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Noninvasive CO Monitoring

• Measurement of CO can be very 
important for diagnosis and guiding 
therapy in many settings

• Invasive measurements are not feasible 
and/or undesirable in many settings

• Prior noninvasive approaches have 
been investigated, but have achieved 
limited success because of technical 
challenges
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Time variations in Ao Volume induce time 
dependent variations in thoracic R and C 

which, in turn, induced time variation in ��
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NICOM vs Aortic Flow Probe (preclinical)



NICOM and Swan CCO -- Post-Surgical ICU



Continuous Thermodilution 
vs Bioreactance CO

R = 0.82, 
Slope = 0.82 (95%CO =0.64 – 1.01)

Bias = 0.13 L/min
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Responsiveness to Fluid Challenge
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Parameters Available from the NICOM

Measured
HR

CO, CI
SV, SVI

Systolic, Diastolic, Mean Arterial Pressure
Thoracic Fluid Content (1/R DC)

Derived
Total Peripheral Resistance

DO2 (when coupled with Hct, SaO 2)
Cardiac Power, Power Index

Cardiac SW, SW Index



Clinical Applications of NICOM

• Intensive Care
– Routing Monitoring in ICU/CCU/SICU
– Pre- and post-OP Monitoring

• Intraoperative Monitoring
• ER (Shock, Trauma, SOB, Sepsis)
• Cardiology

– CRT Optimization
– CHF inpatient / outpatient monitoring
– Exercise Stress Testing in Heart Failure

• Other
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Cardiac Resynchronization Therapy
Optimization of AV and VV Intervals
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Noninvasive CO Measurement for CRT Optimization
Kahn et al, Europace, 2009 (n=47)
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Hemodynamic Changes As A 
Diagnostic Tool for Heart Failure

RS Engineer, B Benoit, CW Hicks, D Burkhoff 
and FW Peacock

Society for Academic Emergency Medicine 2009



Hemodynamic Changes As A 
Diagnostic Tool for Heart Failure

Methods
Observational study 
98 patients presenting to ED with SOB
Measurement of CO, TFC, BP, HR sitting and
lying down

- volume recruitment maneuvor
- “orthostatic bioreactance test”

Patients grouped retrospectively by discharge
diagnosis

- CHF
- COPD / Asthma
- Other
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EXERCISE TESTING



EXERCISE TEST REPORT
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Conclusion

• Analysis of flow dependent phase shifts of 
electric currents injected across the thorax 
(bioreactance) provides a noninvasive means 
of measuring CO
– ACCURATE
– RESPONSIVE

• Important applications in cardiology:
– CRT Optimization
– Monitoring fluid status in CHF
– Exercise Testing


