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Abstract

Therapeutic exercise is integral to the comprehensive rehabilitation of patients with cardiovascular disease and, as
such, is recommended by the American Heart Association as a valuable and effective treatment method for such
patients. The type of exercise applied to these patients is aerobic and resistance exercise with mild intensities and
loads to avoid overloading the cardiovascular system. Blood flow restriction exercise is a novel exercise modality
in clinical settings that has in many studies a similar effect on muscle hypertrophy, strength, and cardiovascular
response to training at a 70% strength level without blood flow restriction. Since this exercise mode does not
require high-intensity loads, it can be a safe method for improving muscle strength, cardiovascular endurance, and
functionality in cardiovascular patients. Given that, the objective of this review is to assess and summarize existing
evidence for the use of blood flow restriction in cardiovascular patients. A scoping review of existing clinical trials
was conducted. Eleven studies were examined that suggested the use of blood flow restrictions in cardiovascular
patients to achieve improvements in muscle strength, functionality, and cardiovascular parameters such as blood
pressure decrease.
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prescribed for treating these diseases, while specific medical
interventional techniques are applied in difficult situations.
Therapeutic exercise is one of the most widely documented

Introduction

Cardiovascular pathologies are the leading cause of

death in developed countries and are now turning into a
global pandemic, especially as they are now also affecting
populations in developing countries. Over 19 million
people die annually from cardiovascular diseases (CVD)'3,
a group of disorders that affect the heart, blood vessels
(arteries, capillaries, and veins), or both*. The most common
cardiovascular diseases, and therefore the most important
for public health, are ischemic or coronary heart disease and
vascular stroke. Other heart diseases with a more negligible
epidemiological incidence include peripheral arterial
disease, congenital heart disease, and arrhythmias. Age,
gender, race, and family history are non-modifiable factors,
while clinical and behavioral factors are modifiable. Clinical
characteristics include obesity, hypertension, dyslipidemia,
diabetes mellitus, and cholesterol. Behavioral factors include
reduced physical activity, smoking, unhealthy eating habits,
stressful lifestyle, and socioeconomic level.

Specialized drugs and therapeutic exercises are
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therapeutic approaches for the functional rehabilitation of
patients with cardiovascular disease. There is substantial
evidence that moderate-intensity targeted training is
essential for preventing ischemic heart disease, stroke, and
hypertension. In addition, therapeutic exercise has improved
quality of life and reduced morbidity and mortality in patients
with cardiovascular disease®'°.
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Based on the findings mentioned above, patients with
cardiovascular disease could benefit if they join rehabilitation
programs using therapeutic exercise, given that patients
with cardiac disease often have low cardiovascular function,
muscle mass, and strength levels''. The main types of
exercise that have been evaluated and applied to such
patients are mild aerobic exercise (walking, stationary
cycling) and limb- and trunk-strengthening exercises. In
recent years, new forms of exercise have emerged that
include exercise with blood flow restriction (BFR) and the
use of submaximal training load. These therapeutic exercises
could lead to functional adaptations equal to classical high-
intensity training without requiring high-intensity exercise.
Based on the above, such exercises could be a beneficial and
safe suggestions even in high-risk patient groups, such as
patients with cardiovascular diseases.

More specifically, restricting (not occluding) blood flow
(in combination or not with exercise) is connected with
positive adaptations to skeletal muscle and bones in various
populations (old, young, trained, untrained)'?2. When BFR
training is conducted, the blood flow to the exercising muscle
is restricted by pneumatic cuffs or inflated tourniquets
that are applied to the nearest part of the upper or lower
extremities to reduce the amount of blood that flows back
from the muscles in the extremities during a particular
exercise.

Research has shown that low loads corresponding to
20-30% of one repetition maximum combined with BFR
can improve muscle hypertrophy and strength to levels'3 '3,
These adaptations are significant inthe case of cardiovascular
patients, for whom the American Heart Association currently
recommends exercise using low loading and intensity'e.
Therefore, “occlusion exercise” could be a valuable tool
for clinical therapists, as it accelerates patient recovery by
minimizing muscle mass and strength and functional deficits
that occur during periods of reduced patient mobility and
activity. However, no review has yet been carried out that
has systematically evaluated studies that have examined the
value of exercise with BFR in patients with cardiac problems.
Therefore, this scoping review aims to evaluate all recent
literature regarding the impact of low-load BFR resistance
training in patients with cardiovascular pathologies on
muscle strength and hypertrophy, vascular function, safety,
cardiovascular responses, and inflammatory markers.

