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Abstract

Lima-Soares, F, Pessoa, KA, Torres Cabido, CE, Lauver, J, Cholewa, J, Rossi, FE, and Zanchi, NE. Determining the arterial
occlusion pressure for blood flow restriction: pulse oximeter as a new method compared with a handheld Doppler. J Strength Cond
Res XX(X): 000-000, 2020—In laboratorial and clinical settings, the use of Doppler ultrasound equipment has been considered the
gold standard method to determine arterial occlusion pressure (AOP). However, the use of Doppler equipment is inherently limited
to the technical expertise needed to perform AOP measurements. To overcome the technical difficulties of the use of Doppler
equipment use in the determination of AOP, a simpler and less subjective methodology would be helpful for blood flow restriction
(BFR) practitioners. In this regard, portable pulse oximetry has been largely used in clinical practice for measuring systolic pressures,
as well as loss or recovery of pulse, with results similar to those observed with the use of Doppler equipment. For such purposes, the
AOP from young male and female subjects was evaluated after different body positions (standing, seated, and supine positions).
LLoss of capillary blood flow or AOP was readily determined by simple visual inspection for the pulse oximeter and loss of sound for
the Doppler equipment. The results presented herein strongly suggest the use of the portable pulse oximetry equipment as reliable,
when compared with the handheld Doppler (seated K = 0.962, standing K = 0.845, and supine K = 0.963 and seated rs = 0.980,
standing rs = 0.958, and supine rs = 0.955). Because AOP measurement by pulse oximetry is relatively easier to perform and
financially more accessible than handheld Doppler equipment, BFR practitioners may benefit from this new methodology to
measure AOP, thus determining individualized restriction pressures.
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Introduction Blood flow restriction cuff pressures have commonly been
prescribed in relation to brachial systolic blood pressure or an
absolute cuff pressure (24). Variables such as limb circumference
(9,19), resting blood pressure (9,19), and the type of cuff (17)
potentially affects AOP. Nonlaboratorial (e.g., gym) approaches
do not consider individual AOP and, therefore, can result in dif-
ferent degrees of restriction during BFR exercise. As a conse-
quence, cuff pressure prescribed for BFR exercise may also be
erroneously determined, which in turn can influence chronic
muscle adaptations after BFR exercise training.

In laboratorial and clinical settings, the use of Doppler ultra-
sound equipment has been considered the gold standard method to
determine AOP (15,23,1,12). An alternative method to determine
the AOP is through a sonographic handheld Doppler equipment
(18,28); however, the use of Doppler equipment, even as handheld,
is inherently limited to the technical expertise needed to assess
AOP. In clinical settings, for example, training practice and regular
use are required to acquire and maintain Doppler skills (26). In
addition, the use of Doppler equipment is related to a certain degree

Blood flow restriction (BFR) accomplished by the use of pneumatic
cuffs is an effective method to induce muscle adaptations alone or
in combination with exercise (7,15). Blood flow restriction pro-
grams performed with the appropriate application of pressure are
effective in sparing the muscle mass during immobilization con-
ditions or in inducing muscle hypertrophy when combined with
resistance exercise (13,16,29). The most appropriate application of
pressure requires measuring the pressure necessary to completely
occlude arterial blood flow, referred to as arterial occlusion pres-
sure (AOP). Therefore, the determination of an optimal cuff pres-
sure is a 2-step process. The first step involves the determination of
the AOP, which can be assessed through Doppler ultrasound. The
second step is the determination of the optimal pressure to be ap-
plied by the cuff during exercise. In this regard, cuff pressures of
40-80% of AOP seem to be effective in producing optimal muscle
adaptations, without incurring health risks to the individual (20).

Address correspondence to Dr. Nelo E. Zanchi, neloz@ig.com.br. of individual variability, which refers to the operator’s skill in ap-
Journal of Strength and Conditioning Research 00(00)/1-5 plying the probe to the artery, which auscultates the pulsatile blood
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another limitation in the assessment of AOP. Independent of the
reasons, a vast majority of BFR practitioners do not perform any
sort of measurement to determine individualized restriction pres-
sures (25), which may impair chronic muscle adaptations after BFR
exercise training or even increase health risks (17).

