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Talk outline

• Is it safe to do BFR?

• Which tools can help me assess risk in clinical practice?



From a safety perspective: What is BFR?

A low-mechanical strain intervention

An intervention that manipulates blood flow



1) Adverse cardiovacular responses

2) Blood clotting and vascular function

3) Nerve and muscle damage

From a safety perspective: What are the concerns?



For example

Kumar et al (2010). Clin Med Res 8: 168-172. 

Thrombosis risk factors
(Virchow´s triad)



The clinical question that we are trying to answer

Is blood-flow restricted exercise safe?

………that depends………



Compared to what?

Un-assisted bench press



Making the question more specific: the PICOT 
approach

Bandholm et al (2017). Br J Sports Med 51: 1494-1501. 



Population

Theoretical ”at-risk” populations

People with high blood pressure (BP > 160-180/95-100 mmHg)

People with heart disease (e.g. arrhythmia or ischemic)

People with previous thrombo-embolic events (e.g. DVT)

People with a family history of clotting disorders



Intervention

Strength training Cardiovascular exercise

Which exercise modality and protocol?



Comparator

Strength training (>70% 1RM) most commonly used



Outcome

Clinical harms outcome

Not all will experience one

Clinically relevant

Requires large N´s

Surrogate harms outcome

Can be measured in all

Association with clinical outcome?

Clinical relevance?

Requires small(er) N´s



Time frame

TimeShort-term Long-term



The search

Population: Humans (MeSH) (no population-specific data)

Intervention: ”Blood-flow restricted exercise” OR … (synonyms)..

Comparator: N.a. (for a broad search)

Outcome: Patient harm (MeSH) OR Safety (MeSH)…. (synonyms)…

Time frame: N.a. (for a broad search) 



OCEBM Levels of Evidence Working Group*. "The Oxford 2011 Levels of Evidence". Oxford Centre for Evidence-Based Medicine. 
http://www.cebm.net/index.aspx?o=5653 * OCEBM Table of Evidence Working Group = Jeremy Howick, Iain Chalmers (James Lind Library), Paul 
Glasziou, Trish Greenhalgh, Carl Heneghan, Alessandro Liberati, Ivan Moschetti, Bob Phillips, Hazel Thornton, Olive Goddard and Mary 
Hodgkinson.

Question

What are the 
COMMON harms?

Level 1

SR of RCTs

Level 2

RCT

Level 3

Cohort

Level 4

Case-series

Level 5

Mechanism-
based
reasoning

What are the 
RARE harms?

SR of RCTs RCT Cohort Case-series Mechanism-
based
reasoning

The realityIdeally



Surrogate harms outcomes



Surrogate harms outcomes
(Fig from Loenneke et al (2011))

Stroke volume
↓ BFR
↓ ↔ HIT RT

Nerve conduction velocity
↔ BFR
↑ HIT-RT

Muscle damage
↔ BFR
↑ HIT RT

Blood pressure
↑ BFR
↑ HIT RT

Heart rate
↑ BFR
↑ HIT RT

Fibrinolytic potential
↑ BFR
↑ HIT RT

Coagulation activity
↔ BFR
↔ HIT RT

Oxidative stress
↔ BFR
↑ HIT RT

Post-occlusion blood flow
↑ chronic BFR
↑ chronic HIT RT

Loenneke et al  (2011). Scand J Med Sci Sports 21: 510-518.
Kacin et al (2015). Ann Kinesiol 6: 3-26. 
Heitkamp (2015). J Sports Med Phys Fitness 55: 446-456.  



Surrogate harms outcomes (risk population)

”The results suggest that applying BFR during low-intensity 
resistance exercise does not affect exercise-induced 
haemostatic and inflammatory responses in stable IHD
patients.” (N=9)



Clinical harms outcomes



Clinical harm outcomes

• 105 KAATSU facilities in Japan (e.g. hospitals and clinics)

• 12,642 persons (20 to 80 yrs) with different conditions

• More than 30,000 BFR exercise sessions 

• Most prevalent indication: low muscle strength or atrophy



Clinical harm outcomes

Nakajima et al (2006). Int J KAATSU Training Res 2: 5-13. 