Materials and Methods

This scoping review investigates the effectiveness of
blood flow restriction training (BFRT) in cardiovascular
patients. In it, studies in which the participants were
patients with cardiovascular disorders treated with
interventions using BFRT were evaluated to determine
their effectiveness. This review followed the instructions of
the Preferred Reference for Systematic Reviews and Meta-
Analysis'” and the Cochrane Handbook for Systematic
Reviews of Interventions'®. Databases such as PubMed, the
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Criterion Assessment

+ = low risk, — = high risk, ? = unspecified risk.

Table 1. Criteria for evaluating the methodological quality of the
research studies'”.

Physiotherapy Evidence Database, and the Cochrane Central
Register of Controlled Trials (CENTRAL) were used to search
for research. In addition, the CENTRAL database was used to
include controlled studies not appearing in the Medline and
Embassy databases'®. This ensured that most exposures
were covered as well as possible?®, The above databases
were searched for published English and nonrandomized
controlled epidemiological studies. Keywords used were
“cardiovascular patients”, “cardiac rehabilitation”, “blood
flow restriction training”, and “occlusion training”. Relevant
systematic reviews were also included to reduce the
possibility of missing studies. Eligibility criteria included
randomized trials and randomized controlled trials that
assessed the effect of exercise in patients with cardiovascular
disease. Appraisal of studies and avoidance of bias was
based on the Cochrane Handbook for Systematic Reviews
of Interventions (Table 1)'8. The criteria for evaluating
the methodological quality of the studies are presented in
Table 1 and were assessed as high risk (=), low risk (+), and
undetermined risk (?).

The overall quality assessment of each study resulted
from an evaluation of the individual elements summarized in
Table 1 based on the procedures recommended by Cochrane.
Based on the scoring criteria in Table 1, a study was scored
as good when all eight criteria were classified as low risk (+)
and adequate when one criterion was ranked as high risk
(=) or if two criteria were of undetermined risk (?) and, at
the same time, these criteria did not affect the outcome of
the results. Subsequently, a study was classified as bad if
two or more criteria were of high risk (-) or indeterminate
quality (?) and if the study had one high-risk criterion (<)
or two indeterminate risks (?). Outcome measures used to
report BFRT effectiveness included strength adaptations and
hypertrophy, cardiovascular responses and inflammatory
markers. Each study was individually assessed for its
qualitative and quantitative elements, and data for reviews,
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Figure 1. Study flow chart.

interventions, and intervention outcomes were recorded.
Figure 1 summarizes in a flow chart the results of the overall
search strategy.

Results

Evaluation of the databases yielded 37 relevant studies
(Figure 1) and no review that examined the effect of exercise
with BFR in cardiovascular patients. Abstracts of specific
studies were carefully assessed to confirm their relevance
to the scope of the scoping review, and articles appearing
in more than one database were removed. Thus, after the
systematic evaluation and exclusion process (Figure 1),
eleven articles that examined the effects of BFR training
as a therapeutic modality in cardiovascular patients were
included in the scoping review?'3',

Characteristics of the Included Studies

All studies included in the review due to meeting the
inclusion criteria are presented in Table 2.

Trials

Six of the studies were randomized control
trials22:23:26.27.3031 'while the remaining five studies?'232528.29
included only intervention groups. The studies presented
methodological similarities and differences that, as
expected, probably affected the results of the studies. The
dominant similarity among the studies was that the groups
(intervention and control) showed no differences at baseline.
The number of participants ranged from only six participants
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in the study by Fukuda et al.?! to 36 in that by Groennebaek,
et al.3'. The overall number of male participants was higher
than that of females, albeit without a significant difference
(overall: 128 males, 51 females). A significant difference
was observed in the duration of the interventions, which
generally ranged from three weeks?® to six months?®,
although two of the studies were completed in a single
day2'24, In only four studies, a re-evaluation of patients was
carried out. Specifically, patients were reassessed at eight
weeks in three studies?3>3°3! and three months in another?’.
The patients were evaluated only before and after the
therapeutic applications in the remaining seven studies.

Of the studies analyzed, two examined hypertensive
patients?22° and two were associated with patients with
ischemic heart disease?*?%, In two studies, the sample
consisted of postoperative cardiovascular patients2427, while
one study examined patients with coronary heart disease??,
one evaluated patient with chronic heart failure?®, one was
performed in cardiovascular patients?', and one evaluated
patient with congestive heart failure®'.

