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Abstract 

This thesis had the purpose to look into the accuracy of the pulse oximeter, the experienced as 

well as the actual. A pulse oximeter utilizes optics to non-invasively estimate the oxygen 

saturation (SO2) in the blood with an indirect value (SpO2). The accuracy of the pulse 

oximeter and its two belonging sensors (ear and finger) was compared against the method that 

is considered to give the most reliable value of this parameter, i.e. arterial blood gas test 

(SaO2). The experienced accuracy was evaluated with the help of a questionnaire. The target 

group was healthcare professionals at four main hospitals in Stockholm, and further three 

departments were chosen at each hospital; lung, cardiology, and emergency department. 

Additional data was collected with help of measurements performed on patients, where 

readings from pulse oximeters were compared against arterial blood gas tests. Data was 

collected from two measurement sites on the body, the ear and the finger. Differences 

between SpO2 and SaO2 as well as differences between ear and finger for the same pulse 

oximeter were investigated. The result from the two methods indicated that the healthcare 

professionals were aware of existing deviations between SpO2 and SaO2, and some also had 

strategies to deal with them. The trend of the collected data was analyzed to draw a 

conclusion of the most accurate pulse oximeter according to the tests. There was not enough 

data collected to make any statistical conclusion, but according to the data none of the pulse 

oximeters fulfilled the set requirement. Differences existed when SpO2 was compared against 

SaO2, and also when SpO2 from the ear and finger for the same pulse oximeter were 

compared against each other. According to the data, one pulse oximeter was concluded to be 

more accurate than the others. Suggestions for future work can be to collect a bigger amount 

of data to be able to draw a statistical conclusion, and eventually focus on interviews to look 

deeper into the healthcare professionals’ strategies and workflow. 

Keywords: pulse oximeter, accuracy, arterial blood gas test, questionnaire, test, healthcare 

  



 

 
 

 

  



 

 
 

Sammanfattning 

Den här uppsatsen syftade till att undersöka pulsoximeterns mätnoggrannhet, så väl den 

upplevda som den faktiska. En pulsoximeter utnyttjar optik för att icke-invasivt uppskatta 

syremättnaden (SO2) i blodet med ett indirekt värde (SpO2). Mätnoggrannheten hos 

pulsoximetern och dess två sensorer (öra och finger) jämfördes med den metod som anses ge 

det mest korrekta värdet av denna parameter, dvs. analys av arteriellt blodgastest (SaO2). Den 

upplevda mätnoggrannheten studerades med hjälp av enkät. Målgruppen var 

sjukvårdspersonal anställda på fyra stora sjukhus i Stockholm, och vidare valdes tre 

avdelningar; lungvårds-, hjärtintensivvårds- och akutvårdsavdelningen. Vidare samlades data 

in genom utförda mätningar på patienter, värden erhållna med hjälp av pulsoximetrar 

jämfördes med blodgastester. Data samlades in från två mätställen, öra och finger, för 

respektive pulsoximeter. Skillnader mellan SpO2 och SaO2 samt skillnader mellan öra och 

finger för samma pulsoximeter undersöktes. Resultatet av de två metoderna visade att 

sjukvårdspersonalen är väl medvetna om att skillnader existerar mellan SpO2 och SaO2, och 

även att många hade strategier för att hantera dessa. Trenden hos data som samlades in med 

hjälp av testerna utnyttjades för att kunna dra en slutsats angående mätnoggrannheten i 

relation till blodgastester. För lite data samlades in för att kunna dra någon statistisk slutsats, 

men data pekade på att ingen av de testade pulsoximetrarna uppfyllde den av författarna 

fastställda accepterade skillnaden. Skillnader visade sig existera vid jämförelse mellan SpO2 

och SaO2, och även när SpO2 från örat och finger för samma pulsoximeter jämfördes mot 

varandra. Enligt data var en av de testade pulsoximeterna mer noggrann än de andra. Förslag 

på framtida arbete kan vara att samla in mer data för att ta fram ett statistiskt resultat, samt 

eventuellt komplettera datainsamlingen med intervjuer för att vidare undersöka strategier och 

arbetssätt hos sjukvårdspersonalen.  

Nyckelord: pulsoximeter, mätnogrannhet, arteriellt blodgastest, enkät, test, sjukvård 
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Nomenclature 

SO2 Oxygen saturation 

SaO2 Oxygen saturation provided directly by arterial blood gas test 

SpO2 Oxygen saturation provided indirectly by pulse oximeter 

ABG arterial blood gas 

O2 Oxygen 

Hb Haemoglobin 

CO2 Carbon dioxide 

pO2 Partial pressure of oxygen 

pCO2 Partial pressure of carbon dioxide 

pH Potential of hydrogen  

O2Hb Oxygenated haemoglobin 

HHb Deoxyhaemoglobin 

Arms Root-mean-square 

Bias Mean difference between the estimator and the reference value 

CO Carbon monoxide 

rHB Reduced haemoglobin  

FO2Hb Fractional oxygen saturation 

s Standard deviation of differences 

COPD Chronic Obstructive Pulmonary Disease  

ICU Intensive Care Unit 

MTA Medical Technology Unit 

HIA Heart Clinic Department (Hjärtintensivvårdavdelning) 

AVA Emergency Care Department (Akutvårdsavdelning) 

MIVA Medical Intensive Care Unit (Medicinsk intensivvårdsavdelning) 

SD Standard deviation 
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1 Introduction  
In this first section, an introduction to the thesis will be presented. The question of issue will 

be highlighted in the background to the thesis, the aim and objectives with research questions 

will also be covered in this section, as well as the delimitations. 

 

1.1 Background 

The use of pulse oximeters is a common practice at hospitals to measure oxygen saturation 

(SO2) and pulse rate. The device provides approximate values for these in vivo parameters 

and is utilized in many areas of medicine. The device enables early detection of hypoxemia 

[1]. The use of pulse oximeters, and their accuracy is very important in the healthcare since 

SO2 is vital information in many acute situations [2]. SO2 can be measured in two ways; 

directly by analyzing an arterial blood sample, i.e. invasive arterial blood gas (ABG) test 

(SaO2) or indirectly provided with the help of a pulse oximeter (SpO2). The pulse oximeter 

measures the parameter by comparing the amount of transmitted and emitted light. This 

device is a non-invasive medical device placed on a suitable part of the body, typically the 

patients’ finger or ear [3].  

A problem exists concerning incorrect values of the pulse oximeter. The pulse oximeters are 

optimal for young patients with healthy and smooth skin, which is a rather rare case for the 

persons treated on a hospital. This can imply that the pulse oximeter will not match SaO2 at 

different position on the body, such as the finger or the ear, and could result in improper 

decision. There is a clinical demand to validate the accuracy of the pulse oximeters used at 

hospitals, since the readings can be unreliable. Cameron, et al. showed in 2012 that the 

accuracy of the pulse oximeter is of importance for example in acute aggravations. Serious 

clinical outcomes are associated with both hypoxaemia and hyperoxaemia, so the titration of 

oxygen is of critical importance to avoid these two conditons [2]. 

 

1.2 Aim and Objectives 

The main goal of the project was to validate the accuracy of pulse oximeters most commonly 

used at hospitals in Stockholm, and to conclude the most accurate. The most accurate was 

referred to as the pulse oximeter, and its belonging sensors, which provided readings in best 

agreement with SaO2. Assessment of the agreement of SpO2 at two different measurement 

sites on the body, ear and finger, was also included in the validation for the pulse oximeters. 

The project did also aim to contribute to a safer healthcare by conclusion of the best matched 

pulse oximeter. The following research questions have been answered: 

 

 Which pulse oximeters are used at hospitals in Stockholm? 

 In their daily work, do the healthcare professionals know about existing deviations 

when using pulse oximetry, and do they have ways to deal with these variations? 

 Do the SpO2 match at the two different measurement sites, and do it match the SaO2? 

 

The expected outcome of this project was to give a conclusion of which of the selected pulse 

oximeters that provides a reading of SO2 in agreement with ABG tests. The result was 

intended to function as a guideline with the purpose to support the decision-making regarding 

which type of pulse oximeter to choose in healthcare, i.e. it would hopefully contribute to a 

safer healthcare. 
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1.3  Delimitations 
The following delimitations have been applied for the thesis: 

 Four hospitals (referred to as Hospital A, B, C, and D) and three departments; lung, 

cardiology and emergency, received questionnaires. 

 Agreements between SpO2 and SaO2 tested on patients at the lung clinic at Hospital A. 

 A limit of three pulse oximeters were chosen for the tests.   
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2 Theory  

The second section is divided into five parts, where each part has contributed to the 

theoretical background of the thesis. The physiology is described first, pulse oximetry and 

ABG analysis in the following two parts. The fourth paragraph covers the research methods, 

qualitative and quantitative methods, and earlier validation is presented in the fifth last. 

2.1 Physiology 

This chapter covers the basic physiology required to understand the importance of SO2 as a 

vital parameter. It includes a presentation of the circulatory system and the heart, followed by 

information regarding the function and composition of the blood, and at last the oxygen 

saturation is presented.  

2.1.1 The Circulatory System and the Heart 

The heart together with the blood vessels make up the circulatory system, the heart pumps the 

blood throughout two circulatory loops in the body, the pulmonary circulation and systemic 

circulation. The heart is divided into two halves, the right and the left part, and the blood is 

carried to the heart by veins and pumped from the heart into arteries. The right side of the 

heart pumps deoxygenated blood through the pulmonary circulatory loop. The blood is 

pumped from the right ventricle into the pulmonary artery and the capillaries in the lungs 

where oxygen (O2) passes into the blood and binds to haemoglobin (Hb) while carbon dioxide 

(CO2) is released into the pulmonary vesicles in the lungs and later exhaled. The oxygenated 

blood travels from the lungs through the pulmonary vein into the left atrium. It flows from the 

left atrium into the left ventricle where it is pumped into the systemic circulatory loop, 

through the aorta and out in the body. The oxygenated blood is transported in arteries into 

capillary networks in the body where oxygen is released from the blood to the cells and 

tissues while carbon dioxide leaves the cells and enters the blood. The blood is now 

deoxygenated and is transported by the veins and vena cava back to the right atrium and right 

ventricle to once again being pumped through the pulmonary circulatory loop [4]. 

The transport of air from the surrounding environment into the lungs and the alveoli, i.e. 

inspiration, and transportation of air the opposite way, i.e. expiration, is called ventilation. 

The gas exchange of O2 and CO2 takes place in the alveoli in the lungs, where the two gases 

can diffuse passively between blood in the capillaries and the air in the lungs. The reason for 

the diffusion of the gases over the alveolar-capillary membrane is the partial pressure of 

oxygen (pO2) and the partial pressure of carbon dioxide (pCO2). pO2 is much higher in the 

alveolar gas (13.3 kPa) than the capillary blood (5.3 kPa) and the opposite is true for pCO2, it 

is higher in the capillary blood (6.1 kPa) than the alveolar gas (5.3 kPa). O2 can diffuse from 

the lungs into the blood, and CO2 from the blood into the lungs [4].  

O2 is transported from lungs to tissues by the blood and with the help of the heart pumping the 

blood around in the circulatory system. The amount of O2 delivered to tissues throughout the 

body is not only dependent on the ability of the heart to pump sufficiently, but also to some 

other factors. An adequate blood volume is needed to ensure that the oxygenated blood is 

correctly distributed throughout the body, to all the tissues. Since O2 binds to Hb, the amount 

of Hb in the blood is of importance to transport the correct amount of O2. Also the amount of 
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inspired O2 from the surrounding air into the lungs and the ability for this amount to pass from 

the lung to the blood, the alveolar gas exchange, is of importance [5].  

2.1.2 The Function and Composition of Blood 

The blood in the human body has many important functions, it serves as a transporter and 

carries many important substances to ensure a stable body environment. It transports 

oxygenated blood from the lungs to the cells and tissues in the body, and CO2 is transported in 

the opposite direction. Important nutrients are delivered to the cells and the blood also picks 

up and transports waste products to organs where it is released out of the body. Since the 

blood transports O2 and CO2, the blood also function to create acid-base balance in the body, 

i.e. regulation of body potential of hydrogen (pH) and maintain a normal level. It is also 

involved in the endocrine system since it transport and deliver hormones to the different target 

cells. The blood is important for the body temperature regulation and involved in the immune 

system [4].  

The blood consists of a liquid called plasma and three main cell types; erythrocytes, 

leukocytes and thrombocytes. The erythrocytes, the red blood cells, has the main function to 

transport O2, and CO2. The leukocytes, the white blood cells, are part of the body immune 

system and serves to protect the body from foreign substances and infections. When an 

inflammation caused by a bacteria, virus or a similar substance develops, leukocytes are 

transported to the area to protect the body by destroying the body foreign substances. The 

thrombocytes, the platelets, circulates in the blood and is important for the haemostasis, a 

process activated at vascular damage to stop the bleeding. The platelets contains important 

substances and activates when a blood vessel is damaged, the cells stick together at the 

connective tissue and serves as a plug to stop the bleeding and support the blood coagulation 

[4].   

2.1.3 Oxygen Saturation 

O2 binds to, and is transported in the blood, by Hb which is a protein molecule in 

erythrocytes. Each erythrocyte contains approximately 280 million Hb molecules. Each Hb 

molecule contains four heme rings. A heme ring is composed of one ferrous ion and can bind 

one O2 molecule, thus each Hb molecule can bind a maximum of four O2 molecules. The 

oxygen saturation is the amount of O2 carried compared to the potential maximum (100%). 

One Hb molecule can bind zero, one, two, three or four O2 molecule(s), why the oxygen 

saturation of one Hb molecule can be 0, 25, 50, 75 or 100 percent. Depending on the amount 

of O2 stored the overall oxygen saturation for all Hb molecules in the blood can vary from 0 

to 100% [6].  

When the deoxygenated blood is transported to the lungs, the oxygen saturation of the venous 

blood is normally 75%. After the blood has passed the lungs, the oxygen saturation is 

normally brought up to 98% [7]. The oxygen saturation is a vital parameter. It is of big 

importance that the body and the different organs are supplied with of O2 to guarantee normal 

function. According to WHO, a normal SaO2 is 95-99% [7]. If this value decreases below 

90% or if pO2 is below 60 mmHg, the individual suffer by hypoxemia. The relation between 

SaO2 and pO2 is described below by the oxygen dissociation curve, see Figure 1. Hypoxemia 

can cause severe outcomes, for example necrosis, and SaO2 below 70% constitute danger of 
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life. Also hyperoxemia, i.e. oxygen saturation above the normal range, is associated with 

harmful outcomes [8].  

 

 

Figure 1: The oxygen dissociation curve [5]. 

 

 

  



6 
 

2.2 Pulse Oximetry 

This section provides basic information about the function and accuracy of pulse oximeters. 

Lastly the three different models tested, Nonin PalmSAT 2500, Philips IntelliVue MX550, 

and Viamed VM-2160, are presented. 

