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Combining blood flow restriction (BFR) with exercise is considered a
relevant, helpful method in load-compromised individuals and a viable
replacement for traditional heavy-load strength training. BFR exercise
may be particularly useful for those unable to withstand high mechanical
stresses on joints resulting in skeletal muscle dysfunction, such as
patients with chronic kidney disease (CKD). Current literature suggests
that BFR training displays similar positive health benefits to exercise
training alone for CKD patients, including maintenance of muscle strength,
glomerular filtration rate maintenance, uremic parameters, inflammatory
profile, redox status, glucose homeostasis, blood pressure adjustments,
and low adverse reports. In this review of nine studies in CKD patients,

INTRODUCTION

Exercise training with blood flow restriction (BFR) is considered
a potentially useful method for clinical musculoskeletal rehabili-
tation as a replacement for traditional heavy load strength training
for populations who are unable to withstand high mechanical stress-
ors (Hughes et al., 2017). BFR exercise involves applying external
pressure around the muscle using a tourniquet-inflated cuff to the
most proximal region of the upper or lower limbs (Patterson et al.,
2019). During BFR, there is gradual mechanical compression of
the vasculature underneath the cuff, resulting in partial restriction
of arterial blood flow to structures distal to the cuff, and dimin-
ished venous outflow from under the cuff that is proposed to im-
pede venous return (Patterson et al., 2019). This method can be
used during resistance and aerobic exercise as well as applied pas-

we clarify the potential safety and health effects of exercise training with
BFR compared to exercise training alone and recommend insights for
future research and practical use. Furthermore, we introduce relevant
gaps in this emerging field, providing substantial guidance, critical dis-
cussion, and valuable preliminary conclusions in this demographic of
patients. However, based on the limited studies in this area, more re-
search is necessary to determine the optimal BFR exercise program-
ming.
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sively without exercise (Patterson et al., 2019). Longitudinal results
indicate that low-load exercise training with BFR can produce
greater muscular strength responses than low-load exercise without
BFR with comparable gains in muscle mass compared to heavy
load exercise (Hughes et al., 2017; Lixandrao et al., 2018).

Those positive musculoskeletal benefits observed in both clinical
and healthy populations highlight the need for nephrologists, phys-
iotherapists, and physical education professionals to understand
the possible use of this modality on treating functional impairments
and the disablement process of patients with chronic kidney dis-
ease (CKD) (Centner et al., 2019; Hughes et al., 2017; Lixandrao
et al., 2018; Roshanravan et al., 2017). CKD consists of kidney
damage and progressive and irreversible loss of kidney function
(glomerular, tubular, and endocrine) and for didactic and concep-
tual purposes, CKD is divided into six functional stages according
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to the patient’s degree of renal function, with the last stage requir-
ing some renal replacement therapy (KDIGO, 2021). Patients with
CKD display considerable strength and muscle mass loss contrib-
uting to a high prevalence of frailty, mobility disability, and in-
creased mortality risk, especially in the more advanced stages of
the disease (Moorthi and Avin, 2017; Roshanravan et al., 2017).
However, exercise training can ameliorate aerobic capacity, muscle
strength, and physical function, health-related quality of life, de-
crease blood pressure, improve inflammation and oxidative stress
biomarkers, and maintain kidney function (Cheema et al., 2014;
Heiwe and Jacobson, 2011; Howden et al., 2012; Smart et al.,
2013). Current clinical practice guidelines suggest that intermit-
tent compression (e.g., a milder form of BFR) of upper arms veins
by tourniquet before arteriovenous fistula (AVF) construction may
positively influence the forearm vascular access and enhance quality
of life of CKD patients who undergo hemodialysis (Rus et al., 2005a;
Rus et al., 2005b). Thus, the beneficial effects of BFR training
(e.g., a more targeted and restrictive form of intermittent compres-
sion) in CKD patients should also be investigated in relevant car-
diovascular dimensions (e.g., resting blood pressure), nutritional
measures (e.g., muscle mass), physical fitness (e.g., muscle strength),
physical functioning and activity (e.g., walking capacity), system-
ic inflammation (e.g., serum interleukin 6), and arterial and vein
diameters to determine if there exists a dose-response relationship
with ischemia, compression and/or exercise under restriction.
Although BFR is practically useful for those with physical im-
pairments, there exist concerns regarding safety and adverse events
(e.g., numbness, nausea, hypertension, headache, venous throm-
bus, deterioration of ischemic heart disease, fainting, tingling, ex-
cessive pain, central retinal vein occlusion, and rhabdomyolysis)
during and following exercise, particularly for those with comor-
bidities (da Cunha Nascimento et al., 2020; de Queiros et al., 2021;
Noto et al., 2017; Ozawa et al., 2015; Patterson and Brandner,
2018; Wong et al., 2021). The concern is primarily related to the
skeletal muscle exercise pressor reflex during BFR exercise (Cristi-
na-Oliveira et al., 2020; Spranger et al., 2015). As a result of the
ischemia and stimulation of the afferents in the exercising muscle,
potentially exaggerated cardiovascular and hemodynamic responses
may occur during exercise exceeding the same exercise performed
without BFR and approaching heavy load strength training (Do-
mingos and Polito, 2018). In addition, exercise training with BFR
might have deleterious effects on vascular health in those with
CKD as they display an increased abundance of vascular alpha-1
adrenergic receptors that contributes to abnormal neurocirculatory
control (da Cunha Nascimento et al., 2020; Sprick et al., 2019).
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Therefore, the beneficial health effects of exercise training with
BFR and safety (e.g., possible adverse effects and a risk stratifica-
tion tool) for CKD patients remain not fully elucidated. As such,
the purpose of this review paper is to examine the evidence avail-
able on BFR exercise in patients with CKD to make recommen-
dations about BFR exercise prescription and programming and
ascertain relevant safety considerations when implementing it into
clinical practice. Importantly this review focuses on clinically rele-
vant outcomes associated with CKD and its complications as pre-
viously reported (Cheema et al., 2014; Heiwe and Jacobson, 2011;
Howden et al., 2012; Rus et al., 2005a; Rus et al., 2005b; Smart
etal., 2013). Furthermore, we introduce relevant gaps in this emerg-
ing field, provide substantial guidance, critical discussion, and
valuable preliminary conclusions in the area.

