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IMAGING METHODS AND SPECIAL PROCEDURES

A)  CONVENTIONAL RADIOGRAPHY – X-RAYS

1. Plain films:

X-rays are a form of electromagnetic radiation, their frequency and energy being much greater than visible light.  X-rays are produced in an X-ray tube by focusing a beam of high energy electrons onto a tungsten target.  On hitting the target X-rays are produced which are directed out of the tube through a “window”.  They pass through the patient onto X-ray film.  This produces an image on processing, similar to the process in photography.

While passing through the patient the X-ray beam is decreased in energy according to the density & atomic number of the various tissues through which the beam passes.  This process is known as attenuation.

X-rays turn film black, therefore the less dense parts of the body which allow more X-rays to pass through, will appear darker on the film e.g. air.  The film is enclosed between 2 fluorescent screens within a metal cassette.  These screens emit light when exposed to X-rays.  The film records the visible light emitted by the intensifying screens in response to irradiation by X-rays.  

A high voltage generator supplies the required power to the X-ray tube.  A collimator is placed at the tube exit port to limit the extent of the X-ray field.  An electronic timer is used to keep the X-ray exposure to a precise, finite duration.

There are 5 principle densities recognised on plain X-rays:

1. air/gas  = black (e.g. lung, bowel, stomach)

2. fat   =  dark grey (e.g. subcutaneous tissue layer, retroperitoneal fat)

3. soft tissues/water  = light grey (e.g. solid organs, heart ,muscle, bladder)

4. bone  =  off white

5. contrast material/metal  =  bright white

An object will only be seen on conventional radiography if its borders lie against tissue of different density, e.g. right heart border is only seen because it lies against aerated lung which is less dense.  If that part of the lung collapses & loses its’ air the R heart border is no longer seen.

There are several factors contributing to the quality of the film produced 

· obesity.  The more tissues the X-ray beam has to pass through the more the beam will be attenuated.  A larger dose will be needed to produce the same film blackening. Increasing the kilovoltage (KV) decreases the contrast on the film.  Compression may be used to advantage when X-raying certain parts of the body with a low inherent contrast e.g. breast

· movement.  The slightest movement will result in unsharpness of the image. This is especially important in the lungs when slight blurring may mask small miliary opacities.  It is important that immobilisation devices & accessories are available to the technicians in order to produce satisfactory films.  In an obese patient a longer exposure time will be necessary which is more likely to result in movement unsharpness

· magnification.  As the X-rays fan out obliquely from source some magnification is inevitable.  The amount of magnification will depend on the distance the X-ray tube is from the film & also the distance the object is from the film. If the X-ray tube is placed nearer to the object & film then magnification will be more marked.  If an object is placed further away from the film then again the magnification will be greater

· scatter.  As X-rays pass through the patient some are scattered & do not pass through in a forward direction, their exit from the patient being at random. This results in blackening of the film at the expense of detail.  This means that for thicker parts of the body it is necessary to use a grid to absorb the scattered rays before they reach the film. The use of a grid inevitably leads to a higher patient dose

Plain films are particularly useful for:

· Chest

· Abdomen

· Trauma

· Skeletal diseases

2. Tomograms:  are performed using conventional X-rays. They are useful when an object is obscured by overlying structures e.g. during an intravenous pyelogram when the kidneys are obscured by bowel gas.

The X-ray tube & film move in opposite directions blurring out structures not at the level of interest while structures in the plane of interest are seen in sharper outline. The pivot height is set according to the depth of the lesion within the patient.

In modern practice this technique is being replaced by newer cross sectional imaging techniques although it is still useful in intravenous pyelography and some orthopaedic cases. It used to be commonly performed for chest opacities before the advent of computed tomography.
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3. Fluoroscopy: is real time radiography. Fluoroscopy allows continuous viewing of an X-ray image & permits live visualisation of dynamic events.  A continuous low power X-ray beam is passed through the patient  An X-ray image intensifier coupled to a TV camera converts the X-ray energy to visible light, the fluoroscopic image is then viewed on a monitor, located in the fluoroscopy room. Fluoroscopy is used for many radiological procedures. A few of these are barium studies, arteriograms, myelograms and interventional techniques.

4. Digital radiography: this uses the same basic principles but the X-ray film is replaced by a digital screen. The information received by the screen is then manipulated using computers and the resulting image viewed on a monitor. Computed tomography, magnetic resonance imaging and ultrasound already use a digital method of imaging.  Digital imaging applied to plain film radiography is a relatively new technique leading to a film-less department as X-ray films are no longer needed. The system is called PACS (picture archival & communicating system).  It is very expensive to install but has several advantages over use of X-ray film:

· reduction in exposure

· digital enhancement means that all images are of adequate quality & do not need to be repeated

· images can be transferred out of the department to other locations

· no problem finding film storage space

· rapid finding of previous images for comparison

The system however is expensive to install and maintain. Many countries lack suitable engineers to install and maintain the system

B)  COMPUTED TOMOGRAPHY – CT SCAN

Computed tomography uses X-rays to produce cross sectional images.  The patient lies on a movable table within a round gantry. The gantry contains an X-ray tube opposite a set of detectors. These rotate around the patient at the level of interest while a collimated X-ray beam passes through the patient. X-rays passing through the patient are detected by photomultiplier tubes and the information stored in a digital format. Computer analysis of the digital readings gives information about the absorption patterns of each tissue in the body. This is displayed as an image. Owing to the use of computer analysis a much greater array of densities can be displayed than on conventional X-ray films.  This allows differentiation of solid organs from each other & from pathological processes such as tumour or fluid collections.  It also makes CT extremely sensitive to the presence of minute amounts of calcium or contrast material.

