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Measurement of tissue oxygen saturation during ovariohysterectomy in domestic felines 

with near-infrared spectroscopy (NIRS) 

Abstract 

Near-infrared spectroscopy (NIRS) is a noninvasive and continuous technique, easily and 

quickly to apply, that gives information in real-time of regional tissue oxygen saturation at               

microcirculation level.  

This preliminary study evaluated NIRS technique using the O3™ Regional Oximetry       

device on sartorius muscle of six female cats, under general anesthesia and submitted to elective 

ovariohysterectomy. 

The tissue oxygen saturation values obtained were 71.84±4.85% (65% to 83%).                    

Statistical significance was observed with a positive correlation between NIRS and minimum                 

alveolar concentration, heart rate, and systolic blood pressure, and a negative correlation             

between NIRS and body temperature. NIRS was not able to detect noxious stimulation. 

In conclusion, the normal range of NIRS values in the sartorius muscle in cats under 

general anaesthesia for elective ovariohysterectomy was 71.84±4.85% with cut-off 62%.                  

A question is raised whether NIRS technique can be useful as an indirect indicator of cellular 

metabolism, taking into consideration the body temperature. 

 

Keywords: NIRS; near-infrared spectroscopy; tissue oxygen saturation; sartorius        

muscle; microcirculation 
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Medição da saturação de oxigénio tecidular durante ovariohisterectomia em felinos      

domésticos com espectroscopia de infravermelhos próximo (NIRS) 

Resumo 

Espectroscopia de infravermelhos próximo (NIRS) é uma técnica contínua e não                

invasiva, de fácil e rápida aplicação, que fornece informação em tempo real da saturação em 

oxigénio dos tecidos regionais, a nível da microcirculação. 

Este estudo preliminar avaliou a técnica NIRS no músculo sartórios de seis gatas, sob 

anestesia geral, submetidas a ovariohisterectomia eletiva, com o aparelho O3™ Regional          

Oximetry. 

Os valores obtidos de saturação de oxigénio tecidular foram 71.84±4.85% (65% to 83%). 

Identificou-se significância estatística e correlação positiva entre NIRS e concentração mínima 

alveolar, frequência cardíaca e pressão arterial sistólica, e correlação negativa entre NIRS e 

temperatura corporal. NIRS não conseguiu detetar estímulos nóxicos. 

Concluiu-se que os valores de NIRS no músculo sartório em gatas submetidas a            

ovariohisterectomia sob anestesia geral foi 71.84±4.85% com cut-off de 62%. Existe a                 

possibilidade de a técnica NIRS poder ser utilizada como indicador indireto do metabolismo       

celular, quando correlacionado com a temperatura corporal. 

 

Palavras-chave: NIRS; espectroscopia de infravermelhos próximo; saturação de           

oxigénio tecidular; músculo sartório; microcirculação 
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‘’Nothing in life is to be feared, it is only to be           

understood. Now is the time to understand more, so 

that we may fear less.’’  

Marie Curie 
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I. Curricular internship 

The internship was performed at Centro Hospitalar Veterinário (CHV), in the city of Porto, 

from September 2019 to February 2020.  

This veterinary referral hospital offers a rotating internship program, where interns pass 

through the different specialized services and work with the clinical team under their supervision. 

The duration of the daily shifts was eight hours during the weekdays, eight or twelve hours one 

weekend day, or night shift and staff holidays. The clinical areas of rotation were surgery,                

diagnostic imaging, medical consultation and hospitalization.  

During the service in surgery department, the interns helped to prepare the patient,         

participated in anaesthetic procedures and monitoring, assist the surgeon during soft tissues and 

orthopaedic surgeries, and learn about the preparation procedures of surgery room, asepsis      

protocols, dressing for surgery, correct way to deliver the surgical instruments and to clean them 

after surgical interventions. 

In the imaging department, the interns had the opportunity for helping in patient’s          

preparation, restraining and anaesthetic monitoring, participating and discussing the results of 

ultrasound and computed tomography exams, echocardiography exams, and endoscopy            

procedures.  

During medical consultation, the interns accompany the doctors along the different        

consults and are included in clinical case and patients historical. The medical areas accompanied 

during medical consults were internal medicine, preventive medicine, and consultations on         

specializes areas such as neurology, dermatology, orthopaedics, cardiology, oncology, and        

nutrition. During the consults, the intern followed patient’s physical exam, clinical exams,                 

diagnose, and clinical decisions. 

In the hospitalization service, the interns participated in the examination and treatments 

(preparation and administration) until the feeding, walks and physiotherapy, with the guidance 

and supervision of doctors and nurses, of the hospitalized animals. Additionally, the intern had 

the opportunity to participate in the clinical procedures, patient’s monitorization, laboratory        

analyses, blood transfusions, patient’s recovery and assist in emergency and critical care cases.  

During the internship I also had the opportunity to public present and discuss scientific             

articles, attend to lectures organized by the senior doctors, and participate in research projects.  
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II. Introduction 

The possibility of transmitting continuous light through human tissues is being                      

investigated since the 19th century.1 An important step towards the development of near-infrared 

spectroscopy (NIRS) potential was, in 1938, the demonstration for the first time, of the possibility 

to measure oxyhaemoglobin and deoxyhaemoglobin in human tissue, using two wavelengths (red 

and infrared light).2 referred by 1,3 Another important step that contributed for the evolution of NIRS 

technology, was the development of its ability to perform quantitative measurements, based on 

the Beer-Lambert law, discovered in 1729 by the mathematician Bouguer.4 referred by 1 Over the 

years, the application of this law to NIRS development leaded to the possibility of quantifying 

concentrations in 1852,5 but it was only valid in non-scattering media.1 As the biological tissues 

are considered scattering media, the use of NIRS technology in biological tissues with                

Beer-Lambert law was still not very accurate and could not be applied.1 The development of the 

Modified Beer-Lambert law, by Delpy in 1988,6 an extension of Beer-Lambert law that includes 

scattering light loss intensity, became the basis for NIRS technology.1 Over the last 40 years, 

NIRS technology has been progressively investigated, integrated and approved in several          

systems for clinical use, also being tested and applied in many different areas.3 

1. Tissue oxygenation and perfusion 

Oxygen (O2) delivery is maintained by an adequate cardiac output, intravascular volume,   

systemic blood pressure and an adequate vascular resistance, which clearly show the importance 

of blood flow and of the geometrical structure organization of blood vessels on patients               

monitoring.7,8 

Cells need energy for their functions and for maintaining homeostasis.9 Thus, it is essential a 

functional blood circulatory system to transport all the necessary nutrients, O2 and other essential 

molecules (figure 1).8,10 During anaesthesia, surgery and intensive care procedures, sudden 

physiologic changes can compromise homeostasis, and patients’ monitoring is crucial to address 

these changes as early as possible, towards restoring normal function and, consequently,           

decrease patients’ morbidity and mortality.11 
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Figure 1 - Physiologic, pathologic and therapeutic factors that can influence the value of central 

venous oxygen saturation.12 

Maintaining haemodynamic stability is the primary goal during patients’ monitoring, towards 

preserving an adequate delivery of O2 and other nutrients, and remove products resulting from 

cell metabolism.3,7,10 If haemodynamic stability fails, it will cause tissue hypoperfusion and         

consequent organ dysfunction or failure.10 Ultimately, haemodynamic shock can occur and may 

lead to multiorgan failure.12–14 

Local O2 deficits may pass unnoticed, and only be identified later when the functional tissue 

is already damaged.3 There is a narrow window of opportunity to compensate the deficits and, if 

enough oxygen is provided to restore cellular tissues metabolism, it is possible to prevent the 

occurrence of secondary events and the progress to organs dysfunction.10,14 Evaluating the global 

oxygenation status of tissues, which include the measurement of cellular O2 supply (to identify 

occult and initial hypoxia events) and O2 consumption (dysoxia events), is important to                

compensate the physiological imbalances as early as possible.3,7,10 

In the last decade, studies have shown that macroperfusion is important in a general plan of 

controlling the cardiovascular function but, relatively to the end-organ tissue oxygenation, it does 

not provide early detailed information, being these macrocirculatory parameters directed to         

patient’s central haemodynamic status.11 Studies based in the pathophysiology of organ failure, 

and in the perfusion and tissue oxygenation, showed that monitoring microcirculatory system is 

more accurate than monitoring macrocirculatory system in identifying regional tissue hypoxia and 

hypoperfusion.7 
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The microvasculature includes all the vessels with a diameter below 100µm (arterioles,      

venules and capillaries).10,15 This microvessels network is essential to supply regional tissues with 

enough O2 and nutrients for their metabolism. Due to its geometrical structure and organization, 

there is a certain heterogeneity among microvessels, but some biological mechanisms                

(angiogenesis, blood flow regulation, and others) allow to balance the distribution of hematocrit, 

blood flow, blood velocity, blood pressure, and adapting the blood vessels’ wall shear stress to 

allow more efficient nutrient and gas exchanges between tissues and the circulatory system      

(figure 2).8,16 

 

 

Figure 2 - Uptake and delivery of oxygen 

in the organism to tissues. (O2 – oxygen, 

DO2 – oxygen delivery, O2ER – oxygen 

extraction, VO2 – oxygen utilization,    

CO – cardiac output, ABP – blood     

pressure, SVR – vascular resistance, 

PvO2 – mixed venous oxygen pressure, 

CvO2 – mixed venous blood oxygen  

content, PaO2 – arterial oxygen partial 

pressure, CaO2 – arterial blood oxygen 

content, PtO2 – local tissue oxygen,      

Hg – quantity of patient’s haemoglobin, 

%SatHB – saturation of haemoglobin 

with oxygen).17  

 

Microcirculation includes more than 60% of the overall peripheral resistance of the          

circulatory system, being the main network responsible for maintaining the balance between 

blood pressure and the organs’ tissues blood supply.18 The size of vascular bed, the number of 

vessels per tissue area, and the blood flow per mass of tissue, are different between organs. 