Interventions

Cezar et al.?? reported that eight weeks of wrist flexion
exercise at 30% of one repetition maximum with BFR
(70% of resting systolic blood pressure) could lower blood
pressure in hypertensive patients receiving medication. In
this study, twenty-three women were randomly divided into
three subgroups. The two intervention subgroups performed
three sets of wrist flexion exercises with or without BFR
twice a week for eight weeks. The control group did not
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Table 2. Characteristics of the included studies.

Kampic et al.,

2021%

Ogawa et al.,
202127

Kambic et al.,
20192

Ishizaka et
al., 2019

Groennebaek
etal,
20193

Tanaka and
Takarada,
20182

Barili et al.,
20182°

Cezaretal,
201622
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Type of
study

RCT

RCT

RCT

Quasi-ex-
perimental
design

RCT

RCT

Experimental
design

RCT

Clinical status

CAD

Post cardiac
surgery

CAD

CHF

CHF

HA

180"
69

39:
180

180"
69

1960

360"

300

16Q

239

3 H3

ars

69.6
+

12,6
years

602y

48+23

IG: BFR
66.7+7,
RIC:62+9;
CG:63+10

60.7
+

1.1

67.2
+

3.7

63.75

+

11.58

Intervention

(modality &
protocol)

IG:BFR RT with AT
CG: usual care AT

IG: KAATSU (knee

ext, flx with BFR),

AT; CG:usual care,
AT

IG: BFRRT
CG:usual care (AT)

Leg extension in
four conditions:
at 10% and 20%
intensities with and
without BFR

|G: BFRRT or RIC
CG: no intervention

IG: BFR with cycle
ergometer
CG: Exercise on a
cycle ergometer

IG: HIAE, low
intensity aerobic
exercise LIAE &

LIAE + BFR

IG1: Wrist flexion
with BFR;
IG2: low intensity
wrist flexion
exercise training
alone;

CG: no structured
physical exercise
program

Intervention
duration

8 wks

12 wks

8 wks

1 day

8 wks

6 months

4 wks

8 wks

Exercise
frequency

2 exercise

sessions/
week

2 times/
week

2 exercise
sessions/
week

1 session

3 times/
week

3 times/
week

1 session

2 sessions/
week

Vascular occlusion
method

Cuff inflation
15 - 20 mmHg>resting
BSP

Cuff pressure was first
set at 100 mmHg at a
mounting pressure of 20
mmHg and was gradually
increased to 160-200
mmHg

Cuff inflation
15 - 20mmHg>resting
BSP

Pressure to 180 mmHg
for BFR in the lower limbs

Proximal portion of the
thighs and inflating them
to 50% of individually
determined arterial
occlusion pressures

208.7 £ 7.4 mmHg

130% of SBP

70% of SBP

Outcome measures

Leg extension muscle
strength; biomarkers
assessment

Body composition; MTH;
Blood biochemistry; MVIC
Walking speed; HGS; knee

strength

Leg extension muscle

strength; VL muscle thickness;

FMD

EMG rectus femoris, vastus
lateralis, vastus medialis

Blood sampling, muscle
biopsies,6-MWT,maximal
isometric strength, dynamic
knee-extensor strength, local
muscular strength-endurance
capacity, MLHFQ

Cardiopulmonary exercise
testing,; blood chemistry;
thigh circumference

Blood analysis rest, post-
exercise and after 30 minutes
recovery

Hemodynamic;
biochemical responses

Adverse

Outcomes results
effects

IG: :1 muscle strength

15BP 19

IG: 1 muscle strength,
muscle size. physical No
function

IG:1 muscle strength;
| SBP; 1 HR; tend
toward improvement
FMD

No

At 10% intensity,
BFR increased EMG No
of all muscles

BFRRT, but not RIC,
improves functional
capacity, quality
of life, and muscle
mitochondrial
function

IG: Peak VO2/W,

improve exercise

capacity & serum
BNP levels

No

No

SoD: ¢
GST:1 NPSH levels:|,

BFR:|, blood
pressure, mean No
arterial pressure

JFSF
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Table 2. (Cont. from previous page).

