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  What is it? 

 

 
 

Near infrared spectroscopy (NIRS) is a noninvasive optical technology that relies on the relative 
transparency of biological tissues to near infrared light (700-900 nm) to determine tissue oxygenation. Oxy 
and deoxy hemoglobin and cytochrome aa3 possess distinct absorption characteristics in the near infrared 
spectrum. By monitoring absorption at wavelengths where oxy- and deoxy- hemoglobin and cytochrome 
aa3 differ, it is possible to determine the concentrations of oxyhemoglobin, deoxyhemoglobin, total 
hemoglobin, and oxy-deoxy cytochrome aa3. By determining the concentrations of oxyhemoglobin, 
deoxyhemoglobin, and total hemoglobin, hemoglobin-O2 saturation can also be calculated.    
 
Cerebral oximetry and NIRS are identical technologies, except the former focuses on the measurement of 
O2 saturation whereas with the latter it focuses on the concentrations of oxy- and deoxy- hemoglobin or 
cytochrome aa3 redox state.  NIRS may also be applied to assess the oxygenation of other organs, such as 
extremity (muscle), liver, and kidney.  In these situations, it referred to as tissue oximetry or muscle 
oximetry.   The same device may be used for all these applications.  
 
Cerebral oximetry and pulse-oximetry are similar technologies in that they both use near infrared light to 
determine O2 saturation and employ similar hardware components, such as a light source, a light detector, 
and a main unit, to extract and process the light signals to calculate O2 saturation. Cerebral oximetry and 
pulse-oximetry differ in several respects. Both technologies measure tissue absorption.  However, the tissue 
absorption signal contains a pulsatile and a non-pulsatile component, the latter being >100 fold stronger 
than the former.  Pulse oximetry looks at the weak pulsatile component to determine arterial O2 saturation 
(SaO2).  It often fails with poor tissue perfusion as the pulsatile signal diminishes or disappears.  In contrast, 
cerebral oximetry looks at the strong, non-pulsatile component to determine O2 saturation in the tissue 
circulation.  It is not susceptible to failure from poor perfusion, although it is subject to motion artifact and 
ambient light noise like pulse oximetry. 
 



  How does it work? 
 

 
 
As with other forms of oximetry, NIRS relies on the Beer-Lambert law which describes a relationship 
between light behavior and concentration of a compound:  
        log (I/Io) =    L C     
Where I is the measured power of light at the detector after it passes through the tissue and Io is the 
measured power of light at the emitter before it enters the tissue.    is the wavelength-dependent molar 
absorption coefficient of the absorbing compound, L is the path length of the light from emitter to detector, 
and C is the concentration of the absorbing compound in the tissue. For the brain, the light absorbing 
compounds are mainly oxyhemoglobin (HbO2) and deoxyhemoglobin (Hb), and to a much lessor extent, 
water and cytochrome aa3. 
 
In the chemistry lab, the Beer-Lambert Law and a spectrophotometer are used to determine the 
concentration of a compound in a solution.  The spectrophotometer contains a light source in which a 
variety of wavelengths can be selected. The best wavelength is selected base on    for the compound of 
interest. The solution is pipetted into a cuvette. L is typically 1 cm (standard cuvette).  The cuvette is 
inserted into the spectrophotometer, which measures I and Io.  C is calculated from a standard curve in 
which a series of solutions were prepared in which C was known and I was measured.   
 
In NIRS, the principal is similar, although the details become more complicated.  The device 
(spectrophotometer) uses a probe (I, Io) which sits on the head (cuvette) and the solution is the tissue 
beneath the probe.  C is oxy- and deoxy- hemoglobin in the tissue.     represents values for oxy and deoxy 
hemoglobin. The tissue is a mixture of scalp, skull, and brain.  C is calculated from a standard curve in 
which a series of experiments were performed in human volunteers, patients, animals, or models with the 
device in which C was known and I was measured.  Although L is unknown as light travels circuitously in 
the tissue, the probe can be constructed to make L a constant. 
Although early work demonstrated great promise for the technology to determine cellular oxygenation 
(cytochrome aa3 redox state), many studies have been performed which have shown this measurement as 
unreliable in clinical and other in-vivo situations, unless specific controls are implemented, which are for 
most part, impractical.  Thus, clinical application of the technology remains concentrated on the 
measurement of hemoglobin oxygenation.  

 



  What does it measure? 
 

 
 
NIRS views the tissue circulation beneath the optical probe.  For probe on the head, the thin extra-cerebral 
tissues in young children (age <7 years) do not interfere with brain monitoring.  NIRS monitors a 
“weighted average” O2 saturation of blood in small “gas-exchanging” vessels (arterioles, capillaries, and 
venules), with approximately 85% of the signal originating from venules. NIRS derived SO2 is referred to 
as StO2 (“tissue”), ScO2 (“brain”), or rSO2 (“regional”). 
 
NIRS is influenced by tissue O2 transport factors, such as cerebral blood flow, cerebral metabolic rate for 
O2 (CMRO2), hemoglobin concentration, SaO2, and hemoglobin-O2 binding affinity (P50).  Thus, therapies to 
increase CBF (hypercapnia), P50 (hypothermia), hematocrit (transfusion), or arterial saturation (oxygen) 
will increase NIRS ScO2.  Therapies to decrease CMRO2 (deep anesthesia) will also increase NIRS ScO2 .   
 
