Medical Imaging

	IMAGING TECHNIQUES (Derived from studentbmj.org.uk)


	IONISING RADIATION

	X RAYS / CT SCANNING………………………………………………………X rays

	· Electrons pass from Cathode ( Anode. X Rays pass through patient and onto film / CT scanner. Rays are absorbed depending on attenuation of medium: Bone containing Ca absorbs almost all of rays and so shows up white, fat absorbs much less, and air absorbs none so appears black.

	· BARIUM

	· PRINCIPLES: Barium sulphate (dense metallic liquid) absorbs all incident x rays, appearing white on the film. Air is also given in the form of effervescent granules with a sip of water, so double contrast studies are obtained. Air fills the stomach and so allows wall to be visualised, making it easier to see small lesions.

· PREPARATION: Meal: NBM for 6 hours before. Enema: Purgatives and laxatives to clear out the bowel. SE from laxatives ( stomach ache as well as sending patient rushing to toilet. SE: from contrast especially in patients who are asthmatic or have a history of previous reaction to contrast need to be made known to department before attendance.

	· TOMOGRAPHY

	· PRINCIPLES: Instead of x ray tube and table being fixed, tube rotates around patient on table. This gives slices through patient, and image can be recorded on film or on an image intensifier system, which is basis of CT. CT: Tube rotates around patient and computer produces image from raw data. Modern scanners move patient through the ring at same time as x rays are produced giving enough data to produce 3D reconstructions (Derived from axial, coronal, & sagittal planes).

· PREPARATION: Patient must be able to hold breath for 30 seconds to give good image quality. Give full and relevant info on patient (What do you need to know? What is the provisional Dx?). If Pelvic / Abdominal CT, NBM for 4 hours prior to scan. Gastrograffin, a dilute liquid containing iodine used to opacify bowel, making interpretation easier is then given (4 hours / 20 minutes, respectively). Remove jewellery.

	· CAUTIONS:

	· Terratogenic: Check all ♀ of child bearing age. Tests may be needed.

· Contrast: May ( allergic reactions (rash).

	NUCLEAR MEDICINE (Positive Emission Tomography)……….Gamma Rays

	· Carrier molecules labelled with a radioactive tracer are injected into the patient. Because the patient is injected with the tracer, he or she becomes the source of the radiation and emits gamma rays. The collisions of positrons with negatively charged electrons in the body tissues produce gamma rays (similar to x-rays) that are detected by gamma cameras situated around the body.

	· INDICATIONS: Studying physiology of body structures, such as metabolism in brain / heart.

	· THERAPEUTIC DOSE CAUTIONS:

	· Therapeutic administration of isotopes (eg. I-131) has a half life of 8 day and so the patients is radioactive for longer.
· Urinary Incontinence: Radioactive contamination of bedding / chairs.

	· DIAGNOSTIC DOSE CAUTIONS:

	· Diagnostic isotopes (short half life) do not pose the patients or anyone else is at risk and radiation levels are well within the N range of background radiation—exposure ~ watching television.
· Pregnant women: Not normally given. Risk outweighed for PE Dx and ½ N dose is given to minimise dose to fetus.


	NON-IONISING RADIATION

	ULTRASOUND………………………………………………………...Sound Waves

	PRINCIPLES: Sound waves in megahertz range are produced by a transducer, and pass into the body through acoustic coupler (jelly for abdominal / peripheral work, or a water bath when a structure such as the eye is being examined.) Sound waves are reflected back in varying amounts from every anatomical interface and these reflected waves are detected to produce an image.

	INTERPRETING: Bone and other structures containing calcium, such as gallstones, reflect all incident US waves and show up densely white with very black area behind them (acoustic shadow), in which no detail can be seen. US passes easily through liquid, such as urine in bladder, and the liquid increases the sound waves passing through it. This acoustic enhancement increases the signal from the structures behind liquid. The investigation takes place in real time, making the interpretation much easier for the operator. The operator can also view each organ in several planes, see the flow in vessels, and “compress” structures such as the inferior vena cava. These possibilities allow the operator to build up a composite picture of the structures being studied to reach a Dx. Modern machines also incorporate advanced techniques, such as Doppler imaging, specifically aimed at studying flow.

	ADVANTAGES: US imaging is relatively easy, and machines are portable so that they may be taken to wards and intensive care units to examine patients who are ill in bed. It can also help to guide biopsies and facilitate the insertion of drains into abscess cavities thereby avoiding surgery. Radiologists are now doing more and more drainage procedures under US guidance by the insertion of special drainage catheters through the skin. US has no S/Es or C/Is, and patients are extremely accepting of this form of imaging. Usually patients do not need any special preparation. When imaging the pelvis, however, if the patient has a full bladder it pushes the pelvic viscera out of the bony pelvis, making them easier to study.

