
 

 

 

OEDEMA (PERIPHERAL) 

 

“The Temptation of St. Anthony”, oil on canvas, Salvador Dali, 1946, Musées Royaux 

des Beaux Arts de Belgique, Brussels. 

 

“It seems to be one of the fundamental features of nature that fundamental physical laws 

are described in terms of a mathematical theory of great beauty and power, needing quite 

a high standard of mathematics for one to understand it. You may wonder: Why is nature 

constructed along these lines? One can only answer that our present knowledge seems to 

show that nature is so constructed. We simply have to accept it. One could perhaps 

describe the situation by saying that God is a mathematician of a very high order, and He 

used very advanced mathematics in constructing the universe. Our feeble attempts at 

mathematics enable us to understand a bit of the universe, and as we proceed to develop 

higher and higher mathematics we can hope to understand the universe better”.  

 

Paul Dirac, “The Evolution of the Physicist’s Picture of Nature”, Scientific American, 

May 1963. 



The Nobel Laureate for Physics, Eugene Wigner, (1902-1995) once wondered about “the 

unreasonable effectiveness of mathematics”. The more physicists explore and understand 

the Universe, the more it seems that it can be described in elegant mathematical terms. 

These constructs of the human intellect give description to the fundamental recurring 

patterns of the “laws of nature” that allow us to understand the Universe we find 

ourselves in. These laws appear to hold true for all parts of the Universe and for all 

times, apart from the very first instant of the Big Bang where all laws break down in an 

infinity of incomprehensible paradoxes.  

 

The fact that we can describe the Universe at all in mathematical terms, led the Physicist 

Paul Dirac, to make his famous observation, that God must be a mathematician. The 

Astronomer Royal Martin Rees, has thought deeply about this enigma. In his thought 

provoking book, “Just Six Numbers”, he identifies six astrophysical numbers that seem to 

describe both on the atomic and the cosmic scale, the structure and the evolution of the 

entire Universe as we know it. These numbers appear to be constants of nature - 

constants that were imprinted on the Universe at the time of the Big Bang.  

 

The first constant is a number known as N and is the ratio of the strength of the electrical 

forces that hold atoms together to the force of gravity that exists between them. This 

number is incomprehensively large; 10
36

 ! But if it had just a few zeros less, only a short 

lived miniature Universe could exist -one in which no creatures larger than insects could 

exist, and there would no time for biological evolution.  

 

The second constant is a number known as ε. It is known as the nuclear efficacy number 

and has a value or 0.007. It reflects the strength of the strong force that binds nuclear 

particles together on the atomic scale.  If the value was slightly smaller, there would be a 

shift of the most tightly bound nucleus (which is iron, atomic number 26) lower down the 

periodic table and a reduction below 92 of the number of stable atoms. If the value were 

higher then the heavier elements would be far more stable. Rees points out the 

remarkable fact that no carbon based biosphere could exist if ε had been 0.006 or 0.008.   

 

The third constant is a number known as omega, Ω. This is a measure of the total amount 

of material in the Universe, stars, gas, and the mysterious dark matter, relative to a 

critical value that determines the expansion or collapse of the Universe under the force of 

gravity. A value higher than what we have would have meant that the Universe would 

have collapsed long ago under the force of gravity. A value lower than what we have 

would have meant no stars could have formed. The expansion speed of the early Universe 

seems to have been very finely tuned.    

 

The fourth constant is a number known as lambda, λ. This entity is one of the biggest 

discoveries in recent physics and gives measure to an unsuspected new force of "anti-

gravity", that appears to be driving the expansion of the Universe, even though it has no 

discernible effect on scales less than a billion light years! But in the far future it is 

destined to dominate over gravity making our universe even darker and emptier. 

Fortuitously its value is very small otherwise its effect would have stopped the formation 

of stars. 

 

The fifth number is a constant known as Q. It is the ratio of two fundamental energies, the 

gravitational binding force, to the rest-mass energy. Its value is about 1/100,000.  If this 



value was slightly smaller, the Universe would be inert and structureless, if bigger it 

would be a violent place dominated by immense black holes. 

 

The sixth number is the number of spatial dimensions in our world, D. This of course has 

been known since humanity first gave it thought, however it is now being viewed in a 

different manner. The macroscopic scale has four dimensions, three of space and one of 

time. But near black holes time behaves differently from its normal arrow of direction - it 

stands still! Furthermore at the time of the Big Bang and on the atomic scale, physicists 

now believe that other hidden and unseen dimensions exist - perhaps as many as ten! 

