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Abstract  

Exposure to the undersea environment has unique effects on normal 
physiology and can result in unique disorders that require an 
understanding of the effects of pressure and inert gas supersaturation on 
organ function and knowledge of the appropriate therapies, which can 
include recompression in a hyperbaric chamber. The effects of Boyle’s 
law result in changes in volume of gas-containing spaces when exposed to 
the increased pressure underwater. These effects can cause middle ear and 
sinus injury and lung barotrauma due to lung overexpansion during ascent 
from depth. Disorders related to diving have unique presentations, and an 
understanding of the high-pressure environment is needed to properly 
diagnose and manage these disorders. Breathing compressed air 
underwater results in increased dissolved inert gas in tissues and organs. 
On ascent after a diving exposure, the dissolved gas can achieve a 
supersaturated state and can form gas bubbles in blood and tissues, with 
resulting tissue and organ damage. Decompression sickness can involve 
the musculoskeletal system, skin, inner ear, brain, and spinal cord, with 
characteristic signs and symptoms. Usual therapy is recompression in a 
hyperbaric chamber following well-established protocols. Many 
recreational diving candidates seek medical clearance for diving, and 
healthcare providers must be knowledgeable of the environmental 
exposure and its effects on physiologic function to properly assess 
individuals for fitness to dive. This review provides a basis for 
understanding the diving environment and its accompanying disorders and 
there management. 
 
Keywords: Diving medicine, Barotrauma, Decompression sickness. 
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Introduction 

istorians are unable to identify the first divers. Probably 

the techniques they used were similar to those of the 

native pearl and sponge divers. They may have used a stone 

weight to ensure rapid descent, but it is unlikely that they could 

dive deeper than 30 meters, or spend longer than 2 minutes 

underwater. Later, diving was employed for military purposes 

(such as destroying ships anchoring cables, boom defences, etc.) 

and for salvage work. Divers took part in great naval battles 

between 1800 BC and 400 BC. Commercial diving evolved 

through the 19th and 20th centuries and encompassed salvage 

and shell diving, extending into exploration, deep diving, off 

shore oil rigs, aquaculture, ecology and most importantly for you 

-recreational diving (Edmonds et al., 2012). 

Exposure to the undersea environment has unique effects 

on normal physiology and can result in unique disorders that 

require an understanding of the effects of pressure and inert gas 

supersaturation on organ function and knowledge of the 

appropriate therapies, which can include recompression in a 

hyperbaric chamber. The effects of Boyle's law result in 

changes in volume of gas-containing spaces when exposed to 

the increased pressure underwater. These effects can cause 

middle ear and sinus injury and lung barotrauma due to lung 

overexpansion during ascent from depth. Disorders related to 

diving have unique presentations, and an understanding of the 

H 
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high-pressure environment is needed to properly diagnose and 

manage these disorders. Breathing compressed air underwater 

results in increased dissolved inert gas in tissues and organs. On 

ascent after a diving exposure, the dissolved gas can achieve a 

supersaturated state and can form gas bubbles in blood and 

tissues, with resulting tissue and organ damage. Decompression 

sickness can involve the musculoskeletal system, skin, inner 

ear, brain, and spinal cord, with characteristic signs and 

symptoms. Usual therapy is recompression in a hyperbaric 

chamber following well-established protocols (Alfred, 2014). 

Diving and Subaquatic Medicine is a concise and 

clinically authoritative guide to all aspects of diving medicine. 

It encompasses the full range of diving disorders exhibited by 

both amateur and professional deep sea divers, presenting each 

medical disorder from a historical, etiological, clinical, 

pathological, preventative and therapeutic perspective 

(Edmonds et al., 2015). 

Recreational diving was originally centered in coastal 

areas, but with the increasing popularity of the sport, divers are 

now found increasingly in inland lakes, pools, and quarries. 

Therefore, divers can present with diving-related disorders in 

any area of the country (Alfred, 2014). 
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AIM OF THE WORK 

he aim of this work is to review the critical illness and its 

management in diving. 
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Chapter One  

PHYSICS OF DIVING 

n all diving operations, safety is the primary consideration. 

One key to safety is a clear understanding of the physics of 

diving. Physics is the field of science dealing with matter and 

energy and their interactions. This chapter explores physical 

laws and principles that are related to the diving environment 

and its influence on the diver. The principles of physics provide 

the keystone for understanding the reasons for employing 

various diving procedures and the operation of associated 

equipment (NOAA, 2010). 