EFFECTS OF BFR EXERCISE ON PHYSICAL
FITNESS, PHYSICAL FUNCTION, AND
NUTRITIONAL MEASURES

CKD can lead to frailty, muscle mass wasting, and sarcopenia,
presenting a significant challenge to functional mobility and re-
ductions in quality-of-life measures (Dubey et al., 2021). The in-
flammatory status and redox state inherent to CKD, nutrient loss
during dialysis and the harmful changes in the musculoskeletal
system related to natural aging can partially explain the increased
protein catabolism present in this condition (Chatzipetrou et al.,
2022; Dubey et al., 2021; Sabatino et al., 2021; Workeneh et al.,
2021; Yu et al., 2021). Markers of muscle mass, strength, and
functional capacity are important predictors of outcomes in this
patient population subjected to a catabolic protein-energy wasting
(PEW) syndrome and consequently, muscle atrophy (Chatzipetrou
et al., 2022; Sabatino et al., 2021). Importantly, assessment of
muscle functionality may provide additional diagnostic and prog-
nostic information to clinical outcomes, quality of life, and mor-
tality rates (Wilkinson et al., 2021).

Previous randomized clinical trials compared the effects of
6 months of periodized resistance training with and without BFR
3 days a week in male and female patients with stage 2 CKD
with hypertension and diabetes (Corréa et al., 2021a; Corréa et al.,
2021b). The training program included eight exercises: bench
press, seated row, shoulder press, triceps pulley, barbell curls, leg
press 45°, leg extension, and leg curl. Fifty percent (50%) of limb
occlusion pressure (LOP) was applied for the upper and lower limbs
in a continuous application method during all exercise training
sessions. Results of the studies indicate similar increases in dynam-

https://doi.org/10.12965/jer.2244082.041



Rolnick N, et al. ® Blood flow restriction exercise

J

ic and isometric strength (hand grip strength) for upper and lower
limbs regardless of the application of BFR.

Another randomized clinical trial compared the effects of 8 weeks
of exercise training including tennis ball, dumbbell weights, and
handgrip exercise 5 times a week (2 being supervised by the phys-
iotherapist and 3 unsupervised) between the BFR group and exer-
cise training alone (Silva et al., 2021). Male and female patients
with stage 4/5 CKD under conservative or dialysis treatment par-
ticipated in this study. All patients were hypertensive, and the
majority were diabetic and presented with cardiovascular disease
(CVD). Fifty percent (50%) LOP was applied continuously for the
upper limbs during all training sessions. Results demonstrated
that the BFR group displayed no superior improvement in iso-
metric muscle strength and arm circumference when compared to
group without BFR training with no within group improvements
after 8 weeks of training.

In addition, the Barbosa et al. (2018) randomized clinical trial
evaluated the effect of 8 weeks of exercise training with and with-
out BFR on handgrip strength in male and females with stage 4/5
CKD. All patients were hypertensive, and the majority were dia-
betic. The protocol consisted of 5 times per week (2 being super-
vised by the physiotherapist and 3 unsupervised) of training using
tennis balls, dumbbells, and handgrip exercise. Pressure was also
applied continuously at 50% LOP and only released following com-
pletion of the exercises. The results showed that handgrip strength
improved in 81.82% of the control group patients while the BFR
group did not show demonstrable increases indicating superiority
of conventional exercise approaches.

A previous 12-week randomized clinical trial evaluated the ef-
fect of intradialytic exercise training with BFR compared to con-
ventional exercise on muscle strength and walking endurance test
in male and female end-stage CKD patients (Cardoso et al., 2020).
The protocol consisted of aerobic training using cycle etgometry
during hemodialysis sessions 3 times a week. Fifty percent of LOP
was applied to the lower limbs continuously during all training
session. Results of this study demonstrated no differences for func-
tional capacity (walking distance in 6 min) between groups despite
a larger improvement in distance walked in the BFR group with
no change in muscle strength in either condition.

The contrasting results between studies demonstrate that pro-
gressive and periodized exercise training may be an essential issue
to consider with BFR prescription for CKD patients. It is worth
mentioning that supervised exercise programs are associated with
greater benefits than unsupervised exercise for CKD patients (Heiwe
and Jacobson, 2011; Smart et al., 2013). In the included studies
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in our review, two randomized clinical trials adopted some unsu-
pervised sessions (Barbosa et al., 2018; Smart et al., 2013) while
only three studies adopted some form of progtessive and periodized
training with dynamic and isometric strength increments observed
post-intervention (Corréa et al., 2021a; Corréa et al., 2021b; de
Deus et al., 2021). Furthermore, only one study evaluated the ef-
fects of exercise on muscle mass.

