
FYS 4250 
Lecture 4



Case 4

- 19 year old female, healthy and takes no regular 
medications except for contraceptive pills. No significant 
medical history, father has been diagnosed with diabetes 
type II



Case 4

• The patient used Trinordiol, no other medication. Friends sent her to hospital 
as they could see she was getting “blue”, at the time of admission to hospital 
she was at a good general condition, no dyspnea, blood pressure 140/80 
mmHg and HR 130/min regular, core temperature of 37.0 degrees celcius, 
respiratory rate of 30 /min, no extraordinary events prior to the incident. 
Electrolytes, creatinine, infection parameters and liver parameters were all 
normal.  

- What is wrong with her?



Organ systems
• An organ is a group of cells which forms tissues that work together for 

a specific function or task (e.g. the brain)

• An organ system is a group organs that work together in order to 
perform a specific function or task (e.g. the nervous system)

• Functional status of an organ system can be determined by measuring 
the chemical input/output analytes of the cell

-> Most tests performed in hospitals are analyzing different chemistries 
of the human body



Chemical biosensors

https://www.microdrop.de/biosensor.html



Blood tests: Hot topic 



Oxyhemoglobin dissosiation curve

- What is wrong with her?

Binding of oxygen to Hb depends on partial pressure og PO2 in 
blood, and temperature and pH (affinity)



Examples

SO2(%) = ([HbO2]/[Total Hb]) x 100
98% of oxygen carried with Hb
2% dissolved in plasma 



Lung physiology

The ribs, sternum, thoracic vertebrae, connective tissue and muscles makes the chest wall

The pressure gradient between the alveoli and the outside air (atmosphere) makes the air 
flow in or out of the lungs 

Source: Principles of human physiology, Germann/Stanfield



Lung physiology

Anatomy of the upper airways

Source: Principles of human physiology, Germann/Stanfield



Lung physiology

Source: Principles of human physiology, Germann/Stanfield



Lung physiology

Source: Principles of human physiology, Germann/Stanfield



Exercise

http://integrativeosteopathy.com.au/wp-content/uploads/2015/08/Exercise.jpg

Form groups of 2 or 3 students, and discuss:

a. Why was the patients after the cave-rave treated in a pressure 
chamber after the carbon monoxide poisoning?



Answers

Carbon monoxide binds 230-300 times stronger to hemoglobin than 
oxygen, half-life of carbon monoxide in the blood breathing regular air is 
more than 5 hours (it takes a day to remove the carbon monoxide in room-
air). 

Giving the patient 100% oxygen reduces the elimination half-life to 74 
minutes = more than 5 hours for a moderately exposed patient to reach 
acceptible levels. With hyperbar treatment (2.5 bar) the half-life is reduced 
to about 20 minutes, because the elevated alveolar pressure will increase 
the exchange rate of carbon monoxide replacing them with oxygen, and 
more oxygen is also dissolved in plasma

https://www.verywellhealth.com/carbon-monoxide-poisoning-treatment-4161055

https://www.verywellhealth.com/carbon-monoxide-poisoning-treatment-4161055


The pH electrode
Normal value: 7.36 – 7.44

pH = -log(10)[H+] normal range <7.38, 7.44>



pH electrode

• Electrochemical cell (Potentiometric measurement)

• pH = -log(10)[H+] normal range <7.38, 7.44>

• Decreased pH = respiratory acidosis (metabolic/respiratoric)

• Generates an electrical potential when solutions of differing pH are placed on the two sides of the 
membrane. (Reacts only to specific ion)

• Approach of Hydrogen outside -> positive charges inside ionic solution

• 60 mV pr pH unit (Nernst equation) -> pH range of only 0.06 units -> measure changes of 0.1 mV

• Known pH inside (HCl)

• Salt bridge to prevent chemical constituents of the specimen from affecting the voltage of the reference 
electrode

• pH meter -> exremely high input impedance (internal impedance of the pH electrode is in the 10 to 100 
Mohm range



pH
Fiberoptic pH sensor
Warning: Hb has a strong affinity for CO, -> optical spectra overlap 
causing an error

