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Alpha Orionis (Betelgeuse): Xavier Haubois, Observatoire de Paris.

Like all stars except the Sun, Betelgeuse is so distant it usually appears as a single point of light,
even in large telescopes. Still, astronomers using interferometry at infrared wavelengths can
resolve the surface of Betelgeuse and reconstructed this image of the red supergiant. The
intriguing picture shows two, large, bright, star spots. The spots potentially represent enormous
convective cells rising from below the supergiant’s surface. They are bright because they 're hotter
than the rest of the surface, but both spots and surface are cooler than the Sun.

NASA, “Astronomy Picture of the Day” 6" January 2010.


http://www.space.com/scienceastronomy/astronomy/interferometry_101.html
http://arxiv.org/abs/0910.4167
http://hyperphysics.phy-astr.gsu.edu/HBASE/astro/redsup.html
http://apod.nasa.gov/apod/ap001222.html
http://www.nasa.gov/mission_pages/solar-b/solar_013.html
http://apod.nasa.gov/apod/ap980829.html

The most brilliant Constellation in the sky is undoubtedly Orion, the great Hunter. Within Orion
the most brilliant star is the orange-red super-giant Alpha Orionis, otherwise more commonly
known as Betelgeuse. It marks the shoulder of the hunter (Bellatrix marking the other), though to
those of the Southern Hemisphere - perhaps it could be said that it marks the hunter’s hip.
Astronomy writer Bob Berman, was not wrong when he wrote that “Everything about Betelgeuse
is either odd or controversial ”. This brilliant and enigmatic star has been known to humanity
since before recorded history. It can be seen from every corner of the world, apart from the region
of the Southern Pole. The source of its odd name, Betelgeuse, is completely unknown, different
sources give widely different versions, however it is thought to be very ancient indeed. The Arabic
scholar and amateur astronomer George A Davis believed that the name has its origins even
before the time of the great Arabian and Persian Desert dwelling astronomers - and is quite
possibly Sumerian in origin.

Despite its Bayer designation Betelgeuse is (usually) only the second brightest star in Orion, the
brightest being the super-giant Rigel, (Beta Orionis). Betelgeuse is a “variable” star; it may on
occasions outshine Rigel. This is because it is a star that is near the end of its life. At this time
stars of its size become unstable and some can go through periods of rapid enormous expansion
when they shed the outer layers of their atmospheres, only to quickly shrink back once again
under the pull if an unimaginably immense gravity. There is an unstable battle between the
outward radiation pressure of the star caused by the immense heat of its inner core that fights a
titanic battle against its inward collapsing gravity, each side of the equation temporarily winning
out over the other in irregular 3 year periods.

Because of its immense size, its radius is about 1000 times that of the Sun, Betelgeuse is probably
destined to become a Type Il supernova. If Betelgeuse lay where our Sun does its surface would
reach the planet Jupiter during one of its periodic expansions! The Hubble Space Telescope has
actually obtained a visible-light image showing an unmistakable disk and blotchy starspots (the
first seen on a star other than our own Sun) that reveal its rotation. Its outermost shells of gas
largely consist of potassium. This gas shell expands ever more thinly outward to distances that
approach around 300 times that of the Sun to Pluto!

Type Il supernovas occur when a massive supergiant star runs out of thermonuclear fuel, the
outward energy release of which normally keeps the star from collapsing under its own gravity.
The star can then collapse to a neutron star or even a black hole, with a secondary rebounding
supernova explosion. A supernova is one of the Universe’s most awesomely powerful events; the
star can momentarily outshine all the other stars of its parent galaxy combined! What this means
is that from Earth we will see this event with the naked eye as the star suddenly flashes brighter
than the Moon, and lasting for many weeks. Supernovas are one of the most destructive forces in
the Universe, capable of destroying other stars and planets in close proximity - or terrifyingly, of
causing mass extinction events on any planets with life that happen to be within range of its blast.
A gamma ray burst directed at a planet could sterilize its surface if it lay close enough - or simply
blow off its entire atmosphere out into the black abyss!

