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Absolute Cerebral Oximeter

FREQUENTLY ASKED QUESTIONS

WHY DO I NEED TO MONITOR BRAIN TISSUE OXYGEN SATURATION?

Brain tissue oxygen saturation values are important to clinicians because cerebral hypoxia (lack of oxygen supply to the
brain) is a leading cause of neurological injuries,"-? and occurs in many surgical and clinical situations.!® 19 If left
unchecked, cerebral hypoxia may lead to adverse clinical outcomes such as short or long term brain damage, paralysis,
disabilities or death.! 1920

In cardiac surgery, use of cerebral oximetry has been shown to significantly reduce adverse clinical outcomes,
including permanent stroke, and to improve economic outcomes via decreased ventilation time, decrease ICU stays
and decreased hospital stays.>* 3

The CAS Medical FORE-SIGHT™ Cerebral Oximeter was developed to provide information to guide the timely
initiation of interventions and therapies to protect the brain from lack of oxygen.

HOW DOES THE FORE-SIGHT™ CEREBRAL OXIMETER WORK?

The FORE-SIGHT™ Cerebral Oximeter is a non-invasive device that incorporates CAS Medical System’s exclusive
LASER-SIGHT™ technology to project harmless near infrared light through the scalp and skull and into the brain via
a disposable sensor on the patient’s forehead.

The FORE-SIGHT™ Cerebral Oximeter operates based on the principle that blood contains hemoglobin in two
primary forms, oxygenated hemoglobin (HbO») and de-oxygenated hemoglobin (Hb). These two forms of
hemoglobin absorb light in different, measurable ways. Cerebral tissue oxygen saturation (SctOy) levels are found by
determining the ratio of oxygenated hemoglobin to total hemoglobin at the microvascular level (arterioles, venules and
capillaries) in the region of the brain that is interrogated.

The FORE-SIGHT™ Cerebral Oximeter continuously monitors cerebral tissue oxygen saturation SctO; which is a
mixed oxygen saturation parameter and reflects a proportional mix of arterial (~30%) and venous (~70%) blood in
the outlying regions of the brain. This 70/30 determination is based on results from PET scan studies on the brain.®

Laser light is projected into the brain in four precise (< 1nm) wavelengths to capture information needed for an
absolute indication of cerebral tissue oxygen saturation levels. Four precise wavelengths are needed to maximize the
measurement accuracy of oxy and de-oxy hemoglobin in determining cerebral tissue oxygen saturation (SctO»), to
compensate for wavelength dependent scattering losses, and to account for interference from other background light
absorbers® (such as fluid, tissue and skin pigmentation).

Reflected light is captured by detectors positioned on the sensor for optimal signal collection, and subtraction of
interference from tissues outside the brain.”

After analyzing the reflected light, the FORE-SIGHT™ Cerebral Oximeter displays the cerebral tissue oxygen
saturation level on the monitor as an absolute number and provides a graphical representation of historical values.

HOW ACCURATE IS THE FORE-SIGHT™ CEREBRAL OXIMETER?

FORE-SIGHT™ Cerebral Oximeter readings have been confirmed in both animal and human studies. In a recent
human validation study conducted at Duke University looking at 253 samples, the FORE-SIGHT™ Cerebral
Oximeter determined absolute cerebral tissue oxygen saturation values (SctO2) showed a strong correlation with the
reference SctO; over a wide range of pulse oxygen saturation values (SpOy). The bias and precision (1 standard
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deviation) for the FORE-SIGHT™ Cerebral Oximeter SctO,, compared to reference SctOs, (derived from co-
oximetry of arterial and jugular bulb blood samples) was 0.07 + 3.699 (The absolute root mean are accurate to within
3.69 points).

The high level of accuracy obtained by the FORE-SIGHT™ Cerebral Oximeter is achieved by compensating for the
influence of background light absorbing and scattering elements in the blood and tissue not associated with
hemoglobin. This is accomplished by a three-pronged technological approach: interrogation via a laser light source
with four discrete wavelengths; a patented algorithm; and a novel sensor design.