Thus, significant changes in the blood pressure will individually affect each organ and,                 

consequently, determine the severity of the lesions.19 

The main function of the microcirculation is providing an efficient interface between the 

blood components and local tissue perfusion, accordingly to every tissue’s metabolic needs.20 

Tissue perfusion is regulated by the Central Nervous System (CNS) but can be influenced by 
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pain, stress, hypothermia and systemic inflammatory response, which can cause and potentiate 

blood flow maldistribution within the vessels bed.17 Endothelial glycocalyx, a layer lining the      

vascular endothelium, and composed by soluble plasma components, proteoglycans and           

glycosaminoglycans that separate endothelial cells from blood stream, is also an influencing     

factor to consider in microcirculation perfusion.20,21 The glycocalyx has a thromboresistant nature 

due the presence of anticoagulant molecules, and its main role is to protect the blood vessels 

dynamics. By controlling vascular permeability, restricting blood-vessel’s wall interaction (red 

cells, platelets and white cells), adjusting the resistance to shear stress forces, and by enabling 

balanced signalling, and modulating inflammatory responses, blood viscosity and hematocrit       

inside the microvasculature, the glycocalyx assures the maintenance of an ideal blood-body       

tissues interface. When the glycocalyx barrier is damaged, it may lead to tissue oedema formation 

and decreased microvasculature perfusion.21 

Thus, monitoring and evaluating the microvasculature is an important parameter during        

anaesthetic procedures and critical care monitorization, and must always be associated with the 

monitoring of macrocirculatory parameters.7 

1.1.    Monitoring of regional tissue oxygenation and perfusion 

Cardiorespiratory system has an important role in providing enough O2 for cells functions 

and tissues survival. The gas exchanges and normal blood flow in the microcirculatory system is 

essential for an effective O2 delivery to the biological tissues.20,22 In order to assure an efficient 

blood gases transportation to and from the tissues, it is essential to having intact and normal 

function of respiratory mechanics and air-blood-barrier in the lungs, intact macrohaemodynamic, 

normal values of haemoglobin levels, and a functional microcirculatory blood flow.20 Thus, a      

preoxygenation with O2 during preanesthetic/induction sequence is recommended for providing 

an adequate O2 saturation of haemoglobin.23 

The balance between ventilation and perfusion is important to prevent hypoxemia,          

because any imbalance will change the carbon dioxide (CO2) and O2 blood levels, and may result 

in tissues hypoxia.22 If ventilation decreases relatively to the blood perfusion pressure, the CO2 

alveolar concentration will increase, and the O2 blood concentrations will decrease. The O2            

alveolar pressure is not sufficient to assure a normal CO2/O2 exchange, and the increased CO2 

blood pressure will promote a rapid blood/alveoli CO2 passage.24 

On the contrary, if the blood perfusion pressure decreases relatively to the ventilation 

pressure, the CO2 alveolar concentrations will decrease due to the perialveolar capillary                

hypotension/hypoperfusion, which will compromise the passage of CO2 from the blood to the    

alveoli. Also, an increase in the O2 alveolar concentrations will occur due to decreased blood 

perfusion pressure that will negatively influence the O2 crossing of the alveolar-blood barrier.24  
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The pressure of CO2 and O2 in the blood condition the sympathetic outflow and the        

vascular tonus, and small changes in the vasculature diameter may compromise tissue perfusion 

and blood pressure.25 Although significant changes in the pressure of CO2 and O2 in the blood 

can quickly be reversed, the effect of these changes in the vascular bed extend beyond the       

normalization of the blood O2 and CO2 pressures.26 Thus, both O2 and CO2 blood pressures 

should be carefully monitored. 

Mechanical ventilation allows us to adjust the ventilation parameters to achieve normal 

physiological blood gases concentrations, even in patients with pathological conditions such as 

alveolus collapse, atelectasis, acute respiratory distress syndrome. Additionally, mechanical   

ventilation allows alveolar recruitment manoeuvres, which optimizes alveolar gas exchange, and, 

also, relieves respiratory musculature, which decreases the O2 consumption by the respiratory 

muscles increasing the circulating concentrations of nutrients and O2 available to supply other 

organs.27,28  

Mechanical ventilation is based on a positive-pressure ventilation, which is the contrary 

of voluntary breathing, where exists a negative-pressure force to get air into the lungs. Pulmonary 

volume controls and influence intrathoracic pressure and pulmonary circulation vasculature, while 

intrathoracic pressure is responsible for influencing the systemic circulation and may cause       

profound alterations at this level. When using mechanical ventilation, it is important to be aware 

of significant haemodynamic changes that may occur as a consequence of using this ventilatory 

technique: (i) alterations on the right and left ventricular ejection and loading; (ii) decrease of 

venous return when associated with hypovolemia, or right atrial pressure increase due to               

intrathoracic pressure increase (intra-abdominal pressure increasing due to diaphragmatic         

descent also influence the venous return, but lesser than these two previous factors);                       

(iii) similarities to cardiac tamponade when high lung volume compresses the heart;                         

(iv) alterations of autonomic tone due to lung volume changes; (v) increasing lung volume leads 

to a correspondent increase in the pressure difference between airways and pleura and, when it 

exceeds the pulmonary artery blood pressure, pulmonary vascular resistance increase due to the 

collapse of blood vessels passing into the alveolar space, and (vi) decrease of end-expiratory 

lung volume leading to alveolar collapse, which induce an increase in the pulmonary vasomotor 

tone due to the hypoxic pulmonary vasoconstriction.22,27,28 

The traditional methods used to monitor tissues perfusion include physical examination 

(heart rate, pulse quality, mucous membrane colour and capillary refill time), body temperature, 

mental status, arterial blood pressure, central venous pressure and urine output.7,10,12,14           

Physiologic markers (lactate concentration level, acid-base status and central/mixed venous      

oxygen saturation) and the implementation of techniques, such as pulse oximetry, blood gas  

analyses and pulmonary arterial or central venous catheterization, also help to measure globally 
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tissue perfusion and oxygenation.7,12,29,30 However, they do not express the regional differences 

and difficult the early detection of local hypoxia and dysoxia events.10,30,31 

Currently, some new methods are being used to monitor regional perfusion (via                 

microcirculation, mitochondrial or extracellular space), providing a non-invasive or minimally        

invasive monitorization (figure 3).7,10,31 

 

The gold standard for monitoring microvascular perfusion are the microvideoscopic    

techniques.16 Vasoreactivity testes such as laser doppler and near infrared spectroscopy (NIRS), 

gastric tonometry, sublingual capnometry, transcutaneous CO2 measurements,                              

contrast-enhanced ultrasounds, glycocalyx biomarkers and venoarterial PCO2 (partial pressure 

of CO2) gradients are other methods available for monitoring microvascular compartment.7,16 

2. NIRS - Near-infrared spectroscopy 

The absorption spectrums of oxyhaemoglobin and deoxyhaemoglobin were described in 

1862 by Hoppe-Seyler32, and in 1864 by Stokes32, respectively, showing the importance of       

haemoglobin as an O2 transporter and for monitoring oxygenation.1 The study that records the 

first attempt to monitor tissue oxygenation, in a non-invasive way, dates to 1876, when                  

von Vierordt study a decrease of red-light transmission through a human hand, when an ischemic 

process occurred.33 referred by1,3,34 In 1894 Hüfner35 was able to measure the absolute and relative 

Figure 3 – Techniques and summary of their clinical applications for monitoring regional perfusion 

through microcirculation, extracellular space or mitochondrial. (LDF - Laser Doppler flowmetry; 

MRS - Magnetic Resonance Spectroscopy; NIRS - Near-infrared Resonance Spectroscopy;        

O2 - Oxygen; SDF - Sidestream Dark Field; tPO2 - Tissue Oxygen Tension).10  



 

8 

 

 

amount of oxyhaemoglobin and deoxyhaemoglobin in in vitro studies using spectroscopy.1       

Nevertheless, the studies on spectroscopic analyses of tissue oxygenation were only continued 

some decades later (1930s).1,3 Matthes and Gross, in 1939, published a study alerting for a       

variation of red and infrared transmission accordingly with the amount of blood                                   

oxygenation.36 referred by 3 Jobsis, in 1977,37 was the first researcher to investigate and describe the 

applications of NIRS as a method for measuring the O2 metabolic state in the brain. He used a 

cat’s head to radiate with near-infrared light and, with continuous measurements, proved that 

there is a variation in the intensity of the transmitted light based on the level of oxygenation in the 

brain tissue.3,15  

Initially, NIRS was used in paediatric, cardiac and neuroanesthesia service but the      

technique was later discredited due to some studies that demonstrated the possibility of false 

positives and negatives readings, and anecdotal papers38,39 that question the validity of NIRS 

monitoring. However, with a deeper understanding of NIRS characteristics and limitations, it was 

possible to understand that all the NIRS observations  published in these studies are possible to 

occur, but they do not invalidate the use of NIRS to monitor tissue oxygenation.3 With the            

evolution of knowledge and technological development, NIRS monitoring has become more       

accepted for assessing tissue oxygenation over the last 40 years. In the 1990’s NIRS technology 

started to be commercialized and used in clinical practice, to provide real-time continuous tissue 

O2 saturation measurements in brain and somatic tissue. In the last years, the interest in using 

NIRS for assessing tissue oxygenation under general anaesthesia has increased significantly, 

and this technology is licensed worldwide for using in clinical setups.3,15  

2.1.    Technology 

The development of diffuse optical methods, which is a technology based on absorption 

and scattering properties of near-infrared light, allowed to acquire important information for         

patients monitoring, specially about brain activity. The general concept, of techniques that             

integrate this group, is to apply near-infrared light in a tissue and use the absorption spectra for 

this radiation of absorbent molecules (chromophores), which are present in the tissue, to interpret 

the emerging light levels detected as changes of chromophores concentrations. It can be named 

by near-infrared spectroscopy, diffuse optical tomography and/or near-infrared imaging, and the 

diffuse optical techniques are considered excellent in temporal sensitivity and reasonable in      

spatial sensitivity.40  

Near-infrared spectroscopy (NIRS) is a continuous, real-time and noninvasive technique 

used to monitor oxygenation, haemodynamic and metabolism of tissues, and it has proven to be 

an early indicator of organ ischaemia and oxygenation changes, when compared to other        

methods such as pulse oximetry, lactate, mental status, blood pressure and others.31 The NIRS 
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technique allows to monitor the nonpulsatile environment, including the local microvasculature, 

intracellular space and low-pressure areas, making it possible to measure the tissue O2 saturation 

in the end point of the O2 delivery.31,41,42  

2.1.1. NIRS Principles: physics and mathematics bases 

NIRS is a transillumination spectroscopy technology that uses near-infrared light, a    

wavelength of 700-1000nm from the electromagnetic spectrum. The photons transmitted by the 

laser, at these wavelengths, have the capacity to pass through several centimetres of different 

types of tissues (including bone), and reach deeper structures without great light attenuation, due 

to the low capacity of infrared light to be absorbed by the tissues.7,30,31,42–44 The fundaments for 

this technique are based in physics principles, but also involve knowledge in the fields of                 

biochemistry and mathematics. 