Increases in dynamic and isometric strength from BFR training
(Corréa et al., 2021a; Corréa et al., 2021b) represents an important
health outcome for CKD patients. Muscle strength independently
predicts the composite renal end points (mortality before com-
mencing long-term dialysis or reaching end-stage renal disease,
ESRD) across different stages of CKD (stages 1 to 5) in men and
women (Chang et al., 2011). Patients reaching renal end points
display lower muscle strength than patients that do not reach re-
nal end points (Chang et al., 2011). From a clinical point of view,
current literature suggests that it seems essential to start exercise
training as early as possible to obtain strength and functional ca-
pacity improvements. Considering this, the use of BFR training
for muscle strength maintenance in the initial stages of estimated
glomerular filtration rate (eGFR) reduction (G2 stage) could be a
reliable entry point to foster functional capacity during the pro-
gression of CKD.

For muscle mass, arm circumference is considered a readily avail-
able criteria for assessing PEW in CKD patients (Fouque et al.,
2008), and the lack of change observed in Silva et al. (2021) might
demonstrate that CKD patients are at increased risk for PEW.
Causes of PEW include endocrine disorders, vitamin D deficiency,
diabetes, nutrient loss during dialysis, production of inflammato-
1y cytokines, oxidative stress, and low nutrient intake (Fouque et
al., 2008). Although more common in ESRD patients (Fouque et
al., 2008), PEW should also be considered in the initial stages of
CKD and exercise-based strategies including BFR should be in-
vestigated in future studies to determine optimal application pa-
rameters to mitigate PEW.

EFFECTS OF BFR EXERCISE ON
CARDIOVASCULAR OUTCOMES AND
RENAL INTEGRITY AND FUNCTION

In general, patients with CKD exhibit an elevated cardiovascular
risk compared to healthy individuals, manifesting hypertension,
coronary artery disease, heart failure, and arrhythmias (Jankowski
et al., 2021). The kidney can release hormones, enzymes, and
cytokines in response to kidney injury or insufficiency, leading to
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maladaptive changes in the vasculature and autonomic system
(Jankowski et al., 2021). In this respect, CKD mimics the acceler-
ated aging process of the cardiovascular system.

Few randomized clinical trials compared the effect of BFR exer-
cise training with exercise training alone on blood pressure and
heart rate variability. The first study compared the effects of 6 months
of periodized resistance training with and without BFR 3 days a
week in male and female patients with stage two CKD disease
(Corréa et al., 2021a). The training included eight exercises: bench
press, seated row, shoulder press, triceps pulley, barbell curls, leg
press 45°, leg extension, and leg curl at 50% LOP for both upper
and lower limbs. Results displayed similar decreases on clinic and
24-hr ambulatory blood pressure monitoring (systolic and diastol-
ic blood pressure) and an attenuated exercise pressor response for
both groups, highlighting potential adaptation to the ischemic
stimulus. Using the same protocol as previously stated, de Deus
et al. (2021) demonstrated that after 6 months of training, both
groups demonstrated higher delta (A) values of R-R intervals and
standard deviation of N-N interval time seties. Besides, only BFR
training displayed a higher A values of root mean square of suc-
cessive differences in the N-N intervals. Thus, both interventions
improved cardiac autonomic function (quantified by A heart rate
variability analysis).

From a clinical point of view, current literature suggests starting
exercise training as early as possible to obtain blood pressure and
heart rate variability improvements. However, the changes in re-
sponse to short term BFR (<3 months of duration) (Heiwe and
Jacobson, 2011) and different periodization schemes (e.g., linear or
undulatory) remain largely unknown. Additional studies should
be carried out to test these relevant factors since they may be key
elements that contribute to new insights into patients’ adaptations.
The time-course effects of BFR can have specific relevance to these
beneficial health effects. In this context, adherence, adhesion, and
dropout reasons for an exercise program should be considered as
well.

The randomized clinical trial of Clarkson et al. (2020) evaluated
the hemodynamic (heart rate, systolic blood pressure, diastolic blood
pressure, and mean arterial pressure) and perceived exertional re-
sponse to an acute exercise session with BFR in end-stage CKD
patients. Patients were examined in three conditions using a cycle
ergometer with bilateral BFR - non-BFR exercise during dialysis,
BER exercise off dialysis, and BFR exercise during dialysis. Training
consisted of 5 min of warm-up followed by two bouts of 10 min
of cycling separated by 20 minutes of rest at 50% LOP. No differ-
ences in hemodynamics were observed between groups despite
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rate of perceived exertion (RPE) being lower in the non-BFR con-
dition (Clarkson et al., 2020). This indicates BFR is perceptually
more demanding than the same exercise petformed without BFR.

Even though higher RPE and reports of fatigue during BFR
training appear to occur to a greater degree compared to similar
exercise performed without BER, it does not appear to interfere
with adherence (Silva et al., 2021). There may even be a habitua-
tion effect with chronic training. Corréa et al. (2021a) showed that
exercise-induced discomfort decreased compared to baseline after
6 months of continuous BFR training. This study reinforces that
perceptual demands may attenuate with repeated use of the tech-
nique as previously reported (Clarkson et al., 2017). Of note, a high-
er number of sessions were attended in the BFR training group
compared with the no-BFR exercise group (Corréa et al., 2021b).