	DISADVANTAGES: Sound waves cannot pass through gas, so if the bowel contains a lot of gas, images are degraded and Dx cannot be made. Another important limitation is that the operator can only image the abdomen and limbs. Use in the chest is limited to marking pleural effusions for draining, and looking at the heart and pericardium with special cardiac equipment.

	INDICATIONS: US is now widely used in obstetrics, in abdominal imaging, and in vascular imaging. The technique is good for imaging the abdominal viscera and looking at blood flow and does not cause cellular damage at the intensities used for diagnosis. Obstetricians use US to monitor the development of the fetus and to detect fetal abnormalities. The main abnormalities relate to the amount of amniotic fluid, the appearances of the kidneys and heart, and structures such as the nuchal fold, which may be altered in conditions such as DS.

	TYPES: Apart from the standard two dimensional US, other forms of US exist, such as colour Doppler and 3D US. Doctors use colour Doppler to show blood flow in colour against standard grey scale display of organ, particularly when they want to know more about the organ vascularity. 3D US allows accurate determination of volume, especially to visualise small lesions such as breast cancers and to delineate edges of tumours.

	MAGNETIC RESONANCE IMAGING………………………………….Magnetism

	PRINCIPLES: MRI uses strong magnetic field to align all H+ protons in tissue. Alignment is then disrupted by a specific radio frequency energy called Larmor frequency. As the protons recover their alignment, they emit radio signals and these can be measured and converted by a computer using Fourier principle to produce an image. Each tissue produces different radio signals which the computer recognises and thus the image is made up of shades of grey.

	SHOULD I USE MRI OR CT? Indications for MRI are similar to CT, but CT is better when looking at bone, and MRI is better at characterising soft tissue, especially in brain. The images produced by MRI are exquisite, and are almost identical to a living anatomy section. MRI is supreme in neurological imaging and in showing the internal detail of structures such as the knee and spine and also in abdomen and pelvis. An essential consideration for any department is relative costs of MRI and CT machines and also running costs. A top of the range 16 multislice CT machine, capable of high speed imaging and 3D reconstructions, costs around £500 000, and an MRI machine some 50% more, at around £800 000. The running costs and the installation problems are also greater for MRI. A series of MRI images takes much longer to produce than a CT scan, and the different MRI sequences cannot all be acquired at the same time. For this reason, in certain cases—such as chest and heart problems— CT is preferable. Despite the high speed of a multislice CT, you need to allow 15-20 minutes for each patient from start to finish, even though a complete chest scan can be done in 16 seconds. When there is a problem, you should discuss it fully with the imaging department. 

	DISADVANTAGES OF MRI: Although MRI produces superb images, the length of time required to produce the images, the noise, and the claustrophobic atmosphere may make MRI impractical in certain situations. If a patient moves the image may also be degraded.

	PREPARING A PATIENT FOR AN MRI SCAN: There are certain points that you need to stress to the patient before a scan. Because the patient lies near the walls and the tunnel is so long, patients may experience severe claustrophobia, which occurs in 15%-20% of cases. The machine is also noisy during operation, and patients may find it disconcerting. Some patients need to be examined under general anaesthetic. Due to the intense magnetic field, care must be taken that no magnetic objects are in the room, such as credit cards in the patient’s pocket. The magnetic field could wipe the magnetic strip on the card. More importantly, radiologists need to know whether the patient has any metal clips in their body, such as clipped cerebral aneurysms, pacemakers, or artificial joints. Non-magnetic metals usually pose no problems, but steel clips, depending on their location, might well be a contraindication to using MRI. If you know of any such clips, then say so on the request form, as sometimes the patient may not be aware of them. Radiologists also need to know that there are no tiny metal fragments in the eye. These could move under the intense magnetic field, and in extreme cases destroy the eye. Intrauterine contraceptive devices and hip replacements do not usually present a problem, although patients with hip replacements sometimes say that they feel warmth there. Other questions in the checklist help to prevent any untoward problems arising—for example, as the scan takes a long time, diabetic patients need to know so that they do not have a hypoglycaemic reaction. Radiologists also need to know the weight of the patient, as the machine has a weight limit, and if the patient is too heavy, then they cannot be scanned. Patient size is also important, since obese patients may not fit in the scanner. Open magnet scanners exist, which look like two hamburger buns above and below the patient, and radiologists can use this type of scanner for obese patients.
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	CHEST X-RAYS


	[image: image2.png]~————————Trachea

Superior vena cava-
Aortic arch
Left hilum

Pulmonary artery
branches fan out

Left atrum
Right atrium 1) 2 Lung peripheries
& Left ventricle

Right hilum and al
right main bronchus P)

Cardio-phrenic angle

f

Costophrenic angle





	Introduction

· Correct way around?

