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Develop an understanding of the basic anatomy and physiology of the renal system. 
Kidneys are important for elimination of organic waste products (urea, ammonia and uric acid), 
stabilisation of blood pH, conservation of nutrients, regulation of blood volume and bloody pressure, 
by adjusting volume of water lost in urine, hormone secretion (renin and erythropoietin), activation 
of vitamin D.  
  
Capillaries and glomeruli have small openings called fenestrations which blood pressure forces tiny 
particles and water through. The glomerulus us surrounded by filtering cells called podocytes, 
preventing the passage of blood cells, platelets, and protein molecules into the filtrate. The filtrate is 
composed of plasma, glucose, amino acids, potassium, sodium, chloride and urea. Materials needed 
to maintain homeostasis are reabsorbed into the bloodstream. Dehydration causes the pituitary 
gland to release anti diuretic hormone, causing collecting tubules to reabsorb more water into the 
blood stream. Renal tubules reabsorb useful nutrients and 90% of water from filtrate. 
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99mTc-DTPA is almost entirely cleared by glomerular filtration. Renal extraction efficiency is 20%, 
about 90% of injected dose is in urine by 4 hours.   
  
99mTc-MAG3 gives better image quality, particularly in patients with impaired renal function, 
resulting in good kidney to background ratios. 98% is secreted in the proximal tubule and only 2% of 
the agent is filtered at the glomerulus. The extraction fraction is between 40 to 50%. Approximately 
70% is in the urine by 30mins. MAG is much more expensive than DTPA and requires heating for 
10mins during reconstitution.  
  
131I-Hippuran (Orthoiodohippurate) is the first tracer which was used. There is 90% first-pass 
clearance, extraction efficiency is 70-90% which leads to a high kidney to background ration, with 
maximum renal activity seen in 5 minutes. 80% eliminat4d by tubular secretion, and 20% by 
glomerular filtration: directly proportional to total renal function - relative effective renal plasma 
flow. Approximately 70% is in the urine by 30mins. 
  
99mTc-DMSA is used for high resolution imaging of the renal cortex. It is slowly secreted from the 
blood, 4% per pass. As DMSA has high protein binding 40-50% of the injected dose is present in the 
renal cortex 2hrs after injection with maximum activity at 4-6hrs PI.  
  
99mTc-Glucoheptonate is used for looking at both cortical uptake and glomerular filtration. 80-90% is 
eliminated by glomerular filtration and rapid excretion. Excretion efficiency is about 20%. 10-20% of 
radiopharmaceutical is retained in renal tubular cells 1-2hrs PI which allows for cortical imaging. 
  
  
Scans are in 3 phases - perfusion, functional (paranchyma) and excretion.  
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The lungs have sack like pleura which cover the other surface. Visceral pleura covers lungs and 
parietal pleura lines the thoracic cavity. Pleural space contains fluid to prevent friction during 
breathing. Bronchi and pulmonary blood vessels enter each lung medially at the hilum.  
The left lung is divided by fissure into upper and lower lobes. The right lung is divided by 2 fissures in 
to upper, middle and lower lobes. The trachea divides into right and left main-stem bronchi which 
branch into lobes and then segments of lobes. Terminal elements of bronchi are bronchioles which 
divide into alveolar ducts terminating at alveoli.  
Ventilation and blood flow are not evenly distributed in lungs, with posture and gravity playing an 
important role.  
  
COPD is characterized by abnormal respiratory flow, effecting approx. 5% of population. Symptoms 
include cough, dyspnoea on exertion and irreversible airflow abnormalities. Smoking is the main risk 
factor, but it can also be caused by occupational exposure (black lung), childhood respiratory 
infections, and air pollution. 
V/Q scan will show abnormal ventilation with or without abnormal perfusion. 
  
Interstitial lung disease is characterised by initial alveolitis, followed by progressive substitution of 
alveolar structures with fibrous (scar) tissue. Main risk factor is occupational exposure to asbestos, 
but may be idiopathic. 
V/Q scan will show both abnormal ventilation and perfusion. 
  
Lung infections are caused by a virus or bacteria, where the alveoli in one or both lungs fill with pus 
and fluids, hindering gas exchange. This causes severe pulmonary dysfunction, with cough, fever, 
dyspnoea, chest pain and tachycardia. 
  
Lung tumors increase in size and may block involved bronchus and neighboring branches of 
pulmonary artery, leading to perfusion defects distal to the obstruction. If tumor continues to grow, 
whole lung may be affected. 
V/Q scan will demonstrate matching defects in ventilation and perfusion, however, severe disease 
may see absent ventilation in one whole lung. 
  