The dye needs to be reversible



pH
Optical absorbance pH sensitive dyes

Wavelength indicating that the optical absorbance peak 
increases with increasing pH
Ratio of green to red light transmitted through the dye is:

R = k x 10 exp [-C/((10exp -delta) + 1)]



Ratio between red and green light, green light varies with pH, red light is an isobestic 
wavelength does not vary = dual beam spectrometer



pH
Fluorescent dyesensor (irreversible)

Irreversible reactions -> long-lasting reagent
Cellulose matrix. Fluorescent dyes emit light energy at a 
wavelength different from that of the excitation 
wavelength, which they absorb



pH
pH-sensitive dyes

Because of the separation between excitation and 
emission wavelengths, use a single optical fiber both for 
the delivery of light energy and for its reception from that 
sensore 

The dye fluoresces for a shorter period of time = inversely 
proportional to the pH



pH
Ion-sensitive field-effect transistor

Ion concentration modulates the current between source 
and drain
Low cost microminiature sensor (IC)
Small sizes
Low measurement time
Main challenge: Satisfactory encapsulation of the ISFETs to 
protect electric characteristics. (Will deteriorate as a result 
of water vapor entering from the environment)



pH
Potassium-sensitive ISFET



pH
Multigas fiberoptic sensor

System considerations
Operating temp: 15 to 42 deg C
pH from 6.8 to 7.4
pCO2 from 10 to 100 mmHg
pO2 from 20 to 500 mmHg
Sterilizable and biocompatible
Must not be affected by naturally occurring 
substances as proteins



Exercise

http://integrativeosteopathy.com.au/wp-content/uploads/2015/08/Exercise.jpg

Form groups of 2 or 3 students, and discuss:

a. Explain the different methods of measuring pH in blood

b. What are the main error sources for each?



pCO2 measurement

http://edu.hioa.no/kjemifk/atom/



The pCO2 electrode (Severinghaus)
Relationship between log pCO2 and pH is linear over the range of 1.3 to 12 kPa = range of 
clinical interest
One specimen chamber and one pH electrode chamber
Only a proportional relationship -> calibrate the instrument before each use



pO2 measurement

https://www.canstockphoto.com/elemental-oxygen-o2-molecular-model-13225049.html



Fiberoptic oxygensensor
Blue/green ratio is taken, current-to-voltage converter is used to provide the voltage 
proportional to the blue and green light



The pO2 electrode (Clark)

The relating current is linearly proportional to the number of O2 molecules in solution
PO2 level is zero = background current -> part of the calibration procedure
Consumes O2 - depleting of oxygen near the electrodes - > stirring effect when moved -> have 
to wait for stagnant equilibrium
Sensitive to temperature

Oxidation at the reference electrode: 4Ag + 4Cl- -> 4AgCl + 4e-
Reduction at cathode: O2 + 2H2O+4e- ->2H2O2 + 4e- -> 4OH-
4OH- + 4KCl -> 4KOH + 4Cl-



The pO2 electrode (Clark)



Oxygen-sensitive dyes
Principle of fluorescence or luminescence quenching of oxygen -> energy lost. With O2 present-> 
transfer of energy to oxygen molecule->competes with energy decay modes ->increased luminescence 
by increasing loss of energy to oxygen
Irradiated by light at given wavelength -> when oxygen present -> fluorescence is quenched = dye 
fluoresces for a shorter period of time. (Inversely proportional to the partial pressure of Oxygen in the 
environment)
Poor SNR for high O2 levels



Exercise

http://integrativeosteopathy.com.au/wp-content/uploads/2015/08/Exercise.jpg

Form groups of 2 or 3 students, and discuss:

a. What are the main differences between the pH, pCO2 and pO2 
probe?



Case 4

• Blood gas status: 
• pH – 7.44
• pO2 – 11.9 kPa
• pCO2 – 4.6 kPa
• Saturation (O2%) – 97% 

The blood was “chocolate-coloured” compared to control-blood

- What does this tell you?