Total

1651

164

35

16

7

5

3

2

2

2

(N=12,642, > 30,000 BFR sessions)



Clinical harm outcomes

• 250 responders (practitioners) from 20 countries

• 115 of the 250 responders prescribed BFR for different conditions

• Unknown number of BFR participants and exercise sessions 

• Most prevalent prescription aim: induce hypertrophy or reduce atrophy



Clinical harm outcomes

Patterson & Brandner (2018). J Sport Sci 36: 123-130. 

Question: ”Do your clients ever report any side effects”
(N=99 respondents, N=154 responses)

39%
18%

15%
13%

8%

2%
1%

1%
1%

3%



“….reporting of harms in RCTs has received 
less attention than reporting of efficacy and 
effectiveness and is often inadequate.”

BFR harms outcomes are likely under-reported



How to risk stratify patients in 
clinical practice?



Why are BFR harm outcomes likely under-reported?

• Focus is efficacy

• No definition consensus on harms

• CONSORT not mandatory for all journals

Item 19: Harms

Reporting of harms better in strength
training trials published after 2010
Liu & Latham (2010). Arch Phys Med Rehabil 91: 1471-1473. 



Risk stratification tools

No BFR

Heitkamp HC, extended and modified according to Nakajima et al. Int J Kaatsu Training Res, 2011; 7:1-6.  

http://www.google.dk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwiX6be6nqXaAhXNCewKHeNoATgQjRx6BAgAEAU&url=http://libtechlaunchpad.com/2017/06/26/open-access-from-publishers-and-databases/&psig=AOvVaw0MZYxCi2DRuCAO__u5icyG&ust=1523089974043994
http://www.google.dk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwiX6be6nqXaAhXNCewKHeNoATgQjRx6BAgAEAU&url=http://libtechlaunchpad.com/2017/06/26/open-access-from-publishers-and-databases/&psig=AOvVaw0MZYxCi2DRuCAO__u5icyG&ust=1523089974043994


Risk stratification tools

Kacin et al (2015). Ann Kinesiol 6: 3-26.   

http://www.google.dk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwiX6be6nqXaAhXNCewKHeNoATgQjRx6BAgAEAU&url=http://libtechlaunchpad.com/2017/06/26/open-access-from-publishers-and-databases/&psig=AOvVaw0MZYxCi2DRuCAO__u5icyG&ust=1523089974043994
http://www.google.dk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwiX6be6nqXaAhXNCewKHeNoATgQjRx6BAgAEAU&url=http://libtechlaunchpad.com/2017/06/26/open-access-from-publishers-and-databases/&psig=AOvVaw0MZYxCi2DRuCAO__u5icyG&ust=1523089974043994


• Use the correct technique and standardized risk assessment
(cuff, pressure, exercise dosage/intensity, DVT history, etc.)

• Surrogate harms outcomes indicate BFR to influence
cardiovascular, nerve, and muscle function comparable to high–
intensity strength training (level 5 evidence). 

• Common clinical harms include: DOMS, subcutaneous
hemorrhage, and numbness (level 4 and 5 evidence).

• Rare (serious) clinical harms include: rhabdomyolysis and 
venous thrombosis (level 4 and 5 evidence). 

• BFR harms outcomes are very likely under-reported in the 
literature.    

SUMMARY
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• Use the correct technique and standardized risk assessment
(cuff, pressure, exercise dosage/intensity, DVT history, etc.)

• Surrogate harms outcomes indicate BFR to influence
cardiovascular, nerve, and muscle function comparable to high–
intensity strength training (level 5 evidence). 

• Common clinical harms include: DOMS, subcutaneous
hemorrhage, and numbness (level 4 and 5 evidence).

• Rare (serious) clinical harms include: rhabdomyolysis and 
venous thrombosis (level 4 and 5 evidence). 

• BFR harms outcomes are very likely under-reported in the 
literature.    

SUMMARY

thomas.quaade.bandholm@regionh.dk |         @TBandholm | hvidovrehospital.dk/forskning/pmrc



”How to” ressources

WORKSHOP // This workshop is an 
extension of the symposium 'Blood 
flow restricted exercise after 
surgery or disease: Adaptations, 
clinical efficacy and safety'. This 
new and promising training 
modality will be demonstrated and 
practiced.
Friday 9.55 a.m., Room “Jylland”



Thank you
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The way forward: ”Post-marketing” safety studies