Each substance has a unique and characteristic spectrum of absorption and optical     

properties when irradiated (scattering and absorption coefficient, that are wavelength dependent), 

which allow to identify and determine the concentration of each component.42,45,46 Biological      

molecules can change their optical properties due to chemical or bonding reactions, and one 

example is the oxygenation and deoxygenation of haemoglobin that change its absorption      

spectrum in each of its forms30,41 (oxyhaemoglobin absorbs more infrared wavelength, closer to       

800-1000nm, than deoxyhaemoglobin, which absorbs more closer to 600-800nm).7 The               

absorption spectrum is an important measurement tool to evaluate the optical properties of         

substances. It provides quantitative information, such as concentration, biological activities and 

the shape or size of suspended particles.47  

Other principles that theoretically support NIRS technology, is that biological tissues react 

differently to each wavelength of light and are relatively transparent to some of them, like red and 

infrared radiation.42,48 When the light beam is transmitted and transverse the substances, like 

tissue or blood, the reaching surface of each substance will absorb, reflect, or scatter that light in 

different degrees and intensity.7,14,31 Depending on each component, their chemical                   

transformations over the time and the photons emitted, the propagation of each wavelength light 

in the tissues will be different.42 The transmission of light through reflection depends on the angle 

of the irradiated light beam and the tissue surface, while absorption and scatter depend on the 

wavelength, the molecules properties of substance and the size and measurement geometry of 

each type of tissue, with an indirect proportion between scattering and the increase of               

wavelength.7,42,48  

The NIRS sensors´ optical spectrometers have photodetectors that are used to collect 

and measure the intensity of the emerging light that was not absorbed and returned to the tissue 

surface. The amount of light detected is less than the transmitted and, through mathematic          
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calculations, as referred above, it is possible to perform a quantitative and qualitative analysis of 

the tissue oxygenation.14,15,30,42,43,49  

NIRS data quantification is difficult to perform in biologic tissues because these are      

considered a scattering medium, which is responsible for changing the optical path length of  

some wavelength, especially near-infrared. This problem of NIRS quantification in biological       

tissues also depends on other factors: (i) the light absorption is dependent of the components and 

chromophores existing within the tissue (different spectrum of absorption and concentrations of 

each component), (ii) the light scattering, (iii) tissues type, size and measurements geometry, and 

(iv) tissue absorption and scattering coefficients. These factors lead to light attenuation and make 

it impossible to know the absolute value of light lost and, consequently, the true absorption value, 

which influences the calculation results of the concentration of the absorbers.7,50,51  

Scattering is responsible for the loss of approximately 80% of the infrared light intensity 

emitted, making scattering the most important parameter responsible for light attenuation, and a 

significant issue that is still continuously being addressed in improving NIRS technology. The 

refractive index induce this effect of scattering, and its variation is related to the cells constituents, 

and the relationship between and within cells environment.7,42 This index can be a useful tool in 

large tissues, where the transillumination technique is difficult to apply (brain, for example). In this 

situation, when the light enters the tissue it’s scattered and transmitted through all the matter, due 

to the diffuse photon density and the different tissues layers, and the emerging light that returns 

to the surface and it’s detected by NIRS, gives essential information about a bigger sample of that 

large tissue.50–52  

NIRS technology is based in the Beer-Lambert law to provide the physical and             

mathematical basis for the O2 tissue calculations. In spectroscopy, this law is commonly used to 

measure the light absorbance and analyse the transmission of light through solutions, which 

states that transmission is a logarithmic function that relates density/concentration of the              

absorbers. This law neglects light scattering and assumes that variation of light attenuation is only 

influenced by absorption changes. Also, it defends a direct and proportional relationship between 

the quantity of light absorbed by a substance and its absorption coefficient at a specific            

wavelength, the concentration of the substance and the path length of photons.3,15,42,53,54 

Nevertheless, biologic tissues are frequently assumed as an optical homogeneous      

substance to simplify the mathematical calculations for haemodynamic monitoring. But, in fact, it 

is a scattering medium composed of many different layers and compartments with different optical 

properties and scattering coefficients, depending on the tissues adipose tissue, bone and          

vasculature.53 To overcome the scattering in biologic tissues, it was introduced the Modified    

Beer-Lambert law in NIRS calculations, that defends a non-linear relationship as it depends on 
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both scattering and absorption coefficients. It takes into account the scattering light, and relates 

differential changes in the optical density with those that occur in the absorption                                 

coefficient.50,53–55 To obtain a natural and proportional constant between the measured intensity 

and the sample’s absorption light, the mean of the photon path length during its transmission in a 

highly scattering tissue is used to better estimate the photons path length and provides this         

constant. Since attenuation of light depends on absorption and scattering, and the light scatter 

has a significant importance on the biologic tissues and in the emitted light intensity, it is crucial 

to consider this phenomenon of light lost to accurately estimate the true tissue light absorption 

value, and the quantitative data from regional O2 saturation.7,15,53,54 

However, the efficiency of the Modified Beer-Lambert law analysis may produce some 

inaccurate quantification, because of the uncontrolled changes in differential pathlength factor 

due to the initial alterations of source-detector positions and, consequently, its distance, and the 

optical properties of the irradiated tissue.55 To simplify and improve the accuracy of the pathlength 

measurement, new algorithms, mathematical functions, models and techniques (Spatially            

resolved spectroscopy56–58 and Generalized Beer-Lambert model, using Lambert-W function55, 

for example) have been developed and tested to decrease the influence of wave-dependent    

pathlength in absorption calculations, and to improve NIRS values accuracy when used in              

biological environments.14,51,52,55 

 

2.1.2. Near-infrared light and chromophores 

Near-infrared radiation (NIR) is used in NIRS technology and it’s a subdivision of infrared 

light, being the closest region to the visual spectrum (radiation detectable by the human eye).44 

Each substance have different indices of reflection, absorption and refraction, and consequently 

different scattering effect, which will influence the transmission and penetration of light through 

the substances. NIR is characterized by having low scattering and absorption effect in biological 

tissues, which gives it the ability to pass through different type of tissues and penetrate deep 

layers, reaching brain cortex, skeletal muscle tissue and, also, organs tissues.30,34,40 But, due to 

the optical properties of water and to the scattering and absorption effect variability between the 

different biological components, it is important to use a NIR wavelength range that will allow a 

deep optical penetration and collecting the information of interest.34,45 The ‘’optical window’’ (the 

wavelength range of near-infrared light that is less absorbed and allows to pass through the         

different tissue layers with almost no absorption) is 650-950 nm,40 and NIRS measurements       

usually use a wavelength range of 700-850nm.34 At this range, the light penetration into tissues 

is not limited by the water and lipid components, and can reach higher tissue depths.34 
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 The biologic tissues contain light absorbing molecules of near-infrared light, called       

chromophores, that contribute to light attenuation (figure 4).59 

 

 

 

 

 

 

 

When the transparency of the biological tissue is related to the absorption capacity of the 

existing chromophores at this wavelength range, it becomes possible to measure haemodynamic 

variations, metabolic activity and determine the concentration of this molecules by calculating the 

attenuated light levels.59 The existence of different absorption spectra allows to separate and 

distinguish each chromophore in NIR range with spectroscopy technique. The chromophores of 

biological interest for haemodynamic monitoring are the O2-dependent chromophores, and NIRS 

measurements depend on the absorption changes caused by their connection with the                    

O2 molecules.15 These molecules are haemoglobin (oxyhaemoglobin, deoxyhaemoglobin and     

total haemoglobin, that are measured by NIRS),15,31,34,48 cytochrome c-oxidase and                             

myoglobin.7,10,15,31 In NIRS technology, light attenuation and the calculation of tissue O2 saturation 

are mainly based on the contribution of oxy- and deoxyhaemoglobin, while myoglobin and                 

cytochrome c-oxidase have a smaller contribution because of their low concentrations when     

comparing to haemoglobin concentrations.7,10,31,48  

Figure 4 - Representation of 

near-infrared spectroscopy 

(NIRS) and the main                  

chromophores’ location in muscle 

tissue. (HbO2 – oxyhaemoglobin;                                

Hb – deoxyhaemoglobin;                       

MbO2 - oxygenated myoglobin;                 

O2 – oxygen; H+ - hydrogen;                     

H2O - water).14 
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In graphic 1 is represented the extinction coefficient, at each wavelength of near-infrared 

range, of the principal chromophores. The extinction coefficient represents the absorbing force of 

each molecule at a particular wavelength.48 

 

Graphic 1 - Near-infrared           

spectroscopy (NIRS) absorption 

spectra of chromophores in equal 

concentration. (Hb - haemoglobin, 

HbO2 - oxyhaemoglobin,                    

Mb - myoglobin,                               

MbO2 – oxymyoglobin and           

CtOx - cytochrome c-oxidase      

(represents the subtraction between 

the oxidized and the reduced form 

of cytochrome c-oxidase)). 14 

 

2.1.2.1.    Haemoglobin: Oxyhaemoglobin and Deoxyhaemoglobin  

Haemoglobin is an ubiquitarian iron-containing metalloprotein that is present within the 

erythrocytes and is responsible for the transport of O2 from the lungs to the diverse tissues for 

assuring aerobic cellular metabolism. The red blood cell is important to provide a                               

microenvironment that provide the necessary conditions for the modulation of haemoglobin and 

to optimize the binding and transport of O2. In mammals, this molecule is a tetrameric protein 

formed by four chains, two α-subunits and two β-subunits, and each one has a haem group, which 

is an amphipathic molecule with the hydrophobic part attached to the inside of the globin and the 

polar part on the surface. In the center of each haem group exist an iron atom that is responsible 

for covalent bond (without change its valence) with O2. It can also create reversibly bonds with 

other ions, especially diatomic gaseous ligands, such as CO2, carbon monoxide (CO), nitric oxide 

