treadmill.
Before starting the test, the patient was instructed to
report when they felt the initial claudication symptoms
and again when the claudication symptoms reached a
maximum. The test was stopped if the patient reached
exhaustion, if claudication symptoms forced him or
her to stop, or if 85% of maximum heart rate estimated
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Figure 1. Graph illustrating NIRS data during one entire data collection protocol.

for age was exceeded. If maximum claudication
symptoms were not reported, the maximum duration
of the treadmill test was limited to 35 minutes. Arterial
blood pressure, heart rate and subjective perceived
effort, using a modified Borg scale, were recorded
every 5 minutes. The time elapsed and the distance
covered when the patient reported initial and maximum
claudication symptoms were recorded and the time at
rest needed for claudication symptoms to cease after
the test was also noted.

The period at rest was recorded by the NIRS soon
after the exercise test, after one minute walking on
the spot. While at rest the patient remained sitting in
a chair with feet on the floor, for 2 minutes. The data
obtained were recorded for later analysis.

STATISTICAL ANALYSIS

Continuous variables are expressed as mean
+ standard deviation and categorical variables as
frequencies. The distribution of data was assessed
using the Shapiro-Wilk test.

Possible differences between variables were
analyzed using the 95% confidence interval of the
difference (95%CI of the difference). The criterion
for a significant difference between variables was a
95%CI of the difference that did not cross the value
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zero. The differences in tissue saturation at the time of
initial symptoms and the time of maximum symptoms
with respect to occlusion saturation were calculated
in absolute values as follows: (StO, - StO2 . )and
(StO, - StO2 ), respectively. In percentages, these
differences were calculated to detect the degree of
difference between StO, | and StO, | from SatO, .,
using the following calculation: (Sat at the time of the
pain analyzed -SatO, , , )/SatO, ., . Pearson correlation
coefficients were used to evaluate associations
between the variation from SatO, . to SatO, ., and
performance in the ISWT and CVT. The cutoff for
significance was set at an alpha error of 5%. Statistical
analyses were conducted using the Statistical Package

for the Social Sciences (Version 15.0).

RESULTS

A total of nine patients were enrolled, eight
of whom were male. One male participant was
excluded because of difficulty obtaining data during
the occlusion maneuver. Therefore, results were
analyzed from eight patients, with a mean age of
65.63 + 6.02 years, right ABI of 0.65 + 0.10, left
ABI of 0.71 £ 0.11 and body mass index (BMI) of
25.50 + 4.06 kg/m.? Of the eight patients analyzed,
75% reported bilateral claudication. All participants



reported dyslipidemia and were ex-smokers, with a mean
0f 66.88 +£47.10 pack-years, 12.5% were alcoholics,
87.5% were hypertensive and 37.5% were diabetics.
Participants reported a mean physical activity rate of
2.81 + 1.3 hours per week. Mean WIQ scores were
60.84 +£38.39%, 61.54+£26.45% and 65.62 +30.27%
for the domains walking distance, velocity and stairs,
respectively. Mean HAP scores were 76.88 + 8.08 for
MAS and 68.38 +9.75 for AAS, which is classified as
moderately active according to the AAS. There was
no difference in air temperature or humidity between
the 2 data collection days (p > 0.05).

Table 1 shows the occlusion maneuver NIRS
readings for the 2 data collection days and the 95%CI
for the difference between the mean saturation values
on each day.

Table 2 shows the comparisons between saturation
at occlusion and saturation at the point of initial
claudication symptoms and at the point of maximum
claudication symptoms during the ISWT and the CVT.
The saturations at the time of the initial and of the
maximum symptoms were not statistically different

Table 1. Oxygen saturation values during the occlusion maneuver
on the two data collection days.

S$tO 95%Cl

2-0CL
(Mean = SD) of the difference
Day 1 47.56 + 5.01 (-675; 5.70]
Day 2 48.08 + 8.01
SatOLOCL = tissue saturation during occlusion; SD: standard deviation;

Cl = confidence interval.
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during the CVT and ISWT with confidence intervals
of —2.48; 6.79 and —7.30; 1.09, respectively.

The coefficient for the correlation between
variation from SatO, .. to SatO, .., and total time
of the CVT was r= —0.783 (p = 0.022), which is
considered a strong, inversely proportional correlation.
There was no correlation between variation from
SatO, ., to SatO, ., and distance covered in the
ISWT, with r = —0.055 (p = 0.898). A moderate
direct correlation was found between variation from
SatO, ., to SatO, . and o time at rest needed for
symptoms to cease after the CVT, with r = 0.736
(p = 0.037), but no correlation was detected for the

ISWT (r =—0.158; p = 0.708).

DISCUSSION

The principal objective of this study was to determine
the tissue saturation levels measured by NIRS at the
points at which patients subjectively reported initial
claudication symptoms and maximum claudication
symptoms during an incremental exercise test and
during a constant load exercise test. In a similar
manner to what we have observed, McCully et al.”’
demonstrated that oxygen desaturation remained
at values close to maximum during the majority of
an exercise test with patients with PAD. The same
authors also found that this behavior is different from
what is observed in healthy subjects, who do not
exhibit desaturation to the same extent, which was
also confirmed in later studies.'>%%

Table 2. Comparison of saturation at initial claudication symptoms and at maximum claudication symptoms against saturation

measured during the occlusion maneuver.