Another strong concern when using BFR during intradialytic
exercise is that it does not impact hemodialysis treacment (Clark-
son et al., 2020). Dias et al. (2020) demonstrated that exercise
training with BFR was effective as exercise alone in improving
hemodialysis adequacy (e.g., how well blood is being cleansed),
displaying a positive result in single-pool Kt/V-urea, equilibrated
Kt/V-urea, urea reduction ratio, and urea rebound. Also, during
intradialytic BFR training, the acute effect on dialysis adequacy
and ultrafilcration rates were not different from the same patient’s
usual care hemodialysis sessions (Clarkson et al., 2020). Consider-
ing the long-term effect, Corréa et al. (2021b) reported no chang-
es after 6 months on creatinine concentration between BFR exer-
cise and exercise alone for stage 2 CKD. Therefore, we consider
that these protocols should receive special attention as they could
be crucial for rehabilitation purposes and open new avenues for
therapeutic interventions.

This important concern regarding BFR’s potential effect on he-
modialysis is essential because most published studies with CKD
kept the cuff inflated throughout the exercise during all sessions.
However, considering that every study used 50% LOP, blood flow
is relatively unchanged within this percentage of LOP that is in-
dependent of cuff widths, as previously reported (Mouser et al.,
2017). In addition, only pressures above diastolic pressure will be-
gin squeezing the major arteries (Mouser et al., 2017). Thus, set-
ting the restriction pressure relative to the cuff being used and the
individual ensures that no participant reaches complete arterial
occlusion due to unnecessarily high pressure (Mouser et al., 2017).
Furthermore, it may be more appropriate to use 50% of LOP for
participant safety and comfort, although the acute and chronic ef-
fects of other applied pressures remain to be elucidated, especially
as BFR is shown in most studies to be no worse than exercise alone.
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Last, exercise training with BFR displays similar results com-
pared to exercise training alone in attenuating the decrease of eGFR
verified by creatinine levels, and cystatin C (Corréa et al., 2021a;
Corréa et al., 2021b; de Deus et al., 2021; Deus et al., 2022).
Therefore, it appears that exercise training with BFR is a promis-
ing strategy to control blood pressure, autonomic function, decel-
erate the decline eGFR, improve dialysis adequacy, and provide
great adherence to training in CKD patients. However, signifi-
cantly more research is needed in this area to make firmer conclu-

sions.

EFFECTS OF BFR EXERCISE ON DIAMETER
OF ARTERIES AND VEINS

Activities that improve vessel status before AVF construction
have greater applicability for adequate vascular access in ESRD
during hemodialysis (Rus et al., 2003; Rus et al., 2005a; Rus et
al., 2005b). Maximizing the local vascular function near the AVF
appears crucial as a large majority of radiocephalic AVFs fail due
to inadequate blood supply, insufficient maturation and/or venous
thromboembolism formation (Goh et al., 2016). Strategies in-
cluding exercise and intermittent compression are frequently inte-
grated to promote vascular health, function and maturation of the
AVF to increase the chance of long-term patency (Goh et al., 2016)
and reduce healthcare burden (Nordyke et al., 2019).

Research has shown local exercise using handgrip training in-
creases the diameter of the forearm arteries and vessels and endo-
thelium-dependent vasodilation (Rus et al., 2003). Furthermore,
clinical practice suggests that intermittent compression of upper
arms veins by tourniquet before AVF construction may positively
influence the forearm vessels (Rus et al., 2005a; Rus et al., 2005b).
To determine the potential additive effects of ischemic compression
and local forearm exercise, one 8-month study had patients on
nondialysis days use an elastic band or rubber ring and perform
intermittent compression of the upper arm veins 6 times per day
for 1.5 min (Rus et al., 2005a; Rus et al., 2005b). Patients were
instructed that the radial artery pulse was palpable during com-
pression, minimizing the risk of complete ischemic compression
of the limb (Rus et al., 2005a; Rus et al., 2005b). Results showed
increases in the diameter of the arteries, veins, and improved en-
dothelium-dependent vasodilation (Rus et al., 2005a; Rus et al.,
2005b). The increase in venous diameter observed probably result-
ed from the intermittent increase of forearm venous pressure that
led to venous distension (Mouser et al., 2019; Rus et al., 2005b).
The observed effect of this long-term intervention presents con-
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siderable benefits for CKD patients with suboptimal venous di-
ameters before creating AFV.

The practice of elastic band use and providing that radial artery
be palpable during compression appears like the BFR method,
where the goal is to partially restrict arterial inflow and occlude
venous return (Patterson et al., 2019). Previous studies in other
populations have demonstrated that BFR exercise improves vas-
cular endothelial function, vascular conductance, and venous com-
pliance (Mouser et al., 2019; Shimizu et al., 2016) all of which
could be beneficial to maintain AVF patency. These results may
have valuable insights for CKD patients provided similar responses
occur. In the only study to date in CKD patients, Barbosa et al.
(2018) demonstrated that BFR exercise compared to exercise alone
similarly increased radial artery diameter while only exercise with-
out BFR increased cephalic vein diameter. Thus, the use of BER to
increase venous diameters before creating AFV in CKD patients
remains to be determined in future studies.

EFFECTS OF BFR EXERCISE ON
BIOCHEMICAL AND MOLECULAR
OUTCOMES

Due to the advancements in basic research, many mediators and
pathways have been reported in the literature regarding CKD
(Torino et al., 2021), but several mechanisms underpinning the
benefits of BFR exercise are still up for debate (Pearson and Hus-
sain, 2015; Vogel et al., 2020). A better understanding of the
common cellular and molecular mechanisms of CKD may be key
to the successful identification of new therapeutic targets and ef-
fective nonpharmacological strategies to combat the deleterious
effects inherent to CKD (Henaut et al., 2019; Ribeiro et al., 2016;
Torino et al., 2021). Thus, a key factor in intervention selection
for CKD patients is insights on the mechanisms underlying risk
factors associated with disease and comorbidities.