(NO), nitroxyl (HNO), nitrite (NO2
-), hydrogen sulfide (H2S), but also water (H2O), cyanide,            

cyanate, thiocyanate, azide and fluoride. This protein can bind to a total of four O2 molecules per 

haemoglobin, and the cyclic affinity states between them allows the O2 binding and unbinding, 

where affinity is higher in the oxygenated state.60,61  

To obtain information about the O2 saturation levels and its balance in tissues, the      

measurement of haemoglobin states is performed at the level of microvasculature. However,       

alterations in the vascular compartments (capillary, arterial and venous) can influence the 
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variation of oxyhaemoglobin and deoxyhaemoglobin concentrations, since blood distribution   

compromises the tissue O2 saturation.14,59 Other examples of variables that can influence the 

measurement and interpretation of this chromophore states are: (i) stronger hypercapnia, with the 

baseline perfusion increased by up to 100%, reduce deoxyhaemoglobin response almost to       

disappear;59 (ii) the excess of deoxyhaemoglobin is significantly reduced or even eliminated under 

normobaric or hyperbaric O2 conditions, respectively, in situations of hyperoxia;59 (iii) temperature 

variation influences the affinity balance between haemoglobin and O2, because the oxygenation 

of this molecule is an exothermic reaction, and, therefore, during hyperthermia the affinity            

decreases abruptly and during hypothermia the affinity increases, and deoxyhaemoglobin            

reduces;59,62 (iv) the existence of nonheme ligands in haemoglobin, that are heterotrophic             

effectors, influence the affinity of this protein to O2, because it changes the functional and         

structural modulation during the binding process in haem group, remaining the haemoglobin in 

the deoxygenated form;60,63 (v) blood velocity is correlated with the variation in oxyhaemoglobin, 

deoxyhaemoglobin and haemoglobin total measurements.59  

2.1.2.2.    Cytochrome c-oxidase 

This cytochrome c-oxidase is an enzyme of the terminal complex of the respiratory chain 

and uses more than 90% of the cell’s oxygen consumption in a catalyse reaction to convert the 

oxygen molecule into water by transferring photons to it. Even if its concentration in vivo is only 

10%, or less, of the existing haemoglobin, this enzyme can be measured with NIRS technology, 

providing important information about the cellular oxygen metabolism activity and mitochondrial 

functionality, oxygenation and oxidative metabolism.59,64–69 Cytochrome c-oxidase is formed by 

four redox active metal centres, two haem (cytochrome a and a3) and two copper (CuA and 

CuB).70,71 It has a characteristic absorption spectrum for visible and near-infrared light that are 

dependent of its redox state (absorption spectrum in NIR range of 680-980nm).59,67,68,71 The CuA 

is the best choice to reflect cytochrome c-oxidase and monitor this enzyme turnover at the        

near-infrared 830nm band.70,71  

Cytochrome c-oxidase is, with haemoglobin, the chromophore of interest to be measured 

with NIRS, but it is not routinely assessed, and its interpretation and detection are                              

difficult.59,65–67,70 To overcome the difficulties of overlapping information and signal-to-noise ratio, 

a broadband NIRS system is used to accurately isolate the cytochrome c-oxidase attenuation 

signal from the spectroscopic signal contribution of haemoglobin. A multiple source-detector with 

longer separation than the ones usually used for haemoglobin measurements is also needed, 

since the signal of this enzyme is depth-dependence, and its NIRS values are not base in the 

signal provided by haemoglobin.66,70,71 New algorithms are being developed and studied to        

simplify the analysis of redox cytochrome c-oxidase, and to improve the calculations of this          

enzyme, which are sometimes erroneous when only using the Modified Beer-Lambert law.59 
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2.2.    Principles related to NIRS spectrometers 

NIRS devices use multiwavelength algorithm, which is composed by algebraic expressions, 

to organize and separate all the overlapping information about the haemoglobin states and           

cytochrome c-oxidase captured by the photo detectors. To generate these algorithms a minimum 

of four near-infrared wavelengths are reqquired.7,14 

The photons emitted with near-infrared light, from the light source, will not be directed to the 

photodetector, nor in a straight path in substances like biological tissues, because light is           

constantly changing of path due to scattering effect. The optical pathlength is influenced by the 

mean and the distance of optodes. In the case of biological tissue, its characteristics will result in 

a pathlength with ‘’banana or boomerang-shaped’’ curve beneath the sensor, forming an elliptical 

path from an optode to the other (figure 5).3,14,15,42,72  

 

Figure 5 - Technical details of tissue oximetry with near-infrared spectroscopy (NIRS) in                

reflectance mode: pathlength of near-infrared light, when emitted and received by the optodes of 

NIRS probe, in tissue bed (the size of the cross-section area of each different vessels depends 

of blood flow velocity, where capillary is the largest because is the slowest) and light travelling 

(line 1 and 2 - absorbed by haemoglobin, line 3 and 4 – absorbed by other existing chromophores, 

line 5 – received by deep detector, line 6 – received by shallow detector, line 7 – light lost).72 

The photodetector is important to correlate optical pathlength with the inter-optode spacing. 

It uses the time that a photon takes to pass through the tissue and be detected by the sensor, 

and relates it to the distance that the same photon has travelled and the level of scattering it has 

suffered.14  

The optical pathlength is directly related with the distance between the emitter and the            

receiver optode, but the spacing variability of light source and the detector also influence the 
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depth of photon penetration in the tissue sample, affecting light ray distribution and the amount 

of tissue monitored.42 The depth that light beam can penetrate the tissue is approximately half of 

the distance between the emitter and the receiver optode in the NIRS probe, and the pathlength 

that photons travels is four to six and half times longer than the light source-detector distance, 

depending on the tissue irradiated (differential pathlength factor).14,49,73 The probe can have          

different spacing distances between the light source and the photodetector, which vary the          

volume of tissue monitored under the sensor. The ideal distance, and the most widely used, is 

four centimetres (4 cm), but the devices can vary the inter-optodes distance between two and 

seven centimetres (2-7 cm), being the range of three to five centimetres (3-5 cm) the most           

frequently used in NIRS devices.48,59,73 The distance of the source-detector optodes allows to 

measure and estimate the regional O2 saturation of the tissue about one cubic centimetre (1 cm3) 

in volume, with a  tissue penetration depth of two to three centimetres (2-3 cm).73 The use of 

longer distances between the light source-detector optodes would help to reduce the influence of 

shallow tissues in the light received, which are not the focus for the tissue monitoring. However, 

a fast deterioration of the light signal would occur with the separation of the optodes.48,59          

Therefore, it’s important to choose the correct NIRS sensor with the proper light source-detector 

distance, for achieving the best results when monitoring the targeted tissue. 

The structures of the superficial tissues are not of interest to NIRS monitoring but can               

influence the measurements results. To separate the signal contribution received from the           

superficial (skin and subcutaneous tissue) and the deeper tissues (brain and muscle), it was      

developed a multi-distance approach where, in the same probe, it is used one or more                 

photodetectors with different distances from the light source. Using more detectors allows the 

system to measure at different depths and, consequently, determine the type of tissue with 

depth.3,14,30,48 According with the principle of spatial resolution, the detector closest to the light 

source will capture the light signal from more superficial tissues, while the distant optode receiver 

will measure deeper, but also superficial, tissues (figure 5).3 

2.3.    NIRS Spectrometers 

The basic components of NIRS monitoring devices are a sticker probe14 with one or more 

light source (light-emitting diode - LED light, or laser diode)14,30,42,48,59 and photodetectors,14,42,48,59 

photo detection hardware (photomultiplier and diverse amplifiers that convert light incident         

photons into an electrical signal),14 computer (with software for algorithm processing and ability 

to translate the information of the emitted and recovered light into clinical information),14,42,48         

information display system,14 and fiber optical bundles,14 wireless system or multi-channel       

wearable74 to transmit information between probe and computer. 
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There are three main methodologies of near-infrared light spectrometers defined by the 

light source and illumination method: continuous wave (CW), frequency domain (FD) and time 

domain (TD).15,48,50 Continuous intensity NIRS (CW-NIRS) devices emits a continuous wave of 

constant intensity and it solely measure the intensity of the re-emerging light transmitted by the 

tissues.1,75,76 The frequency domain NIRS (FD-NIRS) technique spectrometer is based in the     

frequency modulation, where the intensity of the light emitted from the source is modulated by a 

sinusoidal function in a particular frequency (usually radio frequency), and its range can vary from 

50Mhz to 1Ghz. This enhanced technique measures the intensity of the attenuation light emitted 

by the tissues, the phase shift and the amplitude of modulation.34,50,75,76 Timed domain NIRS    

(TD-NIRS) technology is characterized by measuring the time flight of photons, that travels 

through the tissue, and separate the information from superficial and deep tissues.77 It uses          

ultra-short pulsed light sources, that are electromagnetic waves of light classically emitted with a 

time duration of picoseconds (equal to 1x10-12 seconds), but it can also be formed by using laser 

pulses of femtoseconds (equal to 1x10-15 seconds).34,77,78 Exist two detection methods for           

TD-NIRS, using a streak camera or the technique of timed-correlated single photon counting 

(TCSPC).50,77 The inclusion of a streak camera was the first development of TD-NIRS, and it 

detects the intensity of the emitted light in different locations of the measured tissue. The               

development of TCSPC method allowed to detect the photons received from the emitting light, 

and distinguish and order them according with their time of arrival. This is characterized as the 

‘’impulse response’’ of the tissues, and helps to determine their optical properties.50 

The CW system is the most used due to its low cost, easy transportation, less complexity 

and for being an easy and simple technology to use.1,34,74,76 The FD and TD techniques are more 

accurate, and give the absolute characterization of tissues’ optical properties, and absolute values 

of oxygenated and deoxygenated haemoglobin concentrations.74 They include absorption and 

scattering coefficients, which allows these measurements, while the CW system cannot                

determine these coefficients and, consequently, the absolute values.1,34,75,77 The FD and TD-NIRS 

systems are limited in daily practice, due to their complexity, high costs and because they are still 

not suitable for clinical environment, being mainly used in research projects.15,34,75  

There are several NIRS spectrometers available in the market, with different                   

characteristics, equipment, measurement methods (spatially resolved spectroscopy)56–58,79–81, 

methodologies (diffuse correlation spectroscopy)82–84 and techniques (functional near-infrared 

spectroscopy).1,74,84–89 It is important to choose the right NIRS device, depending on the                  

information that is needed to collect, in order to guarantee a high signal-to-noise ratio and avoid 

overlapping information. Also, selecting the appropriate wavelength, light source, detectors and 

geometrical arrangements help to overcome the existing limitations and to reduce the influencing 

factors.1,34,46  
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2.4.    Limitations in near-infrared spectroscopy measurements 

• Influence of other chromophores in light attenuation 

Before the near-infrared light emitted reach the tissue of interest, it passes through                 

heterogenous layers of tissue, with variable scattering and absorption effect due to the different 

tissue-derived chromophores, the volume of blood and the type of tissue present.48,90 Besides the 

haemoglobin and cytochrome c-oxidase, which are the chromophores of interest, the other         

existing molecules capable of absorb near-infrared light may also contribute to NIRS readings, 

and have some competitive effect in absorbing the emitted light. That chromophores are            

melanin,7,30,48,59,90 bilirubin,48,90,91 collagen, myoglobin,14,30,48 water,1,48 and lipids1,48 (figure 6). 

