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01: Apnea monitor 

 

Apnea monitors detect the cessation of breathing (apnea) in infants and adults who 

are at risk of respiratory failure and alert the parent or attendant to the condition. 

Some prolonged respiratory pauses result in low oxygen concentration levels in the 

body, which can lead to irreversible brain damage and, if prolonged, death. The 

components of apnoea monitors depend specifically on the type. However, in general 

they are composed of a set of sensors which obtain the information of different 

physiological parameters. This information is passed to a micro-computer system, 

which analyses the sensors’ information and determines if apnea is occurring 

 

Principles 

 

Monitors that use impedance pneumography detect small changes in electrical 

impedance as air enters and leaves the lungs and as the blood volume changes in the 

thoracic cavity. Mattress-type motion sensors typically monitor changes in the 

capacitance or resistance of a mattress transducer. Pneumatic abdominal sensors also 

detect breaths as changes in pressure. More direct methods of respiration detection 

monitor the airfl ow into and out of the lungs; these include thermistors, proximal 

airway pressure sensors, and carbon dioxide (CO2) sensors. The apnoea monitor is 

attached to the patient using appropriate sensor for the measurement. Once 

connected, as the patient breathes, the unit monitors different body parameters. If an 

alarm sounds, the operator must attend the patient immediately. 

 

 



SHORT LEARNING ARTICLES     

  
 

FORCE BIOMEDICAL  

  
  

4  

 

 

 

 

 

  



SHORT LEARNING ARTICLES     

   

      

  
  

  

  

FORCE BIOMEDICAL  

  
  

5  

02: Transcutaneous Bilirubinometer 
 

 Neonatal jaundice occurs in nearly 70% of term and 80% of preterm babies. 

Management of jaundiced neonates often requires 

measurement of total serum bilirubin (TSB). Total serum 

bilirubin (TSB) is commonly determined by Spectro-

photometric methods by analysing plasma or serum sample. 

Such techniques require drawing of blood causing pain and 

trauma to the neonate. In addition, there is a wide range of 

intra- and inter-laboratory variability in the performance of the 

bilirubin analysers. These problems have led to search for a non-invasive, reliable 

technique for estimation of TSB. 

 

Principle 

 

Bilirubin concentrations are determined either by whole blood or serum analysis 

using spectrophotometric methods or by skin-reflectance measurements. The three 

methods of spectrophotometric analysis are the direct spectrophotometric method, 

the Malloy-Evelyn method, and the Jendrassik-Grof method. 

   

 

 Categories 

(i) Multi wavelength Spectral Reflectance meters  

(ii) Two-wavelength (460 nm, 540 nm) Spectral Reflectance meters  

  

(i) Multi wavelength Spectral Reflectance meters 

 

The major components which impart the spectral reflectance in neonates are: 

melanin, dermal maturity, haemoglobin and bilirubin. Most bilirubinometers analyse 

only a few wavelengths; as a result, the dermal maturity and melanin content would 

interfere with the result. With these meters, separate analyses for each patient 
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population were required. To overcome this problem, multi- reflectance spectral 

bilirubin meter has been designed. This instrument performs spectral analysis at 

more than 100 different wavelengths and by subtraction of spectral combination of 

the known components, bilirubin absorbance is quantified. This technique eliminates 

need for different charts for different populations. 

 

(ii) Two-wavelength Spectral Reflectance meters  

 

Blood samples are required for spectrophotometric analysis. The analysis technique 

depends on both the type or types of bilirubin being measured and the age of the 

patient (neonate versus child or adult). A light-emitting sensor is placed on the 

infant’s skin (optimally on the forehead or sternum). The reflected light is split into 

two beams by a dichroic mirror, and wavelengths of 455 nm and 575 nm are 

measured by optical detectors. 

  

***** 
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03: Phacoemulsification machine 
Phacoemulsification is a technique which employs the ultrasound energy and fluid 

dynamics to facilitate the removal of nucleus and cortex of the lens in the cataract 

surgery. 

Basic components  

 

o Hollow probe 

o Irrigation sleeve 

o Foot pedal  

o Remote  

Principle   

 

 

 

o A very small " No Stitch " incision is made in the side of the cornea. Such an 

incision promotes fast and more comfortable recovery. 

o The bag of the lens is opened and the ultrasonic probe (phacoemulsifier) 

removes the cloudy lens. 

o A small artificial lens is inserted through the small incision to replace the 

cataract lens (IOL)  

o In case of opacification of the capsule (secondary cataract) , YAG laser can be 

used for treatment 

Technique 

There are two types. 

o Coaxial: a single probe is used for irrigation, aspiration and emulsification  

o Bimanual: probes are smaller and can make smaller incisions . 
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04: ECMO 
 

Extracorporeal membrane oxygenation (ECMO) is a life support machine. People 

who need ECMO have a severe and life-threatening illness that stops their heart or 

lungs from working properly. The ECMO machine replaces the function of the heart 

and lungs. People who need support from an ECMO machine are cared for in a 

hospital’s intensive care unit (ICU). Typically, people are supported by an ECMO 

machine for only a few hours to days, but may require it for a few weeks, depending 

on how their condition progresses. There are many overlaps and differences between 

the use of ECMO in children and adults. 

Basic components  

o Membrane oxygenator 

o Heat exchanger 

o Venous reservoir 

o O2 blender 

o Pump 
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Basic principles 

 

➢ VENO-Arterial (VA)  

o Venous cannula is usually placed in the right common femoral vein for 

extraction and an arterial cannula is usually placed into the right 

femoral artery for infusion 

o The tip of the femoral venous cannula should be maintained near the 

junction of the inferior vena cava and right atrium, while the tip of the 

femoral arterial cannula is maintained in the iliac artery 

 

➢ VENO-VENOUS (VV) 

o In Veno-venous ECMO – venous cannulae are usually placed in the 

right common femoral vein for drainage and right internal jugular vein 

for infusion 

o  Alternatively, a dual lumen catheter is inserted into the right internal 

jugular vein, draining blood from the superior and inferior vena cavae 

and returning it to the right atrium 

o Patient is anticoagulated with intravenous heparin and then the 

cannulae are inserted 

o ECMO support is initiated once the cannulae are connected to the 

appropriate limbs of the ECMO circuit 

o Cannula are usually placed percutaneously by the Seldinger technique, 

the largest cannulas that can be placed in the vessels are used in order 

to maximise flow and minimise pressures bernoulli equation 

o ECMO required for complications of cardiac surgery can be placed 

directly into the appropriate chambers of the heart or great vessels 
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o Following cannulation, the patient is connected to the ECMO circuit 

and the blood flow is increased until respiratory and hemodynamic 

status is stable 

 