· Type of Film? (Most are PA since heart is magnified on AP. AP if pt cannot sit up.)

· Name (ID purposes)

· Sex (Presence of breast shadow)

· DOB? (May give clue to Dx)

	Date taken

· “This is a PA chest x-ray of Mr. Weston taken today at 12 noon.”

	Rotated: Checked by looking at the clavicle heads (medial ends) and checking that the spinous processes are midway between them.
· “The X-Ray is not rotated.”

	Exposure and penetration: Checked by the clarity of the vertebrae- should just be able to see disc spaces through the heart.

· “There is adequate exposure and penetration.”

	Inspiration: Diaphragm should lie at level of 6th rib interiorly ( Visibly there should be 6 anterior ribs / 10 posterior (>9-10 anterior = hyperinflation)
· “There is good inspiration.”

	Anything Obvious: NG tubes, ECG leads, Central lines etc.


	SYSTEMATIC: Some Bastard Took My Plastic Dinosaur!

	SOFT TISSUES, including breast shadows.

· “The bones and soft tissue seem normal.”

	BONES: Arms ( shoulders ( clavicles ( ribs (sometimes best seen with xray turned onto side). Is there a fracture?

	TRACHEA, is it straight?

·  “The trachea is central and not displaced.”

· 3 conditions that PUSH / PULL Trachea & Mediastinum…

· PUSH: Pleural effusion.

· PUSH: Tension Pneumothorax.

· PULL: Lung Collapse.

	MEDIASTINAL STRUCTURES & heart shadow size / shape. 

· Heart should not make up > than ½ thoracic cavity.

· 2/3 Of the heart should lie on the LHS, 1/3 on the RHS.

· LHS: Made up by LA & LV

· RHS: Made up of RA alone (RV sits anteriorly ( (seen on PA).

· “There is no shift of mediastinum. The mediastinal contours and hila seem normal.”

· HEART ENLARGEMENT:

· > Common reason is Heart Failure. Associated Signs:

· Upper lobe blood diversion.

· Kerley B lines.

· Bat’s wing haziness.

· Alveolar shadowing.

· HILA ENLARGEMENT:

· Due to abnormality in any of three structures the lie in hila:

· PULMONARY ARTERY: PA HT due to mitral valve disease;  Chronic pulmonary emboli; 1o Pulmonary HT.

· MAIN BRONCHUS: Carcinoma in proximal bronchus.

· LYMPH NODE: Infection (TB), Spread from 1o lung tumour, Lymphoma, Sarcoidosis.

	· PLEURA. Look at the pleural edge & then lung fields & fissures.

· Lungs: Start at apices and work down.

· “The lungs seem clear with no pneumothorax.”
· PNEUMOTHORAX:

· Associated signs:

· One ½ of lung may be > radiolucent (blacker).

· Identifyable lung edge.

· Shift of mediastinum (Tension Pneumothorax).

· Fracture of ribs.

· Surgical Emphysema.

· LUNG SHADOWING- Interstitial:

· Pleural space: Surrounds bronchi, vessels and groups of alveoli.

· Reticulonodular shadowing (criss cross lines / tiny nodules).

· CAUSES…

· Accumulation of fluid: Pulmonary Oedema, Lymphangitis carcinomasota

· Inflammation ( Fibrosis: Industrial lung disease, Inflamatory arthratides such as RA, Fibrosing alveolitis, Sarcoidosis.

· LUNG SHADOWING- Air Space: (aka Consolidation e.g. Pul Oedema)

· Airspace runs form trachea to alveoli.

· Alveoli fill first, sparing the bronchi ( air bronchogram

· Airspace filled with

· FLUID (severe pulmonary oedema)

· PUS (infection)

· BLOOD (Goodpasture’s Syndroe)

· TUMOUR (alveolar carcinoma)

· Which zones are consolidated? Eg. Right mid and lower zones.