Some of these molecules may have higher absorption coefficients in the near-infrared light range 

than the chromophores of interest, but their contribution is reduced because they exist in low 

concentrations compared to haemoglobin. These chromophores will be responsible for absorb a 

minimum value of the near-infrared light emitted and will contribute less than haemoglobin for the 

light signal captured. Haemoglobin is considered the main absorber responsible for the results 

obtained by NIRS.1,7,30  

 

 

Figure 6 – Absorption spectra, in logarithm base, for the different chromophores present in            

biologic tissue that can influence Near-infrared spectroscopy measurements, with the                  

representation of the ‘’optical window’’ to use in this monitoring.(O2Hb – oxyhaemoglobin,           

HHb - deoxyhaemoglobin, CtOx - cytochrome c-oxidase).1 
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• Undefined optical pathlength 

The algorithms used in NIRS calculations assume a fixed distance value for light’s optical 

pathlength, but there are many factors that influence the path that each photon takes to travel 

through the tissue sample. The type of tissue, the interindividual variation in tissues components, 

the wavelength used, the scattering coefficient of the mean, the optode geometry, probe               

positioning and the changes and variations of blood volume, can change photons trajectory and 

create a distribution of paths instead of a unique direction.3,48 It is assumed that the pathlength 

travelled by the emitted light is in banana-shaped between source-detector optodes of the probe 

but, in reality, the path that the light follows is much longer than the distance between optodes. 

Since the measurement of the true optical pathlength can vary in 10 to 15% of the true distance, 

it was created a parameter in order to adjust the calculations that include the extra distance       

travelled beyond the distance between the optodes.3,92 The differential pathlength factor  is the 

parameter that was included to allow a more accurate estimation/measurement of the optical 

pathlength distance. However, it is a wavelength-dependent factor that decreases with increasing 

wavelength, and it is mainly influenced by scattering effect and depends on optodes geometry. It 

can be measured by using FD-NIRS or by measuring the mean time of flight of a picosecond 

pulse of near-infrared light when it passes through biological tissue (TD-NIRS), but, if this              

parameter is not accurately measured, cross talks of the information obtained can occur.48,92 

• Near-infrared light lost that is unknown due to scattering effect 

Scattering effect is difficult to quantify in an absolute value, which leads to an unknown 

light loss (scattering loss factor) when near-infrared light passes through biological tissues. The 

existing models used in NIRS technology only allow to predict and approximate to the value of 

the scattering loss factor.48 

• Extracranial tissue contamination, including the thickness of skull and cerebral fluid in 

brain monitoring48,51,90,91 

It is difficult to separate the NIRS signal from the brain from the extracerebral tissue, which 

is formed by the scalp, temporal muscles, skull, frontal sinus, cerebrospinal fluid and dura.91 The 

distance between skin and cerebral tissue difficult the brain measurements by NIRS devices      

because of their deep range. It is important to control the patient’s positioning since changes in 

the patient´s position may influence the thickness of cerebrospinal fluid. Also, the NIRS sensor 

must be placed where the thickness and number of tissue layers are reduced in order to decrease 

the distance between the sensor and the cerebral tissue.90,91 The variation of the distance            

between the optodes of NIRS sensor can help to reach a greater depth range and, consequently, 

reduce the effect of extracranial tissue. However, with the increase of source-detector distance 
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the signal intensity will be smaller and can difficult the detection of the light by the                            

photodetectors.90 

• Other limitations to take into consideration 

Placing the probe over a hematoma, oedema (or areas that easily can form oedema), 

thick layers of adipose tissue, bone or over pigmentated areas.7,30,51  

Variation of arterial/venous ratio and situations of hypoperfusion or hyperperfusion may 

influence the measurement.3,90,91  

Depth measurement capacity influenced by the source-detectors distance, the number of 

detectors and the wavelength used.59,90 

Fluctuations in body temperature and excessive movement induce errors in                  

measurements.7 

External light source as an artefactual factor.3 

In veterinary patients there is a lack of standardized reference values between NIRS      

devices and measuring sites. And, in some species such as cats, there are no published reference 

NIRS values for monitoring microcirculation.7 

2.5.    NIRS significant value to standard anaesthetic monitoring 

Briefly, NIRS technology is used to measure the absorption of near-infrared light by the 

tissues and blood, to provide information about the balance of O2 supply and consumption, by 

assessing microvasculature, and the metabolism activity (by monitoring O2 utilization) through the 

redox state of cytochrome c-oxidase present in intracellular space.31 The aims of this technology 

are to quantify the concentration of the chromophores responsible for O2 saturation and             

monitoring physiological demands and deficits to maintain homeostasis, by clinical approaching 

pathological changes as early as possible.50,72 

NIRS measurements are continuous, real time and do not depend on cardiac cycle or 

even to capture a quality signal from pulsatile flow, like pulse oximeter.3,14,73 This last one uses 

systolic and diastolic cycles and absorption values to measure arterial O2 saturation and to create 

the plethysmograph pulse waveform.3,14 NIRS can assess O2 saturation in different vascular     

components (capillary, veins, venules, arteries and arterioles) and the nonpulsatile optical       

components, monitor a specific organ or tissue of interest (muscle or brain for example) and 

measure other parameters besides haemoglobin saturation (cytochrome c-oxidase66 and tissue 
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O2 index - TOI%,79 for example).3,14,73 NIRS provides a noninvasive monitoring tool that allows 

assess the regional and global tissue perfusion and circulatory function, that makes possible to 

evaluate and monitor the imbalances between tissues’ O2 supply and metabolic demands.3,73 

Thus, NIRS allows to early identify ischemia events in organs and tissues that can be pass           

unnoticed otherwise, until clinical signs of organ dysfunction become evident.3,14 Due to the         

estimation of systemic venous saturation and the correlation of this parameter with circulatory 

status, NIRS is a valuable tool for early detection of deficits in perfusion and prevent organ        

morbidity, mortality and/or neurologic outcomes.3,73  

2.6.    Near-infrared spectroscopy monitoring 

NIRS information cannot be used alone and is necessary to include it in a multimodal        

monitoring strategy, because cerebral and somatic NIRS information can alert about perfusion 

and oxygenation alterations but cannot indicate the mechanism or aetiology that induced the 

eventual desaturation.91 When NIRS values decrease, it is important to rule out any technical or 

mechanical problem, such as inappropriate and incorrect positioning of NIRS sensor, by checking 

the equipment, head positioning, and evaluating if there is any problems associated with                 

application or malpositioning of surgical instruments (arterial or venous cannula used in                 

extracorporeal circulation procedures, for example).3  

The use of NIRS technique for cerebral     

monitoring15,30,41,90,93–95 was the most studied and 

developed area, being followed by muscle tissue 

oxygen saturation monitoring. NIRS also started to 

be used and applied to transcutaneously measure 

the oxygenation of the kidney,15,96,97                           

intestine,15,98–101 liver,99,102 splanchnic                       

tissue,98–101,103 and testicles104, due to the              

superficial location of these organs. Each tissue 

and organ have its own metabolic rate, basal        

oxygen extraction and demands (figure 7).3,105 In 

situations where homeostasis and organs             

metabolic needs are compromised, the blood flow 

and oxygen extraction increase to compensate this 

imbalance and the non-vital organs, as kidneys,    

intestine and liver, may enter in a state of occult 

ischaemia.3,105 Although NIRS monitoring in these 

tissues are not validated nor used as standard   

clinical applications, studies have been 

Figure 7- Representative values of       

oxygen saturation in different tissues in 

a dog model, where the arterial values 

are identified through dotted lines and 

the venous values by solid black line.105 
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demonstrating positive results when using NIRS technology to monitor organ tissues in patients 

under 10 kilograms, neonates and infants.3,15,30,99 

 

2.6.1. NIRS in skeletal muscle monitoring  

When NIRS technique was developed, due to its monitoring features and to the                   

information that the clinicians can obtain regarding the oxygenation of peripheral tissues, the 

muscle NIRS evaluation started to be implemented and studied in order to be used as an early 

indicator of hypoperfusion and tissue hypoxia.31,34,106,107  

The NIRS values obtained during skeletal muscle monitoring are a reflection of the       

muscle microcirculation, where capillaries are the main source of the total blood volume in muscle 

tissue (>90%), and a reflection of the intracellular myoglobin concentrations.108 Human109–112 and 

animal112–114 models studies showed that NIRS information generally follows the alterations        

occurred in venous blood O2 saturation, but also alerted for some discrepancies that may occur 

due to the intracellular myoglobin and blood volumes changes, which alters the O2 gradient         

between arteries and venules.31,34 It is estimated that 70% of the total amount of blood in the 

organism is in the venous compartment (with, approximately, 75% of the total venous blood           

located in the small veins (30%) and venules (45%)). The remaining 30% of the whole blood is 

located  in the arterial compartment, with a venous:arterial blood volume ratio of 2.33.109,115   