➢ Risks of being on ECMO 

o Bleeding 

o Kidney Failure 

o Infection 

o Leg Damage 

o Stroke 

 

 

***** 
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05: Gamma camera 
 

It also called a scintillation camera or Anger camera and it is used to image gamma 

radiation emitting radioisotopes, a technique known as scintigraphy. The 

applications of scintigraphy include early drug development and nuclear medical 

imaging to view and analyse images of the human body or the distribution of 

medically injected, inhaled, or ingested radionuclides emitting gamma rays 

 

Basic components  

 

 

 

Construction 

A gamma camera consists of one or more flat crystal planes (or detectors) optically 

coupled to an array of photomultiplier tubes, the assembly is known as a "head", 

mounted on a gantry. The gantry is connected to a computer system that both 

controls the operation of the camera as well as acquisition and storage of acquired 

images. The construction of a gamma camera is sometimes known as a 

compartmental radiation construction. The system accumulates events, or counts, of 

gamma photons that are absorbed by the crystal in the camera. Usually, a large flat 

crystal of sodium iodide with thallium doping in a light-sealed housing is used. The 
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crystal scintillates in response to incident gamma radiation. When a gamma photon 

leaves the patient, it knocks an electron loose from an iodine atom in the crystal, and 

a faint flash of light is produced when the dislocated electron again finds a minimal 

energy state. The initial phenomenon of the excited electron is similar to the 

photoelectric effect and the Compton effect and after the flash of light is produced, it 

is detected 

Image construction  

 

o Photomultiplier tubes (PMTs) behind the crystal detect the fluorescent flashes 

and a computer sums the counts 

 

o The computer reconstructs and displays a two-dimensional image of the 

relative spatial count density on a monitor 

 

o This reconstructed image reflects the distribution and relative concentration of 

radioactive tracer elements present in the organs and tissues imaged 

Signal processing 

o Gamma camera uses sets of vacuum tube photomultipliers (PMT) 

 

o Generally, each tube has an exposed face of about 7.6 cm in diameter and the 

tubes are arranged in hexagon configurations, behind the absorbing crystal 

 

o The electronic circuit connecting the photodetectors is wired so as to reflect the 

relative coincidence of light fluorescence as sensed by the members of the 

hexagon detector array 

 

o All the PMTs simultaneously detect the (presumed) same flash of light to 

varying degrees, depending on their position from the actual individual event 

 

o Thus, the spatial location of each single flash of fluorescence is reflected as a 

pattern of voltages within the interconnecting circuit array. 

 

o The location of the interaction between the gamma ray and the crystal can be 

determined by processing the voltage signals from the photomultipliers; in 
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simple terms, the location can be found by weighting the position of each 

photomultiplier tube by the strength of its signal, and then calculating a mean 

position from the weighted positions 

 

o The total sum of the voltages from each photomultiplier is proportional to the 

energy of the gamma ray interaction, thus allowing discrimination between 

different isotopes or between scattered and direct photons 

Spatial resolution 

o In order to obtain spatial information about the gamma-ray emissions from an 

imaging subject, a method of correlating the detected photons with their point 

of origin is required 

o The conventional method is to place a collimator over the detection 

crystal/PMT array 

o The collimator consists of a thick sheet of lead, typically 1-3 inches thick, with 

thousands of adjacent holes through it 

o The collimator attenuates most of incident photons and thus greatly limits the 

sensitivity of the camera system 

 

Imaging techniques 

 

o Scintigraphy is the use of gamma cameras to capture emitted radiation from 

internal radioisotopes to create two-dimensional images 

o SPECT (single photon emission computed tomography) imaging, as used in 

nuclear cardiac stress testing, is performed using gamma cameras 

o Multi-headed gamma cameras can also be used for PET(Positron emission 

tomography scanning) 

 

 

***** 
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06: Digital radiography 
 

 

 

Digital radiography (DR) is an advanced form of x-ray inspection which produces a 

digital radiographic image instantly on a computer. This technique uses x-ray 

sensitive plates to capture data during object examination, which is immediately 

transferred to a computer without the use of an intermediate cassette. 

 

Advantages  

o Similar to digital photography 

o  It does not require dark room procedure and cassette reading  

o  It reduces X-ray printing time 

o X-ray directly converted into electronic signal, convert into digital values and 

into images 

 

 Basic components      

o A digital image receptor 

o A digital image processing unit 
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o An image management system 

o Image and data storage devices 

o Interface to a patient information system 

o Communications network 

o A display device with viewer operated controls 

 

➢ Digital Receptor 

The digital receptor is the device that intercepts the x-ray beam after it has passed 

through the patient’s body and produces an image in digital form, that is, a matrix of 

pixels, each with a numerical value. 

This replaces the cassette containing intensifying screens and film that is used in non-

digital, film-screen radiography. 

 

➢ Image Management System 

 

Image management is a function performed by the computer system associated with 

the digital radiography process. 

These functions consist of controlling the movement of the images among the other 

components and associating other data and information with the images. 

 

➢ Patient Information System 

 

The Patient Information System, perhaps known as the Radiology Information 

System (RIS), is an adjunct to the basic digital radiography system.  Through the 

interface, information such as patient ID, scheduling, actual procedures performed, 

etc is transferred. 
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➢ Imaging Processing 

 

One of the major advantages of digital radiography is the ability to process the 

images after they are recorded. Various forms of digital processing can be used to 

change the characteristics of the digital images. For digital radiographs the ability to 

change and optimize the contrast is of great value. 

It is also possible to use digital processing to enhance visibility of detail in some 

radiographs. The various processing methods are explored in much more detail in 

another module. 

 

➢ Digital Image Storage 

Digital radiographs, and other digital medical images, are stored as digital data. 

 

➢ Communications Network 

Another advantage of digital images is the ability to transfer them from one location 

to another very rapidly. 

This can be: 

Within the imaging facility to the storage and display devices and To other locations 

(Teleradiology) Anywhere in the world (by means of the internet) 

➢ Digital Image Display and Display Control 

 

Compared to radiographs recorded and displayed on film, i.e. "softcopy", there are 

advantages of "softcopy" displays. 