· Pleural Effusions Vs Consolidation

· Consolidation (Alone) ( No ( in volume of haemothorax ( no Mediastinal Shift

· Consolidation: May affect only one lobe (lobar pneumonia), have a more patchy appearance (bronchopneumonia).

· Effusion ( Fluid level (If pt is upright)

· Effusion (Large) ( Medistinal shift to opposite side.

· LOBAR COLLAPSE

· Cause: Proximal obstruction (e.g. neoplasm, mucous plug, foreign body- may be seen) ( ( A/E( ( volume ( collapse 

· Volume ( (…

· Pull of mediastinum to consolidated side

· Pull of hilum from where it normally lies.

· Pull of horizontal fissure up / down in Right upper / lower collapse.

· Pull of non collapsed lung to fill opposite hemi-thorax.

· Upper ( Anterioly ( Increased Shadowing In Upper Zone.

· Middle ( Anteriorly ( Wedge Shape Over Heart.

· Lower ( Inferio – Posteriorly ( Hemidiaphragm Contour Lost.

· CONFLUENT OPACIFICATION OF HEMITHORAX

· Cause…

· Consolidation

· Pleural Effusion

· Complete collapse: Mediastinum ( White out of abnormal side.

· Post Pneumonectomy: Mediastinal shift + fluid + fibrotic material to empty hemithorax.

· MULTIPLE DISCRETE NODES IN LUNGS

· Do not have linear or reticular component.

· SMALL (<5mm): Causes…

· Miliary [tiny seends] TB, Sarcoid, Metastases, Pneumo-coniosis (from coal dust), Chickenpox pneumonia.

· LARGE (>5mm): Causes…

· Common: Metastases- Esp breast, testes, GI tract, kidney, thyroid.

· Rare: Inflammatory nodules (Eg. Vasculitis, RA, Wegener’s granulomatosis).

· SINGLE NODULE OR MASS IN LUNG

· 2 main causes…both of which may ( cavitation

· INFECTION: TB

· 1o TB: Peripheral lung mass + enlarged hilar lymph node +/- consolidation.

· 2o TB: Patchy consolidation (upper lobes) which may cavitate +/- effusions +/- miliary TB. ( ( mediastinal lymphadenopathy)

· (Other infections ( cavitations are: pneumonias due to Staphylococcus, Klebsiella, and Cryptococcus.) 

· (Pneumocystis carinii, can form cysts which look similar to cavities.)

· NEOPLASM: Primary bronchial tumour, Single Metastesis.

· Associated features: Any site (from central to peripheral lung), May cavitate, Spiculated, irregular outline, Distal consolidation or collapse, Pleural effusion, Hilar lymphadenopathy, Local bony destruction, Multiple bony metastases

	· DIAPHRAGM. Look at shape of the diaphragm & where it meets the heart, also look underneath the diaphragm (check no free air).
· “There is no free air under the diaphragm.”


	REVIEW AREAS

	·  “I have not identified an abnormality and so I’ll now look through my review areas.”

· Now look at all the places you always forget to look:

· Behind the heart

· Apices

· Under clavicles

· The costophrenic angle (if blunted, may be pleural effusion) & cardiophrenic angle & interface.


	SUMMARY

	Now present a summary of your findings and possible differential, including any other investigations you would do, for example, a lateral chest x-ray.


	LATERAL CHEST X-RAYS: (2 Areas to look at)

	· Heart lies anteroferiorly- Compare blackness of ….(should be equal)

· Superior / Anterior should be black (lung)

· If opacified: Disease in ant mediastinum / upper lobes.

· Posterior to hemi-diaphragms should be black.

· If opacified: Collapse / Consolidation in lower lobes.


	EXTRAS

	· Children: Thymus is N up to 6/12

· Pleural Effusions: Gives meniscus sign (shadowing at edge).

· Some examiners prefer the term Radiograph (can’t see the x RAYS)


	IMPORTANT DEFINITIONS

	· PLEURAL EFFUSION: Exudation of fluid from blood / lymph into pleural cavity (in one side of the chest cavity around the lung). May be 2o to trauma, cancer, nephrotic syndrome, kidney disease, pancreatitis, congestive heart failure and cirrhosis. 

· PULMONARY OEDEMA: Severe state of ( interstitial fluid within lung that ( flooding of the alveoli with fluid ( Severe disturbance of gas exchange across alveolar surface. Often results from the ineffective pump function of the heart (noncardiac causes also exist).

· LUNG CONSOLIDATION: Replacement of alveolar air by fluid, cells, tissue, or other material (Pulmonary Oedema is a type of consolidation).
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