The skeletal muscle can obtain energy (ATP production) for its functions through aerobic 

mechanisms, such as oxidative phosphorylation, and through anaerobic processes when the O2 

is not sufficient to supply the metabolic needs. Since the main source of energy is the aerobic 

route through oxidative mechanism, and the skeletal muscle is a peripheral tissue that can be 

easily assessed for monitoring, NIRS can be used for monitoring the local muscle O2 balance 

(supply and consumption) and the blood flow.34 Jobsis was, in 1977, the pioneer in using NIRS 

technology for medical application,37 and he extended his research to skeletal muscle NIRS      

monitoring,116,117 by studying the cytochrome c-oxidase and the skeletal muscle O2 concentrations 

response to NIRS technology.34,118 In the end of 1980, NIRS technique started to be used to 

measure muscle oxidative metabolism in different scenarios (resting and during muscle                

activity).119 Wilson, et al., 1989112 showed that NIRS could detect changes on skeletal muscle 

oxygenation, and suggested that NIRS technology had the potential for being used as a valuable 

method for monitoring muscle O2 delivery, assessing blood flow impairments, and assessing the 
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effects of therapeutic interventions. Since the 1990’s, the NIRS oximeters were capable of     

measuring O2 supply-demand balance in superficial muscles (figure 8).108  

 

By using NIRS technology for the measurement of skeletal muscle tissue O2 saturation, 

both in human and veterinary medicine,7 it became possible to detect occult shock and predict its 

severity,114,120 to provide more accurate prognostic information, improve patients´ triage in      

emergency settings, improve patients’ outcomes during resuscitation,114,121 detect myopathies 

(important in equine clinic),122 and to monitor peripheral perfusion and tissue hypoxia when other 

monitoring techniques are not indicated, such as central/mixed venous oximeters.7 

The variability in muscle NIRS readings with gender, age, size/weight and body mass 

index have been reported.31 Studies performed in dogs showed that age41 and body mass             

index123,124 (but not gender41,123,124 or size/weight41,124) can influence the muscle NIRS readings. 

Although there were no differences between male and female dogs’ NIRS measurements in the 

various muscular sites tested,41,123,124 the possibility that neutered animals might have influenced 

the results was raised.123  

Skeletal muscle NIRS measurements can  be influenced by increasing body mass index, 

which leads to a decreasing in the tissue O2 saturation and, consequently, to a decrease in NIRS 

values.123,124 A study that evaluated the O2 saturation measurements with NIRS in the sartorius 

muscle in seventy-eight healthy adult dogs, reported significant differences in the NIRS values 

between dogs with a body mass index of 5 to 5.5, and dogs mildly to severely overweight with 

body mass index of 6-6.5, and above 7.123 Relatively to age parameter, a study performed in dogs 

in a population of forty-eight Chihuahua reported a small positive linear relation between age and 

femoral muscle NIRS measurements.41 The clinical importance of the linear correlation reported 

in this study41 is questionable. 

Figure 8 - Representation of skeletal 

muscle oxygen saturation             

measurement with near-infrared 

spectrophotometry, placed above 

the tissue bed.121 



 

24 

 

 

The positioning of patient, standing or lateral recumbency, and the placement of probe 

on the left or right side, have no effect on the muscle NIRS measurements.124 

2.6.1.1. Muscle sites for NIRS measurement in animals 

The skeletal muscle NIRS readings will not mainly represent the haemoglobin O2                  

saturation and O2 balance, due the existence of myoglobin that shares similar optical properties 

with haemoglobin, which decrease the accuracy of the results and influence the light                         

attenuation.30,31 Melanin and elevated blood volume are also responsible for reducing the            

penetration depth of near-infrared light and the reflected light intensity, which limit the range        

distance of NIRS measurements.34 For these reasons, it is important to perform the                    

measurements in a muscle location where the influence of these limiting factor is almost null. 

However, there is a limited number of studies about NIRS monitoring in veterinary medicine, NIRS 

range of values and measurement sites, being the dog the most studied animal.124 

The most recommended site to measure muscle O2 saturation with NIRS technique in 

dogs is the sartorius muscle.7,123,124 Most of the articles that use and defend this location are 

based on the results of the study performed by Hall, et al.123 in 2008, with a population of              

seventy-eight healthy adult dogs, weighting above nine kilograms. The sartorius muscle is located 

on the cranial medial aspect of the thigh and can easily be assessed (figure 9). The NIRS sensor 

is easy to be applied on the skin over the sartorius muscle, that has usually no pigmentation, has 

little hair and a small layer of subcutaneous fat tissue, when comparing to other muscles (vertebral 

lumbar epaxial muscle, a region where subcutaneously adipose tissue is usually present).123,124 

The NIRS measurements over the sartorius muscle presented the most consistent readings, with 

a success rate of 100% in obtaining tissue O2 saturation measurements, when compared to 70% 

and 67% of consistent readings from the other muscular sites tested: forearm digital extensors 

and biceps femoris muscles, respectively.123 

 

Figure 9 - NIRS (near-infrared 

spectroscopy) sensors placed over 

the sartorius muscles of a dog,      

using two different NIRS devices: 

INVOSTM (right leg) and InspectraTM 

(left leg).124 
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The sartorius muscle in dogs is usually supplied by branches of the superficial circumflex 

iliac and lateral circumflex femoral arteries (sartorius proximal portion), muscular branches from 

the femoral artery (sartorius middle portion), and muscular branches from the descending            

genicular artery (sartorius distal portion) (figure 10).125 

 

Another possible measurement site reported for muscle NIRS monitoring is the gracilis 

muscle. Some animal studies focused in NIRS measurements over this muscle,41,112,117,126,127      

located subcutaneously on the caudal aspect of the medial thigh.125,128 However, only two studies 

addressed the NIRS measurements in the gracilis muscle,41,112 while the other studies were         

focused in evaluating NIRS variations.117,126,127 Wilson, et al., 1989,112 reported NIRS value of 

73.3±4.3% for venous haemoglobin O2 saturation and 93.4±1.1% for arterial haemoglobin O2   

saturation from the gracilis muscle in five dogs, at rest. Hiwatashi, et al., 2017,41 reported mean 

NIRS values of 67%±6% for regional oxygen saturation on gracilis muscle in a population of      

forty-eight Chihuahuas, using the Toccare finger mounted NIRS device. 

When comparing the anatomical characteristics of the gracilis and sartorius muscles, the 

first one is only vascularized by the proximal caudal femoral artery and, in cats, also by collateral 

branches of saphenous artery. When compared to sartorius architectural muscle index (average 

muscle fiber length divided by the average muscle length), the gracilis muscle has a muscular 

index value lower in dogs and higher in cats. Gracilis is thicker than sartorius muscle, and it has 

greater muscle mass and physiological cross section area.128–130 These anatomic differences    

between gracilis and sartorius muscles may be the reason behind the significantly difference   

performance of NIRS monitoring in the sartorius and gracilis muscles. 

 

 

Superficial circumflex 
iliac artery 

Lateral circumflex    
femoral artery 

Descending genicular 
artery 

Popliteal artery 

Femoral artery 

Femoral artery 

Figure 10 - Scheme of 

sartorius muscle with its 

arterial supply in canine 

topographic anatomy. 

Adapted from125 
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2.6.1.2. Normative NIRS values and variability factors 

For an accurate identification of hypoperfusion and tissue hypoxia, it is important to          

predefine a cut-off value for tissue O2 saturation (StO2), which is the minimum value of tissue O2 

saturation that assures an adequate organ perfusion. The cut-off value is an intervention indicator 

used as a significant predictor of outcomes for multiple organ dysfunction syndrome and patient 

death in humans. The values are determined through logistic regression analyses, and the range 

reference recommended for cut-off StO2 values in humans is of 70% to 75%.123,131 

Hall, et al.123 established in 2008 a reference normal NIRS range for dogs (71% to 99%) 

as baseline for normal tissue O2 saturation level measured in the sartorius muscle.123 However, 

a study performed in healthy dogs using different NIRS devices (InspectraTM and INVOSTM)          

reported very distinct cut-off values. When using the InspectraTM device, the recommended NIRS 

cut-off value was 78%, below which the clinician should consider an early identification of            

perfusion compromising and early organ dysfunction.124 On the other hand, when using the         

INVOSTM device, the NIRS mean values obtained for healthy dogs were all under the cut-off value 

recommended for the InspectraTM device.124 Thus, it is not possible to use an universal cut-off 

value for all NIRS devices in dogs, and it is crucial to stablish a reference range for StO2 readings 

and a cut-off value for each monitor, in order to avoid misinterpretations of the NIRS values. It 

has been suggested that the cut-off value should be the NIRS value two standard deviation below 

the mean values of the tissue O2 saturation value obtained by each different NIRS device from 

healthy subjects.124 

Several other factors, besides species, age, body mass index, fat, evaluated site, biological 

needs and individual variability, have been reported to influence NIRS values.15,31,34,41,105,123       

Sullivan, et al., 2011132 suggested the altitude as an influencing factor for the lower NIRS values 

obtained, regardless of the different anatomical locations used for the NIRS measurements (the 

abdominal wall near the linea alba, and the inguinal area). Another influencing factor is the       

presence of myoglobin in muscle tissues, with studies suggesting a 90% contribution to the NIR 

signal by this molecule.34 Also, the summation of information from arteries, venules and capillaries 

O2 saturation, used by the NIR signal, can vary according to the blood volume from the arterial 

and venous systems, which can erroneous reflect changes in venous blood O2 saturation.34,118 

2.6.2. Total haemoglobin index 

The total haemoglobin index (THI) represents a metric signal strength of the haemoglobin, 

providing information regarding vasodilatation, and is measured by NIRS devices while StO2 is 

measured.7,123,133,134 The THI values (unitless values between 1 and 99) does not indicate the 

blood haemoglobin concentration, on the contrary. It represents the total amount of haemoglobin 

in a determined volume of tissue that is monitored by the NIRS method.7,123 The THI is obtained 
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through an algorithmic function of NIRS device software, and represent an estimative of                

oxyhaemoglobin and deoxyhaemoglobin quantity per unit area in the microcirculation blood flow 

on the monitored tissue.41,133 

Studies performed in dogs showed that monitoring StO2 associated with THI may yield      

similar results to those published in human studies.41,123 Hiwatashi, et al., 2017,41 report that        

cerebral THI values are higher than those obtained for femoral skeletal muscles. These same 

authors was also reported the existence of a positive correlation between body weight and muscle 

THI, a negative slope between body weight and cerebral THI, and no influence of age in the THI 

values.41 Further investigations to validate the use of this parameter and its meaning in animals 

and in different organs are considered necessary.41,123 

2.7. NIRS monitoring in veterinary practice in cats 

The studies published about NIRS monitoring in animals are sparse and refer to different 

species, such as mice,42,86,104,135 rabbits,42,120 cats,37,117,127,136–138 

dogs,37,41,42,94,112,113,123,124,132,139,140 pigs,95,100,102,114,141 horses,93,122 lactating cows,142                        

primates,143–147 sheep,79,148–151 goats,152 marine mammals153 and birds.154 

The studies published addressing NIRS monitoring in cats are few, and the first study 

was published by Jobsis 1977,37 where the transillumination of a cats’ cranium with infrared light 

was proposed to monitor O2 cerebral saturation. Mook, et al., 1984138 used near-infrared            

spectrophotometry and oxygen electrode techniques to compare its performance in assessing 

the effect of progressive hypoxia in cats in brain oxygenation. Piantadosi and Jobsis-Vander Vliet, 

1985,117 performed the first evaluation with near-infrared technique on intact biceps femoris and 

gracilis muscles in cats during controlled protocols of hypoxia and haemorrhagic hypotension. 