Intervention
Clinical status

(modality &
protocol)

IG: Knee extension
with or without

\[EREIEINERE  Experimental  Ischemic heart

A . 29 57+6 BFR 3 wks
25
al, 2013 design disease e e e
without BFR
Car@ovascular |G:Biceps flexion
diseases; . )
G old exe;zlsetvggwRor
FICEEREERN  Experimental ) withou ;
20132 design myocardial 60 6912 (¢ mienciiexion 1 day
infarction, . .
) exercise without
1 dilated
) BFR
cardiomyopathy
|G:Leg resistance
- ) ) exercises (leg
NEUEIERESS Experimental — Ischemic heart
al., 20102 design disease 73S Set4 press. leg 12 wks
extension, leg curl)
with BFR

Intervention
duration

Adverse
effects

Vascular occlusion
method

Exercise

Outcomes results
frequency

Outcome measures

No significant
changes in markers

Pressure of 200 mmHg of hemostasis &

1 session/ Noradrenaline;

by 50 mm width elastic A ) inflammation; No
week RS D-dimer FDP; hsCRP IG:1 heart rate &
plasma noradrenaline
concentration
kaatsu belt inflated to L
" 110-160 mmHg on the Electromyography; IC: S|gn|f|c§nt E,MG
1 session . . ) . muscle activation, No
proximal region of both Perceived exertion ARPE
arms
2 o Pressure of 100 mmHg CSA; 1-RM voluntary IG:1 muscle strength,
ey & gradually to 160-250 force and VO2; blood mass, and endurance No
mmHg sampling;hormonal analyses capacity

CAD: Coronary artery disease; CHF: Chronic heart failure; AT: Aerobic training; RT: Resistance training; SBP: systolic blood pressure; BSP:Brachial systolic pressure; VL: vastus lateralis; FMD:flow mediated dilatation; KAATSU RT
= low-intensity resistance training with moderate blood flow restriction, MTH = muscle thickness of thigh, MVIC = maximum voluntary isometric contraction, BFR = blood flow restriction, EMG = electromyographic activity, FDP =
fibrinogen/fibrin degradation products, hsCRP = high-sensitivity C-reactive protein; BNP: brain natriuretic peptide; HGS:Hand Grip Strength; HIAE:High intensity aerobic exercise; LIAE: Low intensity aerobic exercise; RPE: Ratings of
perceived exertion ;CSA: muscle cross/ sectional area; HA:hypertension; ); 6-MWT: 6-minute walk test, MLHFQ: the Minnesota Living with Heart Failure Questionnaire; RIC: remote ischemic conditioning; G'male; ? :female

participate in any exercise program. Before each exercise session, blood pressure was
evaluated at rest, and the result was an indicator for adapting the restriction in the
BFR group. The restriction was set at 70% of the systolic blood pressure at rest for
each participant and was maintained from the beginning of the training session until
the last series of exercises.

Barili et al.?° evaluated the immediate effects of low-intensity aerobic exercise with
BFR on specific parameters of the cardiorespiratory system in hypertensive patients.
Sixteen women aged 60-75 performed three therapeutic exercise protocols. The
first protocol involved high-intensity aerobic exercise at 50% of estimated oxygen
consumption, the second involved low-intensity aerobic exercise at 30% of estimated
oxygen consumption, and the third involved low-intensity aerobic exercise with
BFR. Blood samples were collected from the patients at rest, immediately after the

m

completion of each training program, and after 30 minutes of recovery.

Madarame et al.?®> evaluated the hemostatic and inflammatory adaptations
from the application of BFR in nine patients with ischemic heart disease. Patients
participated in an exercise program in which they performed four sets of bilateral knee
extension at 20% one-repetition maximum loading with BFR (4 patients) or without
(5 patients). The exercise consisted of one set of 30 repetitions and three sets of 15
repetitions. Participants were instructed to hold the concentric phase for one second
and the eccentric phase for one second. BFR was maintained throughout the exercise,
including rest periods between sets, and released immediately after completion.
Blood samples were collected before, immediately after, and one hour after training.

