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TABLESOR COMPUTERS; HOW BEST TO
CONTROL DECOMPRESSION

Glen Egstrom

Decompression

Every dive is a decompression dive involving on-
gassing and off-gassing from the blood and tissues. There
isno such thing as a no-decompression, or more properly a
no- stop, dive. We use that term to describe dives from
which direct returnto the surfaceisusually safe. Therateat
which we on- and off-gas the tissues is a function of the
pressure gradient, solubility and diffusion characteristics of
thegasesand of theblood flow in varioustissues. Multi-day
multi-level diving may resultinresidual nitrogenlevelsthat
accumul ateover aperiod of dayswhich may not bereflected
in the tables or in diving computers which are not kept
operationa for the duration of multi-day diving excursions.

All tables and dive computers are based upon as-
sumptions. The assumptions may reflect interpretations of
research findings, attitudes of the designer, consistencies of
human behaviour, environmental constants, consistent rates
of changeinpressure, and other factorswhicharenot readily
quantifiable. It should be clearly understood that the as-
sumptions are largely unavoidable since the state of the art
is still under development. Tables and computers are
different because the people behind them have used differ-
ent assumptions, different techniques, different kinds of
modelling formula and unsurprisingly, they come up with
different answers to basically the same problem. The
purpose of table and dive computer technology isto provide
criteriaand monitoring capability that will enableadiver to
plan, and execute, areasonably safedive profile, onewith a
low probability of adecompressionaccident. They aretools
that can help us minimize risks. We must accept their
limitations when we plan and execute our dives and to do
that thediver must devel op the understanding and skill tobe
abletousethem effectively. Theold saying that only apoor
carpenter blames his tools appliesto divers.

The current emphasis on safe decompression proce-
dures has led to considerable confusion. Much of the
confusion appearsto berelated to afundamental misunder-
standing. Many people buy adecompression table or dive
computer withthebelief that it isgoing to protect themfrom
decompression sickness. Allegationsthat aparticular table
or dive computer “bent” someone should be viewed with
extreme caution since tables as well as dive computers are
simply toolsused to reducetherisksassociated with decom-
pressionindiving. Thereisnot and never has been a set of
tables, or a dive computer, that can eliminate 100% of the
risk of adecompression accident 100% of thetime. One of
the reasons for that is pretty obvious, we are all different
physiologically. Thereiswide inter- and intra-individual
variability intheresponseto agivendiving profile. At best,
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wetake acalculated risk each and every timewedive. The
best we can hopeforisthat thetableor divecomputer weare
using on a given dive profile will be compatible with our
individual response and result in a problem free ascent.

Divers, decompression tables and computers

There are many divers who still have not got the
foggiest clue asto what decompression really means. They
simply want to be told what to do and when. Probably the
most common decompressi onroutineiswherethedivemaster
says 24 m for 30 minutes. One comes up at the end of the
dive, sitsout for 45 minutesto an hour and thenistold to go
back to 18 mfor 40 minutes. Everyonedutifully goesabout
their business. Fifteen to 20% ignore the instructor com-
pletely. They go asdeep asthey want and stay aslong they
want and, if they come back up to the surface without any
difficulty, they write down depths and times using the
“Woolworth Effect” (everything finishesin 5s and 10s).

The current situation with regard to tables and dive
computersremindsmeof aremark by Poul Anderson, many
years ago, when he observed, “| have never encountered a
problem, however complicated which when viewed in the
proper perspective did not become more complicated”.

Individuals should know and appreciate their own
limitationsin relationto each dive. Neither thetablenor the
dive computer has a clue regarding ones physiological and
mental state. To reduce decompression sickness risk in
divers we have to look at other things as well as depth and
time. A few of these are age, obesity, physical exertion,
hangovers, state of health, physical condition, post-dive
exercise and dehydration. We dump an awful lot of water
while diving. Immersion decreases central blood volume
and negative pressure breathing also inhibits antidiuretic
hormone. Dry gasis saturated during respiration. You are
exercising, you sweat underwater at ahigh rate. All these
mechanisms take water out of the blood and put it in other
places, including the open sea. A diver working for an hour
at 45 mwill lose about alitreand ahalf from hiscirculating
bloodvolume. Onedoesnot havetogothat deeptobelosing
roughly equivalent to the amount of fluid that an athlete
|oses when running amarathon. Y ou can lose about alitre
toalitreand ahalf an hour, and you should bereplacing that
fluid or you are going to end up in adehydrated state. This
can be cumulative over a number of days. It is also
important to recognize that individual susceptibility to de-
compressionillnesscan changeduring thediveand between
dives on the same day as well as between days.

Regular exposure to increased pressure appears to
reduceindividual susceptibility to decompression sickness.
Thissuggests that a progressive increase in exposure to
greater depthsisagood ideaand that deep divesfollowing
long periods of inactivity are abad idea.

The past
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When | started diving there was only way to do the
job. Youwentin, followed theinstructions, did thedivethe
way you were supposed to and a certain number of people
got hurt and that was of the way the ball bounced. In fact,
when we dive we are still taking a calculated risk each and
every time we put our heads under the water.