2.2.1 Function of the Pulse Oximeter 

The pulse oximeter is typically placed on the patient’s finger or ear and consists of light-

emitting diodes. Light with two different wavelengths, in the red and infrared spectra, are 

emitted through the skin. Depending on if the blood is oxygenated or deoxygenated light of 

different spectra will be absorbed. Oxygenated blood, Hb saturated with O2, absorbs more 

infrared light, while red light passes through more easily. The opposite is the case for 

deoxygenated blood, it absorbs more red light than infrared light [9]. The absorption spectra 

for Hb can be seen in Figure 2. The amount of transmitted light are detected by a sensor and 

measured by the device, and by comparing the amount of transmitted light with the amount of 

emitted light the arterial haemoglobin saturation can be estimated. The pulse oximeter detects 

pulsatile flow, and a pulse wave must be present to be able to detect a signal [5]. 

 

 
Figure 2: The absorption spectra of oxygenated haemoglobin (O2Hb) and deoxygenated (HHb)1. 

This non-invasive method offers rapid and multiple or continuous measurement of the oxygen 

saturation. To guarantee a safe healthcare, SpO2 must accurately correlate with SaO2. It has 

been shown that this is the case in prehospital settings, where the pulse oximeters for example 

function as a guide during titration of oxygen. The device is also used at sleep unit and home 

care settings to provide information about sleep-related breathing disorders. In critical care 

settings, and critical ill patients, there are findings that SpO2 differs from SaO2 by a mean of 

1.3% [9].  If there is a disparity between SpO2 readings and the physical signs of patient, and 

this disparity could not be reduced by changing measurement site or sensor, direct ABG 

measurement should be requested [10]. 

                                                           
1 http://www.frca.co.uk/images/isobestic_graph.gif  
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2.2.2 Accuracy 

In ISO 9919:2005(E), Medical electrical equipment - Particular requirements for the basic 

safety and essential performance of pulse oximeter equipment for medical use, accuracy is 

defined as “the closeness of agreement between a test result and an accepted reference value” 

[1]. A similar definition of this concept is found in Accuracy, precision, and reliability of 

chemical measurements in natural products research by Betz, J., Brown, P. and Roman, M.. 

The measure of how close experimental measurements are to the actual amount of substance 

is the measure of accuracy [11]. 

Potential problems and limitations when using pulse oximeters in patient monitoring have 

been stated by Läkemedelsverket. Correct placement of the device is of big importance to 

achieve correct readings, there is a risk that the device by mistake can detach and induce 

wrong readings. Other limitations are that certain medical conditions, for example carbon 

monoxide poisoning, or the surrounding environment, for example the ambient light might 

affect the result and contribute to erroneous readings. The information by Läkemedelsverket 

had the purpose to raise awareness among users and encouraged them to read instructions 

from manufacturers carefully. The authority also encourage users to validate the device 

against similar methods, for example ABG tests [12]. 

WHO also presents factors in WHO pulse oximeter training manual, which possibly can 

interfere with the pulse oximeter. The reading can be affected by bright and direct light on the 

sensor, movements, vasoconstriction and weaker pulse can contribute to difficulties for the 

sensor to detect and pick up the signal. Also carbon monoxide poisoning are listed since it can 

bind to Hb and contribute to a false reading. It is of importance that the user understands how 

the pulse oximeter works and are aware of the presented factors [5].  

According to ISO9919:2005(E) the definition used to determine the SpO2 accuracy of the 

pulse oximeter is “the root-mean-square (Arms) difference between measured values, SpO2i, 

and reference values, SRi”, and is given by the following formula: 

𝐴𝑟𝑚𝑠 =  √
∑ (𝑆𝑝𝑂2𝑖 − 𝑆𝑅𝑖)2𝑛

𝑖=1

𝑛
 

Also the bias is described in ISO as the “mean difference of the test and the reference value”. 

SpO2 accuracy delivered by the use of pulse oximeter equipment should ideally be <1% 

regardless the site of measurement and sensor used. This level is experience not to be 

achievable with the current available equipment. The accuracy delivered by the equipment 

depends on the SaO2 level of the patient, when SaO2>90% the device in general delivers a 

more accurate value of SpO2 compared to when SaO2<80%. After consideration by the 

committee the set minimum performance requirements differ depending on the context in 

which the device is used. Two general context in which the device is used are in patient 

monitoring and diagnosis, and in diagnostic use the SpO2 accuracy is usually required to be 

higher than in patient monitoring. In diagnostic use, where SaO2 is utilized to facilitate 

diagnosis or function as a guide in therapy, SpO2 is required to be accurate. In patient 

monitoring the device can be used for effective detection of changes in oxygen saturation or 
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pulse rate, it can also aim to send alarms to aware the healthcare professionals about deviating 

values of the parameters in an early state. In many patient monitoring applications the SpO2 

accuracy is acceptable to be 4%. The stated performance requirements in these two categories 

shall guarantee an effective and safe use of the device. Stated in the ISO 9919:2005(E) is that 

“The SpO2 accuracy of pulse oximeter equipment shall be a root-mean-square difference of 

less than or equal to 4,0% SpO2 over the range of 70% to 100% SaO2.” [1]. 

Some medical monitoring devices can be tested and validated without being tested on human 

beings or patients, this is possible when a so called standard reference material is available. 

This is not the case for the pulse oximeter, no standard reference material is available for this 

medical monitoring device [13]. The ISO Pulse Oximetry Standard states that: “There is today 

no accepted method of verifying the correct calibration of a pulse oximeter sensor/pulse 

oximeter monitor combination other than testing on human beings. This is due to the 

complexity of the optical intricacies of the interaction of light and human tissue upon which 

pulse oximetry depends” [1].  

2.2.3 Fabricates and Specifications 

When manufacturers are testing and validating their pulse oximeters they compare SpO2 

against SaO2 analysed on a carbon monoxide (CO)-oximeter. The variability between pulse 

oximeters from different manufacturers might have several reasons, one of the factors that 

might influence and cause different readings on the same patient is connected to how the 

device is calibrated. The pulse oximeters are calibrated using a CO-oximeter, and since two 

CO-oximeters might differ because of inherent bias this can be a reason for variability 

between pulse oximeters calibrated in different CO-oximeters. Also accuracy specifications 

and types of sensors from different manufacturers differ and causes variability [14]. Therefore 

three common pulse oximeters are presented below.  

Nonin PalmSAT 2500 

Nonin PalmSAT 2500 is a handheld pulse oximeter that can be used with Nonin-branded 

PureLight pulse oximeter sensors. The device provides and displays measurement of SpO2, 

pulse rate, and pulse quality. Different colours are displayed to indicate the pulse quality, 

good (green), marginal (orange) or inadequate (red) pulse strength signal. To ensure an 

accurate reading and adequate pulse quality, the pulse quality display should indicate a good 

pulse strength signal (blinking green) and that the green light “is in time with the pulse rate 

for at least 10 seconds”. If the device fails to calculate SpO2 or if the pulse waveform signal is 

inadequate, only dashes (-) are displayed for SpO2 and the pulse rate value [15].  

 

Nonin utilizes reusable PureLight sensors, and there are different sensors types designed in 

different sizes for different patient categories (adult, pediatric, infant) [16]. The Arms is ±2 % 

when finger clip 8000AA is used on patient in no motion [17]. For the ear clip, 800Q2, Arms = 

±3 % [18]. 
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Picture 1. Nonin 2500 PalmSAT with ear sensor 800Q2 (left) and finger sensor 8000AA (right). 

 

Philips IntelliVue MX550 

Philips IntelliVue MX550 is a patient monitoring solution consisted of a 12” or 15”-wide 

touchscreen. It can be used at the patient's bedside, but it can also be mounted on a roll stand 

and easily be used during transport. See picture 2. Clinical data is displayed and multi-

parameters can be followed on the monitor. The measured parameters are for instance SpO2, 

ECG, TEMP, RESP and NIBP. There exists different types of sensors to measure SpO2, for 

different patient categories, different measurement sites and reusable as well as disposable 

[19]. The Arms for the sensors, M1133A (ear) and M1194A (finger) are both ±3% [20]. 

 

  
Picture 2. Philips IntelliVue MX550 patient monitor.  

Picture 3. Finger sensor M1133A (left) and ear sensor M1194A (right). 

 

 

Philips IntelliVue MX550 has three ways to indicate that the signal quality is good enough to 

deliver an accurate SpO2 reading: the Pleth Wave, Perfusion Indicator, and the Signal Quality 

Indicator. The pleth waveform, i.e. the pulse curve, can be followed on the monitor together 

with the pulse rate. The signal quality can be seen on the size of the pleth wave. There is a 

defined minimum size of the wave needed to ensure a reliable estimation of SpO2, and this 

size is indicated by lines in the display. If the pleth wave is too small, i.e. the signal is too 

weak, the user know that improvements must be done before the SpO2 can be read. The 
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measured SpO2 can also be seen together with the perfusion indicator, a numerical value 

called Perf. The Perf numeric provides information about the signal quality, how much of the 

measured signal that is caused by arterial pulsation. A high number indicates a good 

measurability of SpO2. The third way to assess the quality of the signal is by a triangle 

displayed at the monitor, the Signal Quality Indicator. A completely filled triangle indicates 

that the signal is of maximum quality, while a triangle which is filled to a lower level means a 

weaker signal [21]. 

  

Viamed VM-2160 

Viamed VM-2160 is a handheld pulse oximeter used for continuous monitoring or spot-

checking of SpO2 and pulse rate. Viamed is also compatible with different types of sensors, 

for different patient categories and different sites [22]. The Arms for ear clip (EP6500VM) and 

finger clip (SF6500VM) are both ±3% [23], [24]. 

 
Picture 4. Viamed VM-2160 with ear sensor EP6500 VM (left) and finger sensor SF6500 VM (right). 

 

Viamed VM-2160 has different display formats that display formats to choose between where 

information about oxygen saturation, the pulse rate, plethysmogram and a bar graph is 

displayed, also short and long term trends can be followed. The pulse oximeter also indicates 

the signal quality, the pulse amplitude and information about sensor detection and 

disconnection. It utilizes sound to indicate the user about the pulse tone and oxygen 

saturation, and alarms and volume can be silenced. Colour in the information display supports 

the user with visual information about the quality of signal (colour of bar graph) as well as the 

condition of the patient (colour of the number representing the pulse and saturation) [25].  
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2.3 ABG Analysis  
As the previously section about pulse oximetry, this section provides basic information about 

the function of the ABG analysis, and present the model used for the human tests, ABL90 

FLEX. 

2.3.1 Function of the ABG Analysis 

With the help of a pulse oximeter the oxygen saturation and pulse rate can be estimated, but 

even if these two parameters are normal, the patient may be suffering from respiratory 

insufficiency. Respiratory insufficiency can be due to hypoventilation with respiratory 

acidosis, and to get information about the ventilation pCO2 must be estimated. An ABG 

analysis must be performed to estimate the pCO2 and evaluate whether this parameter is 

normal or not. 

A blood sample is taken from an artery of the patient and the blood composition is analysed in 

a portable machine or in a laboratory at the hospital. From the blood sample, SaO2 can be 

measured and other important parameters that can be estimated are pH, pO2 and pCO2. The 

pH of the arterial blood is normally 7.38-7.42, at this value there is a normal amount of 

hydrogen ions in the blood. The pH can indicate if the CO2 levels are higher (pH<7.0, acidic), 

or lower (pH>7.0, basic) than normal. pO2, normally 75-100 mm Hg, and pCO2, normally 38-

42 mm Hg, are parameters that describe how the gases are able to flow into and from the 

lungs [26]. 

One method to analyse the blood sample is to use CO-oximetry [27]. By using light emission 

and absorption based on Lambert-Beer’s law, CO-oximetry measure the total haemoglobin 

and the haemoglobin derivatives (O2Hb, HHb, and reduced haemoglobin (rHB)). Because of 

its Hb measurement, CO-oximetry is obligated in ABG analysis where the oxygen saturation 

of a patient is desired to be assessed. The oxygen saturation can be determined in different 

ways in CO-oximetry, as the fractional oxygen saturation (FO2Hb) or as the functional SO2. 

FO2Hb is given from the equation:  

𝐹𝑂2𝐻𝑏 =
𝑂2𝐻𝑏

100
 

From the equation it can be seen that FO2Hb is a method to measure the O2Hb and comparing 

it to all Hb measured. The second method, SO2, is used to calculate how much of the Hb, that 

are capable of carrying O2, actually are saturated with O2 molecules. By measuring the O2Hb 

and rHB/HHB, CO-oximetry can determine SO2 with the equation [28]: 

𝑆𝑂2 =
𝑂2𝐻𝑏

𝑂2𝐻𝑏 + 𝐻𝐻𝑏
 

As stated before, SO2 are often reported by pulse oximetry in terms as SpO2 and as SaO2 

when CO-oximetry are used. Instruments with the technique CO-oximetry are the only 

instruments able to measure FO2Hb. A typically range for FO2Hb in a healthy person are 90-

95%. As seen in the equations, SO2 and FO2Hb could give different answer to what oxygen 

saturation the subject has [29]. 

The risk associated with ABG tests are considered as low, since the required amount of blood 

to be sampled is small. The patient undergoing ABG test might feel feeble and faint. Other 

potential side effects are associated with the puncture site, bleeding and bruises might arise at 
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the site, it can be infected and blood can be accumulated under the skin. Factors that can 

increase the risk is if the patient by some reason has an increased risk of bleeding more easily 

and longer, or if the patient is taking medications that might affect the bleeding, like blood 

thinners.  [26]. An important factor when using CO-oximetry is that the blood sample must be 

properly handled, otherwise the result might be inaccurate [14]. 

2.3.2 Fabricate and Specifications 

ABL90 FLEX 

The intended use for the portable, automated analyzer ABL90 FLEX is measurement in whole 

blood of the following parameter groups; pH/blood gas (pCO2, pO2), oximetry, electrolytes 

(potassium, sodium, calcium, chloride), and metabolites (glucose, lactate). SO2 and FO2Hb 

are two parameters in the oximetry parameter group that ABL90 FLEX measures. The 

analyzer should be used in a laboratory environment, near patient or point-of-care setting by 

healthcare professionals (nurses, physicians, and therapists) or trained technologists [30]. 

 
Picture 5. ABL90 FLEX, the analyzer used at Hospital A 

Both standard syringes, ABL90 FLEX own syringes (safePICO samplers), capillary tubes and 

test tubes can be analyzed in the device. Before any analysis is made in ABL90 FLEX, the 

blood sample must be immediately mixed after it has been drawn from the patient. The 

mixing of the blood sample is important to ensure homogeneity, that not only the plasma 

phase or the red blood cells are analyzed. After the mixing in the blood sample mixer, the 

blood sample is placed in the inlet gasket for sample aspiration, patient identification is 

entered at the screen, either with the barcode reader or manually, the blood is analyzed and a 

patient result can be printed. The range of indication for the parameter SO2 are between -2 and 

102, i.e. ±2% [30]. 
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2.4 Research Methods    
In this section different kinds of research methods are presented; cross-sectional and 

longitudinal studies, quantitative and qualitative methods.  