ISWT CcvT

Mean + SD 95%Cl of the difference Mean £ SD 95%Cl of the difference
StO, ., 47.56 £ 5.01 48.08 + 8.0 -
stO, 5492 + 838 52774738 -
StO, ., 5242 £7.26 55.53 +9.21 -
Difference between 7.36 £ 592 [2.41;12.31]* 4.68 +£2.75 [2.39; 6.98]*
St0, , and StO,
(absolute value)
Difference between 0.15+0.13 [-12.31; —2.42]* 0.10 £ 0.06 [-6.99; —2.39]*
StO, ,, and StO, | (%)
Difference between 4.86 £ 3.65 [1.81;7.91]* 7.45 £ 4,35 [3.81; 11.09]*
St0, ,,and StO,
(absolute value)
Difference between 0.10 £ 0.07 [-7.91; -1.81]* 0.16 + 0.08 [-11.09; -3.81]*

StO, _and StO (%)

2-DM 2-0CL

ISWT = Incremental Shuttle Walking Test; CVT = Constant Velocity Test; SatO

claudication symptoms; StO,
according to 95%Cl of the difference.

2-0CL
= tissue saturation at maximum claudication symptoms; SD: standard deviation; Cl = confidence interval. *Significant difference

= tissue saturation at initial

= tissue saturation during occlusion; StO,
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In the present study, we used the arterial occlusion
maneuver to achieve physiological calibration.
The reliability of this was analyzed by assessing the
95% IC of the difference between saturation values
on days one and two and no difference was detected.
Although different from a statistical point of view,
we observed that from a clinical perspective the StO,
values at the point of initial pain and the point of
maximum pain were very close to the values measured
during occlusion. During the ISWT, mean StO, values
exceeded the StO, ., values by 15.48% at the time
of initial claudication symptoms and by 10.22% at
the time of maximum claudication symptoms. During
the CVT, these values were, respectively, 9.77% and
15.49% higher than values during occlusion.

The saturation values at the time of maximum
pain observed in the present study are higher than
figures reported in other studies. Comerota et al."”
conducted a study investigating the behavior of StO,
during exercise in patients with PAD (n = 14) and
healthy individuals (n = 35) and reported values of
9 + 10% at peak exercise, with an absolute drop of
50 + 30% with relation to values at rest for subjects
with the disease. This difference is possibly a result
of the fact that they used a single channel unit that
employs a fixed distance of 35 mm from the light
emitter to the light receiver, which could provide
incorrect tissue oxygenation readings because of the
variability in the thicknesses of skin and subcutaneous
tissues.’® The unit used in the present study is of a
different design and has multiple emitter-receptor
pairs with distances of 30, 35 and 40 mm between
emitters and receptors.

The saturation values at the point of maximum
claudication symptoms came closer to the functional
zero level during the ISWT, which is to be expected
since this is an incremental test in which there is a
progressive increase in metabolic demand, provoking
an increasing imbalance between oxygen consumption
and oxygen supply. In contrast, the same imbalance may
not occur during a constant load test which could, for
example, enable patients with a low degree of functional
compromise to walk for a long period without being
limited by maximum claudication symptoms.? Indeed,
in the present study two individuals did not report
maximum symptoms during the constant load test.
A number of factors may have been responsible for
the fact that StO, , values were higher than StO, |
values in this type of test. These factors include level
of previous training, degree of disease involvement
and influence of comorbidities. Further studies are
needed to evaluate the degree of influence these factors
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exert and the possibility of using personalized loads
during the constant load test.

The strong correlations observed between desaturation
during occlusion and both performance in the CVT
and time taken for pain to cease afterwards suggest
that the occlusion maneuver is a possible option for
functional assessment of these patients, since it is a
relatively simple procedure, it is noninvasive and it is
rapid. However, further studies are needed to confirm
this finding, because although lower peripheral oxygen
consumption at rest has previously been demonstrated
in patients with PAD,*-* it is not yet clear whether
this variable can be used to determine disease
severity in these patients or to predict performance
in exercise tests.

This study suffers from certain limitations, such as
the small number of patients assessed, the majority
of whom were men, and the fact that it was not
possible to analyze the effect of certain covariates,
such as comorbidities. For example, three patients had
diabetes mellitus, a condition in which it has already
been demonstrated that reported onset of claudication
symptoms is delayed in comparison with patients
with PAD who do not have diabetes. Additionally,
the sample comprised less-affected patients, free
from advanced polyneuropathy and cardiac disease,
which has implications for generalization of the
data. As such, this study provides information that is
specifically applicable to moderately active patients
with claudication who engage in physical activity for
around 3 hours per week.

It can be concluded that since saturation at the
points at which patients report initial claudication
symptoms and maximum claudication symptoms
during exercise tests is very close to the saturation
value during occlusion, it is probable that there is a
significant intensity of tissue ischemia at the point at
which the patient reports claudication symptoms during
exercise. From a clinical point of view, the patient’s
subjective report of maximum claudication symptoms
is compatible with the optimal ischemia threshold for
exercise-based treatment of patients with PAD and
it can therefore be used as a reliable parameter for
prescription of physical exercise. However, in view
of the limitations mentioned above, further studies
are needed to confirm this study’s findings.
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