As with plain radiography, high-density objects cause more attenuation of the beam and are displayed as lighter grey than objects of lower density. White and light objects are said to be of “high attenuation” while dark grey and black objects are said to be of “low attenuation”.  Absorption values are expressed on a scale of +1000 units for bone, the maximum absorption of the X-ray beam, to –1000 units for air, the least absorbent. These units are called Hounsfield units. The value for water is zero.
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 The image information can be manipulated by the computer to display the various tissues of the body in different degrees of lightness and darkness.  This is called “altering the window settings”. For example in the chest, the mediastinum is imaged at a different window setting to that of the lungs.  Window width is used to select a range of absorption values then displayed as a grey scale. Attenuation values below this range will appear black, whereas attenuation values above this range will appear white.  Window level is used to select the centre point of the window.  Different windowing is needed for different parts of the body and this technique can be used to accentuate a subtle difference in tissue density.
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When looking at a CT scan it is important to look at the images with different window settings rather than just relying on the images printed out by the technician, which may not always be the optimum.

Each picture represents a section through the body. The thickness of the section (or slice) can be varied between 2-10mm. Tissues lying outside this setting are not imaged. A series of slices are taken to cover the region. Thinner slices give greater detail. Imaging of the chest and abdomen can only be done in the transverse plane.

The latest generation of  CT scanners are spiral scanners. With spiral CT the patient is moved continuously through the gantry tunnel while the X-ray tube and detector system rotate continuously.  Previously only one section of the body could be imaged at any one time and there was delay moving the table into the next position.  With spiral scanning the scanning time is greatly reduced and it is possible to scan a whole chest in one breath hold. 

By computer manipulation it is possible to obtain accurate 3D reconstruction due to the ability with spiral CT to process data as overlapping sections.  These overlapping sections can be reformatted to give high resolution images in coronal, sagittal, transaxial and oblique anatomical planes.
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The principal advantages of spiral computed tomography are much faster scanning times and the ability to reconstruct images enabling blood vessels to be imaged (CT angiography). 

Image quality depends on many factors such as slice width, scanning speed, matrix size but it also depends on the attenuation coefficients of adjacent structures.  In abdominal scanning good visualisation of structures is dependent on the presence of abdominal fat.  The absence of fat makes it difficult to differentiate between organs & structures.  This is the opposite of ultrasound when imaging is much better in thin people.

Some scans are performed without any contrast enhancement but when imaging the abdomen oral contrast medium is given to outline the stomach and bowel which enables it to be differentiated from other structures. This is normally very dilute barium or dilute gastrografin.  Intravenous contrast is also commonly used for a number of reasons:

· differentiation of normal blood vessels from abnormal masses (hilar vessels versus lymph nodes)
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to make an abnormality more apparent (liver metastases)

· to demonstrate the vascular nature of a mass

Main applications for ComputedTomography
Head 

· trauma

· tumours

· stroke

· complications of HIV

· brain abscess

Chest 

· mediastinal disease 

· tumour staging prior to surgery 

· diffuse lung disease using high resolution techniques               

·  pleural disease    

· detection of early metastatic disease                    

· aortic aneurysm

Abdomen:

· liver lesions

· pancreas, tumour, pancreatitis

· trauma

· tumour staging

· retroperitoneum

· undiagnosed abdominal masses

· to identify an infective focus in PUO

Spine: 

-      vertebral fractures

· disc prolapse

· infection

· tumour

Musculo-skeletal

· calcaneal fractures

· recurrent dislocation shoulder – CT arthrography

· fractures pelvis/acetabulum

· fractures tibial plateau

· soft tissue tumours

We must remember that the dose rate is high with CT scanning compared to conventional X-rays. 

I head CT scan gives a dose equivalent to 115 CXRs

I chest CT scan gives a dose equivalent to 400 CXRs

I abdominal CT gives a dose equivalent to 500CXRs

X-RAY HAZARDS

Is the radiation used in diagnostic radiology harmful?  Potentially yes. 

Electromagnetic radiation consists of several types of rays. Radio waves have the longest wave length and do not harm the body in any way.  As the wavelengths decrease in size radiation becomes potentially harmful.
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Radio waves

Micro-waves

Infra red rays                          

Light rays

Ultraviolet rays---------------------------------------------------
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X-rays

Gamma rays                     

X-rays and gamma rays have the ability to change molecules into ions within the body. They are called ionising radiation. This type of radiation may harm the body .

In actual practice, adverse health effects from ionising radiation in diagnostic radiology is rare.  There is still disagreement over the risk of biologic injury from low levels of radiation delivered over an extended period of time.  The available data do not provide a definitive answer as radiation induced cancers are indistinguishable from non radiation induced cancers.  However, it is believed that any amount of radiation is potentially harmful.