Empirical research and its data collection can be performed in many different ways. Two 

methods to use are cross-sectional and longitudinal studies. The difference between them is 

that a cross-sectional study gather data at one specific point in time, while a longitudinal study 

does many collections of data over a long period of time. A longitudinal study is therefore, 

because of its time-consuming design, a much more complex method than a cross-sectional 

study [31]. The study can be performed with either quantitative or qualitative methods, or 

perhaps a combination of these two. Quantitative methods are used when a particular 

phenomenon can be defined and then calculated, when qualitative methods instead are used 

when a particular phenomenon will be explained in its own context [32]. Data collected with a 

qualitative research are deeper and represents individual cases, and from these cannot be any 

general conclusion drawn. This general conclusion can instead be achieved by gathering and 

systematize data in quantitative research, where a verification of an existing theory is sought 

for2. 

2.4.1 Quantitative Methods 

Questionnaires is a common practice in quantitative methods. A questionnaire can also be 

considered as a qualitative method since the questions can be formulated in a way that 

contributes with qualitative information. An example of this is to use questions with no 

options but instead an opportunity for the respondent to herself formulate the answer. In 2015, 

Dodson used questionnaires in a study that looked into nurses’ perception of the use of insulin 

pens in the hospitals. For the particular study, Dodson claimed that a sample size of at least 

128 participants was needed to have statistical significance [33]. A systematic review was 

performed by Zhang et al in 2014 with the purpose to evaluate whether quantitative or 

qualitative methods were used when looking at nurses’ attitudes towards medical devices in 

healthcare delivery. Following results were concluded; 20 out of 30 presented studies were 

quantitative, 16 of these 20 used cross-sectional surveys, and more than half of the 10 

qualitative studies (seven studies) had the quality rating “weak”. In this review there was only 

one study, Predictors of nurses’ acceptance of an intravenous catheter safety device by 

Rivers et al. in 2003, which was given the quality rating “strong”. The study did well in what 

the weak and moderate studies did not, in having large enough samples and response rates, 

but also a tested data collection tool [34]. This type of study design, using cross-sectional 

surveys, has been seen in another study regarding nurses’ perceptions and attitudes than these 

presented in Zhang et al [35]. 

Questionnaires that evaluate the usability for a technological device can be adapted from 

SUS, System Usability Scale [36]. These kinds of questionnaires uses 5-point Likert scale 

with responses from “Strongly agree” to “Strongly disagree”. “I thought the system was easy 

to use”, “I found the system very cumbersome to use”, and “I felt very confident using the 

system”, are three of the 10 items in the SUS. A SUS-score is between 0-100, and it is 

                                                           
2 Annika Vänje, researcher at KTH Royal Institute of Technology, KTH Flemingsberg, 2017, lecture. 
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calculated by the sum of the value of each response of each question, and then multiplied by 

2,5. If the SUS-score is above 68 is said to be above average [37]. 

Responses from a questionnaire using 5-point Likert scale can also be scored into simply 

numbers, 1-5., and used to calculate the percent score and mean score. A study asking for 

nurses’ perception regarding the use of technological devices in critical care units used this 

kind of method. To get an estimation how each statement had a high perception or low, this 

study chose to add “Strongly agree” together with “Agree” and “Strongly disagree” with 

“Disagree” and “Uncertain”. A low perception for a statement was chosen if the percent score 

was less than 60 %, and a high if it was > 60% [38]. Likert-Scale can also be a 4-points scale, 

i.e. without an “Uncertain” response alternative [39].  

2.4.2 Qualitative Methods 

In qualitative studies, interviews can be used. An interview could be structured or semi-

structured, and the difference between them is how much influence the 

interviewee/interviewees has on the interview. In a structured interview, the interviewer has 

designed all of the questions and in which order they will occur beforehand, and the 

interviewee cannot interrupt the structure. In a semi-structured interview, the main questions 

are formulated, but there are room for own thoughts and themes by the interviewee. 

Regardless level of structure, an interview is different from a conversation, due to the 

interviewer is primarily the one who asking and the interviewee the responding [32]. An 

interview must be documented while it is performed. The interviewer can take notes during 

the interview, record the interview with a microphone, or doing both at the same time2.  

Participant observation is another type of qualitative method that can be used for data 

collection in a study. As the name tells, participation observation is an observation where the 

observer is participating in an environment that includes the research subjects. A participant 

observation is preferably used when primary knowledge about the activity is sought, and not a 

retelling about it. Tacit knowledge is something that a participant observation can offer 

because the observer is “a fly on the wall” [32]. A participant observation can be used as a 

complement to an interview, before or after. A rule of thumb described in the book Kvalitativ 

forskning i praktiken (Qualitative research in practice) by Widerberg, K. is that if you as 

researcher has the opportunity to be in the subjects own context, the participant observation 

should be performed after an interview [40].  
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2.5 Research Validity  
In this section, perspectives on validity and ethical consideration is presented. A background 

is given of how to assess agreement between two measurement methods and some earlier 

researches in the field are included. 

2.5.1 Perspectives on Validity   

A study with high validity implies a more trustworthy outcome and would more likely gain 

acceptance of others. Internal and external validity are two often mentioned concept to 

explain and measure the validity of a study. Internal validity refers to how well the study is 

performed and avoids artefacts. It is also a measure of the level of control. External validity 

depends on the other hand of how well the study captures the reality, i.e. the target or the 

feature of interest. There exists a trade-off between these two concepts. If high internal 

validity is desired, the external validity must be lower, i.e. if a great control is wanted for the 

study, the reality might need to be manipulated. Internal validity can also be explain in terms 

as causal interpretability, and external validity as generalizability. Construct, convergent and 

divergent validity are another way of measure validity for a study. Construct validity is 

achieved when the measurement results catches the conceptual understanding, e.g. studies 

about poverty. When the same intended concept is measured in different ways, but give rise to 

similar results, the convergent validity is high. In the same way, different intended concepts 

measured in different ways should give rise to dissimilar results, which is called divergent 

validity3. 

Mixed methods, i.e. using different methods, is a way to validate and enhance the study 

scientifically. The type of research methods mixed must not be one qualitative and one 

quantitative, it could as well be two in one discipline2. A study performed in 2003, with the 

aim to gain insight into which ergonomic problems that products used for minimally invasive 

surgery gave the medical team, used this validation technique. They mixed quantitative 

questionnaire with qualitative participant observation. Mixed methods did not only validated 

the study, it also helped the authors to get the whole picture of the problem. Because not only 

observation can identify all the ergonomic problems the medical team experience, so a 

questionnaire was a good complement to establish opinions of the personnel [41].  

2.5.2 Ethical Considerations 

There is not only the Swedish Ethical Committee with Etikprövningslagen (SFS 2003:460 2 

§), that states that a student work is not obligated to seek Ethical Review [42]. Forsman, as 

well as Helgesson, claims that such kind of work does not count as research, and would 

therefore be outside the law [43], [44]. To seek for advisory opinion is only needed if the 

student work will be published in a scientific article [42]. Informed consent is not an answer 

for the ethical problems that could occur in research with humans, but it is a way to show 

respect for the participants’ privacy and autonomy. An informed consent would also enhance 

society’s support, trust and commitment for the research in letting the research persons be 

informed about the study, and asking for their permission [44]. 

 

                                                           
3 Till Grüne-Yanoff, researcher at KTH Royal Institute of Technology, KTH Campus, 2016, lecture. 
2 Annika Vänje, researcher at KTH Royal Institute of Technology, KTH Flemingsberg, 2017, lecture. 
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2.5.3 Method to Assess Agreement 

Bland and Altman describes an approach for how to compare two measurement methods and 

investigate whether a new measurement technique does agree with an established. The article 

Statistical methods for assessing agreement between two methods of clinical measurement 

describes a statistical approach for assessing the degree of agreement in the medical field. 

Two methods must agree sufficiently enough to guarantee the correct clinical interpretation. If 

method B provides readings that do not differ too much from the readings obtained with 

method A, method B could theoretically replace method A. An acceptable limit for when the 

two methods do agree sufficiently should preferably be decided prior to the test. One way to 

get an overview of the differences existing between the methods is to plot the results from the 

two different methods against each other. If the two methods agree exactly, i.e. give identical 

values in every measurement, then all points lay along the line of equality. A perhaps more 

informative way of plotting, where the lack of agreement is clearer, is to plot the difference 

between the two methods against their mean. If the true value is not known, the mean of the 

two measurements is the best estimation of the true value. If the true value, or reference value 

is known, the value from this method can be used instead [45]. In this plot the differences can 

be seen more clearly, and it can also be analyzed to understand the measurement error by 

looking for a relationship between this and the true value. Bland and Altman suggest that the 

lack of agreement can be calculated from the bias and the standard deviation of differences 

(s). The bias describes the systematic error and is estimated by the average of the differences, 

for example if method B is compared against method A, and method B on average measures 

2.3 units more than method A, the bias (mean difference A-B) is referred to as being -2.3. The 

standard deviation of the differences describes the random fluctuation around the bias, and 

can in combination with the bias be used to construct limits of agreement. According to Bland 

and Altman, most of the differences between the two methods would lie within specified 

limits (bias ± 2s), if they are normally distributed (Gaussian). These specified limits are 

referred to as limits of agreement. More exactly 95% of the differences would lie within the 

bias ± 1.96s. The limits of agreement are then compared against the acceptable limit. If 

differences within the limits of agreement is not considered as causing incorrect decisions in 

patient management, i.e. do not cause any incorrect clinical interpretation, the method can be 

used (Bland & Altman, 2010). 

As an example, Bland and Altman describes a comparison between two methods used to 

estimate oxygen saturation, where the results shows that the methods agree sufficiently 

enough to use the new technique. The method evaluated is the new technique where a pulse 

oximeter is used and this is compared to the established technique, an oxygen saturation 

monitor. The achieved limits of agreement are stated to -2.0 and 2.8, and referred to 

sufficiently narrow for the purpose [46]. 
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2.5.4 Earlier Research 

A comparison have been done between the use of invasive and non-invasive use of oximetry 

in 20 patients with Chronic Obstructive Pulmonary Disease (COPD). The patients performed 

a six minute walk test with Ambulatory oxygen therapy. During the tests the SaO2 and SpO2 

were monitored by the use of CO-oximetry and ear-oximetry respectively. Oxygen flow rates 

were incrementally increased until both SaO2 and SpO2 were >90%. There were significant 

differences between the readings of SaO2 and SpO2, and by stating this there is a risk that 

different flow rates is ordered depending on the oximetry-method used [3]. 

Another comparison study between SpO2 and SaO2 has been done on 102 patients admitted to 

the intensive care unit (ICU). This study was performed to determine the accuracy of pulse 

oximeters with finger sensors. Being the standard monitoring device in ICUs, the 

measurement values from pulse oximeters are frequently used for therapeutic interventions. 

Arterial sample, SaO2, together with a simultaneously measurement from the finger sensor of 

SpO2 was collected from each patient. One patient criteria in the study was that the physical 

status of the patient must require an ABG analyses. Assessment of the agreement between 

SpO2 and ABG was performed by using the method by Bland and Altman. The result of the 

study showed there may occur large differences between the two parameters, a patient with a 

SaO2 value of 90% had a pulse oximeter measurement with a SpO2 accuracy of ±4%. Due to 

these differences, the patient could potentially be wrongly diagnosed or treated. In conclusion, 

the agreement between SpO2 and SaO2 may be clinically insufficient [47]. 

In the article The accuracy of pulse oximetry in emergency department patients with severe 

sepsis and septic shock: a retrospective cohort study, the accuracy of pulse oximeters have 

been studied in emergency department. The pulse oximeter used in the study was Nellcor 

pulse oximeter, finger sensors were used and was not necessarily attached to a finger of the 

same arm as where the blood sample was taken. The blood gas analyser used in this study was 

ABL 725, Radiometer, Copenhagen. The accuracy of pulse oximeter readings (SpO2) were 

determined by comparison against simultaneous taken ABG tests (SaO2) on patients suffering 

of severe sepsis and septic shock. The method of Bland and Altman was used to analyse the 

accuracy of SpO2 relative to SaO2, and the pulse oximeter readings was successfully 

compared to ABG tests in 88 subjects. The result from the study showed that the bias, or 

systematic error determined by the mean difference between SpO2 and SaO2 was 2.75 [%], 

i.e. the pulse oximeter overestimated the SaO2. In this study, s was calculated to 3.1 [%], and 

was used to determine the precision, or random error. With a mean difference of 2.75 [%], the 

limits of agreement were stated to -3,4 [%] and 8,9 [%].The mean difference was bigger in 

patients suffering of hypoxemia (4,9 [%]) than in non-hypoxemic patients (1,89 [%]). A 

valuable finding from the study was that when the readings from the pulse oximeter (SpO2) 

were in the interval 90-93%, the oxygen saturation measured by ABG testing were lower than 

90% (hypoxemia) in 50% of the cases. In other words, 50% of the readings from pulse 

oximeter (in the range 90-93%) failed to detect hypoxemia. When SpO2 were in the range 94-

97%, the pulse oximeter failed to detect hypoxemia in 9,7% of the cases. Only when the SpO2 

values were ≥98%, all the SaO2 values were >90%. A conclusion from the study is that the 

accuracy of the pulse oximeter is affected by hypoxemia, the overestimation of SaO2 by the 

pulse oximeter is exacerbated in patients suffering of hypoxemia. Further statement is that 
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clinicians should be aware of the tendency of overestimation by the pulse oximeter, especially 

when SpO2<98%. ABG tests are recommended to guarantee a more accurate estimation of the 

true SO2 [48].  

Two students at Blekinge Tekniska Högskola have performed a test of three different pulse 

oximeters at the lung clinic at Blekinge Hospital, Karlskrona. The pulse oximeters were from 

three different manufacturers: Masimo, Nellcor, and OxyTrue, and the purpose of the study 

was to find the most accurate and reliable. Each pulse oximeter was used to measure SpO2 

from two measurement sites, the ear and finger, on 28 patients on the clinic. The readings 

from the pulse oximeters were compared against blood gas analysis. The bias as well as the 

Arms were calculated and presented in the report. A conclusion from the study was that the 

OxyTrue when using the ear sensor overestimated the oxygen saturation when compared 

against SaO2, while the other five sensors used for the three different pulse oximeters 

underestimated the SaO2. According to the report the Masimo pulse oximeter is the most 

accurate and reliable, but since it is more expensive than the two others, the recommendation 

for the lung clinic is that the Nellcor pulse oximeter is considered to be accurate enough [49]. 
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3 Method 
The used method for the thesis is described in this section and the methodology can be seen in 

figure 3 below.  The overall concept for this thesis was to use mixed methods with one partly 

qualitative method, questionnaires, and one quantitative method, human testing. The different 

paragraphs in this section present the data collection and analysis for each method. 