In the same context, Kambic et al.?> examined the safety and efficacy of resistance
exercise with BFR in patients with coronary heart disease, compared with conventional
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rehabilitation. Twenty-four patients were equally divided
into two groups: an intervention group (BFR) and a control
group. The participants in the intervention group followed an
eight-week strength training program, performing a total of
16 unilateral leg extension exercise sessions twice per week,
with a 48-hour rest period in between. Each training session
consisted of 9, 10, and 12 repetitions in the first, second,
and third sets, respectively, with 45 seconds of rest between
sets. The training load was set at 30% of one repetition
maximum and increased every two weeks, reaching 40% of
one repetitionmaximum inthe seventh week. The participants
were guided to perform the exercise with one second in the
concentric phase and two seconds in the eccentric phase.
This BFR was maintained throughout the session, and the
cuff was inflated between 15 and 20 mmHg greater than
the resting brachial systolic pressure. Furthermore Kambic
et al.*° reproductive the protocol of their previous study
(2019) and examined the acute and training induced effects
of BFR-RT on hemostatic and hemodynamic responses in
patients with coronary artery disease (CAD).

Ishizaka et al. examined the muscular activation of the
quadriceps during the eccentric and concentric phases of
knee extension?4. The sample consisted of seven patients
with cardiovascular disorders who performed the exercise
under four conditions: with loads of 10% and 20% of one
maximum repetition with and without BFR each time. They
performed three sets of 30 bilateral repetitions with 30
seconds of rest in between. Between the different conditions,
the rest period was five minutes. The occlusion was adjusted
to 190 mmHg, and the cuff was inflated between sets and
removed after the completion of each exercise condition.

Ogawa et al.?” evaluated the results and safety of low-
intensity exercise with BFR in muscle indices (muscle
strength and mass) in cardiovascular patients’ post-surgery.
Twenty men were randomly assigned to the control and
resistance exercise groups with BFR. All subjects participated
in an aerobic rehabilitation program, but the BFR group also
performed knee strengthening and leg press exercises with
BFR twice a week for three months. The participants were
instructed in 1.5-second concentric and eccentric phases.
Patients began exercising at a very low intensity and volume,
gradually increasing to three sets of 30 repetitions per
exercise with 30 seconds of rest between sets. After the
second week, the one-repetition maximum was estimated,
and the intensity of the exercise was adjusted to 20-30% of
the one repetition maximum.

Nakajima et al.?® found improvement in muscle strength
and endurance in cardiovascular patients after a low-intensity
BFR program performed twice a week for three months. The
study sample consisted of seven male patients with ischemic
heart disease who performed leg presses, leg extensions,
and leg curls. Each exercise consisted of four sets: the first
of 30 repetitions and the following 3 of 15 repetitions. The
patients were instructed to follow concentric and eccentric
phases for 1.5 seconds. The load was adjusted to 20-30%
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of one repetition maximum.

Fukuda et al.2' examined the effects of BFR with low-
intensity resistance exercise on muscle activation in
cardiovascular patients. Six patients performed bicep flexion
exercises with BFR. The exercise session consisted of 30
repetitions followed by three sets of 15 repetitions, with rest
periods of 30 seconds between sets. The exercise duration
was 2.4 seconds and included 1.2-second concentric and
eccentric phases.

Tanaka and Takarada?® evaluated the impact of aerobic
exercise training on vascular occlusion in patients with
chronic heart failure. In this study, thirty patients with heart
failure (post-infarction) randomly participated in an aerobic
training program performed on a cycle ergometer with and
without the application of BFR at an intensity of 40-70%
of the max VO2/W for 15 minutes three times a week for
six months. Each training session began with a five-minute
warm-up period, followed by adjusting the cycle ergometer
resistance for everyone.

Groennebaek et al.3', evaluated the effects of blood flow
restriction with or without low-load exercise, conducted as
blood flow restricted low load resistance exercise and remote
ischemic conditioning, in functional capacity and quality of
life in patients with congestive heart failure, who are not
able to perform medium to high load resistance exercise.
In this study, thirty-six patients aged 18 to 80 years, with
left ventricular ejection fraction < 45%, and New York Heart
Association (NYHA) functional class | to Ill were recruited.
The study was conducted in a 8-week period. Specifically,
the intervention program was completed in 6 weeks
and pretests were performed 1 week before the 6-week
intervention, and post tests were performed 3 days after
the 6-week intervention. The 6-week intervention included
three sessions per week (Monday, Wednesday, and Friday)
with blood flow restricted low load resistance exercise
(participants performed 4 sets of bilateral knee-extensions
at 30% of 1-RM) or remote ischemic conditioning (4
cycles of 5 min upper arm ischemia followed by 5 min of
reperfusion), depends on the group, and at the control group
the participants received al the test but they did not receive
any kind of intervention. During the whole intervention
period participants were instructed to continue their habitual
lifestyle and physical activity level. In this study, conducted
assessments regarding muscle biopsies, functional capacity,
and quality of life assessments. The group that followed the
blood flow restriction low resistance exercise showed that
improved 6-minute walk test, increased maximum isometric
strength, improved quality of life and increased mitochondrial
function compared with control.