 

Martin Rees writes that these 6 values essentially provide for a recipe for our Universe, 

The interesting thing about these numbers is that if just any one of them were not the 

value they are, even by just the smallest amount, the Universe as we know it, could not 

exist. But more fascinating still is the fact that there seems to be no particular reason for 

the values that these constants have. None of them can be deduced by knowledge of the 

others, or by any other logic known to humanity. They have all been discovered (and 

some are being further refined) purely by empiric experimental investigation. Rees asked 

the question then - how did we come by this extreme good fortune? Why do we exist 

seemingly on the basis of a whim? There appear to be only three possible explanations 

for this. The first is sheer good luck - a proposal which most physicists dismiss. This then 

leaves just two possible explanations; both profoundly interesting; to some deeply 

disturbing.  

 

The first is that the Universe is somehow a put up job, its parameters teleological set at 

the instant of the Big Bang. This of course has tantalizing religious overtones that many 

scientists - though not all - cannot abide. Martin Rees provides the other explanation. 

Virtually any event no matter how improbable; becomes probable if given enough 

chances. On the scale of the infinite - then anything - anything at all - becomes not only 

probable - but certain! Rees and others wonder if the genesis  event of the Big Bang that 

brought our Universe into being was only one such event of others - perhaps many others 

- perhaps an infinite number, that have been occurring in the past and will continue in 

the future. We find ourselves in this Universe by the sheer luck of numbers. Given 

different physical parameters at the time of a Big Bang, most Universes would be still 

born or inert uninteresting places. But others could exist, yet be very different to our own. 

We may inhabit one Universe within a Multiverse of many possibilities, other Universes 

may exist alongside ours, in dimensions we are unaware of.  

 

In our Universe Salvador Dalian elephants that walk on skyscraper spider legs cannot 

exist according to our laws of physics - they would instantly collapse under their own 

weight; but in a Multiverse they could perhaps exist given an alien set of physical laws! 

Similar Universes could parallel ours to a very close degree, JFK was assassinated in 

our world - but he wasn't in an alternative one!  Physicists such as Rees are quick to 

point out that we have no evidence for the existence of other Universes with different 

physical laws, but their argument is logical and quite compelling. If correct though, the 

logical extension is that anything can exist - anything - somewhere - even elephants that 

walk on skyscraper pencil thin legs! This conclusion is an interesting one - is it really any 

more believable than the possibly of a “put up job?” 

 



The Universe we inhabit is run according to the laws of physics that have their basis in 

mathematics. To understand our Universe we look to these mathematical laws. 

Mathematics may also help us in the field of medicine. When we strive to understand the 

mechanisms of disease, mathematics may help us to some degree. In the case of 

peripheral oedema, we may more fully understand the underlying pathologies via the 

elegant mathematical formula of: Net fluid out = K [(Pc- Pi) –  (c - i)] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



OEDEMA (PERIPHERAL) 

 

Introduction 

 

Peripheral oedema (or edema) is the clinically observable swelling of body tissues from 

the accumulation of extravascular fluid. 

 

Conventionally the term oedema in isolation refers to oedema of the subcutaneous 

tissues, but the term can also refer to pulmonary or cerebral oedema.  

 

Ascites and pleural effusions can also result from the same pathophysiological 

mechanisms.  

 

Oedema can be localized or generalized.  

 

These guidelines refer to primarily to generalized oedema. 

 

Causes of generalized oedema can range from the trivial to potentially life-threatening. 

 

Treatment is directed primarily at the underlying cause. 

 

Pathophysiology 

 

The mechanism of oedema: 

 

Starling’s law describes the factors, which determine fluid movement across the alveolar 

or capillary membrane. 

 

Net fluid out = K [(Pc- Pi) –  (c - i)] 
1,2

 

 

Where: 

 

Pc = capillary hydrostatic pressure 

 

Pi = interstitial hydrostatic pressure 

 

 = Protein permeability 

 

c = plasma oncotic pressure 

 

i = interstitial oncotic pressure 

 

K = filtration coefficient (water permeability) 

 

From Starling’s law  above it can be seen that oedema can be the result of 3 basic 

pathological processes: 

 

● Increased hydrostatic pressure 

 



● Increased membrane permeability 

 

● Reduced intravascular oncotic pressure. 

 

♥ Starlings law specifically refers to protein oncotic pressure but the effect is 

 equally seen with other osmotically active particles such as sodium. 

 

All the causes listed below will be as a result of one or more of these processes. 

 

Causes 

 

Normal physiological: 

 

Smaller degrees of normal physiological dependent limb oedema can occur as a result of:  

 

● Prolonged standing or sitting (in aircraft) 

 

● Hot weather 

  

● Exposure to high altitude  

 

● Drugs: 

 

 ♥ Calcium channel blockers (vasodilation)  

 

 ♥ Contraceptive pill (fluid retention) 

 

 ♥ NSAIDs (salt and water retention). 

 

Pathological: 

 

1. Congestive cardiac failure 

 

2. Protein losing enteropathies 

 

3. Renal disease: 

 

● This may be due to excessive salt and water retention or in particular the 

 nephrotic syndrome where protein is lost through damaged glomeruli. 