 

Figure 3. Overview of the methodology processes. 

 

3.1 Data Collection 
To answer the first and second research question, questionnaires were distributed to 

healthcare professionals in connection with visits performed at four different emergency 

hospitals in Stockholm County Council. Information about the most frequently used pulse 

oximeters were, in addition to questionnaires, also given from the medical technology unit 

(MTA) at respective hospital in form of descriptive lists. MTA was contacted, and the lists 

were provided, by e-mail. These lists presented the inventoried pulse oximeters at the three 

chosen departments. An answer to the third research question was achieved from performed 

human tests on patients at the lung clinic at Hospital A. 

3.1.1 Questionnaire 

No previous questionnaire for the exact same question was found, but the questionnaire was 

inspired by, and partly adapted to Dodsons’ questionnaire for the study Nurses’ Perception of 

Insulin Pen Utilization in the Hospital Setting [33]. Following the design of this 

questionnaire, the content was validated by two nurse specialists and the external supervisor 

for this project. The survey questionnaire consisted of three parts with six questions each: 1) 

Personal information 2) Use of the measurement instruments (pulse oximeter and blood gas 

analyser) 3) Comparison between the two measurement instruments including questions with 

a 5-point Likert scale. An open question, with room for additional comments, was given at the 

end. The questionnaire was mostly quantitative, but part two and three had qualitative 
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questions. One of the quantitative questions was formulated to collect information regarding 

the healthcare professionals’ interpretation of the existing deviations. Those who answered 

that they experienced differences were also asked whether the differences were perceived as 

clinically significant. For the purpose of this report, clinically significant is defined by the 

authors as what the healthcare professionals believe is of clinical relevance for the patient. 

One example would be if the differences can lead to wrong treatment. An example of a 

qualitative question in part two was “Which pulse oximeter do you use most frequently in 

your daily work?”. The qualitative question in part three was about if the healthcare 

professionals had any strategies or methods to deal with clinically significant differences. See 

appendix 2 for the developed questionnaire.  

 

The study design used was a cross-sectional design. The responders of the questionnaire were 

chosen to be healthcare professionals. Three departments on each hospital were chosen; lung, 

cardiology and emergency. The lung department has been selected as the service to which 

COPD is treated, Heart Clinic Department (HIA) was the chosen department for cardiology, 

and the Emergency Care Department (AVA) was chosen as the emergency department on all 

four hospitals. Inclusion criteria for the responders were all genders and that the healthcare 

professionals were stationed at the particular hospital and department. Participation in the 

study was voluntary and a returned and completed questionnaire was assumed as an 

admission to participation. 

 

The departments were contacted and a visit was scheduled to either meet a contact person in 

charge or participate on a meeting at the department.  The questionnaires were distributed at 

each hospital and department by the contact persons. A covering letter with information about 

the purpose of the questionnaires was sent to the contact person at each department, see 

appendix 1. The contact person was instructed to present it to the personnel prior to the visit, 

and the information was available during the response time. A brief oral presentation of the 

project was given to the personnel available at four departments in connection with the visits. 

The paper questionnaires were distributed at scheduled visits to 11 out of 12 chosen 

departments. The questionnaires were left at place, and distributed in the lunch room with the 

help of the contact persons at each department respectively. The questionnaires were available 

for a week, and collected a day after the deadline. One department at Hospital A could not 

schedule a visit. To this department an online questionnaire was developed. A link to the 

online questionnaire was distributed by e-mail to the personnel at the two emergency 

departments, 30 respective 57 nurses, with help of the contact person. The online 

questionnaire was open for answers for a week.  
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3.1.2 Human Testing 

The other method used to validate pulse oximeters was human testing, where SpO2 from three 

different pulse oximeters were compared against ABG tests from patients, SaO2. The three 

pulse oximeters selected for the tests, Nonin PalmSAT 2500, Philips IntelliVue MX550, and 

Viamed VM-2160, were based on the result from the questionnaires. Sensors tested belonging 

to Nonin PalmSAT 2500 were 8000Q2 (ear) and 8000AA (finger), belonging to Philips 

IntelliVue MX550 were M1194A (ear) and M1133A (finger). For Viamed VM-2160, 

EP6500VM (ear) and SF6500VM (finger) were tested. All sensors except for Philips M1133A 

were re-usable. Philips M1133A were changed every test day.  

To prepare for the tests, a study visit was made at Hospital A to get more information about 

the procedure and the routines for patients at the lung clinic. The tests were performed on 18 

patients. All the patients participating in the study left their informed consent, see appendix 3 

for the structure of it. The participation in the study was voluntary and anonymous, and no 

personal information was kept. Most of the patients (11) were under oxygen therapy during 

the test. SpO2 and SaO2 were taken from patients in rest, they all sat down 30 minutes before 

the data was collected. No calibration was made for the pulse oximeters. SpO2 and SaO2 were 

taken as simultaneously as possible, and not necessarily from the same arm. SpO2 was always 

taken and noted before the arterial blood sample was collected, and always at the left ear and 

the left ring finger. Nine out of the total 18, i.e. 50% of the blood gases were taken from the 

right arm. The whole procedure of blood gas analysis, from a taken blood sample from the 

patients’ arteria radialis, to the reading in the blood gas analyser ABL90 FLEX, was 

performed by the nurses. The reading of SaO2 as well as the readings from the three pulse 

oximeters were anonymously entered into a spreadsheet, see appendix 4.    
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3.2 Data Analysis and Comparison 
The responses from the questionnaires were registered in spreadsheet software and pivot 

tables were used for visualization of the data. The quantitative data were compiled into tables 

and diagrams, and the result from the qualitative questions were analysed. 

 

For the human tests, the data analysis, i.e. the assessment of agreement between SpO2 and 

SaO2 (and later also SpO2 from ear and finger) was performed by constructing limits of 

agreement and visualize the data in plots. All the data sampled was plotted to get an overview 

of the agreement between the two measurement methods. The data collected from the tests 

were used to calculate the lack of agreement, as explained before this is calculated from the 

bias and s. A clinically acceptable difference were stated, and compared against the limit of 

agreements for the different pulse oximeters and sensors. Arms have been calculated and 

compared with the manufacturers set limit for each sensor. The formulas used for the 

calculations to assess the agreement between SpO2 and SaO2 are presented below, where 

n=number of measurements, i.e. the sample size. When the agreement between the two 

sensors was assessed, the reference value is the SpO2 taken from the ear (replaces SaO2), and 

SpO2 finger replaces the SpO2 in the formulas.  

 

Bias (b): 

𝑏 =
∑ (𝑆𝑝𝑂2 − 𝑆𝑎𝑂2)𝑛

𝑖=1

𝑛
 

 

Standard deviation of differences (s): 

𝑠 = √
∑ (𝑆𝑝𝑂2 − 𝑏)2𝑛

𝑖=1

𝑛 − 1
 

 

Limits of agreement: 

𝑏 ± 2𝑠 
 

Root-mean-square difference: 

𝐴𝑟𝑚𝑠 =  √
∑ (𝑆𝑝𝑂2 − 𝑆𝑎𝑂2)2𝑛

𝑖=1

𝑛
 

 

 

A comparison between the results of selected questions from the questionnaires and selected 

data from the human tests were made.   
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4 Results 
In this section the result from questionnaires and human tests are presented. The collected 

data is presented in text, but also in tables and plots to get a better overview. For the 

questionnaires the participants are presented in categories, and selected questions are analyzed 

in pivot tables. The data collection from the human tests are presented and after this the 

assessment of agreement for the different pulse oximeters follows.  

4.1 Results from Questionnaires 
The results from questionnaires are presented in six subsections, the first with information 

about the total 169 responders, and the second present tables with an overview of which 

different fabricates of pulse oximeters that were used at the hospitals. The third section shows 

the result from the two questions regarding differences between the two measurement 

methods. In the last two sections, the results of the open question about what kind of 

strategies the healthcare professionals use to avoid this deviation and the additional comments 

are presented. Respondents that did not answered the questions is represented with an “-“ in 

the presentation of the questions.  

 

4.1.1 Personal Information 

A total of 169 healthcare professionals were participating; two doctors, 17 specialist nurses, 

97 nurses, 52 assistant nurses, and one physiotherapist. See table 1 for a more detailed view of 

the job and location distribution between the healthcare professionals, and table 2 for age 

distribution between the genders.  

 

At Hospital C, the two units HIA and MIVA (medical intensive care unit) were part of the 

same department, belonging to the cardiology field of activity. MIVA care is provided for 

patients suffering from life-threatening circulatory and respiratory diseases. Since the two 

units were closely related at Hospital C, the questionnaire was answered by healthcare 

professionals at both these units. Four respondents were working at HIA, four at MIVA, four 

people at both HIA and MIVA, and one respondent at HIA and ICU.   

 

Hospital Lung AVA HIA Total 

Hospital A 5 7 (online) 16 28 

Hospital B 4 27 14 45 

Hospital C 11 29 13 53 

Hospital D 14 21 8 43 

Total 34 84 51 169 

Table 1. Job and location distribution between the healthcare professionals. 
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Gender 18-25 26-35 36-45 46-55 >55 Total 

Male 2 9 7 4 2 24 

Female 25 58 29 20 9 141 

Other 0 3 1 0 0 4 

Total 27 70 37 24 11 169 

Table 2. Age distribution between the sexes. 

 

4.1.2 Use of Measurement Equipment 

The results from question B.1 showed that 92% of the responders believed to have extensive 

experience in measuring patient’s oxygen saturation. In the remaining categories (limited, 

average, and substantial), 2% were represented in each. Three did not answer the question and 

none of the healthcare professionals responded that they had no experience at all. Practically 

all (96%) felt confident using pulse oximeters, only one responder did answer no, and one was 

unsure. Five of the healthcare professional did not answer the question at all. The result from 

the question B.2 “How frequently do you use pulse oximeter in your daily work?” is presented 

below.  

Figure 4. Distribution of how frequently the healthcare professionals use pulse oximeter in their daily 

work. 

 

To the question presented above, 14 respondents marked both “Each patient” and “Several 

times a day”. One respondent marked “Each patient” and “Several times a week”, these 15 

answers have been considered as “Each patient”. 

 

The result of the first research question from the questionnaires is presented in table 3. 19 

respondents mentioned two pulse oximeters, these were sorted to respective group to get a 

clearer overview of the total amount. 32 respondents gave only the manufacturer of the pulse 

oximeter they most commonly used, not which model. 32 respondents did not answer the 

question and nine respondents left uncertain answers (told they were unsure, wrote question 

mark, or answers that could not be read), these answers were not included in table 3 below.  
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It can be seen that Philips IntelliVue MX550 was the most common used pulse oximeters at 

the four hospitals (45), Viamed VM-2160 the second (29), and Ohmeda Dinamap V100 the 

third (22). Nonin PalmSAT 2500 was the fourth most common pulse oximeter (10), but the 

manufacturer Nonin got 23 answers without any specified model and was thereby the third 

most common manufacturer (33). The same occurred for the manufacturer Viamed, 

implicating that this was mentioned totally 37 times, and makes it the second most common. 

  

Pulse oximeter Total 

Philips IntelliVue MX550 45 

Viamed VM-2160 29 

Nonin 23 

Ohmeda Dinamap V100 22 

Nonin PalmSAT 2500 10 

Viamed 8 

Masimo Rad-5v 3 

Nellcor 3 

Masimo 1 

Ohmeda TuffSat 1 

Viamed 3300 1 

Viamed Limited 1 

Total 147 

Table 3. Number of pulse oximeters compiled from all answers together from the questionnaires. 

The questions about how frequently the healthcare professionals took ABG in their daily 

work, and how confident they were about it are presented below. 

 
Figure 5. Distribution of how frequently the healthcare professionals use ABG in their daily work. 

 

One respondent added “Not allowed to” to the answer “No experience of taking ABG”. 

Another respondent added “The physician takes the blood gas” to the answer “A couple of 

times a week”.  
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Figure 6. Distribution of how confident the healthcare professionals are about ABG.  

 

One respondent marked both yes and no, this answer has been considered as “-”. 
 

4.1.3 Comparison of Measuring Instruments 

Two questions regarding differences and clinically significant differences between SaO2 and 

SpO2, were asked in the questionnaire. Table 4 shows the result from the first question and 

figure 7 the second question. 102 out of the 169 responders said they had experience 

differences between the two measurement methods. 59 of these 102 mentioned they had 

experienced clinically significant differences.  

 

Do you experience differences between SaO2 and SpO2? Total 

Yes 102 

No 17 

Unsure 46 

- 4 

Total 169 

Table 4. Number of responders experiencing differences. 
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Figure 7. Number of responders that believed their experienced differences were clinically significant. 

 

Of the 10 responders that had specified their Nonin model to be PalmSAT 2500, 8 answered 

yes to the question: “Do you experience that there occur differences in the measurement of 

oxygen saturation in the blood, depending on the selected method, pulse oximeter or ABG 

analysis?”. 13 responders out of 20 from Hospital D, where Nonin PalmSAT 2500 was 

concluded as the model used, see section 5.2.1, also believed there were differences. A total 

of 70% believed Nonin PalmSAT 2500 to measure different from the ABG analysis device. 

Of these presumed 20 yes-responders, 16 experienced these differences to be clinically 

significant, a percentage of 80%. 28 of the 45 (62%) responders that use Philips IntelliVue 

MX550 pulse oximeter thought there were differences between the two measurement 

methods. 17 of these 28 (61%) believed the differences were clinically significant. For 

Viamed VM-2160, 24 of 37 (65%) believed there were differences, but only 10 of these 24 

(37%), mentioned clinically significant differences. As a conclusion, Nonin PalmSAT 2500 

got the highest percentage, 80%, when examined the ratio of healthcare professionals who 

experienced clinically differences and they who experienced differences. Philips IntelliVue 

MX550, the second highest, 61%, and Viamed VM-2160 the lowest, 37%.  The results 

regarding differences and clinically significant differences for the three different models is 

presented in figure 8 and 9 on the next page. 
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Figure 8. Result for the three different models regarding if the healthcare professionals 

experienced differences between the readings of the pulse oximeter and ABG. 

 

 
Figure 9. Result for the three different models regarding if the healthcare professionals 

believed the experienced differences was clinically significant.  



29 
 

4.1.4 Strategies 

A follow-up question to the question regarding clinically significant differences were “If yes, 

do you have any method to handle this? Describe this below.”. As seen in table 5, 59 

responders believed there were clinically differences. Out of these 59, one nurse answered he 

did not have any method, 21 left the question unanswered, and 38 healthcare professionals 

gave qualitative answers to what strategies they used to work around the problem. The 

answers were compiled and categorized (patient related, equipment related, change of 

measurement site, choose one value to trust, and consultation), and are presented. Some 

answers were given more than once, the number of times are indicated within brackets. 