  What is its accuracy? 

 

  
 



Determination of the accuracy of the NIRS devices has been problematic.  In order to determine accuracy, 
the device must be compared with a gold standard.  Because there is no gold standard for NIRS (ie, no 
other device measures O2 saturation in the tissue circulation), determination of accuracy remains an 
estimate.   There is currently one FDA approved device, made by Somanetics.  Its accuracy on the FDA 
application was compared relative to a weighted average (SwO2) of arterial and jugular bulb O2 saturation.  
In adults and children, the device is not that accurate (+10-15%) on an absolute level of oxygenation (rSO2 
vs SwO2), but is fairly accurate (+5%) on a change in oxygenation ( rSO2 vs  SwO2).   In other words, 
the device indicates a change in oxygenation accurately but does not indicate accurately what the 
oxygenation actually is. 
 
Other devices purport greater accuracy than the Somanetics device.  However, these devices are not FDA 
approved, not commercially available, and have not been subject to accuracy testing on large scale.  
Nevertheless, several of these devices have been tested in animal models and have been found to be 
accurate +3% on an absolute. 
 
  What does it mean? 
 

 
 
Studies were conducted in healthy children and in neonatal animals to determine “normal” NIRS ScO2, and 
in neonatal animal models of hypoxia-ischemia to determine the relationship between NIRS ScO2 and 
neurological function.  These studies employed devices with excellent absolute accuracy (+5%).  In the 
animal hypoxia-ischemia studies, NIRS, EEG, CBF, and brain lactate and ATP were measured during 
graded levels of hypoxia-ischemia. In the pediatric studies, the children were lightly anesthetized or 
conscious (“awake”). 
 
In healthy children and animals, normal ScO2 is 60% to 80% (95% confidence interval, average is 68%). 
As graded hypoxia-ischemia is induced, neurophysiological function becomes disturbed first, evident by 
EEG changes (“slowing”) and increased brain tissue lactate, at NIRS ScO2 of 40 to 45%.  Brain energy 
failure, defined as flat EEG and decreased brain tissue ATP, does not occur until NIRS ScO2 of 30% to 
35%. With brain energy failure, tissue damage (infarction) will occur, given enough time. Interestingly, a 
buffer exists between 45% and 60% which is below normal yet neurophysiological function remains intact.  
Thus, the brain is able to continue to function despite less than normal tissue oxygenation. 

 



  When to act? 
 

   
 

Studies were then conducted in a neonatal animal survival model of hypoxia-ischemia to determine the 
relationship between the time at NIRS ScO2 which disturbs neurophysiological activity (slow EEG, ScO2 
40%) and poor long-term neurological function (clinical brain damage). Animals that experienced 2 hours 
or less of this hypoxia-ischemia recovered without clinical neurological injury or histological tissue 
damage.  However, as the duration of hypoxia-ischemia increased beyond 2 hours, the incidence of 
neurological injury increased proportionately.  In fact, for every hour at ScO2 40% beyond 2 hours, the 
incidence increased by 15%.  By 8 hours of this hypoxia-ischemia, the incidence of clinical brain damage 
was 100%. 
 
Thus, there appears to be a 2 hour window of opportunity to act if ScO2 is in the disturbed range (35% to 
45%) to prevent brain damage. After that, the risk increases by 15% each hour. 
 
  What are its limitations? 
 

 
 



It is important to understand the limitations of the technology before judging what its value in clinical care 
might be.  For the brain, the relationship between the area of tissue damage and neurological outcome is not 
tight.  It is not uncommon for a very small infarct (eg, 3 mm3 lacunar infarct in thalamus) to produce a 
severe neurological deficit (eg, hemiparesis), or for a very large tissue loss (frontal lobe resection) to 
produce minimal to no neurological deficit.   
 
Keep in mind that the NIRS device only monitors the tissue beneath the probe and therefore its utility 
remains in detecting global cerebral hypoxia-ischemia, not focal ischemia.  If the probe is located on the 
forehead, it is monitoring the frontal cerebral cortex. Therefore, a thrombotic or embolic occlusion and 
stroke in the middle cerebral arterial tree will not be detected from a probe situated on the forehead.  
 
  What is its effectiveness in clinical care? 
 

 
 
As with virtually all of our monitors, including pulse-oximetry and ECG, there have been no studies which 
have evaluated the efficacy of NIRS to impact clinical outcome in pediatrics.  Ideally, a NIRS threshold 
value like the ones shown in the above slides could be selected, and the value could be tested on outcomes.  
Unfortunately, the current commercially available device, Somanetics, lacks the accuracy for absolute 
values and hence a threshold value cannot be determined or tested.  It is far more difficult to test a relative 
change value on outcome.  Nevertheless, there is data to support efficacy of the technology in critically ill 
premature infants, in children with shock-trauma, infants undergoing congenital heart surgery, and children 
with sickle cell anemia.  Most data exists for congenital heart disease, the most relevant for pediatric 
anesthesiologists. 
  