Previous randomized controlled trials evaluated the effects of
BER exercise (6 months) compared to exercise alone in stage 2 CKD
patients on biochemical and molecular variables related to inflam-
mation, oxidative stress, metabolic and hormonal responses. Cor-
réa et al. (2021b) displayed similar benefits of BFR exercise and
exercise alone on reducing tumor necrosis factor-alpha (TNF-a),
and interleukin-18 (IL-18). Improvements on klotho-fibroblast
growth factor 23 (FGF23), interleukin-10 (IL-10), and interleu-
kin-15 (IL-15) were also observed, indicating health status im-
provement.

In same experimental design, Corréa et al. (2021a) showed sim-
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ilar benefits of BFR exercise and exercise alone on decreasing vaso-
pressin, asymmetric dimethylarginine (ADMA), Fa-isoprostanes,
increasing angiotensin 1-17 (Ang 1-17), nitric oxide (NO.-), anti-
oxidant defense, and catalase activity. Altering the concentrations
of these markers in this way indicates improvements in metabo-
lism, systemic health, and the vascular system via reductions in
inflammation and increased endothelial function.

Using the same experimental design previously reported (Corréa
et al., 2021a; Corréa et al., 2021b), de Deus et al. (2021) displayed
similar benefits of exercise training with BFR and exercise alone
on reducing delta (A) values of myeloperoxidase (MPO) and in-
creasing A values of paraoxonase 1 (PON1). Thus, BFR exercise
appears to positively alter concentrations of molecules associated
with CVD. These molecular findings reveal promising clinical
outcomes considering that both molecules potentially participate
in the prospective mortality risk in patients who use dialysis (Ndre-
pepa, 2019). Furthermore, Deus et al. (2022) demonstrated similar
benefits of BFR exercise and exercise alone on improving glucose
homeostasis by regulation of hormonal mediators of glucose up-
take in circulation (e.g., insulin, irisin, adiponectin, and sirtuin 1).
In addition, improvements in inflammation and lipid profile were
observed within groups with reductions on C-reactive protein and
triglycerides levels. These protective effects are important since
individuals with diabetes mellitus are at elevated risk of develop-
ing kidney disease secondary to metabolic conditions (Kuo et al.,
2019).

In summary, inflammation is regulated (e.g., decrements of
TNF-a, C-reactive protein, and IL-18), with increments of anti-
inflammatory cytokines (IL-10 and IL-15) and improvements on
klotho-FGF23, representing an anti-inflammatory effect and at-
tenuation of renal deterioration. For pathways that influence blood
pressure, BFR exercise augments Ang 1-17 and NO,-, reduces
vasopressin and oxidative stress (decrements of MPO), and improves
antioxidant defense demonstrated by decrements on ADMA, F»-
isoprostanes, and PON1. Moreover, improvements in glucose ho-
meostasis were also observed. Notably, these molecular mechanisms
contribute toward healthier phenotypes and impact cellular lon-
gevity.

However, the pleiotropic effects of BFR and the complexity of
molecular responses in the current literature suggest that there is
no singular pathway mediating beneficial exercise adaptation. Thus,
it is important to emphasize that cellular homeostasis is achieved
by a delicate balance between multiple pathways and the players
required to carry out complex physiological processes (Henaut et
al., 2019; Ribeiro et al., 2016; Torino et al., 2021). Moreover, the
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crosstalk between the tissues, organs and the physiological systems
via molecular, cellular, paracrine, endocrine, and neuronal factors
are essential in regulating these molecular networks (Henaut et al.,
2019; Ribeiro et al., 2016; Torino et al., 2021).

BFR EXERCISE AND SAFETY CONCERNS

It is important to note that for the significant part of studies
with BFR and CKD (Barbosa et al., 2018; Cardoso et al., 2020;
Clarkson et al., 2020; Corréa et al., 2021a; Corréa et al., 2021b;
Deus et al., 2022; Silva et al., 2021), patients presented with hy-
pertension, diabetes mellitus, CVD, and metabolic syndrome. Al-
though concerns related to the safety of BFR in medically com-
promised populations is an undeniable requisite to mitigate risk,
there appears to be limited reporting of adverse events in the CKD
literature with BFR exercise. One randomized clinical study ob-
served isolated reports of tingling and fatigue in the upper limb of
some patients who underwent BFR exercise; however, these com-
plaints were not sufficient for them to withdraw from the study
(Silva et al., 2021). Clarkson et al. (2020) reported one case of
exercise-related syncope that occurred with BFR exercise during
hemodialysis (systolic and diastolic blood pressure of 88 and
68 mmHg, respectively). However, no prolonged effects of the
adverse event occurred, and the participant chose to remain en-
rolled in the study. In the same study, one additional instance of a
participant feeling ‘light-headed’ in recovery was reported (systolic
and diastolic blood pressure of 85 and 56 mmHg, respectively)
during which ultrafiltration was stopped briefly. However, this was
self-resolving, and ultrafiltration resumed within 5 minutes. It is
important to note that both patients presented with fluid overload
and there was no temporal association with BFR condition.

Furthermore, four studies with BFR and CKD stated no adverse
events from training in conventional exercise or with BFR (Bar-
bosa et al., 2018; Cardoso et al., 2020; Corréa et al., 2021a; Dias
et al., 2020), while three did not specifically report adverse events
(Corréa et al., 2021b; de Deus et al., 2021; Deus et al., 2022).
Thus, BFR exercise appears to be a potentially viable option for
the kidney health professional to incorporate in a resistance or aer-
obic training exercise program. However, special care should be
given to screening relevant comorbidities, using recommended
strategies to attenuate intra-exercise discomfort and perceptual
exertion, and performing adequate supervision to maximize safety
during application.