IS THE ACCURACY OF THE UNIT AFFECTED BY THE PATIENT'S TEMPERATURE?
Temperatures changes have been shown to have little or no effect on the absorption intensity of oxy and deoxy
hemoglobin.!® 1! The validity of the saturation values should, therefore, not be affected by changes in patient
temperatute.

HOW OFTEN IS THE DATA UPDATED ON THE SCREEN?
The FORE-SIGHT™ Cerebral Oximeter absolute values are updated every 2 seconds.

HOW SAFE IS LASER-SIGHT™ TECHNOLOGY?

LASER-SIGHT technology, used in the FORE-SIGHT™ Cerebral Oximeter, incorporates a laser system that is
designated as a Class 1 laser product by the FDA. Class 1 lasers are considered by the FDA to be "non-significant
risk" devices. The Food and Drug Administration (FDA) §1040.10 states that "Class I levels of laser radiation are not
considered to be hazardous" 12

HOW DOES THIS TECHNOLOGY DIFFER FROM PULSE OXIMETRY?

Cerebral tissue oxygen saturation values are comprised of a mix of arterial (~30%) and venous (~70%) blood. Pulse
oximeters monitor only arterial blood saturation values from peripheral tissue (oxygen supply).'* The FORE-
SIGHT™ Cerebral Oximeter measures the balance of cerebral tissue oxygen supply to cerebral tissue oxygen demand
in the brain, giving the clinician a better indication of the patient's actual cerebral tissue oxygen saturation status.

The FORE-SIGHT™ Cerebral Oximeter can also monitor cerebral tissue oxygen saturation values during low
perfusion situations, and in cases in which there is no pulsatile flow - such as deep hypothermic circulatory arrest.
Pulse oximetry requires pulsatile flow to operate.

AT WHAT DEPTH INTO THE BRAIN IS CEREBRAL OXYGEN SATURATION MEASURED?
Near-infrared light from the FORE-SIGHT™ Cerebral Oximeter penetrates the brain to measure mostly gray matter
in the cerebral cortex.!3 14

The depth of penetration has been confirmed by comparing signals from cerebral oximetry to other established brain
imagery modalities such as positron emission tomography (PET)!> and magnetic resonance imaging (MRI).1¢
Furthermore, it is confirmed by brain function activation studies.!”
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FREQUENTLY ASKED QUESTIONS

WHY DO I NEED TO MONITOR BRAIN TISSUE OXYGEN SATURATION?
Brain tissue oxygen saturation values are important to clinicians because cerebral hypoxia (lack of oxygen supply to the brain) is a leading cause of neurological injuries,1, 2 and occurs in many surgical and clinical situations.18, 19 If left unchecked, cerebral hypoxia may lead to adverse clinical outcomes such as short or long term brain damage, paralysis, disabilities or death.1, 19, 20

In cardiac surgery, use of cerebral oximetry has been shown to significantly reduce adverse clinical outcomes, including permanent stroke, and to improve economic outcomes via decreased ventilation time, decrease ICU stays and decreased hospital stays.3, 4, 5

The CAS Medical FORE-SIGHT™ Cerebral Oximeter was developed to provide information to guide the timely initiation of interventions and therapies to protect the brain from lack of oxygen.




HOW DOES THE FORE-SIGHT™ CEREBRAL OXIMETER WORK?
The FORE-SIGHT™ Cerebral Oximeter is a non-invasive device that incorporates CAS Medical System’s exclusive LASER-SIGHT™ technology to project harmless near infrared light through the scalp and skull and into the brain via a disposable sensor on the patient’s forehead.

The FORE-SIGHT™ Cerebral Oximeter operates based on the principle that blood contains hemoglobin in two primary forms, oxygenated hemoglobin (HbO2) and de-oxygenated hemoglobin (Hb). These two forms of hemoglobin absorb light in different, measurable ways. Cerebral tissue oxygen saturation (SctO2) levels are found by determining the ratio of oxygenated hemoglobin to total hemoglobin at the microvascular level (arterioles, venules and capillaries) in the region of the brain that is interrogated.