Risk of Bias

The quality assessment of the studies in the review was
based on criteria for assessing the risk of bias. This rating
ranged from five to six, with a maximum of eight, where a
lower score indicated a higher risk of error. All studies
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Table 3. Study evaluation based on the Cochrane Risk of Bias tool.

Criteria Ishizaka et | Cezar et al., | Madarame et | Fukuda et

al.,, 201924 201622 al.,, 201335 al., 20132
Seqguence
. + + + + +
Generation
Allocation
+ - + - -
Concealment

Blinding Of
The Research

Ogawa et al.,
20217

Blinding
Of The ? ? ? ? ?
Participants
Blinding Of
The Outcome + + + + +
Assessment
Selective
+ + + + +
Reporting
Incomplete
+ + + + +
Outcome Data
Other
Potential i 4 i 4 4
Threats
Final Sufficient ) Sufficient ) )
Evaluation quality Poor quality quality Poor quality Poor quality

included in the review were randomized or clinical trials (Table 3). Although the
outcome assessors of the studies were blinded, the principal investigators could not
be blinded. Based on the above quality review methods, the final assessment resulted
in six studies of adequate quality?'23-26:27:3031 gn( five of poor quality?'-242528.2%,

Study Findings

The review showed increased muscle strength, muscle mass improvement, and
functionality after BFR training in cardiovascular patients (Table 2). Ogawa et al.?”
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Tanaka and | Groennebaek

Kambic et Kambic et Nakajima et | Barili et al.,

Takarada
23 30 28 29 L
al.,, 2019 al., 2021 al.,, 2010 2018 2018%
+ + + + + +
+ + - - + +
? ? ? ? ? ?
+ + + + + +
+ + + + + +
+ + + + + +
+ + + + + +
Sufficient Sufficient Poor qualit Poor qualit Sufficient Sufficient
quality quality quality q y quality quality

reported the positive effects of low-load BFR training for the reduction of cardiac
surgery-induced loss in muscle mass and functionality, as opposed to the standard
cardiac rehabilitation program, which appearedto be insufficient to restore functionality
in such patients. Ishizaka et al.?* and Fukuda et al.?" both reported significant muscle
activation after low-load exercises combined with blood flow restriction, which was
recorded via electromyography (EMG) in cardiovascular patients. Cezar et al.??
reported that low-load strength training with vascular occlusion for eight weeks
performed twice a week can decrease systolic and diastolic blood pressure and
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mean arterial pressure in hypertensive women. Kambic et
al.?® arrived at the same conclusions regarding a decrease
in systolic blood pressure following BFR training with low-
load resistance in patients with coronary artery disease
(CAD). The above findings indicate that low load resistance
exercise with vascular occlusion may be a safe option for the
prevention and treatment of hypertension in hypertensive
patients and for improving blood pressure in CAD patients.
Apart from the positive results in blood pressure, Kambic
et al.2® highlighted the significant muscle strength and
functionality improvement in CAD patients who followed
BFR resistance training. In their research, Madarame et al.?®
analyzed the effect of BFR low-load resistance exercise on
hemostatic and inflammatory responses in patients with
ischemic heart disease (IHD). Their results showed that this
type of exercise does not affect exercise-induced hemostatic
and inflammatory responses in stable IHD patients; thus, it
can be prescribed as a safe training method. Nakajima et al.?®
showed that three-month low-intensity vascular occlusion
resistance exercises can induce muscle hypertrophy and
strength and increase aerobic capacity in IHD patients.
Furthermore, Barili et al.?° and Yasushi et al.2¢ highlighted
the benefits of aerobic exercise combined with blood flow
restriction training. The first study reported low-intensity
aerobic exercise with BFR to be safe and valuable in terms
of muscle gains training method, and the second study
suggested that BFR aerobic exercise training can enhance
exercise capacity in patients with chronic heart failure. Finally,
Groennebaek et al.3', showed that blood flow restriction low
load resistance exercise, in patients with congestive heart
failure, enhance functional capacity, self-reported quality of
life, and stimulate increases in skeletal muscle mitochondrial
respiratory function and ribosomal biogenesis.