 Basic components of Radiography        

o X-ray tube 

o X-ray detector 

o Collimator 

o HV generator 

o Filters 

o Console computer  
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➢ X-ray tube 

o Includes cathode, anode and casing 

o Cathode filament is supplied with 20-150 KV 

o X-ray produced by mainly two method electron ejection and electron 

deceleration 

o Electron ejection (Characteristic X-ray radiation): Fast moving electron 

hit electrons in innermost shell, hence electron vacancy is created, to 

occupy this vacancy by electron from another shell by emitting X-ray 

radiation 

o Electron deceleration (Bremsstrahlung radiation):  When fast moving 

electrons coming to anode, anode atoms look’s as Positive nucleus and 

negative electrons thus it moves any of region emitting X-ray radiation   

o Heating curve: time taken to achieve particular MA and KV 

o Cooling curve: time taken to cool X-ray tube 

o Energy at x-ray tube= Kv*MA*Exposure time   

o No of electrons in X-ray depends current, voltage which improves the 

intensity of x-ray beam  

➢ H V generator 

o Used for giving supply to the X-ray tube 

o Voltages ranges  

o This is mainly including single phase or three phases 

o Supply specification mainly represented by Peak kilo voltage (Kvp) 

o  H V: Transformer Step up the input voltage  

o  Rectifier: It convert High voltage Ac supply into Dc supply 

o  Chopper: Increases the frequencies up to 200KHZ 
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o  High frequency supply improves the maximum (Kvp) for exposure, it 

gives better image intensity and improves the Tube life time 

➢ Image receptor 

o It absorbs attenuated X-ray radiation into image form 

o It includes image receptor permanent cassette 

o It including Matrix array of Semiconductor (Thin film transistor) 

devices normally in off position 

o During Expose it Changed to ON position 

o Signal from each semiconductor amplified by Pre –amplifier 

o Amplified signals given to ADC converter which convert analog signal 

into digital signal then given to digital processor 

 

❖ Mainly it includes two types  

 

o Direct receptor: Made up of amorphous selenium (A-Sc)                                       

It directly converts Input x-ray into electric signals ,Then Analog to 

Digital converter ,this digital signal is processed by  the digital  

processor 

 

o Indirect receptor: Made up of Gd2o2S/CSI:Ti 

It converts input x-ray into light signals then it given to photo 

detector, it converts light into electric signal. Then analog to digital 

convertor converts the electric signal into digital signal and is 

processed by digital processor  
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➢ COLLIMATOR & GRIDS 

o  Present Between X-ray tube and patient 

o Collimator light is exposed to patient before x-ray exposure 

o It provides proper positioning of X-ray tube 

o Grids are lead strips inserted between patient and film cassette 

o It is used to reduce the contrast due to scattered radiation 

 

Basic principle 

 

❖ BEER-LAMBERT LAW 

When a monochromatic light source pass through a medium, 

attenuation of light is directly proportional to concentration of 

substance present in the solution 

 

PRINCIPLE OF OPERATION 

When an x-ray radiation from an x-ray tube passed through the body, 

then it falls to the x-ray detector. Detector converts x-ray into electrical 

signal   and then it is digitized by A-D Convertor 

 

 

 

 

***** 
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07: PET (Positron Emission 

Tomography) 
 

 

 

 

In Nuclear medicine, functional imaging technique that produces a three-

dimensional image of functional processes in the body. The system detects pairs of 

gamma rays emitted indirectly by a positron-emitting radionuclide, which is 

introduced into the body on a biologically 

active molecule. Three-dimensional images 

of tracer concentration within the body are 

then constructed by computer analysis 

 

In modern PET-CT scanners, three-

dimensional imaging is often accomplished 

with the aid of a CT X-ray scan performed 

on the patient during the same session, in 

the same machine. 

 

 

http://en.wikipedia.org/wiki/File:PET-detectorsystem_2.png
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Basic principle      

  

o To conduct the scan, a short-lived radioactive tracer isotope is injected into the 

living subject 

 

o The tracer is chemically incorporated into a biologically 

active molecule. 

 

 

o There is a waiting period while the active molecule 

becomes concentrated in tissues of interest; then the 

subject is placed in the imaging scanner.  

 

o The molecule most commonly used for this purpose is fluorodeoxyglucose 

(FDG), a sugar, for which the waiting period is typically an hour 

 

 

o During the scan a record of tissue concentration is made as the tracer decays 

 

o As the radioisotope undergoes positron emission decay, it emits a positron, an 

antiparticle of the electron with opposite charge 

 

o The emitted positron travels in tissue for a short distance, during which time it 

loses kinetic energy, until it decelerates to a point where it can interact with an 

electron 

 

http://en.wikipedia.org/wiki/File:PET-schema.png
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o The encounter annihilates both electron and positron, producing a pair of 

annihilation photons moving in approximately opposite directions 

 

 

o These are detected when they reach a scintillator in the scanning device, 

creating a burst of light which is detected by photomultiplier tubes or silicon 

avalanche photodiodes (Si APD) 

o The technique depends on simultaneous or coincident detection of the pair of 

photons moving in approximately opposite directions 

o Photons that do not arrive in temporal "pairs" (i.e. within a timing-window of 

a few nanoseconds) are ignored 

RADIONUCLIDES & RADIOTRACERS 

 

o Radionuclides used in PET scanning are typically isotopes with short half-

lives such as carbon-11 (~20 min), nitrogen-13 (~10 min), oxygen-15 (~2 min), 

fluorine-18 (~110 min)., or rubidium-82(~1.27 min) 

 

o These radionuclides are incorporated either into compounds normally used by 

the body such as glucose (or glucose analogues), water or ammonia, or into 

molecules that bind to receptors or other sites of drug action 

 

o Such labelled compounds are known as radiotracers 

 

o Due to the short half-lives of most positron-emitting radioisotopes, the 

radiotracers have traditionally been produced using a cyclotron in close 

proximity to the PET imaging facility 

 

 

o The half-life of fluorine-18 is long enough that radiotracers labeled with 

fluorine-18 can be manufactured commercially at offsite locations and shipped 

to imaging centers 

 

o Recently rubidium-82 generators have become commercially available. These 

contain strontium-82, which decays by electron capture to produce positron-

emitting rubidium-82 
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08: Alternating pressure pads 
 

Alternate’s inflation and deflation of cells to constantly change pressure points and 

promote circulation. A single cell slowly deflates, re-inflates, and then the adjacent 

cell does the same, slowly, up and down the mattress. The head area of the mattress 

does not alternate so the patient remains undisturbed during sleep. In fact, the 

patient doesn't really feel the cells alternating at all since the process is slow. The 

speed at which the alternating process cycles from one end of the mattress to the 

other end is called cycle time and it can be adjusted or set on most mattress systems. 

Usually, 10-minute cycle time is sufficient. 

 

 

 

 

Basic features      

 

o Bubble pads provides superior therapeutic treatment  

o Mounted easily to bed 

o Provides consistent air flow adjustable pressure 
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09: Heart Lung Machine 
 

Heart-lung machine (HLM), also called oxygenator pump or cardiopulmonary 

bypass (CPB) pump, aims to provide extracorporeal circulation (ECC) with 

maintenance of oxygenated blood flow to the body organs when the device is 

connected to the arteriovenous system. The HLM is an essential component of open-

heart surgery to bypass the circulatory system of the heart and lungs, termed CPB. 