These authors studied the variation of cytochrome a, a3 oxidation-reduction responses,                

myoglobin saturation and oxygenation changes during each protocol, and reported that the NIR 

values obtained from metabolic signals are feasible for evaluating oxygen saturation in resting 

skeletal muscle.117 Another study, performed by Cairns, et al., 1986,137 reported the usefulness 

of using NIRS to assess brain metabolism and oxygenation in anesthetized female cats subjected 

to a protocol of increasing intracranial pressure. Accordingly to the collected NIRS data, these 

authors suggested an innovative therapeutic approach for head injuries, consisting in delivering 

50% of O2 associated with 5% of CO2 during ventilation to improve brain oxygenation values.137 

Proctor et al., 1988,136 used the NIRS technique to detect metabolic events related with head 

injuries in cats to evaluate brain autoregulation mechanism in the postinjury period. The authors 

reported an increase of oxygenated blood flow associated to lethal closed head injury, and a loss 

of brain autoregulation and a deterioration of mitochondrial function in the postinjury period.136 

Hampson and Piantadosi 1990,127 addressed the changes of O2 availability in brain and skeletal 
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muscle (hindlimb, biceps and gracilis muscle) in anesthetized cats during hypercapnia and           

hypocapnia events, which induce respiratory acid-base imbalance in these cats. The authors of 

this study127 concluded that NIRS was capable to rapidly detect and assess changes in O2 levels 

measured continuously in multiple tissues. Also, hypercapnia induced progressive changes in 

both cerebral and muscle tissues NIRS readings, but with different NIRS response between       

cerebral and muscle tissue. During hypocapnia, it were observed cerebral NIRS values changes 

but there were no observed NIRS changes in the muscle tissue.127 

To our knowledge, the latest study using NIRS monitoring in cats was published over 30 

years ago, and there are no published studies addressing the sartorius muscle NIRS monitoring 

in healthy cats during routine surgical procedures. And during these 30 years, NIRS technology 

has evolved immensely towards a better performance during clinical practice. 
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III. Objectives for the study 

The objective of this study is to determine the NIRS range values in the caudal portion of 

the sartorius muscle in domestic female cats, during ovariohysterectomy. It will also be       

studied if NIRS is able to detect noxious stimulation, and to determine if NIRS values correlate 

to the physiological variables recorded during the surgical procedures in the same group of 

cats. 
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IV. Materials and Method 

Patients  

This study was performed in the facilities of the Centro Hospitalar Veterinário, Porto,      

Portugal, during routine elective ovariohysterectomy in cats who were patients from the hospital 

or referred from other veterinary clinics. The inclusion criteria were healthy female cats, of any 

age. Clinical evaluations (physical exam, blood analyses and clinical history) were assessed at 

the hospital before surgery or at the veterinary clinics prior to referral for surgery at the Centro 

Hospitalar Veterinário.  

Anaesthetic protocol 

Cats were premedicated with intramuscular administration of dexmedetomidine, 10 µg/kg 

(DEXDOMITOR ®, Orion pharma, Espoo, Finland), and ketamine, 2 mg/kg (Nimatek, Dechra, 

Northwich, United Kingdom), prepared in the same syringe. An intravenous catheter was               

introduced in cephalic vein and connected to a lactated Ringer’s lactate solution (BRAUN VET,              

B BRAUN, Melsungen, Germany) fluid delivery line, at a delivery rate accordingly to the formula    

(30 x weight+70)/24 ml/hr. 

Oxygen 100% was delivered via facial mask during surgical preparatory procedures. After 

trichotomy, intramuscular methadone 0.2 mg/kg (Semfortan®, Dechra, Northwich, United        

Kingdom) was administered. Induction of anaesthesia was performed with propofol 1%           

(PropoVetTM, Zoetis, Parsippany, New Jersey U.S.) dose-effect. All patients were intubated and 

mechanical ventilated using Mindray WATO EX-20 Vet (Mindray Medical International Co., Ltd., 

Shenzhen, China) (figure 11). Ventilatory parameters were adjusted accordingly to each patient’s 

needs, towards having peripheral O2 saturation above 98% (SPO2>98%) and end-tidal carbon 

dioxide (EtCO2) between 35 and 45 mmHg values. Hypnoses was maintained with sevoflurane 

(SevoFlo, Zoetis Belgium SA, Louvain-la-Neuve, Belgium), with an initial vaporized concentration 

of 1.5%, and then adjusted to patients’ needs. Fentanyl (Fentadon ®, Dechra, Northwich, United 

Kingdom) was prepared for intraoperative rescue analgesic medication, if necessary. 

Monitoring and data collection 

The study period was defined from five minutes after intubation (T0) until ending      

sevoflurane administration. 

An O3TM Regional Oximetry® device (Masimo Corporation, Irvine, CA, USA) (figure 11) 

with an adult sensor was used for NIRS data collection. This device is able to measure the NIRS 

absolute value (with an accuracy of ±4% for adult sensor, and ±5% for paediatric sensor) and the 
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trend value of regional O2 saturation (with an accuracy of ±3%, when EtCO2 values are not         

controlled, and with an accuracy of ±2.1% with controlled EtCO2 values).155 The NIRS sensor was 

attached, after trichotomy of the monitoring area, to the skin over the caudal portion of the           

sartorius muscle of the cats’ left leg. 

The haemodynamic and ventilatory data was recorded using the Mindray BeneView T8 

monitor (Mindray Medical International Co., Ltd., Shenzhen, China) (figure 11).  

Figure 11 - O3TM Regional 

Oximetry® device (Masimo 

Corporation, Irvine, CA, 

USA), Mindray BeneView T8 

monitor and mechanical  

ventilator Mindray WATO 

EX-20 Vet (Mindray Medical 

International Co., Ltd.,  

Shenzhen, China) used for 

this study at the Centro    

Hospitalar Veterinário.     

(Picture by Patrícia Moio) 

 

The NIRS value (%), SpO2 (%), heart rate (bpm), EtCO2 (mmHg), sevoflurane minimum 

alveolar concentration values, temperature (ºC), systolic blood pressure (mmHg), diastolic blood 

pressure (mmHg) and mean blood pressure (mmHg) were recorded every minute. During the 

ovariohysterectomy procedure, these variables were also recorded during several surgical        

moments prone to noxious stimulation: surgical towel clamp; skin incision; linea alba incision; left 

suspensory ligament rupture; left ovary pedicle ligature; right suspensory ligament rupture; right 

ovary pedicle ligature; uterine body traction; uterine body ligature; uterine body transection;         

closure of the linea alba; end closuring linea alba; skin closure; end of skin closure. 

Statistical analyses 

Pearson´s correlation analysis was used to compare NIRS regional oxygen saturation (rSO2) 

values with the physiologic variable recorded. NIRS (rSO2) values were also compared at each 

surgical moment using Kruskal-Wallis analysis of variance. Statistical significance was defined 

when p-value<0.05. Data are mean±SD. Statistical analysis was performed using SPSS version 

25 software.   
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V. Results 

From the twelve cats enrolled in the study, six were excluded from analysis due to problems 

in accurately recording the arterial blood pressure values during the study period.  

Six healthy domestic female cats, age 6.00±1.55 months, weight 2.77±0.52 kg, were               

analysed. The duration of the study period (from T0 to ending sevoflurane administration) was 

36.50±11.59 minutes. 

During the study period, the SPO2 and EtCO2 values were, respectively, 98.17±0.42% and 

42.57±0.57 mmHg. Sevoflurane minimum alveolar concentration (MAC) values ranged from     

0.57 MAC to 0.71 MAC. Heart rate (HR) was 112.42±7.61 bpm, systolic blood pressure (SBP) 

was 95.55±3.04 mmHg, mean blood pressure (MBP) was 70.93±2.34 mmHg and diastolic blood 

pressure (DBP) was 55.14±3.17 mmHg. Body temperature was 37.03±0.12 ºC. 

The NIRS (rSO2) values during the surgical procedure were 71.84±4.85 % (65% to 83%). 

Graphic 2 shows the mean data of all patients during the study period. It is important to take 

into consideration the different duration of the anaesthetic periods between patients, as it is         

evident in the graphic 4. 

 

 

Graphic 2 - Mean values of HR, SBP, MBP, DBP and NIRS from all patients from T0 until the 

end of sevoflurane administration. (HR- Heart rate; SBP- Systolic blood pressure; MBP- Mean 

blood pressure; DBP- Diastolic blood pressure; NIRS- Near infrared spectroscopy;                      

rSO2- Regional oxygen saturation). 
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As it can be observed in graphic 3, the standard deviation of the haemodynamic variables 

per patient during the anaesthetic period, can be considered within normal intervals. 