 

Patient related 
- Control that the patient are at rest, 30 minutes lying or sitting 

- Remove nail polish 
- Warm the finger/ear 
- Check the colour of the patient’s skin (2) 
- Check whether the patient has cyanosis, anemia, or labored breathing 
- Check the patient's’ general condition, for example body heat and blood circulation 
 
Equipment related 
- Use several different pulse oximeters to see which one is the closest to the measured ABG 

value 
- Use two different types of pulse oximeters and then take the average between these 
- Change pulse oximeter 

- Note which measurement instrument and method used, i.e. finger or ear sensor 
- Double check values at the devices, and that the measurement are performed correct for 

example arterial blood and not venous is taken for blood gas analysis 
- Troubleshoot 
- Control the sensor 
- Cleaning the pulse oximeter thoroughly before each use 

- Check the curve at the pulse oximeter  

 
Change of measurement site 
- Change finger 
- Change from ear sensor to finger sensor or the other way around 
- Take saturation with the ear sensor (4) 
- Take ABG (5) 
 
Choose one value to trust 
- Choose the lowest value 
- Trust the ABG (8) 
- Trust the value measured by the ear sensor rather than the finger sensor (2) 
- Compare the values 

 
Consultation 

- Discussion with doctor (2) 

- Discussion with colleagues  
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4.1.5 Attitudes  

In the questionnaire four questions using 5-point Likert scale regarding attitudes of the two 

measurement methods, were asked. 1 represented “Strongly disagree” and 5 “Strongly agree”. 

In this section the results of these questions are presented in pie charts, figure 10. The mean 

value and the standard deviation (SD) are presented in table 5.  

 
Figure 10. Attitudes of the healthcare professionals about the two measurement methods.  

 

 

Question Mean SD 

I prefer to use pulse oximeter compared to ABG analysis to 

measure oxygen saturation. 3,32 1,11 

Pulse oximeter is a more convenient method than ABG in 

oxygen saturation measurements 4,23 0,96 

Pulse oximeter is a simpler method than ABG in oxygen 

saturation measurements. 4,42 0,9 

 I experience that pulse oximeter measures the oxygen 

saturation with a more correct value than arterial blood  2,14 0,96 
Table 5. Mean value and standard deviation for the four attitudes questions. 
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4.1.6 Additional Comments 

The open questions at the end did result in 18 comments, which are compiled below. 

 

Two nurses made a comment that some of the questions were difficult to answer because of 

too few response options, or that they were difficult to understand. One respondent 

commented that a comparison between these two methods cannot be done, since pulse 

oximetry gives information about only one parameter, and is not always reliable since it 

depends on the peripheral circulation of the patient. Another comment was that the ABG often 

is taken with the purpose to analyze more parameters than the oxygen saturation, but the pulse 

oximeter is simpler since no needle and no analysis are required. A nurse was careful to point 

out that her answers on the attitude questions, see section 4.1.5, (“Strongly agree” on all of 

them), was with the understanding that the patient did not have arterial needle.   

 

An explanation was given by an assistant nurse, that since it is not included in their daily 

work routines to take blood gases, the answers could be misleading. One assistant nurse added 

a comment that one thinks the ABG should be the most reliable, but was unsure. Another 

assistant nurse added a comment that the ABG always is more accurate. According to a nurse 

the ABG is more accurate because it exists big differences depending on if the patient is cold, 

is moving or have crooked fingers. A specialist nurse wrote that both methods were needed in 

their daily work, and one nurse that there is no possibility that the ABG can be taken as often 

as the pulse oximeter is used. Another comment given by a nurse was that it can be hard to 

acquire a reliable value for the oxygen saturation of an old patient, the pulse oximeter reading 

is often lower than the blood gas, and both method is used but the pulse oximeter is used more 

frequently. One point was that the pulse oximeter is a quick and simple instrument, but can be 

unreliable since a lot of different factors can influence the SpO2.  

 

Two responders, one nurse and one assistant nurse, wrote that the pulse oximeter readings 

differ depending on if the SpO2 is taken from ear or finger. The nurse state that the ear often 

implies a higher SpO2.  

 

One nurse explained that it is simpler and less painful for the patient when using the pulse 

oximeter. The pulse oximeter is preferred to minimize the amount of stung, but that the blood 

gas is necessary when the patient suffering from oedema of lungs or other conditions that 

requires breathing aid from NIV/CPAP.  A specialist nurse wrote that the pulse oximeter is 

good since it provides an extra parameter to the clinical assessment of the patient. However, it 

is important to not only rely on these readings. The nurses must learn to adjust the readings 

after a lot of blood gases taken and differences revealed. The same specialist nurse also agrees 

that the pulse oximeter is good, since it can spare both the patient and the hospitals’ budget 

from many sample-takings.  
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4.2 Results from Descriptive Lists 
The result from descriptive lists are presented in table 6 below. The three most common pulse 

oximeters that are at these lists are Viamed VM-2160 (67), Masimo Rad-5v (32), and Nonin 

PalmSAT 2500 (30). 

 

Pulse oximeter Total 

Viamed VM-2160 67 

Masimo Rad-5v 32 

Nonin PalmSAT 2500 30 

Datex-Ohmeda TuffSat 26 

Nonin 8500 13 

Nonin 3100 12 

Nellcor OxiMax N-600x 11 

Nonin GO2 5 

Covidien Nellcor Bedside SpO2 PM100N 4 

Convidien Nellcor X1 2 

Masimo Rad-5 2 

Masimo Radical 7 2 

Nonin 8500A 2 

Nonin Onyx 2 

Datex-Ohmeda Biox 3740 1 

Masimo Rad-8 1 

Masimo Rad-57 1 

Nellcor N-595 1 

Nellcor N-959 1 

Nellcor OxiMax 1 

Nellcor OxiMax NPB-40 1 

Nonin Avant 4000 (display unit) 1 

Nonin 8500P 1 

Total 229 

Table 6. Number of pulse oximeters at all four hospitals together compiled from descriptive lists. 
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4.3 Results from Human Testing 
Prior to the tests the acceptable clinical difference was stated to a maximum of ±4 units. 

Below the data collection is presented and the different calculations are performed. The data 

is presented in the different plots to provide an illustration of the result. 

 

4.3.1 Data Collection 

The result from the human tests are presented in table 7. Data was collected during 13 days 

and tests were performed on 18 different patients. There were 31 scheduled patients, i.e. 

potential subjects for the data collection, but 17 out of them did not participate for different 

reasons, see section 5.1.3. For all the patients participating, SpO2 from each pulse oximeter 

and for both measurement sites are presented together with the reference value, i.e. the SaO2 

from the ABG test. 

Patient 

SaO2 

[%] 

Nonin 

Ear [%] 

Nonin 

Finger [%] 

Philips 

Ear [%] 

Philips 

Finger [%] 

Viamed 

Ear [%] 

Viamed 

Finger [%] 

1 96 99 94 95 97 99 96 

2 95,3 99 93 97 96 97 96 

3 93,2 95 90 90 91 99 88 

4 91,4 98 92 96 94 92 92 

5 94,5 93 86 94 90 92 88 

6 96,9 98 95 100 97 99 97 

7 94,4 98 92 95 95 99 92 

8 97,4 98 92 97 95 99 93 

9 92,7 96 92 93 96 96 92 

10 94,3 98 92 96 94 99 92 

11 91,3 95 90 90 93 99 91 

12 92,4 95 90 95 95 99 92 

13 94,6 93 92 93 95 98 94 

14 95,7 93 93 93 92 99 92 

15 93,3 94 88 92 92 99 91 

16 91,7 95 92 91 93 98 92 

17 91,7 94 88 93 93 96 90 

18 95,8 98 94 96 97 99 97 

Table 7. Results from the human tests performed at the lung clinic at Hospital A. 

 

4.3.2 Data Plotting 

Figure 11 A-F on the next page is a data plot of the sampled data, the plot shows the 

agreement of SpO2 and SaO2 for the different pulse oximeters and measurement sites (the line 

of equality can be seen in all plots). 
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Figure 11 A-F. The agreement of SpO2 and SaO2 in relation to the line of equality. 
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4.3.3 Assessment of Agreement 

Table 8 shows the differences for each measurement (SpO2 minus the reference value) and the 

calculated bias. Also s, the limits of agreement, and the Arms are calculated and presented in 

the table. 

 

Patient 
Nonin 

Ear [%] 

Nonin 

Finger 

[%] 

Philips 

Ear [%] 

Philips 

Finger 

[%] 

Viamed 

Ear [%] 

Viamed 

Finger 

[%] 

1 3,0 -2,0 -1,0 1,0 3,0 0,0 

2 3,7 −2,3 1,7 0,7 1,7 0,7 

3 1,8 -3,2 -3,2 -2,2 5,8 -5,2 

4 6,6 0,6 4,6 2,6 0,6 0,6 

5 -1,5 -8,5 -0,5 -4,5 -2,5 -6,5 

6 1,1 −1,9 3,1 0,1 2,1 0,1 

7 3,6 -2,4 0,6 0,6 4,6 -2,4 

8 0,6 -5,4 -0,4 -2,4 1,6 -4,4 

9 3,3 -0,7 0,3 3,3 3,3 -0,7 

10 3,7 -2,3 1,7 -0,3 4,7 -2,3 

11 3,7 -1,3 -1,3 1,7 7,7 -0,3 

12 2,6 -2,4 2,6 2,6 6,6 -0,4 

13 -1,6 -2,6 -1,6 0,4 3,4 -0,6 

14 -2,7 -2,7 -2,7 -3,7 3,3 -3,7 

15 0,7 -5,3 -1,3 -1,3 5,7 -2,3 

16 3,3 0,3 -0,7 1,3 6,3 0,3 

17 2,3 -3,7 1,3 1,3 4,3 -1,7 

18 2,2 -1,8 0,2 1,2 3,2 1,2 

Sum of 

differences 
36,4 -47,6 3,4 2,4 65,4 -27,6 

Bias (b) [%] 2,0 -2,6 0,2 0,1 3,6 -1,5 

Standard 

deviation of the 

differences (s) 

[%] 

2,3 2,1 2,0 2,2 2,4 2,2 

The limits of 

agreement  

(b ±2s) [%] 

2,0 ± 4,6 

(-2,6 and 

6,6) 

-2,6 ± 4,2 

(-6,8 and 

1,6) 

0,2 ± 4,0 

(-3,8 and 

4,2) 

0,1 ± 4,4 

(-4,3 and 

4,5) 

3,6 ± 4,8 

(-1,2 and 

8,4) 

-1,5 ± 4,4 

(-5,9 and 

2,9) 

Root-mean-

square (Arms) [%] 
3,0 3,4 2,0 2,1 4,3 2,6 

Table 8. Differences between SpO2 and SaO2 for each sensor. 
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Figure 12 A-F shows the difference between SpO2 and SaO2 in each patient.  
 

 
Figure 12 A-F. Difference between SpO2 and SaO2 for the three pulse oximeter and two measurement 

sites for each patient. 

 

The result from the human tests showed that two of the tested pulse oximeters (Nonin Ear and 

Viamed Ear) in mean overestimated SaO2, i.e. the bias was positive. It also showed that two 

of them, Nonin Finger and Viamed Finger, underestimated the parameter, i.e. the bias was 

negative. Philips Intellivue MX550 with its two belonging sensors had a bias close to zero, 

indicating that the pulse oximeter in mean almost managed to provide a SpO2 in agreement 

with SaO2. s was lowest for Philips Ear and highest for Viamed Ear. Regarding the stated Arms 

in each manufacturers’ instructions of use, all sensors expect Nonin Finger and Viamed Ear, 

kept what they promised.   
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Figure 13 A-F is a second plot of the data showing the difference between the two methods 

plotted against the reference value, SaO2. The line were no differences exists is marked, i.e. 

the x-axis. Also the calculated bias and limits of agreement are visualized in the plots.  
 

c  

Figure 13 A-F. The difference (SpO2-SaO2) for each measurement plotted against SaO2. 
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Agreement of SpO2 between the different measurement sites, ear and finger, for the three 

pulse oximeters are presented in table 9 and plotted in the figures 14 and 15 A-C. Figure 14 

shows the difference between the readings from the same pulse oximeter when using an ear 

sensor compared to when a finger sensor was used on the same patient. Figure 15 A-C shows 

the difference (ear-finger) plotted against the reference value, SaO2. 

 

Patient 
Nonin (Ear-

Finger) [%] 

Philips (Ear-

Finger) [%] 

Viamed (Ear-

Finger [%] 

1 5 -2 3 

2 6 1 1 

3 5 -1 11 

4 6 2 0 

5 7 4 4 

6 3 3 2 

7 6 0 7 

8 6 2 6 

9 4 -3 4 

10 6 2 7 

11 5 -3 8 

12 5 0 7 

13 1 -2 4 

14 0 1 7 

15 6 0 8 

16 3 -2 6 

17 6 0 6 

18 4 -1 2 

Sum of differences 84 1 93 

Bias (b) [%] 4,7 0,1 5,2 

Standard deviation of 

the differences (s) [%] 
1,7 2,0 2,9 

The limits of agreement 

(b ±2s) [%] 

4,7 ± 1,7  

(3 and 6,4) 

0,1 ± 2,0  

(-1,9 and 2,1) 

5,2 ± 2,9  

(2,3 and 8,1) 

Table 9. Agreement of SpO2 between the two different measurement sites for each pulse oximeter. 
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Figure 14. Agreement between ear and finger for the three pulse oximeters in each patient.   

 

 
Figure 15 A-C. The difference (ear-finger) for each measurement plotted against SaO2. 

 

According to this result, Philips pulse oximeter was the one having the best agreement 

between the two sensors. In four patients Philips Ear and Finger gave the same SpO2, in seven 

patients the finger sensor gave a higher SpO2 and in seven patients a lower SpO2. The figures 

also shows that both Nonins’ and Viameds’ ear sensors in all tests gave a higher estimation of 

SaO2 (except for one each where they give exactly the same value), than when using the 

finger sensor for the same pulse oximeter.    
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4.3.4 Differences for Each Patient 

The differences have also been looked into from the perspective of each patient. The sum of 

the differences, as well as the mean difference, for the six sensors are presented in table 11 on 

the next page. To analyze the differences further, and not let the negative and the positive 

differences cancel out each other, the absolute value of the differences have been summarized, 

see table 10. From the absolute value of the differences, a mean difference have been 

calculated, which is presented in table 11. The mean difference for each patient, and the mean 

difference of the absolute differences are visualized in figure 16 and figure 17. 