Radiation hazards occur as a result of damage to cells caused by radiation.  This damage takes many forms:

· cell death

· mitotic inhibition

· chromosome damage/genetic damage leading to mutation

Actively dividing cells are particularly sensitive, these are the gonads and bone marrow

The nature and degree of cell damage vary according to:

· radiation dose

· dose rate

· irradiated volume

· type of radiation

In general 2 types of effects are seen as a result of radiation damage

1. Stochastic effects:  these are effects in which the probability of occurrence increases with radiation exposure.  Examples of these are carcinogenesis and genetic effects.  The probability but not severity is related to the quantity of radiation 

2. Deterministic effects:  these are associated with a threshold radiation dose, below which the effect is not observed & above which the probability that the effect will occur is virtually 100% & the severity increases with the dose.  Examples are

· skin erythema

· loss of hair

· skin desquamation

· cataracts

· fibrosis

· depression of the bone marrow- anaemia

Dose is now measured in dose equivalent which takes into account the fact that some kinds of radiation can produce more damage in tissue than others even though the absorbed dose may be the same.  The equivalent dose is the absorbed dose multiplied by a weighting factor.

The number of chest X-rays which would be needed to reach the erythema skin dose threshold (2-3Gy) is approx. 10,000  The number of CT studies to produce the same effect is only 100, but note fluoroscopy time only 30mins.

Background radiation:

All inhabitants of the earth receive a certain amount of radiation exposure each year in the form of “natural background” radiation.  This comes from rocks and soil, from outer space, from radon gas produced in the ground and natural isotopes of elements found in living tissues.  The total average background radiation including cosmic and terrestrial radiation is 1-2 mSivert per year.  Each time we fly in an aeroplane we receive radiation from cosmic rays.  Flying 200 air miles has been equated to give the same radiation dose as a mammographic examination.  A plain abdominal X-ray is equivalent to 6 months of natural background radiation while an intravenous pyelogram averages 14 months of background radiation. 

 The radiation risk is really unknown but based on survivors of the atomic bomb explosions in Japan it is calculated that if 100 people are exposed to 1 Sivert of radiation, 5 will theoretically develop a fatal cancer.  A dose of 5-6Sv over a short period of time leads to acute radiation sickness.  The skin erythema dose threshold is 2-3Sv.

In considering the possible risks caused by radiation exposure factors are considered:

1. Probability of developing a cancer

2. Probability of severe hereditary effects

3. Length of life lost if harm occurs

In diagnostic practice only Stochastic effects need be considered.  A Barium Enema examination gives a dose of approximately 7 mSv.  There is some legitimate reason to be concerned about these effects since they have no known dose threshold.  This implies that even the smallest amount of radiation exposure may increase the probability of the induction of genetic effects or malignancy.

Hospital personnel in the course of normal clinical work receive at most only a small radiation exposure, due primarily to scatter. X-ray workers fall well below the set dose limit. Lead aprons reduce the radiation exposure by 95%.  It is important when using fluoroscopy that the exposure time should be kept as short as possible and lead aprons worn by all staff present in the room.

Pregnancy:

Radiation before implantation is thought to have no effect or to prevent implantation so that the embryo is lost at the next menstrual period.  Organogenesis commences soon after the time of the first missed menstrual period and continues for the next 3-4 months.  Hence, during this time, the foetus is considered to be radiosensitive. Exposure to radiation may result in developmental problems such as a small head size & mental retardation. Examinations of the abdomen or pelvis should be delayed if possible to a time when foetal sensitivity is reduced i.e. after 24 weeks or ideally until after delivery.

Protection in practice:

The aim is :

1. To prevent deterministic effects

2. To limit the probability of stochastic effects by keeping all justifiable exposures as low as is reasonably achievable.  With this in mind the following guidelines are used for radiographic exposures:

· each exposure is justified on a case-by-case basis

· minimise number of X-rays taken

· minimise fluoroscopy screening time

· focus beam accurately to area of interest

· only trained personnel should operate equipment

· minimise use of mobile equipment

· use ultrasound whenever possible

· use restraining devices in children

· gonadal shield protection

· only necessary people should be present in a room where X-ray procedures are being performed

· staff should wear lead aprons

· at no time should anyone other than the patient be irradiated directly by the primary beam

· all X-ray rooms should have lead lining in their walls, ceilings & floors

ULTRASOUND

Ultrasound uses high frequency sound waves to produce cross sectional body images.  The basic component of the ultrasound probe (transducer) is the piezoelectric crystal.  Excitation of the crystal by a small electric current causes it to emit ultra high frequency sound waves (the piezoelectric effect).  Sound waves are reflected back to the crystal by the various interfaces in the body and these are turned into small electric signals which are analysed by a computer and represented as a cross sectional image. A moving image is obtained as the transducer is moved over the body. Sections can be obtained in any plane and viewed on a monitor.

High frequency beams are less penetrating but give a better resolution.  The normal frequency used for general abdominal work is 3.5 or 5 mHz.  For cardiac work this would be 2.5mHz. For superficial structures such as breasts, testes, thyroid a high frequency of between 7 and 12 mHz is needed.

Different body tissues produce different degrees of sound wave reflection and are said to be of different echogenicity. A tissue of high echogenicity reflects more sound than a tissue of low echogenicity and is said to be echogenic or hyperechoeic. It will appear bright on ultrasound.   A tissue of lower echogenicity is said to be hypoechoeic and will appear dark on ultrasound.  Pure fluid reflects no sound at all and is said to be anechoeic, being seen as black. As it transmits the sound waves unimpeded the back of the cyst appears very white due to through transmission of all the sound waves. This is called acoustic enhancement. The opposite effect occurs behind lesions impeding the passage of the sound waves when a black shadow will be seen. This is called acoustic shadowing and is seen distal to gallstones, renal stones, other areas of calcification and some breast tumours.
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Ultrasound is now being used in a wide variety of ways in addition to scans performed through the skin.surface:

· transvaginal scanning

· rectal scanning for:

               prostatic carcinoma

               staging of pelvic tumour

               anal sphincter damage

· transoesophageal scanning -  especially for small heart defects

· intraluminal scanning for staging tumours of the gastrointestinal tract and oesophagus

· intravascular scanning

· per operative scanning

Main indications for ultrasound examination:

· Pregnancy  - monitor pregnancy and diagnose complications

· Uterine and ovarian lesions 

· Diseases of the liver, spleen and pancreas

· Abdominal masses

· Confirm pleural effusion and pleural mass

· Gallbladder disease

· Primary imaging of the urinary tract

· Testicular tumours

· Neck masses

· Soft tissue lesions

· Suspected brain abnormality in neonates.