The main principle is to draw the blood from the major veins (venae cavae) to an 

oxygenator in the HLM where it is re-oxygenated, and then pumped into the arterial 

system (ascending aorta). 

 

Basic components       

 

o Arterial pump 

o Backup arterial pump 

o One or two suction pumps 

o Cardioplegia pump  

 

Disposable components include 

•  oxygenator/heat exchanger 

• a cardiotomy reservoir 

• blood filters 

• tubing 

 

Basic principles 

 

o During heart-lung bypass, blood that would normally return to the heart 

through the venae cavae is diverted by means of plastic cannulae through a 

presterilized disposable tubing set to an arterial pump 
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o The blood flows to the oxygenator/heat exchanger for oxygenation, carbon 

dioxide removal, temperature regulation, and any necessary anesthetic 

exchanges 

 

o Blood that pools in the surgical site is suctioned and collected in a cardiotomy 

reservoir, where it is filtered, defoamed, and either pumped or drained to the 

oxygenator 

 

o The oxygenated blood is then returned to the patient, typically through the 

aorta, bypassing the heart and lungs  

 

Extracorporeal perfusion pump 

o Roller pumps: -  

• Used as suction, vent  

• Provide pulsatile flow  

o Centrifugal pump: - 

• Used for returning arterial blood to the patient 

• Uses centrifugal force to move blood through the 

system  

 

Oxygenation 

o The type of oxygenator used is the membrane oxygenator.  

o Have an integral heat exchanger to control the temperature of the blood, 

although heat exchangers are also available as separate disposable units  

o Must be primed before use, usually with a priming solution such as lactated 

Ringer’s solution with 5% dextrose, to displace air pockets and bubbles from 

the bypass circuit  
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o Consist of a gas-permeable membrane separating a thin layer of blood from 

the oxygenating gas  

o The gas diffuses across the membrane into the blood, which, because of its 

indirect contact with the oxygen, is less likely to transport bubbles into the 

patient’s circulatory system  

Three major types of membrane oxygenators are  

1. Plate 

2. Coil 

3. hollow fiber 

 

o Plate membrane oxygenators use flat, multi-layered membrane sheets made of 

microporous polypropylene and folded like an accordion  

o Gas and blood flow on opposite sides of the membrane, typically in a counter 

current direction  

 

Perfusion monitoring & peripheral equipment 

 

• Several devices control and monitor various aspects of perfusion 

• To maintain the desired temperature in the heat exchanger, a water mixer 

regulates delivery of warming and cooling water 

• The mixer is typically part of the pump console and includes a thermometer 

and a backup pressure-relief valve. 

• A separate electric water heater/cooler can be used instead of a mixer.  

• Thermistor probes are placed at various points on the patient and in the 

extracorporeal circuit, and temperatures are displayed on 

dedicated or operating room (OR) monitoring systems 

• Blood gases can be monitored from drawn samples, by an 

in-line differential oxygen monitor, or by an oxygen-

saturation meter 

 

***** 
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10: Autotransfusion unit 

 

 

Autotransfusion units are designed to collect and process blood lost by a patient to 

extract red blood cells (RBCs) for subsequent transfusion into the same patient. They 

are particularly intended for use in surgeries that involve substantial volume blood 

loss. 

 

 Basic components      

o Collection reservoir 

o Roller pump 

o Centrifuge bowl 

o Air detector 

o Microfilter 

 

Basic principles 

o Use of auto transfusion devices requires aspiration of extravascular blood 

from the surgical site into the collection reservoir of the unit, where it 

undergoes gross filtration  
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o To keep the blood from clotting while in the unit, an anticoagulant (heparin) is 

added to the aspiration line at a rate proportional to the rate of blood 

collection 

o From the reservoir, the unit’s roller pump sends the blood into a centrifuge 

bowl  

o Once the bowl is full, the pump shuts off and the RBCs are spun and washed 

with normal saline to remove anticoagulant  

o The saline wash is monitored by an air detector  

o When a saline bag is depleted during the wash cycle, residual air in the saline 

bag is detected by the air detector, triggering an alarm to alert the operator to 

replace the bag  

o During the wash cycle, the saline flows into a waste bag, leaving the packed 

RBCs in the centrifuge bowl 

o The RBCs are then pumped into a holding bag for reinfusion and delivered to 

the patient through a microfilter 

o Operate in an automatic or a manual mode 

o The automatic mode is most often used for routine procedures; the operator 

simply selects a programmed cycle choice with preset wash volumes and 

pumping rates and initiates the cycle 

o The system detects when the bowl is full, automatically triggering the 

separation and wash cycle 

o High-speed processing units can process one unit of packed red cells (250 ±50 

mL) in about three minutes; faster cycle times typically yield less efficient 

washes  

o A manual mode allows operators to control the start of each processing stage 

and the saline volume in wash cycles for maximum flexibility in exceptional 

cases 

o Faster cycle times can be achieved in this mode because wash cycles can be 

eliminated if rapid reinfusion is necessary; however, the operator should try 

increasing pump speeds before choosing to eliminate wash cycles to avoid 

giving patients potentially contaminated blood 
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11: Humidifiers 

 

 

 

Capable of providing adequate levels of humidification & it has low resistance to 

flow and low dead space. It Provides microbiological protection to the patient & 

Maintenance of body temperature  

 

Basic principle       

o Inhaling dry gases can cause damage to the cells lining the respiratory tract, 

impairing ciliary function 

o Within a short period of just 10 mint of ventilation with dry gases, cilia 

function will be disrupted 

o This increases the patient’s susceptibility to respiratory tract infection 

o A decrease in body temperature occurs at the respiratory tract humidifies the 

dry gases 

o Air fully saturated with water vapour has an absolute humidity of about 44 

mg/L at 37◦C   

o During nasal breathing at rest, inspired gases become heated to 36◦C with a 

relativve humidity of about 80-90% by the time they reach the carina, largely 

because of heat transfer in the nose 
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o Mouth breathing reduces this to 60-70% relative humidity 

o The humidifying property of  soda lime can achieve an absolute humidity of 

29 mg/L when used with the circle breathing system 

o The isothermic boundary point is where 37◦C and 100% humidity have been 

achieved 

o Normally it is a few centimeters distal to the carina 

o Insertion of a tracheal or tracheostomy tube bypasses the upper airway and 

moves the isothermal boundary distally  

 

Basic components       

 

o Two ports, designed to accept 15 and 22 mm size tubings and connections 

o The head which contains a medium with hydrophobic properties in the form 

of a mesh with a large surface area 

o It can be made of ceramic fibre, corrugated aluminium or paper, cellulose, 

metalized polyurethane foam or stainless steel fibres 

o Warmed humidified exhaled gases pass through the humidifier, causing water 

vapour to condense on the cooler HME medium 

o The condensed water is evaporated and returned to the patient with the next 

inspiration of dry and cold gases, humidifying them 

o There is no addition of water over and above that previously exhaled 

o The greater the temperature difference between each side of the HME, the 

greater the potential for heat and moisture to be transferred during exhalation 

and inspiration 

o The HME humidifier requires about 5-20 mint before it reaches its optimal 

ability to humidify dry gases 

o The performance of the HME is affected by 
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• Water vapor content and temperature of the inspired and exhaled gases 

• Inspiratory and expiratory flow rates affecting the time the gas is in contact 

with the HME medium hence the heat and moisture exchange 

• The volume and efficiency of the HME medium- the larger the medium, 

the greater the performance 

 

 

***** 
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12: CUSA 
 

 

 

Ultrasonic cavitation device is a surgical device using low frequency ultrasound 

energy to dissect or fragment tissues with low fibre content. It is basically an 

ultrasound probe (acoustic vibrator) combined with an aspirator device.  