 

Patient 
Nonin 

Ear [%] 

Nonin 

Finger 

[%]  

Philips 

Ear [%] 

Philips 

Finger 

[%] 

Vimed 

Ear [%] 

Viamed 

Finger 

[%] 

1 3,0 2,0 1,0 1,0 3,0 0,0 

2 3,7 2,3 1,7 0,7 1,7 0,7 

3 1,8 3,2 3,2 2,2 5,8 5,2 

4 6,6 0,6 4,6 2,6 0,6 0,6 

5 1,5 8,5 0,5 4,5 2,5 6,5 

6 1,1 1,9 3,1 0,1 2,1 0,1 

7 3,6 2,4 0,6 0,6 4,6 2,4 

8 0,6 5,4 0,4 2,4 1,6 4,4 

9 3,3 0,7 0,3 3,3 3,3 0,7 

10 3,7 2,3 1,7 0,3 4,7 2,3 

11 3,7 1,3 1,3 1,7 7,7 0,3 

12 2,6 2,4 2,6 2,6 6,6 0,4 

13 1,6 2,6 1,6 0,4 3,4 0,6 

14 2,7 2,7 2,7 3,7 3,3 3,7 

15 0,7 5,3 1,3 1,3 5,7 2,3 

16 3,3 0,3 0,7 1,3 6,3 0,3 

17 2,3 3,7 1,3 1,3 4,3 1,7 

18 2,2 1,8 0,2 1,2 3,2 1,2 

Table 10. Absolute difference between SpO2 and SaO2 for each sensor. 
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Patient 
Sum of 

differences 

Mean 

difference 

Sum of the 

absolute 

differences 

Mean 

difference of 

the absolute 

differencens 

1 4,0 0,7 10,0 1,7 

2 6,2 1,0 10,8 1,8 

3 -6,2 -1,0 21,4 3,6 

4 15,6 2,6 15,6 2,6 

5 -24,0 -4,0 24,0 4,0 

6 4,6 0,8 8,4 1,4 

7 4,6 0,8 14,2 2,4 

8 -10,4 -1,7 14,8 2,5 

9 8,8 1,5 11,6 1,9 

10 5,2 0,9 15,0 2,5 

11 10,2 1,7 16,0 2,7 

12 11,6 1,9 17,2 2,9 

13 -2,6 -0,4 10,2 1,7 

14 -12,2 -2,0 18,8 3,1 

15 -3,8 -0,6 16,6 2,8 

16 10,8 1,8 12,2 2,0 

17 3,8 0,6 14,6 2,4 

18 6,2 1,0 9,8 1,6 

Table 11. Differences for each patient. 
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Figure 16. Mean difference for each patient. 

 

 
Figure 17. The mean difference of the absolute differences for each patient. 
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5 Discussion 
In this part of the report discussions of the methodology and the results are made. A 

discussion about the future outlook and a conclusion is presented at the end of this report.  

5.1 Discussion of Methodology 
The discussion of the validity of the two methods, questionnaires and human tests, is 

conducted in this section. It will also present some thoughts about the methodology for the 

two methods individually. 

5.1.1 Validity 

As mentioned in section 2.5.1, validity is a way of gain a trustworthy outcome and acceptance 

of others. If the study is conducted with high validity the result will be more reliable. Validity 

describes how well the study manage to capture the reality, i.e. how well the result can be 

applied to reality, but also how well artefacts are avoided.  In this study, two methods have 

been used to collect data with the purpose to answer the identified research questions. Using 

mixed methods to conclude the results, high convergent validity could be achieved. This kind 

of methodology was different from what Vivar & Thörn did in their study in 2011, where the 

similar question of issue was handled. This study also aimed to capture the experienced 

accuracy and compare the result against the actual accuracy, nothing that have been found by 

the authors in any previous research. 

 

Questionnaires distributed to healthcare professionals at four chosen hospitals was the first 

method used, and it contributed with both quantitative and qualitative data. The data was 

analyzed and utilized to suggest an answer for the first and the second research question. The 

first research question was formulated and answered with the purpose to select pulse 

oximeters for the human tests. By testing the pulse oximeters that were the most frequently 

used at hospitals during the period of this study, the result from the human tests better 

reflected the reality compared to if pulse oximeters were randomly selected. The gathered 

answers were analyzed and compared against descriptive lists. The descriptive lists were of 

help since some of the healthcare professionals named the manufacturer but excluded the 

model. The comparison was also a way to strengthen the reliability of the given answers, i.e. 

the questionnaire gave similar conclusion as the lists. It should be mentioned that the 

descriptive lists might include sources of error since the different equipment can be shared 

between departments. MTA informed that they only included pulse oximeters in the lists and 

for example not Philips IntelliVue MX550 since this is a patient monitoring system and 

provides more parameters than only SpO2. This could be a reason why the answers not fully 

agreed with the lists. Philips IntelliVue MX550 was the pulse oximeter mentioned most 

frequently in the questionnaires, but was not included in neither of the descriptive lists.  

 

The questionnaire was also used to suggest an answer for the second research question, i.e. 

regarding if healthcare professionals were aware of existing deviations and if they had ways 

to deal with them. To achieve reliability and validity of the questionnaire, the questions 

should be formulated in a way that they measured what was intended and captured the reality. 

One way to achieve this, and to get a more reliable result regarding the questions about 

differences, was to make sure that the respondent really had enough experience to be able to 

form an opinion of this. Question B.1 was constructed to investigate the responders’ 

experience in measuring oxygen saturation of the patient. The result showed that 155 out of 

169 respondents characterized their experience to be extensive. The conclusion were drawn 

that the respondents had enough experience, and that the following questions had a high 

probability of capturing the reality.  
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The questionnaire design was intended to be clear and the questions easy to understand. A 

clear questionnaire where the respondents understand the questions increases the validity, 

reduces the bias and also the answers given considers to be more credible. Since only four out 

of 169 (2%) of the respondents left the question about differences between SpO2 and SaO2 

unanswered, this question can be considered as being understood and thereby measured what 

was intended. When analysing the question further, 46 (27%) of the respondents answered 

that they were unsure regarding the differences. It was unclear whether those respondents are 

unsure because of the wording of the question or if they really do not know if deviations 

exists. If those who selected the unsure-option marked it because they were confused by the 

question or did not understand what was asked for, the question partly failed to measure what 

was intended because of the wording. One alternative was to not include the option of being 

unsure, and thereby force the respondent to choose between yes or no. But since the alterative 

“Unsure” also told something about the healthcare professionals’ experience, the option was 

not excluded. Respondents who misunderstood the questions contributed to one type of 

experimental artefacts, misunderstanding contributes to incorrect answers which will lead to 

an erroneous result and conclusion. Misinterpretations was also possible to have occurred in 

questions B.2 and B.5. The responders may have believed the questions were asked to 

investigate how frequently they use the two measurement instruments on each patient, rather 

than how many times the instrument was used or ABG tests were performed overall. If these 

were constructed more clearly, the possibility to misinterpretations could have been reduced. 

Question C.2, formulated to collect information regarding if healthcare professionals believed 

the existing differences between SpO2 and SaO2 to be clinically significant, could also have 

been improved. It could have been clearer that this was their own subjective definition of 

clinically significant. As explained in section 3.1.1, clinically significant is referred to as a 

subjective opinion by the respondent herself, for example if the existing differences can imply 

incorrect treatment of the patient. This explanation could have been included in the 

questionnaire as a note, to inform the respondents about that this was her own subjective 

measure and not a question according to some declared definition. Including this could have 

implied to that less respondents answering they were unsure on the question.  

 

The questionnaire was carefully designed, with the purpose to not influence the respondents, 

and to eliminate the potential artefact regarding respondents who did not answered the 

questionnaire honestly. One example could be that the respondent excluded information or 

was influenced to answer in a certain way, untrue for themselves. The information given by 

the written covering letter and the oral presentation were as objective as possible with the 

same purpose. By using a questionnaire that offered a great anonymity, the respondents were 

supposed to feel more comfortable with telling the truth. This was considered to increase the 

quality of data collected. 

 

The second method, human tests performed at the lung clinic at Hospital A, contributed with 

quantitative data from 18 patients. The methodology for how to conduct the human tests was 

set up with the help of specialist nurses with the purpose to achieve as high external validity 

as possible. The participating patients did nothing additional to their scheduled visit, the visit 

was performed and followed the same procedure as always on the department. The only 

difference was that SpO2 was measured with three pulse oximeters (with two sensors 

respectively) instead of only one. Since the study was conducted as an ordinary visit for the 

patient, the result was meant to reflect the reality and thereby the external validity of the study 

was considered to be high. Since the data collection of the human tests were performed on a 

specific patient group, most of them suffering of COPD, the result from this study cannot be 
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generalized to other patients. The internal validity, i.e. how well the study is controlled and 

avoids artefact was considered to be lower. Some of the parameters that might affect the SpO2 

reading have not been controlled, for example the ambient light or the pulse rate of the 

patient. Also the true value of SO2 was not known, but the blood gas analyzer was considered 

to give the most accurate estimation. This trade-off, having higher external validity and lower 

internal validity, between the two validities is practically unavoidable.  

 

Other factors that might have contributed to an illusory result in the human tests can be 

connected to mistakes performed by the individuals collecting the data. When humans are 

involved in tests, human factors will influence the outcome. Examples of these factors could 

be erroneous readings from the medical devices, the pulse oximeter and the blood gas 

analyser, but also mistakes during the whole measurement procedure. To eliminate those 

factors both the authors together have been involved and participated in the whole data 

collection. Two individuals reading of the device reduced the possibility of incorrect reading 

and enhanced the reliability of the readings. Further the user manuals have been studied and 

the equipment have been familiarized prior to the tests. Another factor that might have 

contributed to bias was connected to the procedure of collecting the blood sample. It can 

sometimes be difficult to collect arterial blood from the patient and the time required differ 

from time to time. The patient and its oxygen saturations might also be influenced, for 

example due to increased heart rate if the patient feel anxiety about the procedure. Not to be 

forgotten is that the equipment used includes potential sources of error, and possible 

measurement error that could contribute to illusory results. Calibration of the medical 

equipment would have been one way to reduce this possible artefact, but this have not been 

performed since the procedure was intended to mirroring the procedure performed by the 

nurses.   

 

5.1.2 Questionnaire 

Questionnaires was preferred before interviews for this project. Since the goal was to inquire 

as many healthcare professionals as possible, questionnaires gave a better statistical view of 

what kind of pulse oximeter that were used at the different departments. The advantage of 

interviews, to capture deeper and more detailed attitudes and answers to particular questions, 

has been achieved in creating open questions in the questionnaire. The other type of 

qualitative method, participant observation, was not performed since it did not consider to be 

time-efficient enough to answer the first research question.  

 

Three types of departments were chosen for distribution of questionnaires. The motivation 

was that pulse oximeter is crucial for these clinics in order to make the correct decision 

regarding insertion of oxygen, and that a delimitation had to been done because of the time 

limit. 

 

As already mentioned, the questionnaire was used to conclude the most frequently used pulse 

oximeters with the purpose to select three of those for the human tests. The purpose was also 

to evaluate the experienced function of the device in healthcare and investigate if the 

healthcare professionals were aware of the existing deviations when using pulse oximeters 

and if those existing deviations were believed to be clinically significant. If they are 

considered as being clinically significant it probable brings about a risk for the patient. This 

was one of the motivational factors for this study. If using a device composes a risk for 

patients, the users must have strategies to understand and deal with those variations. These 

strategies was also something that the questionnaire helped to give an insight in. It was an 

opportunity for the respondents to highlight potential problems and contribute with thoughts 
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in open questions. To find out why the respondents, in part two, answered that they were not 

confident with the two methods used to measure oxygen saturation, qualitative questions were 

utilized. 

 

It would have been interesting to include questions regarding the different measurement sites, 

for instance which measurement site was the most common and if any differences occured 

between the two in measurement of the oxygen saturation. Prior to the design phase of the 

questionnaire a study visit was performed on the lung clinic at hospital A. It was told that the 

ear sensor were no longer used at the department since it was interpreted as giving erroneous 

readings. The conclusion were drawn that ear sensors were not used at hospitals in general, 

and the questions about measurement sites were deleted from the questionnaire. This turned to 

be a jump to a conclusion, because from the questionnaires it was concluded that ear sensors 

were used. The question regarding if SpO2 match at different sites was once again interesting. 

There were also comments given by the respondents at the end of the questionnaire, indicating 

that readings differed depending on if SpO2 was taken at the ear or finger, which added to the 

conclusion that ear sensors were still in use.     

 

5.1.3 Human Testing 

Some difficulties came across while the project was conducted, most of them in connection to 

the human tests. One thing that was not expected, or informed from the beginning, was that 

another ongoing study at the department was delayed and took place during the same period 

as the human tests. This implied that the study could not be conducted five days a week as 

planned, but two days a week. To deal with this reduction in days, the study was prolonged 

with one extra week. The amount of possible collected data were also influenced by the 

patients. Many patients cancelled their appointment and some of the potential patients were in 

no need of an ABG test, i.e. too healthy subjects according to the specialist nurses. Because of 

these difficulties, the study ended up with less data than expected. This affected the result. 

Instead of being able to draw a statistical conclusion, the analyzed data contributed with a 

conclusion about the trend of the data.  
 
When the methodology for the human tests were developed, the specialist nurses were asked 

in which arm the arterial blood sample was supposed to be taken. This question could not be 

answered since it depended on the patient and the circumstances, for example if the patient 

was stung recently. Sometimes the specialist nurses also needed more than one try to manage 

to take the arterial blood sample, and this could be one reason to change arm during the 

procedure. Since the arm chosen for blood sample varied from patient to patient, and it could 

not be guaranteed that a certain arm should be selected, a decision was taken that the SpO2 

always should be measured in left ear and left finger. The eventual existing differences which 

emerged when the right arm was chosen for arterial blood sample has in this project been 

disregarded. Also the eventual differences that emerged because of the SpO2 readings were 

not taken exactly the same time was disregarded as it was seen as more important to get the 

readings from the same finger.  
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5.2 Discussion of Results 
In this section, the results from the questionnaires and the human tests are discussed. 

5.2.1 Questionnaire 

As mentioned in section 2.4.2, statistical significance was according to Dodson achieved for 

his questionnaire with a sample size of 128 participants. Since 169 healthcare professionals 

responded the questionnaire in this study, the result is interpreted as statistically significance. 

There was not enough time to perform analytic statistical analysis, but obtaining this amount 

of data was considered as providing a more trustworthy outcome. A descriptive statistical 

analysis, calculation of mean value and SD, was performed for the attitude questions, see 

table 5 in section 4.1.5. The SD for the first question shows that this was the one with most 

scattered results.  Even though some of the questionnaires were not completed, all the 

questionnaires were used in the analysis. For example three responders stopped answer the 

questionnaire when stating that they did not take blood-gas tests, and two responders only 

partly answered the remaining questions.  
 
