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Fick Principle
V02 = Qc x (Ca-v02)
Qc = V02/(Ca-v02)



Impairment
Peak VO2 < 80% predicted

Pulmonary Mechanical Limit 
VE/MVV > 0.70

Impaired Oxygen Delivery/Util.
V02 = Qt x (Ca-v02)

Peripheral Limitation
Mitochondrial Myopathy

Peripheral Left to Right Shunts
(CaO2 - CvO2)/Hgb < 0.80

Central Cardiac Limitation
Peak CO < 80% predicted

Left Heart Disease
Age > 50: PCWP > 17 mmHg

Right Heart Disease
Age > 50: mPAP > 33 and PVR > 2.10 WU

Preload Failure
RAP < 6.5 mmHg
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V02=Qc x (Ca-v02)

n=160 ME
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High flow = poor systemic 02 extraction
V02=Qc x (Ca-v02)

n=160 ME



ME/CFS v. Long COVID v. Normal
n= 335        n=72                n= 43



ME & LC
Small Fiber Neuropathy

• Group IV unmyelinated C fibers
• Skin bx Dx
• Pain/Dysautonomia
• 40+% in FM and POTS 
• Assoc’d w/ AI and inflammation

n=407, 67% 
Submitted, ERS 2025



Impairment
Peak VO2 < 80% predicted

Pulmonary Mechanical Limit 
VE/MVV > 0.70

Impaired Oxygen Flux
V02=Qc x (Ca-v02)

Peripheral Limitation
Peripheral Left to Right Shunts

(CaO2 - CvO2)/Hgb < 0.80

Central Cardiac Limitation
Peak CO < 80% predicted

Left Heart Disease
Age > 50: PCWP > 17 mmHg

Right Heart Disease
Age > 50: mPAP > 33 and PVR > 2.10 WU

Preload Failure
RAP < 6.5 mmHg
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Pyridostigmine RCT: 
Peak Exercise Cardiac Output and RAP
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Circulatory dysfunction in
ME/CFS

• Systemic vascular dysregulation
• Preload failure

• Peripheral L to R shunting                       >>>> Neurovascular dysregulation
• Small fiber neuropathy
• Prevalent

• Corrects w/ pyridostgmine
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