 

Graphic 3 - Mean and standard deviation values of HR, SBP, MBP and DBP from T0 until the 

end of sevoflurane administration. (HR- Heart rate; SBP- Systolic blood pressure; MBP- Mean 

blood pressure; DBP- Diastolic blood pressure). 

 

When analysing the NIRS values, each patient showed very distinct NIRS trends along 

the entire study period (graphic 4).  

 

Graphic 4 - Trend of all NIRS (rSO2) values from each patient (P) from T0 until the end of    

sevoflurane administration. (NIRS- Near infrared spectroscopy; rSO2- Regional oxygen               

saturation). 
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By observing the graphic 5, the NIRS maximum and minimum values registered per        

patient, ranged from 83% in patient 3, to 65% in patient 1, respectively. The NIRS values variation 

within patients is low, except for patient 3. 

Graphic 5 - Boxplot diagram showing median, minimum, and maximum NIRS (rSO2) values from 

each patient from T0 until the end of sevoflurane administration. (NIRS- Near infrared                 

spectroscopy; rSO2- Regional oxygen saturation). 

 

The NIRS values at the distinct noxious stimulation can be observed in graphic 6. 

 

Graphic 6 - Noxious stimuli and the respective NIRS (rSO2) values along the sequential surgical 

events during the anaesthetic procedure. Data are mean ± standard deviation. (T0- five minutes 

after tracheal intubation; TC- Surgical towel clam; SkI- Skin incision; LAI- Linea alba incision; 

LSLR- Left suspensory ligament rupture; LPL- Left pedicle ligature; RSLR- Right suspensory 
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ligament rupture; RPL- Right pedicle ligature; UT- Uterine body traction; UBL- Uterine body         

ligature; UBT- Uterine body transection; CLA- Closure of the linea alba; ECLA- End closuring 

linea alba; SkC- Skin closure; ESkC- End of skin closure; NIRS- Near infrared spectroscopy; 

rSO2- Regional oxygen saturation). 

From the observation of the mean NIRS values in graphic 6 for each noxious stimulus 

analysed, the NIRS values remained within 70-75% with a high standard deviation, regardless of 

the noxious stimuli. No statistically differences were observed at any time point. 

 

There is a positive correlation between NIRS and MAC (p-value<0.05), HR (p-value<0.01) 

and SBP (p-value<0.05). A negative correlation was also observed between NIRS and                

body temperature (p-value<0.05) (table 1). 

Table 1- Pearson´s (ρ) correlation coefficient and p-values between Near-infrared spectroscopy 

(NIRS) and sevoflurane minimum alveolar concentration (MAC), body temperature (Temp), heart 

rate (HR), systolic blood pressure (SBP), diastolic blood pressure (DBP) and mean blood          

pressure (MBP). 

 MAC Temp. HR SBP DBP MBP 

NIRS 

ρ correlation coefficient 0.171 - 0.162 0.213 0.147 - 0.108 0.090 

p-value 0.018* 0.021* 0.001** 0.023* 0.097 0.167 

*p-value<0.05; **p-value<0.01 

 

The graphic 7 shows the NIRS and body temperature mean values from all patients       

during the study period. 

  

Graphic 7 - Mean values of NIRS and body temperature from all patients, during the study period. 

(NIRS- Near infrared spectroscopy; rSO2- Regional oxygen saturation; T- Body temperature).  
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VI. Discussion 

This preliminary study addressed the monitoring of the microcirculation using NIRS        

sensors on the caudal portion of the sartorius muscle, and the NIRS response to noxious stimuli 

in cats submitted to elective ovariohysterectomy, under anaesthetic premedication with              

dexmedetomidine, ketamine and methadone, and maintenance of anaesthesia with sevoflurane. 

The sartorius NIRS range values during the study period were 71.84±4.85 % (65% to 83%). There 

was a positive correlation between NIRS and sevoflurane MAC (minimum alveolar concentration 

of volatile anaesthetic required to induce immobilization of 50% of patients exposed to a high 

noxious stimulus156–158), HR, and SBP, and a negative correlation between NIRS and body        

temperature. NIRS was not able to detect noxious stimulation in cats submitted to                        

ovariohysterectomy under general anaesthesia. 

Heart rate, cardiac output and systolic blood pressure work together to assure an              

adequate tissue perfusion, including the peripheral microcirculatory vessels network that is      

monitored by NIRS. The amount of blood present in the tissues will influence NIRS values, as 

peripheral NIRS monitoring is based in continuously real-time measurement of blood                   

haemoglobin oxygen saturation and oxygen balance, that will influence the tissues’ haemoglobin 

concentrations.3,34,109 Thus, and accordingly to the observations in our study, an increase in heart 

rate or in systolic blood pressure, under normal physiological conditions, will increase the amount 

of blood flow that reaches microcirculation per minute. Consequently, this will influence the        

haemoglobin and oxygen concentrations in the microcirculation, leading to an increase in NIRS 

values. 

Sevoflurane induces a dose-dependent respiratory depression, which increase partial 

pressure of carbon dioxide (PaCO2) and, consequently, respiratory acidosis in cats, and a right 

shifting of the haemoglobin dissociation curve (low affinity of haemoglobin for O2).159,160 As, in our 

study, all cats were mechanically ventilated, and the ventilatory parameters adjusted for           

maintaining SPO2 and EtCO2 concentrations within normal physiological values, there was no 

respiratory depression during the entire study period. Sevoflurane also causes a dose-dependent 

vasodilation leading to a decrease in systemic vascular resistance, in arterial blood pressure, in 

cardiac output, and in cardiac inotropism associated with a decrease in the velocity of myocardial 

relaxation, which may lead to a decrease in oxygen delivery to the tissues.159,161,162 Thus, a       

negative correlation between sevoflurane MAC and NIRS values should be expected. 

Studies report that sevoflurane can maintain heart rate within physiological normal range 

values, provide cardiovascular stability with no systemic hemodynamic effects, and preserve  

CO2-reactivity at 1 MAC of sevoflurane, with a possible ceiling depressing effect in the                  

cardiovascular system of cats at approximately 1.5 MAC.159,162,163 The cardiovascular and            
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hemodynamic system remain stable at low sevoflurane MAC values,162,163 as appeared to have 

occurred in our study with sevoflurane MAC values ranging from 0.57 MAC to 0.71 MAC, but with 

a positive correlation between sevoflurane MAC and NIRS values. This positive correlation may 

suggest that the slight increase in sevoflurane MAC in some patients in our study, could have 

caused a vasodilation at the microcirculation level,161,163 which could have changed the normal 

gas pressures at the microvascular arterial-venous pole,20,24,164 resulting in a decrease in the O2 

release from oxyhaemoglobin leading to an increased oxyhaemoglobin concentration at the         

venous pole and, consequently, an increase in muscular NIRS values.165,166 It can also be        

speculated that a possible microvascular vasodilation could have resulted in a higher amount of 

blood in the muscular tissue, that would also lead to an increase in NIRS values.19 

The negative correlation between body temperature and NIRS reported in our study may 

be associated with the influence of the temperature variation in the haemoglobin-oxygen affinity.62 

Also, decreasing body temperature in cats below 36.7ºC167,168 causes tissue hypoperfusion,       

decreasing heart rate and cardiac output, and shifts the intravascular fluid into the tissues,      

causing haemoconcentration.169,170 This resulting hypovolemia increases blood viscosity, and low 

temperatures also decrease cellular energy metabolism and nutrient demands, increase gas          

solubility and the haemoglobin affinity with oxygen (left shifting of haemoglobin dissociation       

curve).169–172 In cats, body temperature values between 36.7ºC and 37.7°C are considered mild 

secondary hypothermia,173 most commonly associated to surgery and anaesthesia.174 In our 

study, cats’ temperature during the study period was 37.03±0.12ºC (minimum value - 36.2ºC; first                  

quartile - 36.5ºC; median - 36.9ºC; third quartile - 37.5ºC; maximum value - 38.2ºC) which              

indicates that the body temperature shifted from normal/near-normal values at the beginning of 

the study period, to mild secondary hypothermia progressively installed during the anaesthetic 

and surgical procedure (graphic 7). This decreasing trend in the body temperature would cause 

changes in the cardiovascular function, as described above, that are the basis for NIRS values to 

increase. It is important, however, to refer that the negative correlation observed between           

temperature and NIRS values in this preliminary study should be interpreted with caution. In fact, 

beyond the 36 minutes of the study period, NIRS and body temperature values were recorded 

from just one cat (graphics 4 and 7), which could have influenced the correlation results. 

Sympathetic nervous system activation affects the hemodynamic system due to neuronal 

activity, involving changes in blood flow to the different tissues, oxygen consumption, heart rate, 

blood pressure and, consequently, the concentration of oxygenated and deoxygenated                

haemoglobin, which is positively correlated with this neuronal activity.175–177 NIRS evaluate           

microcirculation and tissues perfusion through the level of haemoglobin’s oxygen saturation, and 

it was hypothesized that NIRS could also reflect the sympathetic response to noxious stimulus at 

the microcirculation level. Nevertheless, NIRS was not able to detect noxious stimulation in cats 

submitted to ovariohysterectomy under general anaesthesia with this anesthetic protocol. 



 

38 

 

 

VII. Conclusion 

The sartorius normal NIRS range values in cats submitted to general anaesthesia for 

elective ovariohysterectomy procedures is 71.84±4.85 % (65% to 83%). Tissue hypoperfusion 

should be considered when sartorius NIRS values drop below 62% (two standard deviations       

below NIRS mean) during general anaesthesia in cats. A positive correlation between NIRS and 

sevoflurane MAC, HR, and SBP was observed, reflecting the influence of the haemodynamic 

variables in the sartorius NIRS monitoring values. On the other hand, the negative correlation 

observed between NIRS and body temperature is interesting because, the haemodynamic 

changes induced by decreasing temperature values, also reflect a decrease in the metabolic state 

of the tissue. Which allows us to hypothesize that NIRS technology may have the potential of 

addressing the tissues’ metabolic state. Finally, NIRS was not able to detect noxious stimulation 

in cats submitted to ovariohysterectomy under general anaesthesia. 

The observations from this study reinforce NIRS monitoring as an useful tool for                

assessing the O2 tissue saturation, but it is crucial that clinicians interpret NIRS values within a 

scenario that takes into consideration all the other physiological variables. 
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