The frightening thing about Betelgeuse is that it lies close enough to the Earth that the effects of it
going supernova would definitely be noticed by us. And this is not simply some imaginary
intellectual exercise! Most astronomers estimate the Betelgeuse is very close to going supernova.
It may be hundreds or thousands or perhaps even millions of years - but even in the case of the
last estimation - this may be within the time of human habitation on planet Earth, so it could be an
event witnessed by our distant descendants. Unsettlingly this event could already have happened.



Light from Betelgeuse takes six and a half centuries to reach us, so when it does go supernova we
won’t know about for six and half centuries!

Controversy and uncertainty exists, but some say the Earth would be out of the direct line of sight
of any deadly gamma ray bursts, but other effects of radiation in general resulting from the
explosion could be felt - perhaps in the form of spectacular auroras, or of more concern a greatly
accelerated rate of genetic mutations within DNA/ RNA having profound effects on evolution. Bob
Berman wrote that it could cast eerily stark halogen-like shadows across the face of the Earth
(shades of Turner) and probably make our night sky turn a brilliant deep cobalt blue (shades of
Van Gogh's “Starry Night”).

Yet it is out of the cataclysmic destruction of a supernova that new stars and planetary systems are
formed. All the elements heavier than iron are formed in these stupendous explosions. All elements
heavier than hydrogen and up to and including iron, are formed within these stars, and then
dispersed throughout the Universe when they explode. The pressures these explosions exert on
distant nebulae can form these nebulae into stellar nurseries, surrounded by protoplanetary discs
of swirling gas and dust. Every element in the Universe apart from the primal hydrogen formed in
the Big Bang is forged inside massive stars and during the time of them going supernova. We are
all very literally made of the stuff of stars. One day our own Sun will turn into a Red Giant. If
Betelgeuse has not already destroyed humanity, one day our own Sun will, unless we manage to
travel to and colonize other stellar systems.

Potassium is one of the fundamental elements necessary for biological life as we know it. This
element is forged inside the cores of great red giants such as Betelgeuse in particular which
produces it in vast quantities and ejects it for countless light years into the larger Universe. Stars
give life - but they can also take it away - and so it is also with the element potassium - it gives
life, but can also take it away.



POTASSIUM CHLORIDE

Introduction
Potassium Chloride is given to correct states of hypokalemia.
The normal level of potassium is 3.5 - 5.0 mmol / L.

Somewhat arbitrarily the severity of hypokalemia has been defined thus:

° Low normal 3.5-4.0 mmol / L.
° Mild hypokalemia 3.0-3.5mmol /L
° Moderate hypokalemia 2.5-3.0 mmol / L.

° Severe hypokalemia Less than 2.5 mmol / L.

Regardless of the severity of the overall potassium deficit, excessively rapid intravenous infusion
of potassium may result in fatal hyperkalemia.

Intravenous formulations have been altered to minimize this danger.

See also:

° Potassium chloride overdose

° Hyperkalemia

° Hypokalemia

Physiology

The potassium ion is the principal intracellular cation of the cells of most body tissues.

Potassium ions participate in a range of essential physiological processes including:

° The maintenance of intracellular tonicity

° The transmission of nerve impulses

° The contraction of cardiac, skeletal and smooth muscle
° The maintenance of normal renal function

Preparations

Oral preparations:

° Oral preparations are usually in the form of slow release formulations:



v Slow-release potassium chloride tablets (e.g. “Slow K”) contain 8 mmol potassium
per tablet.

v Effervescent potassium supplement tablets (e.g. “Chlorvescent”) contain 14 mmol
potassium per tablet.

Intravenous preparations:

° Potassium chloride comes in “Baxter bags” (or similar premixed infusion bags) containing
10 mmols (or 750 mgs) of KCI in 100 mls normal saline.

° It is much safer to give IV potassium via these 100 ml bags than via more
concentrated ampoule preparations as were used in the past.

This is to reduce concentration, but also to prevent confusion in similarity with
normal saline or water ampoules that are often used for IV cannula rapid bolus
flushes.

° One liter preparations are also available.

The usual maximum concentration of a potassium infusion via a peripheral vein is 40 mmol/L. 2

Pharmacokinetics

Absorption:

Potassium chloride can be given orally or IV
) Potassium is rapidly absorbed from the small intestine.

