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Critical illness
Inflammation

Increased vascular Tissue Chronic Hypoxia
permeability and edema hypoperfusion environment

| oxygen delivery
| energy production

Damage via ROS
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ROS in exercise
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High Altitude
(Hypobaric Hypoxia)

Hypoxia in skeletal muscle o -

Normobaric Hypoxic
chamber (FiO2: 12-16%)

Skeletal muscle

Critical illness +
immobilization

Increase in:

- Protein turnover
(degradation>synthesis)
- Inflammation

Decrease in:

- Physical activity
- Sleep
- Appetite

Molec Ex Phy E A




Vopat BG. @w. i

:Ii' :.‘ "x

) ) o 2020 ;*ff;”.::;;x&
Blood flow restriction (BFR) training #0S E

It was originally developed in Japan in the late 1970s termed as KAATSU training.

Wider tourniquet: Occlusive pressure BFRT
Lower press.u re First : 200 mmHg Metabolic Stress +Mechanical Tension
More effective Currently: 50 mmHg » Hypoxia
L Pain » Cellular Swelling
M » Metabolites (Lactic Acid, ROS)
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Acute local Intermitent Hypoxia
Hypoxia 1 1 environment
Factors Influencing thﬁ
Response to BFR Training
and IHRT
e l Individual factors:
TN + Age
{ Reperfusion/ - . Sex
reactive hyperaemia 1 ROS production » Training history
(BFR: cuff release)
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Exercise modality

/ Aerobic-exersice\

Low-moderate
intensity
40-60% VO, max
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Low intensity
<40% VO, max
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Passive BFR (without exercise)

BFR + passive exercise

BFR + EMS
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/ Resistance \

(anaerobic)
High intensity
70-90% VO, max
>60% 1RM

/ BFR + RE \

Low intensity
20-30% 1RM




Passive BFR

Surgical reconstruction of the

30 - , i B ‘reslc anterior cruciate ligament (ACL)
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Figure 2—Relative decreases in muscular cross-sectional area during
the period between 3rd and 14th days after the operation. Symbols just
above the columns denote statistically significant changes from CSAs
measured on the 3rd day after the operation (* P < 0.05 Wilcoxon Takarada J. 2000 :
signed-ranks test), whereas ¥ denotes significant difference between ;e :
control and experimental groups (P < 0.05, Mann-Whitney U-test). Medlcme and SCIen.C6
in Sports and Exercise
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BFR passive mobilization

20 ICU patients

Blood flow restriction prevented
6.5% of muscle wasting

n = (age: 66 * 4.3y)
every day during the ICU stay

Control Leg:
Passive mobilization:

3x 15 knee flexion-extension

Intervention Leg:
Passive mobilization + blood flow

restriction:

(80% of tibial artery systolic blood
pressure)

Barbalho et al.
Resp Care (2021)
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BFR + NEMS

9 spinal cord injury patients
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BLOOD FLOW RESTRICTION TRAINING AND THE EXERCISE PRESSOR REFLEX
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BLOOD FLOW RESTRICTION TRAINING AND THE EXERCISE PRESSOR REFLEX

Caroud
baroreflex
afferents

Cerebrum
. 1 1 Heartrate
\“:\ | 1 1 Cardiacoutput
- ~ | T1 Contractility
S S T 1 Arterialbloodpressure
&)
R Nrzs---zzzzziig Brainstem:CVcontrolcenter

Parasympathetic

Aorticbaroreflex ;:fferems

afferents

“”“””““”““l“'“ T1 Sympathetic
_______ nerveactivity

<Z,>—Musclemechano- Sympathetic

- —-—————
- -

andmetaboreflex efferents
afferents

T 1 Arterialresititance
4 4 Venouscapacitance

11 EPRsensory
nerveactivity
Bloodflow -
restrictiondevice Systemic Systemic
. resisitance capacitance
Brachialartery vessels vessels

Spranger MD

2015 AmJ
Physiol Heart
Circ Physiol




Portential risks

Fainting
Application and side effects of blood flow Subcutaneous hemorrhage
restriction technique Bruising
A cross-sectional questionnaire survey of professionals Tingling 71.2%
Victor Sabino de Queiros, MD*" %, Matheus Dantas, MD?, Gabriel Rodrigues Neto, PhD®, Excessive pain during exercise
Luiz Felipe Ida S!Iva, MD?, Marina;‘ Gongalves .Assis, BSc®, Pgulo IFcancisco Almeida;Neto, MD?, Rhabdomyolysis
Paulo Moreira Silva Dantas, PhD®, Breno Guilherme de Araujo Tinéco Cabral, PhD
Delayed muscle soreness 55.8%
A 80
History of thrombosis
Respiratory disease
Cardiovascular disease
Hypertension
Blood Flow Restriction Exercise: Dmm::,':::
Considerations of Methodology, Elderly
Application, and Safety Smoker
. 0 0 w0 1%

Stephen D. Patterson'*, Luke Hughes', Stuart Warmington?, Jamie Burr?,

Brendan R. Scott*, Johnny Owens?, Takashi Abe®, Jakob L. Nielsen’, . ; — . ;
Cleiton Augusto Libardi®, Gilberto Laurentino®, Gabriel Rodrigues Neto', F|gure 3. Reported side effects (A) and contraindications (B) for using BFR

Christopher Brandner'', Juan Martin-Hernandez™ and Jeremy Loenneke® technique.




Future data in ICU population

The effect of passive mobilization ®
updates

associated with blood flow restriction and
combined with electrical stimulation on
cardiorespiratory safety, neuromuscular
adaptations, physical function, and quality
of life in comatose patients in an ICU: a

randomized controlled clinical trial

Thals Marina Pires de Campos Biazon', Cleiton Augusto Libardi’, Jose Carlos Bonjorna Junior®
Flavia Rossi Caruso’, Tamara Rodrigues da Silva Destro’, Naiara Garcia Molina’, Audrey Barghi

penta Congates Nendes 0 Repetitive vascular occlusion stimulus m@
(RVOS) versus standard care to prevent o
muscle wasting in critically ill patients
(ROSProx):a study protocol for a pilot
randomised controlled trial

lsmita Chhetri'“@®, Julie E. A, Hunt’, Jeewaka R, Mendis’, Stephen D. Patterson®, Zudin A. Puthucheary™**"#,
Hugh E. Montgomery™ and Benedict C. Creagh-Brown'’



Conclusion

This BFR approach seams to be safe in other
populations and effective to improve vascular
flux, metabolite accumulation and metabolic

stress. 1 limb muscle volume and strength

Enhancing exercise benefices at very low
Intensity/duration exercise is particularly
attractive for the ICU population.

There are emerging literature in the ICU
population to assess the feasibility, safety,
practical application and appropriate selection of
patients.