To overcome the technical difficulties of the use of Doppler
equipment in the determination of AOP, a simpler and less sub-
jective methodology would be helpful for BFR practitioners. In
this regard, portable pulse oximetry has been largely used in
clinical practice for determining systolic pressures, as well as loss
or recovery of pulse, with results similar to those observed with
the use of Doppler equipment (2). Although a handheld Doppler
is capable of determining the arterial blood flow through auditory
determination, pulse oximetry is capable of detecting it in the
capillary circulation, through red and infrared light transmission
(27). By using pulse oximetry, AOP could be determined by po-
sitioning the user’s fingertip in the portable device while inflating
the cuff. Loss of capillary blood flow (or AOP) would be readily
determined by simple visual inspection (3). Although pulse oxi-
metry would be very useful in determining the AOP for BFR
purposes, to the best of our knowledge, a direct comparison with
a handheld Doppler has not been performed in healthy individ-
uals. Therefore, the purpose of this investigation was to compare
the validity of a portable pulse oximeter with a handheld Doppler
in the determination of the AOP in the upper limb of young,
healthy subjects.

Methods

Experimental Approach to the Problem

To evaluate AOP using a Doppler and a pulse oximeter, the sub-
jects reported to the laboratory once. Anthropometry (body mass,
height, and arm circumference) and systolic and diastolic blood
pressures were first measured. Body position (seated, standing, and
supine) was then randomly assigned, and cuffs were applied to the
most proximal portion of the right arm, whereas independent
investigators simultaneously conducted Doppler and pulse oxi-
meter measurements to determine AOP in a blinded manner.

Subjects

The sample was composed of 70 volunteers (mean = SD: 33 men;
37 women; age 5 23.2 = 3.5 years [age range: 18-33 years]). All
subjects were normotensive and were not on stimulants or beta-
blockers. Subjects were instructed to attend the laboratory after
a minimum of 24 hours of absence of exercise, caffeine, and al-
cohol. All subjects provided written informed consent after hav-
ing the purpose, experimental protocol, and possible risks
associated with participation explained, and approval for this
study was obtained from the Federal University of Maranhao -
Brazil, under number 83219517.1.0000.5087.

Procedures

Anthropometric Measures. Body mass and height were measured
by using a digital scale (Filizola PL 50, Filizzola Ltda, Brazil) and
a standard stadiometer, respectively. The arm circumference was
measured at half the distance between the olecranon and acro-
mion process, using a tape (19).

Systolic and Diastolic Blood Pressure. Systolic and diastolic bra-
chial blood pressures were measured using an appropriate-sized
automatic blood pressure cuff (12.8 X 10.4 X 6.4 cm) (Omron,
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Model HEM-773) 30 minutes after all anthropometric measure-
ments. The blood pressure was determined in duplicate, and if
systolic blood pressure values were not within 5§ mm Hg, a third
determination was obtained. The average of the 2 values was taken
as the resting blood pressure (19). The intraclass correlation co-
efficient (ICC) for blood pressure measurement was 0.8438.

Arterial Occlusion Pressure. The BFR cuff used for AOP de-
termination was 5 cm wide, made of nylon (Brazil JPJ-industry of
hospital supplies, SP, Brazil), and this model has been previously
used in a BFR study (14). After randomly determining the order of
positions, subjects were placed in the first body position with the
cuff positioned proximally on the right arm. For determination of
AOP, the pulse was initially detected by an evaluator using
a handheld Doppler probe on the radial artery (MEDMEGA, DV
610V, 10 MHz, Brazil). Auricular earphones were used to block
the sound signals to the other evaluator. Simultaneously, the
other evaluator was monitoring the pulse oximeter (Oxy control,
Geratherm, Germany) placed on the index finger in a position
that was not viewable by the Doppler evaluator. The cuff was
then inflated to 50 mm Hg using a manual sphygmomanometer
(13,10), and the pressure was gradually increased in steps of
10 mm Hg with 5 seconds between each value to allow for im-
proved oximeter visualization. This was continued until the
auscultatory pulse was no longer present (19,17). The lowest cuff
pressure at which the pulse was absent was considered the AOP
for each assessment. Beyond this point, the cuff pressure was
gradually increased by 20 mm Hg, to completely assure lack of
pulse recovery between the 2 different evaluators. This procedure
was repeated for all body positions with 5-minute rest assigned
between AOP determinations (28). In addition, because each in-
vestigator remained assigned to the same device, the ICC was
calculated to illustrate the consistency between both investigators
in determining AOP. The ICC for the Doppler investigator was
0.840, and the ICC for the oximeter investigator was 0.872.