Further, other relevant BFR-related considerations include pet-
forming exercise during the first 2 hr of hemodialysis (e.g., when
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blood pressure control is best), including regular blood pressure
and electrocardiogram (ECG) monitoring during training and
considering contraindications resulting in electrolyte imbalances
(due to their effect on ECG). Further, care (and likely avoidance of
BFR) should be given to those patients who have gained >4 kg of
weight since their last dialysis appointment/exercise session, ap-
pear unstable on dialysis, have a frequently changing medication
regimen, pulmonary congestion or peripheral edema (Smart et al.,
2013). Given the current state of evidence, if patients pass the
screening process, exercise training with BFR may be a safe and
reliable option compared to traditional exercise regimens when
performed at 50% LOP as the included studies indicate at worst,
BFR is no worse than traditional approaches. A summary of inter-
vention characteristics and outcomes are displayed in Table 1.

RISK STRATIFICATION FOR BFR EXERCISE
IN CKD PATIENTS

A previous report stated that CKD is characterized by multiple
risk factors that increase CVD risk (Levey et al., 1998; Provenzano
et al., 2019). Traditional risk factors in conjunction with the pa-
tient characteristics of CKD can help explain the excessive risk for
CVD, as advanced age, hypertension, hyperlipidemia, diabetes,
physical inactivity, proteinuria, increased extracellular fluid volume,
electrolyte imbalance, anemia, albuminuria, and thrombogenic
factors all appear in a greater proportion of CKD patients than
the general populace (Ballew and Matsushita, 2018; Levey et al.,
1998).

For CKD patients, while exercise is beneficial (Heiwe and Ja-
cobson, 2011; Howden et al., 2012; Johansen, 2005), the risk
associated with vigorous exercise is increased and assessment of
the individual likelihood of CVD risk should be incorporated be-
fore BFR. Individuals with severe CKD (G3b stage with eGFR
<30 mL/min/1.73 m’) are classified in the very high cardiovascu-
lar risk category (Pelliccia et al., 2021). Clinical evaluation for
people with high or very high CVD risk who intend to engage in
intensive exercise programs should include a maximal exercise
test, risk assessment with a functional imaging test, coronary com-
puted tomography angiography, and carotid or femoral artery ul-
trasound (Pelliccia et al., 2021).

For patients in ESRD, some critical contraindications to exercise
should be considered such as electrolyte abnormalities, recent changes
in the ECG, excess of interdialytic weight gain >4 kg since the
last dialysis or exercise session, unstable on dialysis treatment,
changing medication regime, pulmonary congestion, and periph-

https://doi.org/10.12965/jer.2244082.041

eral edema (Smart et al., 2013). However, a preliminary CVD risk
score, built specially on CKD patients, is highly awaited. While
there is insufficient data available utilizing BFR training in CKD
patients to make definite recommendations about risk stratifica-
tion and training protocols to optimize beneficial adaptations, the
information gathered from the 9 published BFR studies herein
can be used to form the basis for some preliminary recommenda-
tions. The exclusion criteria adopted by all studies (Barbosa et al.,
2018; Cardoso et al., 2020; Clarkson et al., 2020; Corréa et al.,
2021a; Corréa et al., 2021b; de Deus et al., 2021; Deus et al., 2022;
Dias et al., 2020; Silva et al., 2021) in conjunction with contrain-
dications proposed by Smart et al. (2013) appears to be a good
initial risk stratification for BFR in CKD patients. Also, clinical
acute coronavirus disease 2019 infection was considered because
of its deleterious effect on many other organ systems including
hepatic, thromboembolism, cardiac, endocrine, neurologic, gas-
trointestinal, and dermatological (Gupta et al., 2020).

Safety considerations should be a priority before initiating an
exercise program with BFR due to high number of comorbidities
in CKD populations, heightening the potential for adverse respons-
es during- or following BFR exercise. Nonetheless, if kidney health
professionals understand safety concerns, perform a comprehensive
screening of the medical history along with a sound physical ex-
amination and follow published BFR training application recom-
mendations to mitigate risk, exercise training with BFR can be
successfully integrated into clinical practice (Patterson et al., 2019;
Smart et al., 2013). Thus, before prescribing BFR training, pa-
tients should not present any of the following contraindications or
clinical conditions cited in Table 2.

CLINICAL PRACTICE OF BFR EXERCISE IN
CKD PATIENTS

Based on studies included in this review, implementing BFR
training into clinical setting requires some basic programming
considerations. Table 3 includes some general considerations to
theoretically maximize safety with BFR training in CKD patients
based on the current limited body of research. However, this con-
sideration should be tempered somewhat because it only refers to
exercise-induced changes in physical fitness, physical function,
cardiovascular dimensions, systemic inflammation, glucose me-
tabolism, and maintenance of eGFR and not to other potential
benefits.

https://www.e-jerorg 89



Rolnick N, et al. ® Blood flow restriction exercise

J

Table 2. Proposed contraindications before exercise training with blood flow
restriction exercise for chronic kidney disease patients

Hemodynamic instability during hemodialysis over the last month (blood pressure
of 180/105 mmHg systolic/diastolic, respectively during hemodialysis)

Pre-exercise blood pressure above 160/100 mmHg for systolic/diastolic, respectively
before exercise