1. PRESSURE 

Some of the major physical hazards are related to the 

effects of pressure. Pressure is defined as force per unit area. i.e. 

Area

Force
essure =Pr  

If a force is spread over twice the area, the pressure is 

halved. The pressure acting on a submerged diver has two 

components: 

A. The atmosphere above the water, termed atmospheric 

pressure. 

B. The weight of the water above the diver, termed hydrostatic 

pressure. 

(Edmonds et al., 2012)  

I 
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At all depths, the diver must compensate for the pressure 

exerted by the atmosphere, by the water, and by the gases being 

used for breathing under water. This compensation must always 

be thought of in terms of attaining and maintaining a balance 

between the pressure inside the body and the external pressure 

(NOAA, 2010). 

Atmospheric Pressure 

Atmospheric pressure is the pressure exerted by the earth's 

atmosphere; it decreases with altitude above sea level. At sea 

level, atmospheric pressure is equal to 14.7 pounds per square 

inch (psi) or one atmosphere (atm) Tab(1) . for example, at 

18,000 ft. (5,486 m), atmospheric pressure is 7.35 psi, or half 

that at sea level. At sea level, atmospheric pressure is considered 

constant and universal; that is, anywhere on the earth at sea 

level, the pressure is 14.7 psi. The pressure inside a person’s 

lungs is the same as the pressure outside (NOAA, 2010). 

Hydrostatic Pressure 

Hydrostatic pressure is pressure due to the weight of 

water. The weight of water is cumulative; the deeper the dive, 

the more water there is above the diver and the greater the 

weight of that water. This weight affects a diver from all sides 

equally (NOAA, 2010). 

Water is much denser than air and 10 meters (or 33 ft.) of 

sea water exerts the same pressure (weight) as the whole 150 

km of atmospheric air i.e. 1 ATA. For every additional 10 
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meters the diver descends, the water will exert a further 

pressure, equivalent to another atmosphere (1 ATA) (Edmonds 

et al., 2012). 

In freshwater, 34 ft. (10.4 m) equals 14.7 psi or 0.432 psi 

per foot of freshwater (ffw). Thereafter, for every 34 ft. of 

additional depth in freshwater, the hydrostatic pressure 

increases by one atmosphere Fig (2) (NOAA, 2010). 

Absolute Pressure 

The sum of atmospheric pressure plus hydrostatic pressure 

is called the “absolute pressure.” Absolute pressure can be 

expressed in many ways, including "pounds per square inch 

absolute" (psia), "atmospheres absolute" (ata), feet of seawater 

absolute (fswa), feet of freshwater absolute (ffwa), or millimeters 

of mercury absolute (mmHga) (James and Joiner, 2001). 

To calculate the absolute pressure acting on a diver at a 

given depth in terms of atmospheres, divide the depth in meters 

by 10 (since every 10 m. sea water exerts 1 atmosphere 

pressure) and add 1 (the pressure of the atmosphere above the 

water).e.g. the absolute pressure at 40 meters is [40 ÷ 10] + 1 = 

5 ATA(The depth in feet, divided by 33 + 1 also calculates 

absolute pressure, for those in the USA,e.g. the absolute 

pressure at 99 ft. is 99/33 +1 = 4 ATA) Fig (1)  (Edmonds et 

al., 2012). 
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Figure (1): Atmospheric and Hydrostatic Pressures (depth) added and thus 
converted to Absolute Pressure (Edmonds et al., 2012). 
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Figure (2): Weight of air and water A: one square inch column of air 
extending from sea level to the top of the atmosphere weighs 14.7 lbs. 
One half of the weight is contained in the first 18,000 ft. (5,486 m or 3 1/2 
miles) of the column. B: one-inch square column of seawater 33 ft. (10.1 
m) deep and a column of freshwater 34 ft.(10.4 m) deep each weigh 14.7 
lbs. C: At a depth of 34 ft. (10.4 m) of freshwater, the sum of atmospheric 
and hydrostatic pressures equal 29.4 lbs (NOAA, 2010). 
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Table (1): Common units of pressure (approximately): 

1 Atmosphere 

= 10 meters sea water 

= 33 feet sea water 

= 34 feet fresh water 

= 1 kg/cm2 

= 14.7 lbs./in2, psi 

= 1 bar 

= 101.3 kilopascals, kPa 

= 760 millimeters mercury, mm Hg. 