 

Intended use       

o Innovative tool for dissecting through the liver parenchyma, which can 

potentially reduce intraoperative blood loss and perioperative morbidity 

o Powerful ultrasonic aspirator and dissector with a wide application not only 

in liver surgery but also in other surgical specialties as well 

o Used in multiple surgical subspecialties, including neurosurgery, 

gastrointestinal, hepatobiliary surgery, gynecology, and urology 

o Ultrasonic surgical aspirator, where fragmentation, suction, and irrigation 

occur simultaneously, allowing the surgeon to remove tissue with accurate 

control 

o In liver surgery, it is an invaluable tool, particularly in a situation where the 

tumour is closely adjacent to a vital structure that needs to be saved 
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o CUSA will enable dissection around any structure that needs to be preserved 

 

Basic components      

o Transducer: - 

• A device that converts electromagnetic energy into mechanical 

vibration 

• The transducer is composed of a stack of nickel alloy plates 

• A magnetic field is produced by a coil plced around the plates and 

causes mechanical motion of approximately 300 microns 

o Connecting body: - 

• Mechanically conveys the motions of the transducer to the surgical tip 

• It also amplifies the vibration motion of the transducer 

o Surgical tip: - 

• Completes the amplifications of the motion and also contacts the tissue. 

• Hence tip is relatively long compared to its diameter and this provides 

adequate motion amplification 

 

Basic principle       

o Cavitation 

• Cavitation is defined as the process of formation of the vapour phase of 

a liquid when it is subjected to reduced pressures at constant ambient 

temperature 

• Thus, it is the process of boiling in a liquid as a result of pressure 

reduction rather than heat addition 

• Cavitation occurs when, on the negative side of a pressure cycle, such 

as when the probe-tip is retracting with sufficient amplitude and 

frequency, suspended gas bubbles either within fluid, tissue or trapped 

at solid interfaces expand and collapse resuling in the generation of 

shockwaves 
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o Aspiration 

 

• Aspiration means to draw in or out using a sucking motion.This term 

has two meanings depending on how it is used 

▪ Aspiration can mean breathing in a foreign object 

▪ Aspiration can also refer to a medical procedure that removes harmful 

or misplaced substances from an area of the body 

▪ Suction is basically aspiration of a gas or fluid by reducing air pressure 

over its surface, usually by mechanical means or negative pressure 

device 

 

o Ultrasound 

▪ Audible Range:-20Hz---------20,000Hz. 

▪ Infrasonic waves:-Sound waves with frequencies  

<20Hz 

▪ Ultrasonic waves:-Sound waves with frequencies 

>20,000Hz 

 

 

 

• The cavitron ultrasonic Surgical aspirator (CUSA) device generates ultrasonic 

waves in the range of 23kHz to produce tissue cavitation’s 
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• This mechanical energy is delivered through a hollow 3mm tip that vibrates at 

23,000 cycles per second 

 

• The entire device is embedded with an irrigator and aspirator inorder to 

dispose of the tissue debris 

 

 

Piezoelectric transducer 

 

o Used to produce and detect Ultrasonic Waves 

o It is a quartz crystal which converts electrical oscillations into mechanical                 

vibrations(sound) and vice versa 

Mechanics of CUSA 

• The CUSA console provides alternating current (24 or 35 kHz) to the 

handpiece 

• In the handpiece, the current passes through a coil, which induces a 

magnetic field 

• The magnetic field in turn excites a transducer of nickel alloy 

laminations, resulting in oscillating motion in the transducer laminated 

structure-vibration-along its long axis 

• The transducer transmits vibrations 

through a metal connecting body to 

an attached surgical tip 

• When the vibrating tip contacts tissue, 

it breaks cells apart(fragmentation) 

• The CUSA system supports different 

magneto strictive handpieces based 

on frequencies, and each supports multiple tip designs 

• The CUSA has a self-contained suction capability to remove 

fragmented tissue and irrigation fluid 
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• The Suction and Irrigation performs three function in CUSA operation: 

• It draws tissue toward the vibrating tip, and creates a tip/tissue 

coupling effect 

• It keeps the surgical site clear of irrigation and fragmentation debris 

• Irrigation fluid flows coaxillary around the outside of the vibrating tip 

to keep the tip cool 

 

 

 

***** 
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13: LINAC 
 

A medical linear accelerator (LINAC) is the device most commonly used for external 

beam radiation treatments for patients with cancer. It delivers high-energy x-rays or 

electrons to the region of the patient's tumour. These treatments can be designed in 

such a way that they destroy the cancer cells while sparing the surrounding normal 

tissue. The LINAC is used to treat all body sites, using conventional techniques, 

Intensity-Modulated Radiation Therapy (IMRT), Volumetric Modulated Arc Therapy 

(VMAT), Image Guided Radiation Therapy (IGRT), Stereotactic Radiosurgery (SRS) 

and Stereotactic Body Radio Therapy (SBRT). 

 

Component 

 

 

 

Equipment working  

The linear accelerator uses microwave technology (similar to that used for radar) to 

accelerate electrons in a part of the accelerator called the "wave guide," then allows 

these electrons to collide with a heavy metal target to produce high-energy x-rays. 
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These high energy x-rays are shaped as they exit the machine to conform to the shape 

of the patient's tumor and the customized beam is directed to the patient's tumor. 

The beam is usually shaped by a multileaf collimator that is incorporated into the 

head of the machine. The patient lies on a moveable treatment couch and lasers are 

used to make sure the patient is in the proper position. The treatment couch can 

move in many directions including up, down, right, left, in and out. The beam comes 

out of a part of the accelerator called a gantry, which can be rotated around the 

patient. Radiation can be delivered to the tumor from many angles by rotating the 

gantry and moving the treatment couch. 