Doppler ultrasound uses the doppler effect to image moving structures in the body. Blood flow velocities can be measured and with colour doppler the vessels highlighted in colour.  Flowing blood causes an alteration in the frequency of sound waves returning to the probe.  This frequency change is calculated allowing the blood flow to be quantified. Colour doppler is just an extension of this with the blood flowing towards the probe being depicted in red, while that flowing away is depicted in blue.  Doppler ultrasound is used for:

· imaging the peripheral veins to look for deep vein thrombosis

· imaging peripheral arteries to assess strictures & occlusions

· imaging carotids arteries for atheroma in transient ischaemic attacks.

· cardiac scanning

· imaging the abdominal vessels, portal & hepatic veins,  superior mesenteric artery and renal vessels

· blood supply of masses for characterisation

· velocity measurement of intracranial vessels in sickle cell disease
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Advantages of ultrasound

· relative low cost of equipment

· readily available

· lack of ionising radiation – safe

· very portable

· scan in any plane

· aids biopsy and drainage procedures

Disadvantages:

· cannot penetrate bone or gas,  therefore limited

· very operator dependent

· ready availability may be a drawback because people with insufficient experience are scanning in countries where there is no registration qualification. This leads to errors in diagnosis.

· obesity degrades the images due to scatter

NUCLEAR MEDICINE -  SCINTIGRAPHY - RADIONUCLIDES

Scintigraphy refers to the use of gamma radiation to produce images.  In order to obtain images a radio-pharmaceutical must be injected into the body. The “radio” part refers to the emittor of gamma rays (a radio active isotope or radionuclide).  The one most commonly used is technetium, written 99mTc, where 99 is the atomic mass and the small m stands for “metastable”, the property which causes the material to emit gamma radiation.  Metastable means that the technetium atom has 2 basic energy states: high and low.  As it passes from the high energy to the low energy state, it emits a packet of energy of 140 kiloelectron volts (keV).  The gamma rays are detected by a gamma camera, containing a sodium iodide crystal and photomultiplier tubes which convert the absorbed energy of the radiation into an electric signal. This signal is analysed by a computer and displayed as an image.  

“Pharmaceutical”refers to the compound to which the radioactive nuclide is bound. This compound depends on which part of the body is being imaged. Sulphur colloid is tagged with a radionuclide to image the liver and spleen,  while phosphonates are used for bone  A compound is used which will be taken up easily by the organ in question.  Areas of increased uptake show high emission of gamma rays and are referred to as “hot spots”.  Areas of low uptake are referred to as photon deficient or “cold” areas.

Uses & advantages:

· it is highly sensitive to early bone changes in osteomyelitis and metastases.  Changes are seen on scintigraphy before being evident on plain films

· functional as well as anatomic detail is obtained.  Scans can be performed to show renal function and excretion

· widely used in the diagnosis of pulmonary emboli (VQ scan)

· used as a screening test for reversible myocardial ischaemia prior to angiography (thallium scan)

· used in urinary tract infection in children to detect renal scarring secondary to ureteric reflux

Disadvantages:

· non specific, a hot spot does not tell you what it is due to.  Plain films are also necessary

· it uses ionising radiation which is potentially harmful. One lung perfusion scan  is equivalent to 50 chest X-rays (6months background radiation)

· high cost of equipment

· sodium iodide crystal is sensitive to temperature changes and needs to be kept at a constant heat

· extra care needed in handling and disposing of radioactive materials

· radioactive isotopes are not readily available and may be difficult or impossible to obtain in some countries

[image: image13.png]



MAGNETIC RESONANCE IMAGING – MRI SCAN

Magnetic resonance scanning produces images of the body by utilising the magnetic properties of certain nuclei, principally those of hydrogen in water molecules.

The equipment required for MRI and the physical principles underlying the phenomenon are very complex.

The nucleus of the hydrogen atom is a single proton.  The nucleus of any atom with an odd number of nucleons (protons + neutrons) possesses the property to spin and this gives it weak magnetic properties. The hydrogen atom is widespread in the body and is the ideal atom for the purposes of imaging.  It can be thought of as a small bar magnet with North & South poles.

The first step in MRI is the application of a strong external magnetic field and for this purpose the patient is placed within a large magnet.  The hydrogen atoms within the patient align in a direction either parallel or anti-parallel to the strong external field.  A greater proportion align in the parallel direction so that the net vector of their alignment, and therefore the net magnetic vector will be in the direction of the external field.

Though aligned in a strong magnetic field the hydrogen nuclei do not lie motionless but each nucleus spins around the line of the field in a motion know as precession.  The frequency of precession is an inherent property of the hydrogen atom in a given magnetic field and is known as the Larmor frequency.  The Larmor frequency changes in proportion to magnetic field strength and is around 10mHz, a frequency in the same part of the electromagnetic spectrum as radio waves.