Discussion

The application of BFR in combination with specific
types of exercise has recently become quite popular in the
field of rehabilitation and gathered considerable research
interest. In particular, although it started as a means of
further enhancing muscle strength in healthy athletes,
blood flow restriction training has over the last two decades
become a popular therapeutic technique in different groups
of patients with significant functional deficits and painful
musculoskeletal conditions. The rationale for implementing
BFR exercise as a musculoskeletal rehabilitation tool is
based on the fact that it is a safe exercise method in clinical
settings. Furthermore, it can lead to muscle hypertrophy and
increased muscle strength with low to moderate intensity
training through improved anabolic processes mediated by
BFR. BFR limits arterial and venous blood flow and leads
to the pooling of blood, which can increase the effects of
exercise-induced training. Impressively, strength training at
lower intensities (20-40% of maximal strength) combined
with BFR led to a similar improvement in variables such as
muscle hypertrophy, muscle strength, and cardiovascular
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fitness in athletes and non-athletes as exercising at 70%
strength level without BFR'3'3,

Patients with cardiovascular disease often exhibit low
levels of function, muscle mass, and muscle strength''.
Therefore, the above negative functional adaptations are
the target of cardiovascular rehabilitation programs that, by
restraining the reduction of muscle mass and strength and
increasing cardiopulmonary function, aim to improve the
quality of life of these patients. Aerobic exercise is essential
for cardiovascular rehabilitation, especially after major
cardiac surgery. However, it is common for cardiovascular
patients to be unable to participate in even low-intensity
aerobic exercise programs, mainly due to the muscle atrophy
and general weakness accompanying such pathologies.
These functional deficits are significant barriers to the
gradual recovery of muscle strength and function in these
patients, given that the American College of Sports Medicine
(ACSM) states that training loads of at least >75% of 1-RM
arerequired for optimalimprovements in muscle hypertrophy
and strength in healthy adults®2. Under these conditions, a
type of exercise that would have the effectiveness of high-
resistance exercises but utilizes submaximal intensity,
such as BFR, could be prescribed to cardiac patients after
its effects and the safety of its application had first been
investigated and documented.

The results of the present review support the above
view that BFR training with low-level intensity can restrain
the loss of muscle mass and improve muscle hypertrophy
strength and cardiovascular endurance in cardiovascular
patients. The above findings agree with the existing literature
regarding the general benefits of BFR training in muscle
strength and hypertrophy. Loenneke et al.>3® published a
meta-analysis of 11 studies comparing BFR exercise to low-
intensity training and found relative improvements in muscle
strength and hypertrophy compared with control groups.
The same results were highlighted by Centner et al.>* in
their systematic review and meta-analysis of the effects of
BFR training on muscular strength and hypertrophy in older
individuals. They reported low-load BFR and walking with
BFR to be effective interventions for muscle hypertrophy and
strength gains in older populations. Similarly, BFR exercises
have been reported to be especially promising in recovering
injured and postoperative patients. Takarada et al.> reported
that after anterior cruciate ligament (ACL) reconstruction,
BFRT alone, without resistance training, decreased muscle
atrophy postoperatively.

Nevertheless, the findings of the present review should be
evaluated under the weight of their methodological deficits
and limitations.

First, most studies in this scoping review were at
moderate or high risk of bias. Therefore, its findings should be
confirmed, ideally using larger sample sizes, randomization
of participants, and extended follow-up durations.
Additionally, the surveys included in the review were limited
(only nine), and most were not randomized. The number of
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participants also varied considerably, with Fukuda et al.2!
including only six participants, while Tanaka and Takarada?®
evaluated 30 patients. In addition, significant differentiations
were observed in the interventions’ duration and patients’
pathologies. Durations ranged from one session?'?* to
three months?728, Of the studies analyzed, two examined
hypertensive patients?22°, while two dealt with patients
with ischemic heart disease?>2, In two studies, the sample
consisted of postoperative cardiovascular patients?427, two
studies examined patients with coronary artery disease?33°,
and one was conducted on cardiovascular patients (no
surgery was reported)?'. One study evaluated the impact of
aerobic exercise training on vascular occlusion in patients
with chronic heart failure?é, and one other assessed the effect
of blood flow restriction with or without low load resistance
exercise in patients with congestive heart failure®'.