Neurodegenerative diseases

Autoimmune diseases (i.., lupus erythematosus)

Human immunodeficiency

Symptomatic heart failure

History of nephrolithiasis

Coagulation or presence of signs of thrombophlebitis

Clinical acute coronavirus 2019 disease or other virus infection
Surgery within the past 3 months

Drug or alcohol abuse

Previous diagnosis of coronary artery disease or signs of symptomatic cardiovascular
or peripheral vascular disease

Severe arrhythmia, angina or cerebrovascular disease

D-dimer values not in the normal range (220500 ng/mL)

Admission to an intensive care unit

Previous surgery or vascular access in the upper limbs

Gains above >4 kg of weight since their last dialysis appointment/exercise session
Unstable on dialysis

Frequently changing medication regimen

Pulmonary congestion or peripheral edema

Adapted from previous studies (Barbosa et al., 2018; Cardoso et al., 2020; Clarkson
etal., 2020; Corréa et al.,, 2021a; Corréa et al., 2021b; de Deus et al., 2021; Deus et
al., 2022; Dias et al., 2020; Gupta et al., 2020; Silva et al., 2021; Smart et al., 2013).

GAPS IN THE LITERATURE AND FUTURE
DIRECTIONS

As summarized in Fig. 1, current literature suggests that BFR
exercise may improve strength, physical function, blood pressure
control, glucose homeostasis, ameliorate autonomic function, de-
celerate the decline of eGFR, attenuate renal deterioration, im-
prove dialysis adequacy, increase anti-inflammatory cytokines and
antioxidant defenses while down-regulating proinflammatory cy-
tokines, oxidative stress (Barbosa et al., 2018; Cardoso et al.,
2020; Clarkson et al., 2020; Corréa et al., 2021a; Corréa et al.,
2021b; de Deus et al., 2021; Deus et al., 2022; Dias et al., 2020;
Silva et al., 2021).

However, considering that few studies till now have evaluated
the health benefits of BFR exercise compared with exercise train-
ing alone in CKD patients (Barbosa et al., 2018; Cardoso et al.,
2020; Clarkson et al., 2020; Corréa et al., 2021a; Corréa et al.,
2021b; de Deus et al., 2021; Deus et al., 2022; Dias et al., 2020),
there exists the need for more rigorous randomized controlled tri-
als with reliable outcome measures that will provide better esti-
mations of BFR dosage (intensity, frequency, duration, and mo-
dality) for patients with CKD, particularly those with end-stage
CKD. However, seven randomized control trials (Barbosa et al.,
2018; Cardoso et al., 2020; Corréa et al., 2021a; Corréa et al.,
2021b; de Deus et al., 2021; Deus et al., 2022; Silva et al., 2021)
implemented 8 weeks or longer of regular BFR exercise that in-
duced positive alterations in systemic inflammation, physical fit-

Table 3. Considerations for blood flow restriction exercise in chronic kidney disease patients

Programming variables to consider Recommendation

Notes

First 2 months with 1-3 sets of 12 reps at 30% Six months of a periodized all body RT displayed to be a proper methad to increase
of 1-RM; Next 2 months with 2-3 sets of 10 muscle strength, regulate inflammation, glucose homeostasis, decelerate the decline
reps at 40% of 1-RM:; Last 2 months, 3 sets of  in glomerular filtration rate, attenuate renal deterioration, control blood pressure,
8 reps at 50% of 1-RM autonomic function, and antioxidant defense for stage 2 CKD.

Cycling exercise, 20 min during the first 2 hr of Kidney health professional should use the following criteria to interrupt BFR training
HD. During the 3 first weeks use 60%—63%  for ESRD patients during HD:
of maximal HR and 1011 of RPE, progressing 1. Exceeding 80% of the maximal
to 64%—76% of maximal HR and 12-13 of 2. HR and/or blood pressure above 200/110 mmHg or below 110/50 mmHg.
RPE. 3. Chest pain, dyspnea, wheezing, muscle cramps, mental confusion, visual disturbances,
skin pallor or cyanosis.

Resistance training

Aerobic training

% LOP Arms: 50% BFR training with 50% of LOP was effective as exercise alone in improving hemodialysis
Legs: 50% adequacy, comfort, and adherence. Thus, use of a validated doppler vascular device

is necessary.
Frequency 2 to 3 x/week All patients should exercise under the individualized supervision of kidney health

professionals.

RM, repetition maximum; RT, resistance training; HD, hemodialysis; HR, heart rate; RPE, rate of perceived exertion; CKD, chronic kidney disease; ESRD, end-stage renal dis-
ease; LOP. limb occlusion pressure; BFR, blood flow restriction.

Based on previous studies (Barbosa et al., 2018; Cardoso et al., 2020; Clarkson et al., 2020; Corréa et al., 2021a; Corréa et al., 2021b; de Deus et al., 2021; Deus et al., 2022,
Dias et al., 2020; Silva et al., 2021; Smart et al., 2013).
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Adopt 50% of LOP for arms or legs
for participant safety and comfort.

Adopt the use of validated
Ll’ll‘\l“ doppler vascular device for
! participant safety.

Improves dialysis
adequacy and adherence
to training.

Decelerates the
decline in eGFR, and
renal deterioration.

Increases
strength and
functional
capacity.

Improves cardiac
autonomic function.

Decreases clinic, 24-hour ambulatory blood
pressure and positively improves blood pressure
regulatory pathways as Ang 1-17, NO; and
vasopressin.