One of the departments received an online questionnaire. The reason for this was that the 

department could not schedule a visit. Despite a low response rate, the answers were included 

and analyzed, since all responses considered to be valuable. One reason for the low response 

rate could be that the questionnaires were distributed by the contact person by e-mail, and that 

the nurses did not had time to answer it within a week. A covering letter with information 

about the project and the questionnaire were sent to all the contact persons at the 12 

departments to inform their colleagues as they wanted. At four departments, cardiology and 

lung at hospital A and emergency and lung at hospital C, an additional oral presentation about 

the project and the questionnaire was given at personal meetings. A personal presentation at a 

meeting could lead to a higher response rate since the responders may feel more willingness 

to answer. A personal presentation allows for a more personal touch to the subject introduced, 

rather than just read the information at a paper. The highest response rate (97%) were from a 

department where a presentation had been held, the emergency department at hospital C, but 

also the second lowest (8%) were from a department that had been given a presentation, the 

lung department at hospital A. The other departments, cardiology at hospital A and lung at 

hospital C, were placed as the third best and third worst in response rate. Because of these 

scattered results, it was concluded that an oral personal presentation did not affect the 

response rate. This could be considered as good, since the result thereby was not influenced 

by the authors, i.e. the persons who conducted the project.  A possible reason why the 

response rate was high or low in the departments could be the level of commitment of the 

contact persons. 
 

As seen in figure 10 in section 4.1.5, almost half of the healthcare professionals told they 

preferred to use pulse oximeter compared to blood gas analysis. Almost 75% and 80% 

thought the pulse oximeter was a more convenient respectively simpler method than ABG 

analysis. The comments given by respondents at the end of the questionnaire contributed with 

information that motivated why the pulse oximeters was seen as a more convenient and 

simpler method. The fact that no analysis is required, that the pulse oximeter can be used 

more frequently than the blood gas can be taken and also implies less pain for the patient 

concludes why the respondents were positive to the two questions. In the same section it was 

seen that not surprisingly 54% of the responders strongly disagreed or disagreed to that the 

pulse oximeter measures the oxygen saturation with a more correct value than ABG analysis 

(question C.6). Only 5% agreed and no one strongly agreed with this statement. This was not 

surprising since the blood gas analysis is seen as the “golden standard” when evaluating the 
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SaO2. Noteworthy was that more than a third (35%) of the respondents were unsure or had no 

opinion in the question. Many of the responders gave indications that the blood sample was 

the most reliable and the parameter they trust. 38 responders gave a comment on strategies 

they use to handle that the difference between SpO2 and SaO2 can be clinically significant 

(question C.2), 13 (34%) of these answers included to take ABG or trust the ABG. Also the 

additional comments at the end contributed with information pointing at that the ABG test 

was seen as the most reliable and accurate reading. The result from the attitude question also 

indicates that even though the healthcare professionals considered the ABG tests to be more 

accurate, they prefer to use the pulse oximeter. One reason for this is probably since they 

experience it as a simpler and more convenient method than ABG, confirmed by question C.4 

and C.5. 
 
The open question at the end of the questionnaire was included to collect further information 

and a chance for the respondents to make comments about the questionnaire or things that for 

them was considered as important. Two nurses pointed out that some of the questions were 

difficult to answer because of too few response options, or that they were difficult to 

understand. This confirm what was earlier discussed in 5.1.1, that some of the questions might 

have been misunderstood by the respondents. Also the fact that several comments declared 

that a comparison between those methods could not be done and that one cannot replace the 

ABG tests was revealing. Some of the answers might have been given with an interpretation 

of that one method must be chosen as the best. Some respondent might have thought that the 

result should contribute with a conclusion regarding which method was the most reliable or 

accurate, and with the purpose to investigate if the blood gases could be replaced by the pulse 

oximeter. This was not the case.  
 

As seen in table 3 in section 4.1.2, some of the questionnaires were improperly completed, 

only the manufacturer of the pulse oximeter was given and not which model. One was from 

Masimo, given from an assistant nurse at the lung department at hospital C. The descriptive 

lists gave no further information, since it showed four different kind of Masimo pulse 

oximeters (Rad-5v, Rad-5, Rad-8, Radical-7), and no conclusion could be made about the 

unspecified pulse oximeter from Masimo. Nonin was the manufacturer with the most 

unspecified models. 20 of these 23 improperly completed questionnaires was from the 

different departments at hospital D. The descriptive lists from this hospital told that of the 18 

listed Nonin models, there were 14 PalmSAT 2500 and two of each of the 8500A and 8500. 

At the lung department at hospital B, a nurse did not specify which model from Nonin she 

was using. The descriptive lists was not helpful this time either, three different models were 

given; Nonin PalmSAT 2500 (13), Nonin 3100 (12), and Nonin 8500 (4). A nurse at the 

emergency department at hospital A only wrote the manufacturer Nonin. In the descriptive 

lists, five Nonin PalmSAT 2500 and five Nonin GO2 were listed. Another case for an 

unspecified Nonin model was given in a questionnaire from the lung department at hospital C, 

but the descriptive lists did not mention any Nonin at all, only different models from Masimo 

and the VM-2160 from Viamed. To draw any conclusion at all for the unspecified Nonin 

models, the 20 from hospital D was presumed to be PalmSAT 2500. All 8 unspecified models 

from Viamed was given in questionnaires from the emergency department at hospital B. The 

descriptive list presented 13 Viamed pulse oximeters, where all were VM-2160, and the 

conclusion was drawn that all unspecified Viamed models were VM-2160.  
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5.2.2 Human Testing 

The clinically acceptable difference in this project was determined based on the accuracy 

declared in ISO 9919: “The SpO2 accuracy of pulse oximeter equipment shall be a root-

mean-square difference of less than or equal to 4,0 % SpO2 over the range of 70 % to 100 % 

SaO2”, and this became the background for determining the clinically acceptable difference. 

Consequently the clinically acceptable difference was set to 4 units, and from this the 

conclusion were drawn. To further more validate this determined limit, ±4 units was also seen 

in the section 2.5.4, in the earlier mentioned similar comparison study conducted by Louw, A 

et al. They state, as the ISO 9919, that this difference could be clinically significant, since the 

patient could be diagnosed wrongly. According to the human tests, Viamed Ear was the 

sensor with the highest bias, Arms and s. The Arms for Viamed Ear was the only one above 4 

units. During the tests this sensor was experienced to differ quite a lot. On the same patient, 

the sensor gave readings from 92-99, even though it was displayed that the signal quality was 

good. Viamed Ear also overestimated the SO2 (compared to ABG tests) for all tests except for 

one. According to the specialist nurses, this sensor gave “happiness-value”, and because of 

this they have stopped using it. The questionnaires told another thing, the Viamed ear sensor 

was frequently used at some of the departments, and the respondents also trusted the readings. 
 
As seen in table 8 in section 4.2.3, none of the three pulse oximeter passed the test, i.e. the 

limits of agreement were not within ±4 units. Both the ear and finger sensor from Philips had, 

according to the data collected in this study, limits of agreement very close to the limits set. 

The two sensors were constructed with sufficiently narrow limit of agreement, but because of 

the bias it was not kept within the limit. Philips IntelliVue MX550 was therefore seen as the 

best pulse oximeter in this study, but it must be mentioned that the sample size was not 

sufficient enough to be able to draw any statistical conclusion. When the accuracy was 

evaluated by calculating the Arms, all pulse oximeters with belonging sensors except Nonin 

Finger and Viamed Ear fulfilled what was declared in instructions of use. This way of 

calculating accuracy is described in ISO 9919 as the definition commonly used by the 

manufacturers to declare the accuracy. These two different methods of calculating the 

accuracy contributes with different results, and it can be discussed which of them to use. 

 

When the result from the different sensors belonging to the same pulse oximeter, see table 8 

in section 4.2.3, was analyzed it could be seen that the two sensors belonging to Philips in 

average provided almost the same difference and s. The bias for the two sensors were 0,2 and 

0,1 respectively and s were calculated to 2,0 and 2,1 respectively. This was confirmed when 

the bias was calculated to 0,1 for the existing differences between Philips’ two sensors, see 

table 9 and figure 15 A-C in section 4.2.3. For the other two pulse oximeters being validated 

in the tests, deviations existed. For Nonin the bias for the ear sensor was 2,0 and for finger -

2,6, indicating that the ear sensor usually overestimates the SaO2 while when SpO2 was 

measured from finger the pulse oximeter usually underestimates. This was also the case for 

Viamed, differences existed between the sensors, the ear provided an overestimated SaO2 and 

the finger a SpO2 less than SaO2. Bias calculated for the differences between the two sensors 

was calculated to 1,7 and 5,2 for Nonin and Viamed respectively. The hearing from the 

healthcare professionals at hospital A, and in some if the additional comments from the 

questionnaire, see section 4.1.6, regarding the ear sensor overestimated the oxygen saturation, 

could be seen as confirmed from this results. Since two of the healthcare professionals 

mentioned that one strategy was to trust the value measured by the ear sensor rather than the 

finger, see section 4.1.4, this could lead to the patient oxygen saturation is thought to be 

higher than it is, and therefore receiving the wrong treatment. It is believed that a better 
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strategy is to trust the ABG, even if the healthcare professionals may want to avoid to stick 

the patient. 

When looking at the summarized differences for all the sensors for each patient, see section 

4.3.4, one can see that patient number five provided the readings in least agreement with the 

blood gas tests. 95% of differences achieved should, according to Bland and Altman, lie 

within bias±1.96s if the differences were normally distributed. From this assumption the 

limits of agreement can be used to examine whether the method measures a value accurate 

enough. When analyzing the differences achieved in this study there were some differences 

that deviate from the rest of the collected data. This could be seen for example in patient four 

with Nonin Ear (+6,6 units) or in patient five with Nonin Finger (-8,5 units). These 

differences deviated a lot from the rest and this was also confirmed when a histogram over the 

differences was created. Since the amount of data collected was too small to be able to draw 

any statistical conclusion, these deviating differences have not been excluded, but instead 

included in the calculations. If this had been taken into account the result probably would 

have been influenced. 
 

5.2.3 Future Outlook 

The methodology seemed to work very well for this project. Since there occurred differences 

over 4 units between ear and finger sensors in 12 out of  the total 18 cases for Nonin 

PalmSAT 2500 and in 10 for Viamed VM-2160, it would be interesting to do the same 

analysis with more patients participated, in order to achieve a statistical conclusion. 

 

None of the participated patients, according to ABG test, suffered by hypoxemia 

(SaO2<90%). An evaluation about how well the different pulse oximeter worked in this range 

could thereby not be examined. This question could be further looked into in future work. 

Also the fact that some of the healthcare professionals presented strategies of how to deal with 

existing differences is considered as interesting to analyse further and is a suggestion for 

future work.   
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6 Comparison and Conclusion 
Both the questionnaires and the trend of the data collected by human tests in this study 

seemed to confirm the assumption about existing deviations. The responses from healthcare 

professionals showed that they were aware about the differences and did also have strategies 

to deal with them. When the agreement between the three pulse oximeters and blood gas tests 

was studied with help of limits of agreement, the agreement interval calculated for all the 

tested pulse oximeters were wider than the acceptable of ±4. None of the three tested pulse 

oximeters in this study: Nonin PalmSAT 2500, Philips Intellivue MX550, Viamed VM-2160, 

were considered to provide SpO2 readings in agreement with blood gas tests. Deviations 

existed between SpO2 and SaO2 as well as when SpO2 was measured at different 

measurement sites on the body. According to the methodology and the data gathered in this 

study, Philips ear and finger sensors provided the readings in best agreement with SaO2, and 

were therefore concluded as the most accurate of all six sensors. The sensors belonging to 

Philips were also the sensors providing the smallest differences when using the same pulse 

oximeter at the two measurement sites, i.e. provided the best agreement between the sensors. 

Since the number of performed human tests were insufficient, the result was not statistically 

correct and cannot function as a guideline in health care. 

 
A conclusion from the questions regarding attitudes of the healthcare professionals was 

drawn. The majority experienced the pulse oximeter as a more comfortable and easy-to-use 

technique than ABG test, but they were careful to point out that the pulse oximeter never 

could replace the ABG test. The arterial blood sample will always give a more accurate value 

for the SaO2, but the pulse oximeter is a very good complement to use when the parameter 

should be taken frequently or be continuously monitored. It is also good method when the 

patients cannot be stung and to reduce the pain for the patient.   
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Appendix 
 

Appendix 1. Covering Letter 
 

Hej! 

Vi är två tjejer, Klara och Esther, som läser civilingenjörsprogrammet med 

inriktning medicinsk teknik på KTH. Vi ska i vår göra vårt masterexamensarbete 

på uppdrag av Karolinska Universitetssjukhuset. Projektet går ut på att validera 

de vanligast förekommande pulsoximetrar på lung-, hjärt- och 

akutvårdsavdelningar på sjukhus i Stockholm. Valda sjukhus är [Sjukhus A, 

Sjukhus B, Sjukhus C, och Sjukhus D]. I vårt projekt ska vi först samla in 

information om vilka pulsoximetrar som används på sjukhusen för att sedan 

testa dessa på patienter på lungvårdavdelningen på [Sjukhus A]. /We are two 

girls, Klara and Esther, who study the MSc program focusing in medical 

technology at KTH. We will do our Master's Degree Project on behalf of 

Karolinska University Hospital this spring. The project aims to validate the most 

common pulmonary oximeters at the lung, cardiology and emergency 

departments at hospitals in Stockholm. Selected hospitals are [Hospital A, 

Hospital B, Hospital C, and Hospital D]. In our project, we will first collect 

information about the pulse oximeters used in the hospitals and then test them 

on patients at the lung care department at [Hospital A]. 

Vi har utformat en enkät som handlar om Er upplevda användning av den 

pulsoximeter som används mest frekvent på Er avdelning, samt frågor för att 

kunna belysa potentiella problem. Vi skulle verkligen uppskatta om ni hade tid 

och ville fylla i denna enkät. Denna enkät är en del av vårt projekt och resultatet 

ska hjälpa hälso- och sjukvården genom att utvärdera mätnoggrannheten av 

syremättnaden hos pulsoximetern med hjälp av en jämförelse mellan SpO2 och 

SaO2. Resultatet kommer enbart att behandlas av oss två studenter, och 

kommer sedan någon gång i juni-juli 2017 presenteras i en rapport där ni och 

era svar är anonyma./ We have designed a questionnaires about your perceived 

use of the pulse oximeter used most frequently in your department, as well as 

questions to highlight potential problems. We would really appreciate if you had 

time and would fill in this questionnaire. This questionnaire is part of our project 

and the results will help healthcare by evaluating the accuracy of the oxygen 

saturation of the pulse oximeter using a comparison between SpO2 and SaO2. 

The result will only be addressed by us two students, and will be presented 

sometime in June-July 2017 in a report where you and your answers are 

anonymous. 

Vi kommer att besöka Er avdelning under en dag i antingen februari eller i mars 

för att dela ut enkäter samt svara på frågor. Mer information kan ni få av er 



ii 
 

vårdenhetschef eller kontakta oss på kontaktuppgifter nedan. Hoppas att ni 

tycker att detta låter spännande och vill vara delaktiga i vårt projekt!/ We will 

visit your department for a day in either February or March to distribute 

questionnaires and answer questions. For more information, please contact your 

healthcare manager or contact us at the contact details below. Hope you find this 

exciting and want to be part of our project! 