The FORE-SIGHT™ Cerebral Oximeter continuously monitors cerebral tissue oxygen saturation SctO2 which is a mixed oxygen saturation parameter and reflects a proportional mix of arterial (~30%) and venous (~70%) blood in the outlying regions of the brain. This 70/30 determination is based on results from PET scan studies on the brain.8

Laser light is projected into the brain in four precise (< 1nm) wavelengths to capture information needed for an absolute indication of cerebral tissue oxygen saturation levels. Four precise wavelengths are needed to maximize the measurement accuracy of oxy and de-oxy hemoglobin in determining cerebral tissue oxygen saturation (SctO2), to compensate for wavelength dependent scattering losses, and to account for interference from other background light absorbers6 (such as fluid, tissue and skin pigmentation).

Reflected light is captured by detectors positioned on the sensor for optimal signal collection, and subtraction of interference from tissues outside the brain.7

After analyzing the reflected light, the FORE-SIGHT™ Cerebral Oximeter displays the cerebral tissue oxygen saturation level on the monitor as an absolute number and provides a graphical representation of historical values.



HOW ACCURATE IS THE FORE-SIGHT™ CEREBRAL OXIMETER?
FORE-SIGHT™ Cerebral Oximeter readings have been confirmed in both animal and human studies. In a recent human validation study conducted at Duke University looking at 253 samples, the FORE-SIGHT™ Cerebral Oximeter determined absolute cerebral tissue oxygen saturation values (SctO2) showed a strong correlation with the reference SctO2 over a wide range of pulse oxygen saturation values (SpO2). The bias and precision (1 standard deviation) for the FORE-SIGHT™ Cerebral Oximeter SctO2, compared to reference SctO2, (derived from co-oximetry of arterial and jugular bulb blood samples) was 0.07 ± 3.699 (The absolute root mean are accurate to within 3.69 points).

The high level of accuracy obtained by the FORE-SIGHT™ Cerebral Oximeter is achieved by compensating for the influence of background light absorbing and scattering elements in the blood and tissue not associated with hemoglobin. This is accomplished by a three-pronged technological approach: interrogation via a laser light source with four discrete wavelengths; a patented algorithm; and a novel sensor design.




IS THE ACCURACY OF THE UNIT AFFECTED BY THE PATIENT'S TEMPERATURE? 
Temperatures changes have been shown to have little or no effect on the absorption intensity of oxy and deoxy hemoglobin.10, 11 The validity of the saturation values should, therefore, not be affected by changes in patient temperature. 




HOW OFTEN IS THE DATA UPDATED ON THE SCREEN? 
The FORE-SIGHT™ Cerebral Oximeter absolute values are updated every 2 seconds. 




HOW SAFE IS LASER-SIGHT™ TECHNOLOGY? 
LASER-SIGHT technology, used in the FORE-SIGHT™ Cerebral Oximeter, incorporates a laser system that is designated as a Class 1 laser product by the FDA. Class 1 lasers are considered by the FDA to be "non-significant risk" devices. The Food and Drug Administration (FDA) §1040.10 states that "Class I levels of laser radiation are not considered to be hazardous" 12


HOW DOES THIS TECHNOLOGY DIFFER FROM PULSE OXIMETRY? 
Cerebral tissue oxygen saturation values are comprised of a mix of arterial (~30%) and venous (~70%) blood. Pulse oximeters monitor only arterial blood saturation values from peripheral tissue (oxygen supply).14 The FORE-SIGHT™ Cerebral Oximeter measures the balance of cerebral tissue oxygen supply to cerebral tissue oxygen demand in the brain, giving the clinician a better indication of the patient's actual cerebral tissue oxygen saturation status.

The FORE-SIGHT™ Cerebral Oximeter can also monitor cerebral tissue oxygen saturation values during low perfusion situations, and in cases in which there is no pulsatile flow - such as deep hypothermic circulatory arrest. Pulse oximetry requires pulsatile flow to operate. 




AT WHAT DEPTH INTO THE BRAIN IS CEREBRAL OXYGEN SATURATION MEASURED? 
Near-infrared light from the FORE-SIGHT™ Cerebral Oximeter penetrates the brain to measure mostly gray matter in the cerebral cortex.13, 14

The depth of penetration has been confirmed by comparing signals from cerebral oximetry to other established brain imagery modalities such as positron emission tomography (PET)15 and magnetic resonance imaging (MRI).16 Furthermore, it is confirmed by brain function activation studies.17 
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