Increases systemic
anti-inflammatory cytokines
while downregulating
pro-inflammatory cytokines,
reducing oxidative stress and
improving antioxidant defense.

Improves glucose
homeostasis and hormones
mediators of glucose uptake
(e.g., irisin, adiponectin,
insulin, and SIRT-1).

Fig. 1. Impact of BFR exercise on health-related outcomes in patients with CKD. The figure was created in the Mind the Graph platform (www.mindthegraph.com).
BFR, blood flow restriction; CKD, chronic kidney disease. Adapted from previous studies (Barbosa et al., 2018; Cardoso et al., 2020; Clarkson et al., 2020; Corréa et al.,
2021a; Corréa et al., 2021b; de Deus et al., 2021; Deus et al., 2022; Dias et al., 2020; Silva et al., 2021).

ness, physical functioning, cardiovascular dimensions, glucose
metabolism, compliance, and adequate reporting of adverse events.
Furthermore, the 6-month experimental design of previous ran-
domized clinical trials provides support for the long-term integra-
tion of BFR exercise into an exercise program in those with CKD
that could be used in future studies (Corréa et al., 2021a; Corréa
et al., 2021b; de Deus et al., 2021). In our opinion, an evaluation
of clinical outcomes, functional assessments, and concomitant bio-
chemical responses might help to furnish a complete picture of
the patient’s adaptation in response to BFR.

There is a need for further research to understand the potential
differences between eGFR categories (mL/min/1.73 m?) in response
to distinct exercise protocols, the effects of interrupting BFR exer-
cise (e.g., intermittent BFR) or detraining, the effect on muscle
mass, muscle quality, AVE, and the impact of lifelong exercise
training, not just for a predetermined intervention period. It is
also essential to understand whether aerobic or resistance exercise

https://doi.org/10.12965/jer.2244082.041

with BFR or a combination of both will provide optimal benefits
to CKD patients superior to exercise alone. Most of the available
data is derived from studies of patients in stage 2 CKD. More in-
formation about the effects of different training programs in other
groups of patients with different stages of CKD is needed, includ-
ing those undergoing hemodialysis or peritoneal dialysis as well
as those who are pre-ESRD patients awaiting kidney transplant.
Similarly, it is important to know about CKD patient preference
regarding BFR exercise so that successful strategies can be imple-
mented, and kidney health professionals can be confident that a
reasonable proportion of patients will participate. Finally, the ef-
fects of BFR exercise on coagulation, fibrinolysis or hemostasis in
CKD patients remains speculative, as studies are not designed to
address whether BFR exercise affects coagulation markers (Nasci-
mento et al., 2019).

It has recently been proposed that “exerkines” (peptides, metab-
olites and RNAs with beneficial effects) released into circulation
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can be secreted by any organ in response to acute or chronic train-
ing protocols (Magliulo et al., 2022). However, to date, studies
have evaluated only the systemic adaptations, limiting the under-
standing of tissue-specific pathways. Since the secretome of exer-
cising skeletal muscle has the power to act through endocrine sig-
naling mediators, spreading specific effects on muscular tissue it-
self and diverse physiological systems (Magliulo et al., 2022), skel-
etal muscle biopsy in patients with CKD would be necessary to
examine mechanisms at a cellular level. This approach can clarify
potential beneficial or adverse effects that are not detectable in the
bloodstream. This was previously demonstrated by Nielsen et al.
(2020) after muscle tissue sampling.

In response to BFR exercise, clear indications of increases in
perivascular membrane properties were observed (Nielsen et al.,
2020). Increases in perivascular membrane properties poses a bar-
rier to the diffusion of oxygen and nutritional supply into skeletal
muscle fibers (Baum and Bigler, 2016). Notably, perivascular bas-
al membrane thickening has been observed in hypertensive, dia-
betes mellitus, and chronic inflammation phenotypes (Baum and
Bigler, 2016). Of note, none of the included trials in this review
implemented a high-frequency exercise protocol (i.e., 1-2 sessions/
day for 3 weeks) similar to Nielsen et al. (2020). A high-frequen-
cy resistance exercise protocol may exaggerate vascular stress com-
pared to studies with less frequent training sessions, although that
remains speculative. Thus, more in-depth knowledge of the sys-
tems-level crosstalk regulation is needed to understand the patho-
physiology and complex molecular adaptations in BFR exercise
protocols and the magnitude of differences (if any) between exer-
cise alone.

The variability between BFR protocols (duration, intensity, vol-
ume, frequency), patient characteristics, and time-points evaluated
precluded us from performing a systematic review and meta-anal-
ysis, limiting this review to descriptive rather than quantitative
comparisons. Future larger, well-designed, and standardized in-
vestigations are needed to establish the optimal parameters to
modulate beneficial health effects in CKD patients. We believe
that this review will pave the way for obtaining critical knowl-
edge in this field. However, given the rapid development of re-
search in this area, annual updates of this review are likely needed
to keep pace with the latest findings regarding the relationship
between BFR exercise and effectiveness in CKD patients.

CONCLUSIONS

The purpose of this review was to outline the mechanisms through
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BFR exercise that may improve health outcomes in CKD patients.
Discussions in this review may yield clinically useful information
and help to effectively design BFR interventions in CKD patients
by providing a narrative synthesis of the current state of the BFR
literature. However, proposed new exercise modalities for clinical
populations need to be safe, tolerable, better, or similarly effica-
cious than the current alternatives, and BFR exercise appears to
not be a limiting mode of exercise for the kidney health profes-
sional to utilize in a rehabilitation setting despite current studies
indicating it lacks superiority to current management strategies.
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