 

Six classes 

• Injection system; 

• RF power generation system; 

• Accelerating waveguide; 

• Auxiliary system; 

• Beam transport system; 

• Beam collimation and beam monitoring system. 

 

Magnetron  

Device that produces microwaves. It has a cylindrical construction, having a central 

cathode and outer cathode. Space between cathode and anode is evacuated. Cathode 

is heated by an inner filament and the electrons are generated by thermionic 

emission. 

 

o Static magnetic field is applied perpendicular to the plane of cross-section of 

cavities and a pulsed dc electric field is applied between cathode and anode. 

 

o Electrons emitted by cathode are accelerated towards anode by the action of 

pulsed dc electric field and by the influence of magnetic field electrons move 

in complex spirals towards resonant cavities, radiating energy in the form of 

microwaves. 
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Klysteron  

 

 

It is a microwave amplifier &The electron produced by the cathode are accelerated by 

a negative pulse of voltage into the first cavity called buncher cavity.  The 

microwaves set up an alternating electric field across the cavity & The velocity of the 

electron is altered by the action of this electric field to a varying degree-velocity 

modulation 

Some electrons are speed up while others slow down and some are unaffected result 

and this results in bunching of electrons . As the electron bunch reaches catcher 
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cavity they induce charges on the ends of the cavity and there by generate a retarding 

electric field. 

The electrons suffer deceleration and by the principle of conservation of energy the 

K.E of electrons is converted into high power microwaves. 

 

Gantry 

o Source of radiation can rotate 360 degree 

 

o As the gantry rotates collimator axis moves in a vertical plane. The point of 

intersection of collimator axis and the axis of rotation of the gantry is known 

as iso center. 

 

o The gantry consists of: Electron gun, Accelerator Structure, Treatment Head 
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Linac treatment head 

The important components found in a typical head of a fourth or fifth generation 

linac include: 

o X ray targets; 

o Flattening filters and electron scattering foils (also called scattering filters); 

o Primary and adjustable secondary collimators; 

o Dual transmission ionization chambers; 

o A field defining light 

o wedges; 

o Optional MLC. 

 

 

 

 

 

 

 

 

 

 

Scattering foil &Flattening filter 

o Electron beam exist the window, is a narrow pencil about 3mm in diameter. 

o The narrow pencil beam is made to strike an electron scattering foil to spread 

the beam and uniformity. 

o Made of thin metallic foil, usually lead. 

o Flattening filter to make the beam intensity uniform across the field 

o Made of lead, aluminum, tungsten, uranium, steel. 
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Beam collimation 

In a typical modern medical linac, the photon beam collimation is achieved with two 

or three collimator devices: 

• A primary collimator 

• Secondary movable beam defining collimators 

 

 

Techniques used with Medical Linacs 

 

With the current trend using linear accelerator a variety of treatment techniques are 

possible. Some of the techniques as follow, 

o 3D conformal radiotherapy 

o Intensity Modulated Radiotherapy 

o Stereotactic Radiotherapy (SRT) 

o Stereotactic Radiosurgery (SRS) 

o Dynamic Adoptive Radiotherapy (DART) 

o Image guided Radiotherapy (IGRT) 

 

***** 
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14: Steam Sterilizer 
 

Steam sterilization is achieved by exposing the items to be sterilized with saturated 

steam under pressure. Steam enhances the ability of heat to kill microorganisms by 

reducing the time and temperature required to denature or coagulate proteins in the 

microorganisms. 

 

Principle 

A basic principle is Gay Loussac’s law i.e., when the pressure of a gas increases, the 

temperature of the gas increase proportionally. i.e., about 15 pounds of pressure per 

square inch (Psi), the temperature rises to 121oC. Increasing the pressure to 20 psi 

raises the temperature to 134oC. 

 

Working 

o Steam flows through the sterilizer beginning the process of displacing the air. 

o Exhaust valve will be closed, causing the interior temperature and pressure to 

ramp up to the desired setpoint. 

o Desired temperature is maintained until desired time is reached. 

o The pressure is released from the chamber through an exhaust valve 
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Parts  

• Chamber and jacket 

• Thermostatic traps 

• Vacuum system 

• Steam generator 

 

Chamber and jacket 

The chamber is the primary component of a steam sterilizer where the materials to be 

sterilized is placed and sterilization happens & the jacket is filled with steam, 

reducing the time that sterilization cycles take to complete and reducing 

condensation within the chamber. 

 

Thermostatic traps 

A device designed to allow air and water (condensate) to escape from the chamber. 

Steam traps are temperature sensitive valves that close when heated past a certain set 

point. 

 

Vacuum system 

Forcibly remove air by pulling a vacuum on the chamber before a cycle (also known 

as pre-vacuum), it also helps by pulling a vacuum after the cycle (also known as post-

vacuum) to remove the steam remaining in the chamber and dry off the goods inside 

the autoclave. 

 

Steam generator 

Boilers are typically i.e., underneath the chamber to the steriliser and utilize electric 

heating elements to heat water and generate steam. 
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➢ 5 Phases of Sterilization 

  

1. Phase conditioning 

• Chamber closes with jacket 

• Steam loaded 

• Jacket pressure and chamber pressure displayed 

 

2. Heating conditioning 

• Steam generated 

 

3. Sterilization phase 

• 121 C at 10 psi in 20 min 

• 134 C at 20 psi in 5 min 

 

 

4. Dry phase 

• Removal of water 

 

 

5. Aeration/Vent 

• Releasing high pressure 

• Use vacuum 
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***** 
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15: Pulmonary function analyser 

 

Pulmonary function analysers measure the performance of a patient’s respiratory 

system, especially for outpatient or presurgical screening. These systems measure the 

ventilation, diffusion, and distribution of gases in the lungs. They are used to help 

assess patients with conditions like chronic obstructive pulmonary disorder (COPD). 

Pulmonary function analysers are designed to assess the volume, airflow , and 

derived parameters through the respiratory tract of adults and older children. These 

devices typically include a spirometry instrument (e.g., pneumotachometer, bellows, 

rolling-seal-type spirometer), a computer, a gas analyser, and an electronic unit with 

computerized capabilities and appropriate software. In addition to diagnostic 

spirometer measurements, they may measure parameters such as functional residual 

capacity, diffusing capacity of the lungs for carbon monoxide, and airway resistance. 

The analysers are intended to provide a baseline for ventilatory function as well as 

identify respiratory impairments. Some systems include a total-body 

plethysmograph for measuring lung volume and Raw. 