) IV administration should generally not exceed 20 mmols/hour, or 40 mmol/L in life-
threatening situations.

Distribution:
° It is distributed to the intra-cellular compartment where it is the principle intra-cellular
cation.

Metabolism and elimination:

° Potassium is excreted by the kidneys (95%) and to minor extents from feces and sweat.

° Hyperkalemia will develop when the rate of absorption from the GIT exceeds the
combined rates of redistribution to the intra-cellular compartments and renal excretion.

Indications

These include:



1. For the correction of hypokalemia
2. ACS:

) In cases of Acute Coronary Syndrome, it is desirable to maintain potassium levels
at 4-5 mmols/L.

Contraindications & Precautions

These include:

1. Hyperkalemia
2. Known renal failure/ impairment
3. Drugs which increase potassium levels (e.g ACE inhibitors or potassium sparing diuretics

such as spironolactone).
4, Digoxin toxicity

Adverse Effects

These include:
1. Venous phlebitis:
IV potassium may result in painful venous phlebitis.

This may be prevented by:

° Giving the potassium in dilute solutions.

° Giving the potassium into a larger peripheral vein.

° Giving the solution more slowly.

° Ensuring thorough mixing of solutions prior to administration

2. Cardiac toxicity:

This is the primary concern with potassium administration, especially when given
intravenously.

Regardless of the severity of the overall potassium deficit, excessively rapid intravenous
infusion of potassium may result in fatal hyperkalemia.

Lethality is related to toxic effects of potassium on the myocardium.

The patient will remain asymptomatic until an arrhythmia occurs, without clinical warning.



ECG monitoring is therefore necessary when giving IV potassium:

Toxic ECG changes include:

° Peaking of T waves (the first manifestation).

) Prolonged PR interval.

) Flattening of P wave, which eventually disappears.

° Widening of QRS complex, eventually merging with the T wave to form a “sine-
wave”.

) Sinus bradycardia - sinus arrest = conduction delays - asystole, (however, VT

and VF may also occur).
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The effects of increasing hyperkalemia on the ECG. Levels are in mmol / L.

Dosing
Oral administration:

The oral daily dosing range of potassium chloride sustained-release is 1200 to 3600 mg (= 16 to
48 mmol = 2-6 Slow K tablets) orally, daily in divided doses. 2

IV administration:

The rate of 1V administration for mild to moderate hypokalemia is generally 5 - 20 mmols / hour.
Rates of 20 - 40mmol / hr (maximum) have been used for severe hypokalemia (< 2.5 mmol/L)
with the higher rates being used when there is associated cardiac arrhythmias/ life-threatening

instability.

In these cases where higher doses are being given the following precautions should be kept in
mind: 4

° Baseline potassium level has been documented.
° Normal renal function.

° Adequate urine output.



° ECG monitoring.

Note that rate limiting devices (such as the “IMED”) should be used when giving 1V
potassium.

Note that all orders for 1V potassium should be given in mmols.



Appendix 1

Traditionally potassium was formulated in 10 ml ampoules of concentrated solutions as shown by
the two upper ampoules at the left. The black ampoule held 2 grams in 10 mls. The orange
ampoule contained 10 mmols (or 750 mg) KClI

These ampoules were very similar in size and appearance to 10 ml ampoules of water or normal
saline commonly used for flushing IV cannulae. In consequence fatal mistakes could occur, when
lines were flushed with concentrated potassium mistaken for water or saline.

In view of the potential risk with these 10 ml ampoules, most potassium for 1V administration is
now formulated in 100 mls Baxter bags containing 10 mmols of KCI. Note also that the amount of
potassium is standardized in mmols (as opposed to the older ampoules which could be specified in
either terms of mgs or mmols - a further potential source of confusion).



Appendix 2

Chemistry of Potassium:

Potassium, Life Science Library, “Matter”, 1963.

Elemental symbol: K, from its Latin name kalium
Atomic number 19

Atomic weight. 39.0983

Classification Metal

Physical appearance Silvery white.

Discovered by: Sir Humphrey Davy in 1807.



The brilliant orange star Betelgeuse is seen at the lower right point of the hourglass asterism of
the beautiful constellation of Orion, (Southern hemisphere perspective).
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