A second magnetic field is now applied at right angles to the original magnetic field. This is applied at the same frequency as the Larmor frequency and is known as the radiofrequency pulse (RF pulse). This is applied by the RF coil and adds energy, which deflects the nuclei through an angle of ninety degrees. This phenomenon is known as Resonance.  The magnitude of the “flip angle” depends on the strength and duration of the RF pulse..

In addition, Resonance results not only in a deflection of the nuclei through the flip angle, but the RF pulse brings the precessing protons into phase with each other, i.e. their spins are now in synchrony.  When the protons are spinning in phase a current is produced in a receiver coil placed in the transverse plane. This is known as the MR signal.  This is the basis for formation of the image and can only be produced when the precession of the spinning protons is in phase.  Complex computer analysis of the MR signal is used to produce the image.

Once the RF pulse is removed the nuclei will gradually return to their normal alignment with the applied external field. This process is known as relaxation and the extra energy is dissipated to the surrounding chemical lattice in a process known at T1 relaxation.  In addition, the protons will cease to spin in synchrony and this process of de-phasing (which occurs due to tiny inhomogeneities in the nuclear magnetic environment) is known as T2 relaxation.

Whereas computed tomography depends on tissue density and ultrasound depends on tissue echogenicity, much of the complexity of magnetic resonance imaging arises from the fact that the MR signal depends on many varied properties of substances including:

· proton density

· chemical environment of the hydrogen atoms e.g. whether in free water or bound by fat

· flow e.g. in blood or cerebrospinal fluid

· magnetic susceptibility

· T1 relaxation time

· T2 relaxation time

By altering the duration and amplitude of the RF pulse, as well as the timing and repetition of its’ application, various sequences have been developed  The most common images produced are:

· T1 weighted:  this gives excellent anatomical definition, though lower sensitivity to pathology

· T2 weighted:  this is highly sensitive to the presence of pathology

Fat appears bright on T1 (high signal), less bright on T2

Water is dark on T1 (low signal) but bright on T2

Most pathologic processes are associated with increased water content and are therefore dark on T1 and bright on T2
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One advantage of magnetic resonance scanning is that images can be taken in 3 planes:

· Axial

· Coronal

· Sagittal
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Other imaging sequences can be used, a common example being fat suppression sequences which are excellent for demonstrating pathology in areas containing a lot of fat such as the orbits and bone marrow.  The imaging of fluid filled vessels within the body is made possible by the use of special pulse sequences designed to distinguish between the movement of fluids within vessels and that of surrounding structures where there is no flow. Flow imaging is mainly used in the study of the cardiovascular system where the technique is known as Magnetic Resonance Angiography (MRA).  There are many different pulse sequences available and you may hear them referred to as “time of flight” (or TOF).  Blood flowing into an imaging slice is fully magnetised and appears brighter than the partially saturated stationary tissues, which appear considerably lower in signal intensity.  Vessels therefore show up as white structures and look very similar to an angiogram.

In viewing MRI images white or light grey areas are referred to as “high signal” whereas dark grey or black areas are referred to as “low signal”.

USES/ADVANTAGES:

The main advantages are:

· excellent soft tissue contrast

· lack of artefact due to adjacent bones which occurs with computed tomography.  MRI is excellent for the posterior and pituitary fossae

· multiplanar capabilities -  can obtain images in any plane:  sagittal for spine, coronal for abdomen, a mixture for skeletal

· lack of ionising radiation

It is the imaging modality of choice for most brain and spine disorders.  It is very useful in the assessment of musculo-skeletal disorders.  It has not replaced other imaging methods in the thorax and abdomen.

LIMITATIONS & DISADVANTAGES:

· Cost:  it is very expensive to buy and to maintain

· Metal foreign bodies: it is potentially hazardous for patients with metal foreign bodies in the eye and for patients with ferromagnetic intracranial aneurysm clips.  MRI is contraindicated in patients with cardiac pacemakers and cochlear implants

· Decreased sensitivity in detecting small amounts of calcification and small haemorrhages.  Therefore CT is still the imaging of choice for subarachnoid haemorrhage (SAH) and acute head injury.

· Bony detail is not as good as CT but it is more sensitive in detecting infiltrative disorders of bone marrow
· Artefacts. Although free of bone artefacts other artefacts do occur
· Claustrophobia:  some patients cannot stand to be enclosed in such a small space (the tunnel)
· Noise:  the machine is very noisy and the patient needs to wear ear plugs
· Resuscitation: is difficult as it is not possible to have any equipment containing metal in the room and access to the patient is limited

Contrast material

Although not as widely used as in computed tomography imaging intravenous contrast is now available for magnetic resonance imaging. Gadolinium(Gd) is a paramagnetic substance which causes increased signal on T1 weighted images.  Unbound Gadolinium is highly toxic and binding agents are necessary, the most common of which is DTPA. Gadolinium is used in:

· multiple sclerosis

· acoustic neuroma

· meningioma

· metastases

· tumour recurrence
RADIOGRAPHY USING CONTRAST MEDIUM

For general radiographic purposes there are 2 main types of contrast available:

· barium which is inert and used for study of the gastrointestinal tract

· iodine based contrast which can be given intravenously or put into other body spaces. It has many uses

There are 2 main types of iodine based contrast :