Case 4
• Blood gases show a pH = 7.44, pO2 = 11.9 kPa, pCO2 = 4.6 kPa

X-ray of the chest and lungs were negative, ECG perfectly normal.

Her doctor decides to measure the saturation



Saturation
A relative measure of the amount of oxygen that is carried in 
blood by hemoglobin



Saturation
Optical oximetry



Saturation
Fiberoptic oximetry



Pulse oximetry
Pulse oximetry definition: “The determination of arterial 
oxygen saturation by analysis of bi-spectral pulsatile 
waveforms” (Keith Simpson)

This means that we must make one assumption: 
Arterial circulation is pulsatile, venous circulation is not

www.emsjunkie.com



Pulse oximetry
PULSE  oximetry, Lambert-Beer Law

Analyzing the AC component with two wavelengths. 
DC component is used to normalize AC signals
Absorbance or reflection
2.5% accuracy within 50-100%
Saturation < 76% is life threatening



Pulse oximetry

We measure 97% saturation for our patient, is everything 
ok then?

Remember: The Pulse-ox measures the % 
saturation of haemoglobin only



Case 4

• The regular pulse-oximeter shows a saturation of 97%, which is quite 
normal. To exclude any blood-flow problems due to the apparently 
more cyanotic left leg, the doctor decides to make a couple of simple 
flow measurements. By means of a thermistor already located in the 
blood stream at the tip of a shwan-ganz catheter monitoring the 
global blood flow, and the local blood flow in the left leg by means of a 
plethysmograph.



Termistor flowmeasurement

Depend on convective cooling of a heated sensor (over blood 
temperature)  => local velocity

W (power)/delta T = a + b log u

High sensitivity and reasonable resistance values
a. Is direction insensitive



Termistorbridge velocity meter



Termistorbridge velocity meter

Two problems of constant current sensor circuit:
1. Time constant of the sensor embedded in the probe is a few tenths of a second, too long for 

the desired frequency respons of 0 to 25 Hz
2. To achieve reasonable sensitivity at high velocities -> high sensor current -> lack of cooling 

when flow stops -> increased temp (5 deg above body temp) ->fibrin coats the sensor

Constant temperature sensor overcomes problems:
Ru is heated. Velocity increases -> Ru cools and resistance increases -> more positive voltage 

on the pos terminal -> increased vb -> increased bridge power -> increased Ru -> cooling is 
counteracted

High-gain negative feedback -> bridge is always in balance -> constant temp at Ru
High gain negative feedback divides sensor time constant by a factor equal to the loop gain = 

improved frequency response
Varying blood temperature -> Rt (temperature compensating thermistor)



Plethysmography



Plethysmography curve



Impedance-plethysmography
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2- or 4-
electrode



4-electrode plethysmography



Photoplethysmography



Photoplethysmography



Case 4

• MetHb is a form of hemoglobin that contains Fe3+ instead of Fe2+. Fe3+ has a 
reduced affinity to oxygen, but the remaining Fe2+ in the same molecule will 
increase the affinity to oxygen. In consequence, the hemoglobin will 
experience reduced ability to release oxygen to tissues, a left shift in the 
oxygen-hemoglobin dissociation curve. This can lead to tissue hypoxia. MetHb 
can be congenital or a result of certain drugs like Dapson.

- What is wrong?



Case 4

• Answer: The MetHb-level was 48%, it should be below 1% so it is clearly a 
methemoglobinemia. There are mainly two possible causes of 
methemoglobinemia, and if it was congenital this would have been exposed 
years ago. The remaining explanation is a drug intoxication, and after a 
confrontation with her doctor she admits a suicide attempt taking 100 tablets 
of Dapson 50 mg and 180 tablets of Retrovir. She was treated with methylene 
blue, which converts MetHb to Hb, and was discharged on day 7. No 
aftereffects except a light hemolysis, psychiatric treatment was prescribed.