Tack på förhand för din medverkan. Kontakta oss gärna ifall ni har frågor eller 

önskar mer information:/ Thank you in advance for your participation. Please 

contact us if you have questions or would like more information: 

Klara: klaraand@kth.se, 070- 87 17 747 

Esther: estherbp@kth.se, 073- 54 63 521 

  

mailto:klaraand@kth.se
mailto:estherbp@kth.se
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Appendix 2. Questionnaire 
 

Enkät om Vårdpersonalens uppfattning angående  
användandet av pulsoximeter i sjukhusmiljö/ Questionnarie 

about Healthcare professionals perception regarding the use of 
pulse oximeters in hospital environment 

 

Denna enkät avser användande av pulsoximeter i Din arbetsmiljö. Information som samlas in i 
samband med enkäten kommer att användas för att undersöka Er upplevda användning av 
den pulsoximeter som används mest frekvent på Er avdelning och resultatet kommer att 
sammanställas i en rapport med syftet att utvärdera mätnoggrannheten hos pulsoximetern. 
Resultatet av Er upplevda användning kommer att jämföras med kliniska tester./ This 
questionnaire relates to the use of the pulse oximeter in your working environment. 
Information collected using this questionnaire will be used to investigate your perceived use 
of the pulse oximeter used most frequently on your department and the result will be 
compiled in a report with the purpose to evaluate the accuracy of the pulse oximeter. The 
result of your perceived use will be compared against clinical tests on patients. 

 
Enkäten är helt frivillig, tidsomfattningen är ca 5 minuter och alla svar kommer behandlas 
anonymt. Slutdatum för enkäten är ______, besvarade enkäter lämnas i svarskuvertet senast 
detta datum. Tack för din medverkan!/ The questionnaire is completely voluntary, the time 
commitment is approximately 5 minutes and all your answers will be treated anonymously. 
Final date for the questionnaire is ______, completed questionnaires shall be submitted in 
the provided envelope by this date. Thank you for your participation! 
 

 

A.   Personliga uppgifter/ Personal information 
 

1. Genus/ Gender 
□   Kvinna      □   Man      □   Annat/ □   Woman      □   Man      □   Other 
 

2. Ålder/ Age 
□   18-25 år      □   26-35 år      □   36-45 år      □   46-55 år      □   >55 år/ 
□   18-25 years      □   26-35 years      □   36-45 years      □   46-55 years      □   >55 
years 
 

3. Nivå av utbildning/ Level of education 
□   Undersköterska      □   Sjuksköterska      □   Specialistsjuksköterska 

□   Läkare                    □   Annat: __________________/ 
□   Assistant nurse      □   Nurse      □   Specialist nurse 

□   Doctor                    □   Other: __________________ 
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4. År av erfarenhet/ Years of experience  
□   <1 år      □   1-3 år      □   3-5 år      □   5-10 år      □   >10 år/  
□   <1 year      □   1-3 years      □   3-5 years      □   5-10 years      □   >10 years 
 

5. Arbetsplats/ Workplace  
□   [Sjukhus A]            □   [Sjukhus B] 
□   [Sjukhus C]      □   [Sjukhus D]/ 
□   [Hospital A]      □   [Hospital B] 
□   [Hospital C]      □   [Hospital D]     
 

6. Avdelning/ Department 
□   Lungvårdsavdelning                 □   HIA (hjärtintensivvårdsavdelning)  

□   AVA (akutvårdsavdelning)      □   Annat: __________________/ 
□   Lung department                 □   HIA (cardiology department)  

□   AVA (emergency department)      □   Other: __________________ 

 
B. Användande av mätinstrument/ Use of measurement equipment 

 

1. Jag skulle beteckna min erfarenhet av att mäta syremättnad hos patienter att 
vara:/ I would characterize my experience in measuring the patient’s oxygen 
saturation to be:  
□   Ingen      □   Begränsad (< 5 patienter)      □   Medel (5-20 patienter)     
□   Välartad (20-50 patienter)      □   Erfaren (>50 patienter)/ 
□   None      □   Limited (< 5 patienter)      □   Average (5-20 patienter)    
□   Substantial (20-50 patienter)      □   Extensive (>50 patienter) 

 
2. Hur ofta använder Du pulsoximeter i Ditt arbete?/ How frequently do you use 

pulse oximeter in your daily work? 
□   Varje patient             □   Flera ggr om dagen           □   En gång om dagen     
□   Flera ggr i veckan  □   Ett par ggr i veckan           □   Mer sällan än 

alternativen  
□   Jag har ingen erfarenhet av att använda pulsoximeter/ 
□   Each patient             □   Several times a day           □   Once a day     
□   Several times a week  □   A couple of times a week            
□   More rarely than the alternatives 
□   I have no experience of using pulse oximeter  
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3. Är du självsäker med att använda pulsoximeter?/ Are you confident using a pulse 
oximeter? 
□   Ja □   Nej □   Vet ej 

Om nej, varför inte?__________________________________________ 
________________________________________________________/ 
□   Yes □   No □   Unsure 

If no, why not?______________________________________________ 
________________________________________________________ 

 
4. Vilken pulsoximeter använder oftast Du i Ditt arbete? Namnge denna nedan./ 

Which pulse oximeter do you use most frequently in your daily work?   
Tillverkare (ex. 

Nonin):_____________________________________________  

Modell (ex. PalmSAT 

2500):_________________________________________/ 
Manufacturer (e.g. 

Nonin):__________________________________________  

Model (e.g. PalmSAT 

2500):_________________________________________ 

 
5. Hur ofta tar Du arteriell blodgas i Ditt arbete?/ How frequently do you take 

arterial blood gas in your daily work? 
□   Varje patient             □   Flera ggr om dagen           □   En gång om dagen     
□   Flera ggr i veckan  □   Ett par ggr i veckan           □   Mer sällan än 

alternativen   
□   Jag har ingen erfarenhet av att ta arteriell blodgas/ 

□   Each patient             □   Several times a day           □   Once a day     
□   Several times a week  □   A couple of times a week           
□   More rarely than the alternatives  
□   I have no experience of taking arterial blood gas 
 

6. Är du självsäker med hanteringen av blodgasanalysprocessen, dvs. från arteriellt 
blodprov till avläsning i blodgasanalys-apparat?/ Are you confident with the 
handling of the blood gas analysis process, i.e. from arterial blood sampling to 
reading in blood gas analysis device? 
□   Ja □   Nej □   Vet ej 

Om nej, varför inte?__________________________________________ 
________________________________________________________/ 
□   Yes □   No □   Unsure 
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If no, why not?______________________________________________ 
________________________________________________________ 
 

C. Jämförelse mellan mätinstrument/ Comparison of measuring instruments 

 

1. Upplever du att det förekommer skillnader i mätvärdet för blodets syremättnad 
beroende på vald metod, pulsoximeter eller arteriell blodgasanalys?/ Do you 
experience that there occur differences in the measurement of oxygen 
saturation in the blood, depending on the selected method, pulse oximeter or 
arterial blood gas analysis? 
□   Ja □   Nej □   Vet ej/ □   Yes □   No □   Unsure 
 

2. Om du har svarat JA på fråga C.1, upplever du att dessa skillnader är kliniskt 
signifikanta? Om NEJ, hoppa till fråga C.3./ If you have answered YES to question 
C.1, do you experience these differences are clinically significant? If NO, skip to 
question C.3.   
□   Ja □   Nej □   Vet ej 
Om ja, har du någon metod för att hantera detta? Beskriv denna nedan. 

________________________________________________________
________________________________________________________/ 
□   Yes □   No □   Unsure 
If yes, do you have any method to handle this? Describe this below. 

________________________________________________________ 
________________________________________________________ 
 

Kryssa i den ruta som du anser passar bäst din åsikt./ Mark the box you think best 
fits your opinion.  
 

3. Jag föredrar att använda pulsoximeter jämfört med arteriell blodgasanalys för att 
mäta syremättnad./ I prefer to use pulse oximeter compared to arterial blood 
gas analysis to measure oxygen saturation.  
□                               □                               □                               □                               □/ 
Tar helt avstånd       Tar delvis avstånd            Osäker/Ingen åsikt                Instämmer delvis          Instämmer 
helt 

□                               □                               □                               □                               □ 
Strongly disagree            Disagree             Unsure/No opinion                     Agree                   Strongly 
agree 
 

4. Pulsoximeter är en mer bekväm metod än arteriell blodgasanalys vid 
syremättnadsmätningar./ Pulse oximeter is a more convenient method than 
arterial blood gas analysis in oxygen saturation measurements. 
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□                               □                               □                               □                               □/ 
Tar helt avstånd       Tar delvis avstånd            Osäker/Ingen åsikt                Instämmer delvis          Instämmer 
helt 

□                               □                               □                               □                               □ 
Strongly disagree            Disagree             Unsure/No opinion                     Agree                   Strongly 
agree 
 

5. Pulsoximeter är en enklare metod än arteriell blodgasanalys vid 
syremättnadsmätningar. / Pulse oximeter is a simpler method than arterial 
blood gas analysis in oxygen saturation measurements. 
□                               □                               □                               □                               □/ 
Tar helt avstånd       Tar delvis avstånd            Osäker/Ingen åsikt                Instämmer delvis          Instämmer 
helt 

□                               □                               □                               □                               □ 
Strongly disagree            Disagree             Unsure/No opinion                     Agree                   Strongly 
agree 
 

6. Jag upplever att pulsoximeter mäter syremättnad med ett mer korrekt värde än 
arteriell blodgasanalys./ I experience that pulse oximeter measures the oxygen 
saturation with a more correct value than arterial blood gas analysis.  
□                               □                               □                               □                               □/ 
Tar helt avstånd       Tar delvis avstånd            Osäker/Ingen åsikt                Instämmer delvis          Instämmer 
helt 

□                               □                               □                               □                               □ 
Strongly disagree            Disagree             Unsure/No opinion                     Agree                   Strongly 
agree 
 
 
Övriga kommentarer/synpunkter: 

________________________________________________________ 
________________________________________________________
________________________________________________________/ 

Other comments/feedback: 

________________________________________________________ 
________________________________________________________
________________________________________________________ 
 

Tusen tack för din medverkan! 
Klara Andersson och Esther Busch Paulsson 

Civilingenjörer med inriktning medicinsk teknik vid KTH/ 

Thanks for your participation! 
Klara Andersson och Esther Busch Paulsson 

M.Sc in Medical Technology at KTH 
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Appendix 3. Informed Consent 
 

Samtycke till deltagande i studien  
“Validation of Pulse Oximeters Used at Hospitals in Stockholm”/ 

Informed consent for participation in the study 
“Validation of Pulse Oximeters Used at Hospitals in Stockholm” 

 
 
Vi heter Klara Andersson och Esther Busch Paulsson och studerar civilingenjörsprogrammet 
på Kungliga Tekniska Högskolan (KTH). Nu under våren 2017 skriver vi vår masteruppsats 
på uppdrag från Karolinska Universitetssjukhuset, där vi kommer att validera de 
pulsoximetrar som är vanligast på sjukhus i Stockholm./ We are Klara Andersson and Esther 
Busch Paulsson and we are studying Master of Engineering at the Royal Institute of 
Technology (KTH). During this spring of 2017, we write our master thesis on behalf of 
Karolinska Universitetssjukhuset, where we will validate the most common pulse oximeters 
used at hospitals in Stockholm. 

 

 
Varför söker vi Dig som deltagare?/ Why are we looking for you as participant? 
Vi söker Dig som är patient och som har ett inbokat besök med arteriellt blodprov för att 
kunna jämföra mätvärden från pulsoximetern med blodprovet. Vi hoppas att Du vill hjälpa oss 
med vårt arbete./ We are looking for you as a patient that has a scheduled visit with arterial 
blood sample to compare readings from the pulse oximeters with the blood sample. We hope 
that you will help us with our work. 

 

 
Varför vill vi göra denna studie?/ Why do we want do this study? 
Syremättnaden i blodet är en viktig markör för normal organfunktion, och så väl en för låg 
som för hög nivå av syre i blodet kan vara skadlig. Ett annat sätt att mäta syremättnaden i 
blodet är att analysera ett arteriellt blodprov. Denna studie har som syfte att testa 
pulsoximeterns funktion och mätnoggrannhet, hur väl mätvärden från finger stämmer 
överens med mätvärden från öra, samt hur väl de båda uppmätta värdena stämmer överens 
med arteriellt blodprov./ The oxygen saturation in the blood is an important marker for normal 
body function, too low as well as too high level of oxygen in the blood can be harmful. 
Another way to measure the oxygen saturation in the blood is to analyse an arterial blood 
sample. This study aims to test the performance and accuracy of the pulse oximeter, how 
well the measured values from the finger match readings from the ear, and how well the two 
measured values agrees with arterial blood sample.  

 

 
Hur går studien till?/ How is the study conducted? 
I samband med Ditt besök, där specialistsjuksköterskor ska ta ett blodgastest, kommer vi 
samtidigt mäta med tre stycken pulsoximetrar genom att fästa en klämma på Ditt finger och 
öra. Deltagande i studien tar ingen ytterligare tid, det krävs inget aktivt deltagande från Dig, 
och innebär inga ytterligare risker utöver Ditt standardbesök. Du kommer inte att kontaktas 
efter studietillfället. De mätvärden som samlas in kommer att avidentifieras (tilldelas ett 
nummer istället för Ditt namn) och analyseras av studieansvariga studenter. En rapport med 
resultatet av mätnoggrannheten kommer att publiceras. Önskar Du ta del av denna, kontakta 
din medicinsk ansvariga läkare./ At your visit, where specialist nurses will take an arterial 
blood sample, we will simultaneously measure with three pulse oximeters by attaching a 
sensor on your finger and ear. Participation in the study will not take any further time, will not 
require any active involvement from you, and will not mean any additional risks beyond your 
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ordinary visit. You will not be contacted after your visit. The measurements collected will be 
made anonymous (assigned a number instead of your name) and will be analysed by the 
study responsible/students only. A report with the results of the accuracy will be published. If 
you wish to receive this, please contact your medical doctor responsible.  
 

 

Hur kommer data hanteras och vad gäller kring sekretess?/ How will the data be 

managed and what refers to confidentiality? 

Personuppgifter hanteras enligt personuppgiftslagen (PUL). Uppgifterna kommer inte finnas 

tillgängliga för någon i t.ex. en databas eller delas på något annat sätt. Alla uppgifter kommer 

att behandlas enligt gällande sekretessregler och data kommer endast att redovisas på 

gruppnivå./ Personal data is handled under the Personal Data Act (PUL). The information will 

not be available to anyone in e.g. a database or other means. All information will be treated 

in accordance with applicable confidentiality and data will only be presented at group level.  
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Appendix 4. Protocol for Human Testing 

 

PROTOCOL FOR HUMAN TESTING_________ 
 

 Date: __________________ 

Patient: __________________  

Age: __________________ 

Diagnosis: __________________ 

 

 Ear SpO2 Finger SpO2 Blood gas SaO2 

Nonin 2500    

Philips    

Viamed VM-2160    

 

 

Comments: _______________________________________________________ 

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________ 
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