However, regardless of the reported benefits of BFR
training, the safety of its use is often questioned, mainly when
it is applied to patients. In support of BFR safety, a Japanese
national survey reported that the most common adverse
effects of BFR training, such as subcutaneous hemorrhage,
sensory paresthesia (1.3%), and lightheadedness, are
temporary®®. In addition, concerns exist regarding safety
and adverse events (e.g., numbness, nausea, hypertension,
headache, fainting, tingling, excessive pain, central retinal vein
occlusion, rhabdomyolysis) during and following exercise,
particularly for those with comorbidities®”. For example,
patient’s chronic kidney disease (CKD) exhibits an elevated
cardiovascular risk manifesting as coronary artery disease,
heart failure etc3®. BFR training displays similar positive
health benefits to exercise training but potential implications
should be considered by clinicians and researchers.

Another potential concern by cardiologists is BFR
exercise’s effect on the exercise pressor reflex. The
excessive restriction could lead to the overactivation of
muscle reflexes and/or central command, with consequent
development of sympathetic hyperreactivity and increased
risk for cardiovascular-related adverse events. The existing
data on the short- or long-term effects of BFR exercise’s
impact on the exercise pressor reflex is still insufficient.

Overall, the risk associated with BFRT appears to be less
than that associated with traditional high-load resistance
exercise. The results of this review similarly suggest the
same conclusion, underscoring that BFR training is not only
a safe exercise method for cardiovascular patients but also
can act positively in hypertensive patients by reducing blood
pressure. However, long-term studies on its effects on the
cardiovascular system are needed. The optimal duration and
intensity of pressure cuff-induced skeletal muscle blood
flow restriction to provide BFR exercise properly and safely,
especially in cardiovascular patients, needs to be evaluated
with better and well-designed studies.

Cezar et al.?? and Kambic et al.?*> showed low-intensity
resistance exercise with BFR low-load exercise to be safe
for cardiovascular patients and reduce blood pressure.
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Similarly, Madarame et al.?® suggested no significant
changes in markers of hemostasis and inflammation in
patients with ischemic heart disease after low-load BFR
resistance training, supporting that BFR exercise could be a
safe training method for those patients.

Barili et al.2° and Yasushi et al.2¢ reported that aerobic
exercise combined with BFR training has positive results in a
hypertensive population of patients with chronic heart failure
in terms of cardiorespiratory function and improvement of
exercise capacity.

Furthermore, both the studies of Ishizaka et al.?* and
Fukuda et al.?', which were recorded via EMG in cardiovascular
patients, reported significant muscle activation after
low-load exercises combined with BFR, underscoring the
strengthening and hypertrophic effects of exercise on
skeletal muscles. Ogawa et al.?” showed that low-intensity
resistance exercise with limited blood flow increases
muscle strength and mass in cardiovascular patients who
have undergone surgery. Nakajima et al.2® showed that
muscle strength and endurance in cardiovascular patients
improved after a three-month low-intensity BFR program,
while at the same line Groennebaek et al.*', underlined that
a six week blood flow restriction low load exercise program
improved functional capacity, self-reported quality of life
and stimulating increases in skeletal muscle mitochondrial
respiratory function and ribosomal biogenesis in patients
with congestive heart failure, and showed that blood flow
restriction low load exercise could be an innovative method
at the rehabilitation process in such a patients group.

Although BFR exercise appears to have positive benefits
on skeletal muscle function, it is important to recognize
possible contraindications that should be considered with
respect to vascular health (e.g. coronary artery disease,
unstable hypertension, postsurgical excess swelling,
medications known to increase blood clotting risk)3°4°,
Therefore, proper screening prior to BFR exercise is required
to reduce the risk of complications*°#'. Future studies should
report and discuss any associated side-effects to improve
our understanding with respect to the safety of BFR exercise
method®”.

Conclusions

This review aimed to evaluate the effects of mild-intensity
blood flow restriction exercise in patients with cardiac
diseases. Unfortunately, very few studies are available in this
area, and most are of moderate quality. From these studies,
current evidence suggests that BFR combined with low-
load exercises can improve muscle strength, cardiovascular
endurance, and functionality in patients with heart disease
without requiring high-intensity training. Future studies
are needed to determine appropriate indications for
prescriptions in cardiovascular patients by extending the
follow-up periods, enrolling larger sample sizes, and using
specific BFR exercise protocols for these patients.
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