 

Principles 

Spirometry instruments measure the volume of gases exhaled by the patient (i.e., 

volume changes of the lungs) either by volume displacement or flow sensing 

methods. Spirometers measure the volume directly; these devices include water-seal 

bellows and rolling-seal spirometers, or the flow of gas that is integrated to yield 

volume. Such flow sensing instruments can employ a pneumotachometer, a hot-wire 

anemometer, or a turbinometer. Some analysers incorporate computers with software 

that permits customized reports or the inclusion of specialized predictive equations 

for normal function. 



SHORT LEARNING ARTICLES     

   

      

  
  

  

  

FORCE BIOMEDICAL  

  
  

49  

 16: Cath Lab  

 

 

It is Used primarily to locate and identify irregularities within the heart and its 

vasculature, the aorta, or the vena cava, as well as to define the size or severity of 

lesions and Complete evaluation of a patient with known or suspected heart 

disease. It also used in diagnosing disorders such as reduced left ventricular 

function, valve incompetence, pulmonary vascular disease, and congenital 

anomalies and used for pacemaker lead placement. 

Basic components  

• C-Arm 

• Pressure injector 

• Dye injector 

• Hemodynamic monitor 

• Review station 

• Diagnostic catheter 

• Guide catheter 

• Guide wires 

• Stent 

• Angioplasty balloon 
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Basic principle  

➢ The basic cathlab recording system consists of a computer console and a chart 

recorder, which typically reside in a control room 

➢ A slave scope and patient interface modules reside in the cathlab 

➢ All the systems are multichannel and display and record up to 32 traces of 

information from the patient 

➢ Linking the cathlab monitor/recorder with a computer allows most of the 

hemodynamic parameters to be calculated automatically 

➢ The parameters that are automatically derived typically include cardiac 

output, pressure gradients, valve areas, shunt flows, vascular resistance, 

diastolic filling period, systolic ejection period, work, and preejection period 

➢ These values are stored chronologically, along with other important events 

occurring during catheterization, and can be printed in report form at the 

conclusion of the procedure 

➢ It is possible to interface with the cathlab imaging system to provide x-ray 

image visualization on the physiologic monito 

➢ Before catheterization, a full 12-lead electrocardiogram (ECG) is usually 

performed to obtain baseline values 

➢ This preliminary study can also disclose unsuspected abnormalities. During 

the procedure, continuous arterial pressure can be monitored directly  

➢ For right-heart catheterization (RHC), the catheter is introduced into a vein in 

the arm, the external jugular vein, or the femoral vein in the groin and then 

manipulated into the right atrium of the heart under direct observation using 

fluoroscopy 

➢ The catheter is then passed through the right ventricle and lodged in the 

pulmonary artery 

➢ In left-heart catheterization, which is less common, the catheter is introduced 

into an artery in the arm or into the femoral artery and maneuvered through 

the aortic valve and into the left ventricle 
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➢ Pressure measurements from the pulmonary artery, including pulmonary 

artery wedge pressure, provide one reliable index of left-ventricular function 

➢ Pressure-gradient recordings can be made by drawing the catheter back 

through the heart chambers; gradients from one chamber to another indicate 

the site of stenosis or obstruction 

➢ Pressure measurements taken in the right atrium determine central venous 

pressure 

➢ Intracardiac pressure measurements are taken by one of two methods 

• Fluid-filled catheter 

• Blood pressure transducer 

 

➢ The fluid-filled lumen of the catheter transfers pressure fluctuations from the 

open distal end of the catheter inside the patient to a transducer at the 

proximal end outside the patient, which converts the mechanical force of the 

applied pressure into electrical signals that are proportional to that pressure 

➢ These signals are then transmitted to a pressure amplifier in the recording 

system 

➢ Generally, a larger lumen allows for a better pressure reading 
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➢ The second method uses a transducer in the catheter tip to measure pressure 

fluctuations 

➢ The status of the myocardium can be evaluated by measuring pulmonary and 

systemic blood flows to determine cardiac output 

➢ The most widely used method is the thermal dilution technique in which a 

chilled or room-temperature saline solution is injected through the catheter 

into the right atrium; its temperature is measured by a thermistor at the distal 

end of the catheter, located in the pulmonary artery 

➢ The temperature change correlates with the blood flow through the heart  

➢ ECG/His amplifiers receive signals from electrode catheters placed inside the 

various chambers of the heart and from electrodes on the chest 

➢ Studies of the bundle of His provide an assessment of the heart’s electrical 

conduction system 
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17: Ophthalmoscope 
 

It is used for performing ophthalmoscopy and used to see inside the fundus of an eye 

and other structures using an ophthalmoscope. Usually used to check the retina and 

vitreous humour. 

Basic Principle 

If patient and observer are both 

emmetropic, the rays emitting from a 

point in the patient’s fundus will emerge 

as a parallel beam and will be focused 

on the observer’s retina. 

Basic components  

 

Patient side          User side  

• Lens    * Light 

• Eye rest    * Vertical dial 

• Vertical dial   * Horizontal dial 

• Red button 

• Power base 

• Number settings 

• Lens 

• Eye rest 

• Vertical dial 

• Red button 

• Power base 

• Number settings 
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Types 

➢ Direct ophthalmoscope 

➢ Indirect ophthalmoscope 

 

 

Direct ophthalmoscope 

 

 

• Image produced will be upright, or unreversed  

• Approximately 15 times magnification 

 

Indirect ophthalmoscope 

 

•  Image produced will be inversed, or reversed  

• Approximately 2 to 5 times magnification 
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Features  

 

Direct ophthalmoscope    Indirect ophthalmoscope 

 

• Good magnification    *Good for peripheral retina assessment 

• Good macular assessment  *Good for various retinal procedures 

• Light and portable 

• Easy to use 

• Size compactable 
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18: Centrifuge 

 

 

 
A centrifuge is a laboratory device that is used for the separation of fluids, gas or 

liquid, based on density. These are high- or low-speed centrifuges capable of 

spinning a large volume of specimen. 

 

Basic components  

➢ Basic centrifuge components include 

• electric motor 

• Shaft 

• rotor heads (often interchangeable) on which the 

centrifuge head turns 

• motor-drive assembly. 

➢ The entire system is housed within a chamber 

➢  The centrifuge head contains the cups or shields that cover the rotor and turns 

on a spindle 
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Basic Principle  

 

➢ Centrifuges apply centrifugal force to separate suspended particles from a 

liquid or to separate liquids of different densities 

➢ These liquids include body fluids (e.g., blood, serum, urine), commercial 

reagents, or combinations of the two with other additives  

➢ In the blood bank, centrifugation is used in many procedures, including 

enhancing immediate agglutination for blood-grouping tests, manual cell 

washing, and anti-globulin testing 

➢ In its simplest form, a centrifuge is a metal rotor with holes to accommodate 

vessels of liquid, spun at selected speeds by a motor 

➢ Low-speed centrifuges generally operate at up to 10,000 revolutions per 

minute (rpm) 

➢ High-speed centrifuges, which operate at 10,000 to 30,000 rpm, are used for 

most preparative applications, and some are refrigerated to cool the rotor 

chamber  

➢ Some centrifuge microprocessors permit the user to program a set or sequence 

of operating parameters that are frequently used in laboratory procedures, 

such as acceleration rate, rotational speed, temperature, total time, and 

braking rate  
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19: Lithotripters 

 
It is used to locate, view, fragment and remove urinary tract or renal calculi found in 

the kidney, ureter and bladder and also disintegrate difficult-to-treat bile direct 

stones and salivary stones. 