Ionic

Non ionic

Ionic contrast is cheaper and hyperosmolar in relation to body fluids. It tends to produce more reactions but is readily available in the third world.  It cannot be used for myelograms and should be used with caution in small children, patients with renal failure, heart failure, diabetes and in patients with an allergic history 

Non ionic contrast is generally safer and pleasanter for the patient producing less vomiting and flushing.  It is of low osmolarity and is safe if aspirated into the lungs. It produces less pain on salpingography and should be used for intravenous pyelography in high risk groups of patients.  It is considerably more expensive than ionic contrast

ANGIOGRAPHY  can be performed using a Puck changer with rapid sequence imaging during an injection of dye.  There are many applications but this is now being performed less frequently due to the advent of ultrasound, computed tomography and magnetic resonance imaging.  It is still used for detecting berry aneurysms in the brain, to show the vascular supply of tumours, and to demonstrate arterial stenosis or occlusions in peripheral arteries or  coronary vessels. 

VENOGRAPHY is performed by injecting water soluble contrast into a vein on the dorsum of the foot. Tourniquets are applied around the knee and ankle and released as the examination progresses. Fluoroscopy is required.

 It has largely been replaced by doppler ultrasound in the assessment of deep venous thrombosis when equipment and expertise are available. 
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INTERVENTIONAL  RADIOLOGICAL  PROCEDURES

There are a wide range of interventional procedures now being performed by radiologists. Many are performed by radiologists with specialised training in these techniques but the basic procedures are performed by most radiologists and some should be feasible in a third world environment.

1. BIOPSY
This is now a very common procedure.  The usual sites include:

· lung

· abdominal masses

· breast

· occasionally bone

· thyroid masses
Two types of tissue sampling can be performed:

1. Cytology – this as the aspiration of cells and fluid with fine gauge needles

2. Histology- this is actual tissue sampling with larger bore needles, often with mechanical cutting needles.

Cytology is felt to be the safer procedure with smaller bore needles, but requires a good cytologist. A larger sample of tissue is easier to interpret and is necessary to evaluate lymphoma which requires more detailed analysis of the cell type and grade.

The biopsy is performed under imaging control using computed tomography, ultrasound or fluoroscopy. Many are now performed under ultrasound guidance as the needle tip can be seen within the lesion.

Special Problems:

Lung Biopsy:  the lung may collapse due to pneumothorax on the initial puncture, so speed is essential in performing a biopsy.  These are usually done under CT guidance, although can be done with fluoroscopy.  Ideally dual screening should be available.

Bone Biopsy:  special bone cutting needles are necessary for lesions not causing marked bone destruction.

Complications:

These are very rare in practice :

· bleeding

· sepsis

· leakage of bile, urine

2. DRAINAGE PROCEDURES:

This topic covers many different procedures.  It includes abscesses, fluid collections and decompression of biliary/ renal tracts.  It may be either a single “in-out” aspiration or more complex placement of a special drainage catheter.  The catheters can be placed percutaneously in the chest, liver, kidneys & peritoneal cavity – anywhere where there is a collection.

Indications:

· sepsis

· poor surgical risk patients

· pre or post operative procedures

· obstructed biliary or renal systems

Method:

· Ultrasound guidance is used the most frequently – often combined with fluoroscopy e.g. nephrostomy, biliary tract drainage

· CT alone or fluoroscopy alone can also be used 

· Simple aspiration is performed with an 18-22 gauge needle directed by the safest route into the collection or distended system

· Drainage catheter placement.  This may be achieved by pushing in with a trocar or inserted over a guide wire as in the Seldinger technique

· Seldinger method which is also used for angiograms. A needle is inserted into the area, a fine guide wire passed  through the needle.  The needle is removed and a series of dilators are passed sequentially over the guide wire to dilate the track. When the track has been dilated up to the size of the drainage catheter the catheter is inserted over the guide wire until it is in the correct position, at which point the guide wire is removed.

· Catheters vary in the shape and configuration of the tip to hold them in place.  Common ones are the pigtail catheter with a curly end or catheters which have a string which is pulled to form a loop

· Catheter is then connected to a drainage bag and the patient returned to the ward.

The system may need to be flushed with saline on the ward or low suction may need to be applied. Occasionally the catheter becomes dislodged & may need replacing. The collection can be checked when the catheter has ceased to drain to see if it has resolved or whether the catheter needs repositioning.

3. VASCULAR THERAPIES:

1. Angioplasty: is dilatation of a stricture by inflation of a balloon attached to an angiographic catheter.

       Indications:

Relief of arterial ischaemia due to vascular narrowing - atherosclerosis is the commonest cause and related to cigarette smoking and diabetes. It may also be of use if there is complete occlusion, but only if the affected area is short, or if the occlusion is recent.

Method:

The most common site is the lower limb arteries but it is also used for renal artery stenosis, stenosis of the coronary arteries, larger vessels from the aortic arch such as the subclavian arteries, & the mesenteric vessels.

The patient needs to be hospitalised and fasting.. Aspirin is given as an anti-platelet agent. The procedure can be done under local anaesthetic if non ionic contrast is used.  If ionic contrast is used the procedure is very painful & some sort of sedation is necessary, possibly a general anaesthetic.

A percutaneous puncture of the femoral artery is made and a guide wire inserted .  The angioplasty catheter can then be inserted over the guide wire (or through a sheath inserted over the wire)

The angioplasty catheter is like a standard angiographic catheter with a special balloon, which can be insufflated via a side port. The balloon has a specific size, length, and inflation pressure.  The stenosis is “crossed” with the guide wire & then by the balloon catheter. This is then inflated with diluted contrast media so that it can be seen.  Several inflations lasting 15-60 secs are performed, then a check angiogram is done to check the results.  