Statistical Analyses

The normality of the data set was assessed using the Kolmogorov-
Smirnov test. Based on the resulting parameters, nonparametric
statistics were performed, and data are presented as median and
interquartile range. The difference between the groups according
to the median of Doppler’s and pulse oximeter’s AOP was tested
by the Wilcoxon test. The correlations between measures were

Characteristics of subjects.*}

Variable n=170
Gender
Men 33
Women 37
Age () 23.26 = 3.5
Height (m) 1.67 = 0.1
Body mass (kg) 67.28 + 13.53
Arm circumference (cm) 28.83 = 4.04
BMI (kg/m?) 2391 = 3.39
SBP (mm Hg) 12013 £ 12.67
DBP (mm Hg) 7117 = 8.07
Heart rate 70.26 = 11.48

*n = number of subjects; BMI = body mass index; SBP = systolic blood pressure; DBP = diastolic
blood pressure.
TValues are shown as the mean values mean = SD.
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Figure 1. Comparison of the arterial occlusion pressure (mm Hg) in the Doppler and the pulse oximeter.

tested using the Spearman correlation. The groups were di-
chotomized by the 75th percentile (22) to separate AOP in 2
major categories of pressure (below and above the 75th percen-
tile), and after that, their agreement was estimated by means of the
Kappa coefficient. The strength of agreement for K values were
defined as follows: poor, 0-0.2; fair, 0.21-0.40; moderate,
0.41-0.6; good, 0.61-0.8; and excellent, 0.81-1.0 (4). Bland-
Altman plots were also made to verify the level of agreement
between the handheld Doppler and the pulse oximeter and the
respective 95% limits of agreement (LoA). In the Bland-Altman
graphs, their difference was plotted against the mean. All analyses
were performed using the statistical software SPSS, version 17.0
(SPSS, Inc., Chicago, IL), and the statistical significance was set
a priori at p = 0.0S.

Results

All 70 subjects completed the study and were included in the
analysis. Subject characteristics are provided in Table 1.

When comparing the pulse oximeter with the handheld
Doppler, the same median (140 mm Hg) was observed between
methods in the 3 body positions analyzed (seated, standing, and
supine), as shown in Figure 1. The AOP median (interquartile) in
the seated position was 140 (30) mm Hg in the Doppler group and
140 (23) mm Hg in the oximeter group with p = 0.011. In the
standing position also, the AOP was also 140 (23) mm Hg in both
groups with p = 0.012. Similarly, the AOP in the supine position
was 140 (30) mm Hg in both methods with p = 0.013.

To summarize, all 70 subjects were evaluated by both the
Doppler technique and pulse oximetry in regard to AOP de-
termination. In the seated position, of the 70 subjects evaluated,
86% (60 subjects) showed the same AOP values for both meth-
ods. At the standing position, of the 70 subjects evaluated, 73%
(51 subjects) reached the same AOP values for both methods.
Finally, at the supine position, 81.5% (57 subjects) demonstrated
the same AOP values, for both methods, in the same sample. In

most cases, when some difference was observed, AOP’s result was
10 mm Hg higher in evaluation using Doppler equipment.

Correlations between the handheld Doppler and pulse oxi-
meter were positive and very strong (0.8-1) (Figure 2), with an rs
of 0.980, 0.958, and 0.955 in the seated, standing, and supine
position, respectively.

Bland-Altman plots for AOP in the 3 body positions are pre-
sented in Figure 3. Visual assessments of the plots show some
points of the LoA in the 3 cases. It must be considered that the
maximal difference found between the pulse oximeter and the
Doppler was =10 mm Hg.

Table 2 summarizes the results of crosstab analysis for the
Doppler and the pulse oximeter. Both methods show good
agreement in the classification of the subjects in the lower
(below) or higher (above) 75th percentile, which means that
both pieces of equipment were able to detect variations in the
AQP for subjects showing either a lower or higher AOP. Data
were classified as 0 when below the 75th percentile and 1 when
above the same percentile. In seated and standing positions, the
75th percentile was 270 and 280 mm Hg, respectively. Minimal
differences between pieces of equipment were seen in seated and
supine positions. In seated versus supine position, for example,
only one disagreement on classification between the Doppler
and the pulse oximeter occurred, whereas in the standing po-
sition, both pieces of equipment totally agreed on the classifi-
cation. The agreement was assessed using Cohen kappa
statistics (K). Our results reveal, for all positions, a high degree
of K agreement (seated K = 0.962; standing K = 0.845; and
supine K = 0.963) with a p = 0.000.

Discussion

The main finding of the present investigation is that both the
handheld Doppler and the portable pulse oximeter can be used
interchangeably to determine upper limb AOP using a manual
BFR cuff. Such measures were similar for both pieces of
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Figure 2. Spearman correlation between the arterial occlusion pressure measured by the Doppler and the pulse oximeter.
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Figure 3. Bland-Altman plots of Doppler and pulse oximeter AOP. AOP = arterial occlusion pressure.

equipment at different body positions (standing, seated, and su-
pine), in a cohort of young, normotensive and eutrophic, male
and female subjects.