 

4. Chronic liver disease: 

 

● Reduced albumin levels, as well and secondary hyper-aldosteronism 

 leading to sodium and water retention. 

 

5. Lymphoedema: 

 



● The major causes of lymphoedema in adults in first world countries are 

 axillary lymph node dissection in patients with breast cancer and axillary 

 or inguinal lymph node dissection in patients with melanoma 

 

● The most common cause worldwide however is filariasis 

 

● Damage from radiotherapy. 

 

6. Malignant infiltration. 

 

7. Pre-eclampsia / eclampsia. 

 

8. Venous insufficiency: 

 

● This refers to intrinsic local disease of the venous system. Most commonly 

 this will be due to varicose veins, (but also scarring from recurrent and/ or 

 incompletely resolves DVTs) seen most commonly in the legs. 

 

9. Myxoedema. 

 

10. Nutritional:  

 

● Thiamine (vitamin B1) deficiency; or Wet beri beri, (essentially a B1 

 deficient cardiac failure). 

 

11. Drugs: 

 

 Predominantly: 

 

● NSAIDs and steroids (mainly from sodium and water retention). 

 

● Direct vasodilators (classically calcium channel blockers). 

 

12. Idiopathic (a diagnosis of exclusion). 

 

Clinical assessment 

 

Clinical peripheral oedema can develop progressively as follows: 

 

● Periorbital oedema, in early stages this is often more apparent in the morning 

 

● Oedema in the hands may first be noticed by tightness of rings 

 

● Dependent limb and sacral oedema (pitting or non-pitting) 

 

♥ Unilateral pitting leg oedema strongly suggests DVT 

 

● Oedema up to the genitalia and lower abdomen 

 



● Severe generalized oedema throughout the body known as anasarca 

 

● Ultimately pleural effusions and ascites. 

 

Clinically oedema can be pitting or non-pitting. 

 

Pitting oedema refers to oedema which “pits” when compressed, (for at least 5 seconds), 

and then remains indented or only very slowly refills, whereas non-pitting oedema is 

oedema that does not pit on compression. 

 

Generally speaking, pitting oedema may not be clinically detectable until there is a 10-

15% increase in body weight. 

 

As a general rule  non-pitting oedema (“Stemmer’s sign”) is caused by lymphoedema or 

myxoedema (hypothyroidism) or localized allergic reactions, and all other causes result 

in pitting oedema. 
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Typical appearance of pitting oedema. Left: the subcutaneous tissues are compressed. 

Right; Indentation remains when the pressure is released, (Science photo library). 

 

Investigations 

 

Investigations are done according to the index of suspicion for any given condition. 

 

The following should be considered: 

 

Blood tests: 

 

1. FBE 

 

 

2. U&Es/ glucose 



 

 ● Renal impairment 

 

3. LFTs 

 

 ● Evidence of liver disease 

 

 ● Check albumin level in particular. 

 

Other more specialized tests are done as clinically indicated: 

 

4. TFTs: 

 

 ● Hypothyroidism. 

 

Urinalysis: 

 

● FWT: 

 

♥ In particular for proteinuria, which if very heavy suggests nephrotic 

 syndrome, (see separate guidelines). 
 

● Microscopy: 

 

♥ For casts which indicates glomerular disease 

 

ECG: 

 

This should be done when cardiac failure is the suspected cause of the oedema. 

 

CXR: 

 

This may show indications of congestive cardiac failure: 

 

● Cardiomegaly 

 

● Pulmonary congestion. 

 

Echocardiogram: 

 

This should be done when cardiac failure is the suspected cause of the oedema. 

 

CT scan/ MRI Scan: 

 

This may be done when obstructive lesions of the abdomen and/or pelvis are suspected. 

 

Distinguishing lymphoedema from other types of oedema can be difficult, especially 

early on in a disease process. A characteristic honeycomb pattern in the subcutaneous 



tissues may also help to distinguish lymphoedema from other oedemas when there is 

diagnostic uncertainty.  MRI is superior to CT in this regard. 
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Lymphogram: 

 

This is a nuclear radiology technique that can be done to directly visualize the lymphatic 

system.  

 

Management 

 

Management is directed primarily at the underlying cause, and with careful use of 

diuretic agents in selected cases. 

 

There should be caution in treating oedema with diuretics when the diagnosis is 

unknown. These can be either ineffective or positively detrimental in some disease 

processes that lead to generalized oedema (such as preeclampsia). 

 

Diuretics should be used with caution or avoided in patients with oedema due to venous 

insufficiency, lymphatic obstruction, or malignant ascites, since the oedema fluid cannot 

be mobilized after the diuretic-induced reduction in plasma volume. 

 

Disposition: 

 

The need for admission will mostly depend on: 

 

● The cause (or where a serious condition is suspected, but the diagnosis needs to 

 be established) 

 

● The severity of the patient's symptoms. 
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