 

Basic Principles 

➢ Based on the principal of operation lithotripters can be classified into 

• Electro hydraulic lithotripsy 

• Laser lithotripsy 

• Ultrasonic Impact lithotripsy 

• Electromechanical and pneumatic lithotripsy 

• Percutaneous lithotripsy 

• Transurethral lithotripsy 

 

 

Electro hydraulic lithotripsy 

 

➢ Use plasma induced shock waves to fracture stones 

➢ Using a nephroscope or ureteroscope, the stone is located and 

the probe is placed against it 

➢ A generator enables the probe to deliver energy in single pulse 

or timed pulse bursts 
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• With the stone in view, the operator fires these pulses at the stone while 

the probe is irrigated with saline solution 

• Firing the probe produces a plasma bubble causes a hydraulic shock 

that fragments the stone, that can subsequently be removed using a 

grasper or stone basket 

 

 

Laser lithotripsy 

 

➢ Lithotripsy lasers use either a crystalline solid or an organic dye 

solution as their laser medium to produce coherent monochromatic 

light energy 

➢ It delivers energy through quartz fibers, which are placed in contact 

with the stone through the working channel in the ureteroscope 

➢ The aiming beam of the laser highlights the area for energy delivery 

➢ When a pulsed dye is activated, the energy released produces a 

differential thermal expansion that fragments the stone and easily 

passes through urinary tract  

 

Ultrasonic impact lithotripsy 

 

➢ The probe is attached to an external generator and transducer 

➢ The external generator stimulates the piezoelectric elements in the 

transducer to produce high frequency mechanical vibrations that 

propagates along the hollow tube to a movable impact tip 

➢ When the oscillating tip touches the stone, the vibration causes the 

stone to fragment 

➢ A suction pump connected to the probe aspirates stone fragments 

through the probe channel 
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Electromechanical & pneumatic impact lithotripsy 

 

 

➢ It can be reliable and cost-effective method for fragmenting calculi in 

both the mid ureter and lower ureter as well as in kidney 

➢ A rigid tip at the end of the probe is placed directly on the stone and 

   oscillates to fragment the stone 

➢ The electromechanical impact lithotripter is driven electromagnetically 

➢ The pneumatic impact lithotripter is driven by compressed air 

 

Percutaneous lithotripsy 

 

 

 

➢ In this, a needle is inserted into the patients flank and guided into the 

renal pelvis with the help of fluoroscopic visualization, a guide wire is 

inserted through the needle and the needle is removed 
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➢ A second guide wire is introduced down the ureter in the same manner 

to maintain access throughout the procedure in case the nephroscope 

becomes dislodged 

➢ Dilation of the tract can then be performed using a balloon catheter 

➢ Following dilation, the nephroscopic sheath is inserted over the guide 

wire and positioned near the calculus 

➢ The nephroscope and lithotripter probe or laser fiber are placed inside 

the sheath and activated to disintegrate the stone 

➢ The resulting fragments are evacuated by suction through the probe 

 

 Transurethral lithotripsy 

➢ Transurethral ureteroscopic lithotripsy approaches the calculus in an 

ascending direction through the urinary tract 

➢ A sheath and then a ureterorenoscope are passed into the ureter usually 

following ureteral dilation where the lithotripsy probe fragments the 

stone 
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20: Cryosurgical unit 

 
A cryosurgical unit is a device that employs extreme cold or freezing temperature in 

surgery to treat diseased or abnormal tissue by involving surgical application of 

cryoablation technique. It also called as cryoextractors, cryosurgical systems, 

cryotherapy units. Cryosurgery is an accepted treatment modality within the fields of 

dermatology, oral surgery, gynecology, urology, otolaryngology, proctology, and 

ophthalmology. it is used to treat malignant and benign tumors, acne, warts, 

hemorrhoids. 

 

Basic components 

 

➢ Cryosurgical units(CSUs) are available as consoles or as stand-alone or hand 

held units 

➢ Consoles are freestanding units that typically contain   

• Cryogen gas cylinders 

• Pressure regulators 

• Indicators 

• Operating controls 

➢ Stand-alone unit consist of 

• Tank 

• Pressure regulator 

• Probe  
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Basic principles 

➢ All CSUs employ either a closed or an open system 

➢ In a closed-system CSU, the cryogen flows through an insulated shaft in the 

hollow probe, cools the tip, and is exhausted back through the probe 

➢  For e.g. in ophthalmic surgery, closed systems are used for cryonecrosis, 

cryoadhesion, and cryoinflammation because they afford greater control over 

both the rate of cooling and the area of freezing than do open systems  

➢ Open-system CSUs apply cryogen directly to the target tissue; they are 

generally limited to cryonecrosis and are rarely used for ophthalmic surgery 

➢ CSUs using N2O or CO2 are not usually suitable for use as open systems 

because cryogen “snow” would  build up on the target tissue and insulate the 

lesion from the cryogen spray 

➢ The mechanisms of cooling differ among cryogens 

➢ Liquid nitrogen CSUs deliver the cryogen to the tip as a liquid, where its rapid 

vaporization cools the probe 

➢ In closed-system N2O and CO2 units, cooling occurs through the Joule-

Thomson effect, in which a compressed gas is allowed to expand suddenly 

through a small aperture inside the probe tip, causing a considerable drop in 

gas temperature and liquefaction of some of the cryogen 

➢ The vaporization of the liquefied cryogen from 

the interior of the tip, combined with the drop in 

gas temperature caused by expansion, lowers the 

tip temperature to near the boiling point of the 

cryogen 

➢ When a cryoprobe or spray of liquid nitrogen is 

placed on the target tissue, an adhesive bond of 

ice crystals forms between the probe and the 

moist tissue, and a cryolesion forms within the 

tissue surface 
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➢ Within the cryolesion, the lowest temperature is closest to the cryoprobe; the 

temperature increases with distance 

➢ Internal cryoprobes, such as those used for prostate cryosurgery, develop an 

iceball that surrounds the entire probe tip 

➢ Regardless of the freezing method, the cryolesion must extend beyond the 

target tissue to ensure that the cryobiologically lethal temperature (-20° to -

40°C) is reached in the desired area  
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