An embolus is a small part of a clot that breaks off and travels to another part of the vascular 
system. A pulmonary embolism (PE) is when the clot has broken off and travelled to the lungs via 
the venous system. Venous thrombi are composed of fibrin and erythrocytes, with a small platelet 
head. Symptoms include acute dyspnoea, pleuritic chest pain (sharp), and haemoptysis. Risk factors 
include; post operative, trauma, prior DVT or PE, venous stasis, immobilization, and certain drugs 
such as oral contraceptive pill. After acute embolism there will be a decrease in perfusion and 
transient decrease in ventilation. Treatment includes thrombolytic therapy (streptokinase) and 
anticoagulant therapy (warfarin).  

D-dimer blood test detects fibrin degradation in the blood. Serum level less than 500ng/L excludes 
PE with 90-95% accuracy. A negative D-Dimer in a low probability case of suspected PE rules out the 
diagnosis of PE. A positive D-dimer indicates presence of abnormally high level of fibrin degradation 
indicating significant clot (thrombus) formation and breakdown in the body. 

Chest x-ray commonly used to assess lung structure in any patient with respiratory symptoms. It can 
be used to detect atelectasis which is a collapse or incomplete expansion of the lung or part of the 
lung. It can help rule out PE by detecting other common issues.  
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BMD is used to measure the relative density of bone.  It is recommended for post-menopausal 
women not taking estrogen or who are particularly tall (>170cm) or thin (<57kgs); patients with 
personal or maternal history of smoking or hip fractures, men with clinical conditions related to 
bone loss; and any patients taking medications with side effects of bone loss - corticosteroids, anti-
seizure medication, barbiturates and high-dose thyroid replacement therapy. 
It is also recommended in patients with type 1 diabetes, liver disease, kidney disease, or family 
history of osteoporosis, excessive collagen in urine - from high bone turnover, thyroid conditions, 
parathyroid conditions, fracturing after minimal trauma, and other signs of osteoporosis.  
  
BMD techniques rely on attenuation of photons of a given energy by soft tissue and bone. These 
measurements are made bet on trabecular bone (spongy bone) rather than cortical bone (hard 
bone).   
DEXA BMD is the standard method for measuring bone mineral density and will most commonly be 
performed on the lumbar spine and hips. DEXA item numbers: 

12306 - confirmation of diagnosis of low BMD made on basis of one or more fractures 
resulting from minimal trauma or, for monitoring low BMD from BD at least 12 months prior.  
12312 - diagnosis and monitoring of bone loss associated with: prolonged glucocorticoid 
therapy, conditions that cause excess glucocorticoid secretion, male hypogonadism, or female 
hypogonadism lasting more than 6 months at <45 years of age.  
12315 - diagnosis and monitoring of bone loss associated with primary hyperparathyroidism, 
chronic liver disease, chronic renal disease, proven malabsorptive disorders, rheumatoid 
arthritis and conditions associated with thyroxine excess.  
12321 - measurement of BD 12 months following significant change in therapy for: established 
low BMD or confirmation of presumed low BMD post fractures under minimal trauma.  
12323 - measurement of BMD for someone >70 years old. 
  

Osteoporosis is a common bone disease resulting in fragile bones which are susceptible to fracture. 
It is part of the normal ageing process but can also result from many diseases. It is causes by the rate 
of bone resorption exceeding formation, leasing to loss of BMD. It is typically asymptomatic, 
however, it contributes significantly to fracture in the elderly.  
Modifiable risk factors include: smoking, inactive lifestyle (low physical activity), excessive alcohol 
intake,  low body weight, diet low in calcium, vitamin D deficiency and frequent falls.  
Non-modifiable risk factors include: gender (females), race (caucasian or asian), small build, delayed 
puberty, early menopause, previous osteoporotic fracture, direct relative with previous osteoporotic 
fracture, age (>60y.o.), rheumatoid arthritis, chronic liver disease, chronic kidney disease, 
malabsorption syndromes, history of overactive thyroid or parathyroid, previous thyroid hormone 
Tx, low testosterone (in males), and long term use of corticosteroids.  
  
Women have a higher risk of developing osteoporosis than men as they experience a sharp decline 
in BMD for approx. 6 years post menopause (1-5%). 
50% of people with one osteoporotic fracture will have another, with the risk of future fractures 
increasing with each subsequent fracture (cascade effect).  
  
Treatment includes medication which work to increase bone mass, decreasing fracture risk; 
increasing calcium intake and vitamin D exposure, doing regular weight bearing exercises, and 
reducing modifiable risk factors. Medications include biphosphonates, zolendronic acid, parathyroid 
hormone, strontium ranelate, HRT and selective oestrogen receptor modulators. 
  