Post procedural care:

Rest in bed for 12 hours. Close observation of the limb for delayed occlusion is necessary and check of the groin for haematoma, which is not uncommon due to the relatively large size of catheter.

Contraindications:

· bleeding disorder

· multiple stenoses

· long occlusion

There are special hazards associated with angioplasty & therefore it should only be performed by experienced angiographers.
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Complications: 
        -     arterial occlusion                                                                                   
· thromboembolism

· arterial dissection/rupture – due to guide wire or catheter passing subintimally.  These may all require urgent surgery

· balloon rupture

· recurrence of stenosis is a late complication

2. Vascular Stents
These are cylindrical metal mesh tubes which are used to keep the arterial lumen expanded. They are either self-expanding or need to be opened with a balloon catheter. They are inserted by the Seldinger technique. Indications for a stent are refractory stenosis, malignant occlusion and previous complicated angioplasty.

Complications:

As for angioplasty but also stent dislodgement and emboli

Percutaneous aortic stents are now being used for the treatment of aortic aneurysm in selected patients.

Stents are very expensive and the cost alone makes them an unattractive proposition for third world countries.  Considerable expertise is also necessary.

Stents can also being used for oesophageal strictures due to carcinoma too advanced for surgery.

3. Vascular Embolisation

This covers a large number of procedures.  It usually is transarterial, using a wide range of embolic materials.

Indications

1. Treatment of haemorrhage   e.g. gastrointestinal haemorrhage

2. Occlusion of arterio-venous malformation

3. Occlusion of arterio-venous fistula

4. Occlusion of aneurysms

5. To cause infarction or  decrease blood flow to a tumour

6. Testicular venous occlusion  for varicocele

Method:

The embolic material is delivered through a catheter, either a standard diagnostic angiocatheter, or specialised catheters such as a microcatheter. This can be co-axially placed through a larger guiding catheter in order to gain far more distal access.  Embolic materials may be:

· biological – clot, muscle slips, fat, fibrous tissue

· gelatin & fibre – gelfoam, oxycel

· plastic – silastic, polystyrene or acrylic spheres, polyvinyl alcohol

· metallic – stainless steel coils, metal fillings, barium particles

· organic adhesive – bucrylate or superglue

· sclerosing agents – alcohol, hyperosmolar contrast

· detachable balloons

The type of material used depends on the site, flow characteristics, whether a permanent or temporary occlusion is required, and type of catheter in use.  
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Permanent occlusion is achieved with 

· polyvinyl alcohol

· steel coils

· bucrylate

· absolute alcohol

Gelfoam lasts several days or weeks but is later resorbed.

Autologous clot is rapidly absorbed & only lasts hours or days

For gastrointestinal haemorrhage an infusion of a vasoconstrictor (vasopressin or epinephrine) is good for small vessel and capillary haemorrhage e.g. mucosal tears, superficial erosions, stress ulcers.  For larger vessels e.g. chronic ulcers, embolisation is better.

The procedure usually requires good imaging facilities, especially digital subtraction angiography, to monitor progress of embolisation and to diagnose the complications.  It is a procedure not suitable for many units especially in the third world where digital imaging is not yet available.  Also considerable expertise is necessary otherwise serious complications may result.

Complications:

1. Ischaemia & tissue necrosis not only in the target area but elsewhere in the body from misplacement of the catheter tip or reflux from the injected artery.  This is most likely to occur as the capillary bed becomes filled towards the end of the procedure.

2. Steel coils may cause arterial perforation or may reflux into the aorta & distal vessels

3. Bucrylate may glue to the internal catheter making it impossible to remove the catheter.

4. Severe pain and fever lasting several days is common after embolisation procedures.

The most serious complication is accidental occlusion of a vessel not intended resulting in damage to a normal organ. This is particularly serious if it occurs in the brain.  

5. Percutaneous Chemotherapy

This can be given percutaneously in order to deliver a high local dose to a particular tumour mass.  It is used especially for liver metastases & pre-operatively in large tumours. The feeding artery is selectively catheterised & the drug given by a slow infusion.

6. Percutaneous Thrombolysis
This may be used in acute embolism or thrombosis.  A catheter is inserted percutaneously with its tip at the level of the clot & a low dose infusion of streptokinase is given.  Angiography is perfomed, every few hours, to monitor the response.  If successful there will be an improvement within 24 hours.  If there is no improvement after 48 hrs it is unlikely to be successful.

4. HEPATO-BILIARY INTERVENTION

Biliary drainage:

Drainage of dilated bile ducts can be performed percutaneously. This may be simple external drainage or by the insertion of a stent.

The patient needs coagulation studies, antibiotic cover, & adequate sedation. 

Stent insertion has a higher morbidity and mortality but has the advantage that there is no external catheter. It has the disadvantage that it may be blocked or dislodged. Stent occlusion is frequent after a few months.  There is a serious complication rate of 5%.

Complications;

· sepsis

· haemorrhage

· biliary peritonitis

· pneumothorax

In difficult lesions a percutaneous approach can be combined with an endoscopic approach. A percutaneous guide wire is passed through the lesion & then a stent is passed endoscopically using it as a guide

 Gallstone removal:

This can be performed through a mature T tube tract or via a percutaneous tract to the gallbladder.  Larger stones need to be crushed. A guidewire is used to pass a catheter and basket beyond the stone which is then extracted.