Although many studies have focused on the determination of
the ideal pressure applied by the cuff during exercise with BFR,
this is the first study to the best of our knowledge to evaluate the
use of pulse oximetry to determine the AOP in young and
healthy subjects. The importance in determining the AOP for
BFR practitioners is very clear because optimal restriction
pressures during exercise with BFR should be defined as a per-
centage of AOP. However, the determination of AOP itself has
been limited to the use of Doppler equipment or direct palpation
of an artery (21). In this study, we took advantage of the use of
pulse oximeter equipment not to measure hemoglobin satura-
tion or heart rate itself (the 2 most known functions of a pulse
oximeter), but as an indicator of the presence of pulsatile blood
flow in the capillary bed. For this endpoint, flattening or dis-
appearance of the waveform on the pulse oximeter display or
loss of the digital “pulse” display was described by Bianchi and
Zamiri (3) as a methodology capable of measuring the arterial
circulation in patients with venous disease of the leg. In the
supracited study, however, because of the presence of venous
disease, a linear association existed, but only a fair agreement

Cross-tabulation between Doppler and pulse oximeter AOP by the
75th percentile in all positions.*

Doppler
<P75, <270 mm Hg >P75, >270 mm Hg Total (n = 70)

Seated
Pulse oximeter
<P75 52 (74.3%) 1(1.4%) 53 (75.7%)
>P75 0 (0%) 17 (24.3%) 17 (24.3%)
Total 52 (74.7%) 18 (25.7%)
Standing
Pulse oximeter
<P75 51 (72.9%) 2 (2.9%) 53 (75.7%)
>P75 2 (2.9%) 15 (21.4%) 17 (24.3%)
Total 53 (75.7%) 17 (24.3%)
Doppler
<P75,<280 mm Hg >P75,>280 mm Hg Total (n = 70)
Supine
Pulse oximeter
<P75 51 (72,9%) 0 (0%) 51 (72.9%)
>P75 1(1.4%) 18 (25.7%) 19 (27.1%)
Total 52 (74.3%) 18 (25.7%)

*AOP = arterial occlusion pressure.

between the handheld Doppler and the pulse oximeter was ob-
served (3). In our population, considering the upper-limb de-
termination, the correlations between both pieces of equipment
were very high, suggesting that in normal healthy populations,
AOP determination can be validly performed using portable
pulse oximeter equipment.

It is not our intention to diminish or criticize the importance of
the use of Doppler equipment in the determination of AOP, which
is very precise and, in fact, is considered a gold standard method
used in many studies (15,13,16,21). However, in the medical
community, it has been described that nurses who had many
duties in their daily professional activities did not use the Doppler
equipment regularly to maintain their skills and confidence (5). In
this regard, but in a different setting, a recent survey performed by
Patterson and Brandner (25) has demonstrated that among BFR
practitioners, individualized restriction pressures are not per-
formed by most individuals, which led us to suggest that AOP
determination through a handheld Doppler is not a trivial task for
most individuals engaged in a BFR program. As recently pro-
posed, if we consider that AOP determinations are now suggested
to be re-evaluated during a BFR program (for purposes of read-
justments) (11), then a simple methodology to determine AOP
would be even more important. Our research advances in the
direction of this question because through the use of a pulse
oximeter, the practitioner has access to an easy-to-perform
methodology, clear objective endpoints (cut off of the visual sig-
nal), which are financially feasible for most exercise practitioners.

As previously described, once the AOP is determined, calcu-
lating the optimal cuff pressure for an exercise session is a very
easy task, based on the recent literature. When combined with
resistance exercises of 30-40% of 1RM (repetition maximum),
cuff pressures of 40% of AOP seems to be effective in inducing
muscle hypertrophy (6). When the load applied is less than 30%
of 1RM, a higher percentage of AOP, such as 80%, seems to lead
to optimal muscle adaptations (8). Because our data show
a maximal difference of 10 mm Hg between the Doppler or the
oximeter method, when the relative pressure based on AOP is
applied in the training protocol, this difference is likely negligible,
especially during exercise, when some pressure oscillation during
isotonic contractions are expected.

These results increase the possibilities for new BFR exercise
and training studies; however, new studies are needed to validate
this new methodology with different populations. We conclude
that portable pulse oximetry is a valid method when compared
with a handheld Doppler technique in the determination of
upper-limb AOP. Such results were validated at different body
positions (standing, seated, and supine), in a cohort of young,
normotensive and eutrophic, male and female subjects. Future
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