 (Edmonds et al., 2012) 

Gauge Pressure 

The difference between atmospheric pressure and the 

pressure being measured is “gauge pressure” (NOAA, 2010). 

Divers’ depth gauges are calibrated only to read the 

hydrostatic pressure (the depth of water) and so they read zero 

at sea level. They do not read the 1 atmosphere (1 ATA) above 

them. Thus the “gauge pressure” is always 1 atmosphere less 

than the true or “absolute” pressure. 

Hydrostatic pressure in diving is generally measured by a 

pressure or depth gauge. Such a gauge is normally set to 

register a pressure of zero at sea level and so it ignores the 

pressure due to the atmosphere (1ATA) Tab (2)  (Edmonds et 

al., 2012). 
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Table (2):  Gauge Pressure. 

Absolute 

Pressure 

Gauge 

pressure 

Depth 

of seawater 

1 ATA 

2 ATA 

3 ATA 

4 ATA 

0 ATG 

1 ATG 

2 ATG 

3 ATG 

Surface 

10 meters(33ft) 

20 meters(66ft) 

30 meters(99ft) 

ATG: Atmospheric Gauge Pressure 
ATA: Atmospheres absolute  

(Edmonds et al., 2012) 

Partial Pressure 

With a mixture of gases, the proportion of the total 

pressure contributed by each of the gases is called as (partial 

pressure). The partial pressure contributed by each gas is 

proportional to its percentage of the mixture. Each gas 

contributes the same proportion to the total pressure of the 

mixture, as its proportion in the composition of the mixture 

(Dalton's law).e.g. air at 1 ATA contains 21% oxygen, hence 

the partial pressure of oxygen is 0.21 ATA and air at 1 ATA 

contains 78% nitrogen, hence the partial pressure of nitrogen is 

0.78 ATA (Edmonds et al., 2012). 

2. BUOYANCY 

It is important to understand principle and factors 

affecting buoyancy. 

Density 

Density is defined as mass per unit volume mass can be 

considered to be the same as weight, so density is equivalent to 

weight per unit volume. 

Volume

Mass
Density =  
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Specific Gravity 

Specific gravity is the ratio of the weight of a given 

volume of a substance (relative density) to that of an equal 

volume of another substance [water (for liquids and solids) and 

air (for gases) are used as standards].  

Water has a specific gravity of 1.0 at 39.2°F (4C). 

Substances those are denser than freshwater have a specific 

gravity greater than 1.0. Thus, the specific gravity of seawater 

is 64.0/62.4 = 1.026 (NOAA, 2010). 

The concept of specific gravity is important since the 

specific gravity of a substance determines whether it will float 

or sink in water. 

Lead, with a specific gravity of 13.5, does not float well, 

whereas oil, with a specific gravity of 0.8, floats easily — 

producing an oil slick. 

The human body has a specific gravity of slightly greater 

than 1, depending on its content (fat has a specific gravity less 

than 1, and bones are greater than 1) but the air content of the 

lungs provides enough buoyancy to allowmost people to float 

(Edmonds et al., 2012). 

WATER  

Freshwater 

Odorless, tasteless, very slightly compressible liquid 

oxide of hydrogen, freezes at 32°F (0C), and boils at 212°F 

(100C). In its purest form, water is a poor conductor of 

electricity. 
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Seawater 

Contains just about every substance known. Sodium 

chloride (common table salt) is the most abundant chemical. 

Because of its components, seawater is a good conductor of 

electricity. 

Archimedes’ Principle (Buoyant Force) 

"Any object wholly or partly immersed in a fluid is 

buoyed up by a force equal to the weight of the fluid displaced 

by the object." 

If the weight of the displaced water (total displacement) 

is greater than the weight of the submerged body, the buoyancy 

is positive and the object floats. If the weight of the displaced 

water is less than the weight of the object, then the buoyancy is 

negative and the object sinks. If the weight of the object is 

equal to the weight of the displaced water, then buoyancy is 

neutral and the object is suspended. 

Buoyancy is dependent upon the density of the 

surrounding liquid. Seawater has a density of 64.0 pounds per 

cubic foot, compared to 62.4 pounds per cubic foot for 

freshwater. The greater the density, the greater the buoyancy 

force. Thus, it is easier to float in seawater than in a freshwater 

lake (NOAA, 2010). 

3. Gases associated with diving 

Atmospheric Air 

Air consists of a mixture of O2 + N2 + a trace of carbon 

dioxide (CO2), and minute amounts of rare gases. Rare gases 