 TIPS

 Portal hypertension can now be managed percutaneously by creation of a porto-caval shunt through the liver 

 substance. – transjugular intrahepatic portosystemic shunt -  TIPS.  A communication is made between the hepatic vein and the portal vein.

Indications are:

· haemorrhage from varices

· ascites from portal hypertension

Method:

This is performed via the jugular vein, punctured percutaneously with a long needle.  The needle is replaced with a wire over which dilatation is performed.  Balloon angioplasty catheters are used to dilate the intrahepatic tract, which is subsequently supported with a metallic stent.  The advantage is that there is no external bleeding in these very sick patients.  The shunt decompresses the varices with cessation of bleeding.

d) Percutaneous Cholecystotomy:

This can be performed in very sick patients with acute cholecystitis who are unfit for surgery. This is especially useful for acalculous cholecystitis.  A catheter is placed within the gallbladder to allow drainage and relieve symptoms.

5. GENITO-URINARY INTERVENTIONS:

Nephrostomy

Indications:

· obstructed collecting system if ureteric stenting has failed, especially if a septic or solitary kidney and medically unfit patient

Method:.

A percutaneous needle is introduced into the collecting system using ultrasound or fluoroscopic guidance.  

The needle is best placed in a lower pole calyx.  A guide wire is then inserted and a track dilated with different sized dilators. A drainage catheter is then inserted over the guide wire and the wire removed.

Stenting:

Indication:

· obstruction of the urinary tract due to a ureteric lesion when surgery is impracticable and stenting from below has failed.

This is performed as for nephrostomy but instead of inserting a drainage catheter a ureteric stent is inserted over the guide wire. One end is placed proximal to the obstruction and the other end distal to it.  Often a double J stent is used which is long enough to allow the proximal coiled end to lie within the renal pelvis and the distal coiled end to lie within the bladder.

Renal stone removal:

This can also be performed percutaneously using a series of dilators and removal forceps but general anaesthesia is necessary and the set of dilators is very expensive, so this is not an option for the third world.

Complications of interventional uroradiological procedures:

· sepsis

· haemorrhage

· urinary leak leading to the formation of a urinoma

6. NEURORADIOLOGY:

Interventional radiology is used in the treatment or adjuvant treatment of vascular abnormalities & tumours. The most common lesions treated include pr-operative particle embolisation of meningiomas, balloon occlusions of carotico-cavernous fistulas, glue occlusion of intracerebral arterio-venous malformations, & coil embolisation of aneurysms.

The main complication is stoke & death from inadvertent embolisation  or rupture.

This sort of procedure would only be contemplated in an advanced neurosurgical/neuroradiological department & demands a lot of skill & experience.
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Tomogram during an intravenous pyelogram. The bowel is no longer visible and the renal outlines can be seen





Vague opacity in the R lower zone on chest X-ray





Opacity seen much more clearly with tomography. It has a smooth well defined outline
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A CT scan through the chest showing the detail in the lungs. The mediastinum is white and there is no detail. This is a lung window setting.





CT scan through the chest showing detail in the posterior mediastinum. The lungs are blacked out and cannot be assessed. This is a mediastinal setting.





These are reconstructed images using spiral computed tomography. CT can only scan in the transverse plane. These images were produced by computer manipulation
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CT scan of the abdomen at the level of the kidneys. The bowel is outlined with oral contrast anteriorly (white arrow). The aorta and inferior vena cava are outlined by intravenous contrast. The kidneys are white due to the presence of intravenous contrast in the renal tubules (nephrogram).





Non ionising





Ionising
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Ultrasound san showing several bright nodules in the liver. These are called hyperechoeic or echogenic





Ultrasound scan showing multiple dark nodules in the spleen. The tissues behind the nodules do not show increased brightness so they are not cystic. They are called hypoechoeic lesions





�





�





�





A dark rounded lesion on ultrasound showing increase in brightness behind it. This increase in brightness is called acoustic enhancement and is a feature of a cyst.





A lesion in the breast on ultrasound does not transmit the ultrasound beam resulting in a dark shadow behind it. This is called acoustic attenuation.
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Doppler ultrasound of the common carotid artery. The blood flowing within the marked box was shown in colour. The velocity can be measured at any point along the vessel within the box
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Radioactive isotope bone scan showing normal appearances.


The anterior scan is on the L and the posterior scan on the R. 


The patient is a young person before epiphyseal fusion as can be seen by the fact that the epiphyses show increased uptake of the isotope.
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Normal axial brain scans on magnetic resonance imaging.


The cerebrospinal fluid appears black indicating that these are T1 images.





Computed tomography scan for comparison. Note the lack of grey/white matter detail in comparison
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Magnetic resonance scan in the coronal plane





Magnetic resonance scan in the sagittal plane. Note the cerebrospinal fluid is white indicating that it is a T2 scan
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Coronary angiogram





Peripheral angiogram showing a stricture of the common iliac artery





Venogram outlining the calf veins. One of the deep veins contains thrombus
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Angiogram showing a long stricture in the superficial femoral artery.





Angiogram following angioplasty shows that the stricture has been successfully dilated





Selective catheter with a small balloon is placed in the L renal artery in a case of renal artery stenosis.
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Abdominal aortogram showing the branches of the aorta which can all be selectively catheterised and therapeutic procedures done.
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