My first depth gauge wasacapillary depth gauge. It
was amazingly simple and extremely accurate in shallow
water. Butit getsalittlelessaccurateasonegoesdeeper and
finally thelines get so closetogether that one cannot be sure
of the exact depth.

Later bottom timers and depth gaugesthat are accu-
rate over awider range were produced becauseit isimpor-
tant to monitor depth and time. We really have not come
very far since then. We now pay $US 400 to $US 600 for
devices that are very good time and depth recorders. But
they also do cal cul ationsthat may, or may not, beinour best
interest 100% of thetime. A computer doesnot doany more
thanwehavebeen ableto dofromthetimesincewefirst had
waterproof watches and some kind of depth gauge.

Diversget into the water and look down. Thewater
isclear and everything iswonderful. Someoneinthegroup
seessomething inthedistance Wewander down. Aswego
downwenoaticethat light doesnot penetrateaswell asit did.
That doesnot stop usand probably never will. Ataround 36
mwe find something that istruly wonderful. We now have
afocusof interest. Unfortunately humans, when we start to
narrow our focus, tend to forget about peripheral thingslike
timeand depth. Weloseinterestinhavingtoleavethisdepth
before doing all the thingswewant to do. Finally someone
probably notices that we have been down quite a while,
looks at the depth gauge and at the watch. If they can
remember what time they |eft the surface, they may have a
clueasto how long they have been on the bottom. Thenwe
start to round up thetroopsand go up to towardsthe surface.

Even in the good old days, if we knew that we had
over stayed our welcome in the deep we took it upon
ourselves to do some kind of hang off somewhere in the
water column. Most of us were trained that one must hold
the depth gaugelevel withthe centre of the chest and it must
read precisely 3 m (10 ft). This proved difficult, because
occasionally swells came through and one went from 3to 6
m (10 to 20) ft very rapidly.

Tables

Wehad themuch maligned USNavy (USN) decom-
pression tables of 1958, where 18 m for 60 minutesisano-
stop dive and at 36 m 15 minutesis ano-stop dive. These
tables have the largest database and smallest incidence of
accidents of probably anything we have with acomparable
number of exposures. | get alittleannoyed when people say
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the USN tables are bad. There are some areasin the USN
tablesthat we know are not what they should beand it took
many, many years find that out. Thousands of dives have
been donesafely onthesetabl es, primarily becausevery few
people, including the old USN Chiefsthat run USN diving,
ever operated thetables asthey appear onthe page. Most of
the dives were done at shallower depths. They were not
done as sguare dives, they were done as some kind of
variation of asquaredive. Thetablesaccepted a particular
incidence of decompression sickness. Rumour has that it
onetimeit started off withamodel of 5%. Asthetableswere
refined it camedown. Thelasttimel heard it was0.6%, less
than oneinahundred. Oneinahundredisstill apretty high
incidencewhen onethinksof thekind of damagethat can be
done. But thebottom lineisthat thesetablesarestill widely
used today. Many people reject some of the other tables
becausethey do not really understand what advantagesthey
would get from them.

There are a number of tables available that are
literally the USN tables, rearranged in layout and how to
read them. The numbers and the assumptions underlying
these tables are the same. Some tables were rearranged
because the producers thought that divers were not bright
enough to learn how to use the tables. So they gave them
something to put afinger on and run it around three or four
places to give better accuracy and so better protection.
Unfortunately the protection avail able doesnot changewith
the format.

Therecreational diversnow usingtheUSN tablesare
not young, healthy, male, athleticindividualswho areunder
military discipline. So diving organisations reduced times.
Therearetableswith shorter no-stop times, 50 minutesat 18
minstead of 60. There are minor modificationsin terms of
how these tables predict on- and off-gassing. This is an
interesting approach because logic saysif we cut the times
downwearemaking thesetablessafer. But, infact, making
the times shorter does not eliminate the possibility nor the
probability of decompression sickness. Therearetoo many
other variables.

TheDCIEM tablesarevery popular becausethey are
very conservative. They have adatabase and an experimen-
tal background. Itisinterestingthat whendoing the Doppler
studiesthere were bubbles on about 70% of the divestothe
limitsof depth andtime. They wereonly gradeoneor grade
two bubbles and sometimesafew gradethree bubbles. The
DCIEM team were not really concerned unless there were
grade three bubbles or higher.

Then there is the Recreational Dive Planner or the
PADI Wheel. The PADI wheel is accumulating a good
database. It hasreceived agreat deal of marketing accept-
ance. Itisprobably asgood asanything that isabout. 1t uses
the 60 minutetissueto control therepetitiveinterval because
that fits better with typical recreational dives than the 120
minute tissue used by the USN tables. Itisbased on certain
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assumptionsthat differ fromtheother tables. Thetablesare
being tested and adatabaseisbeing accumulated. However,
it is not going to be a bends free table as there is no such
thing. Aslong as we understand these facts and make the
decisionthat wewant to useit and agreethat wewill takethe
calculated risk that this particular device puts on us, then
everything isfine.

If peopleare bubbling on themost conservative dive
tablesthat wecurrently have, wehaveaproblem. After your
dive today probably more than 60% of you would have
Doppler detectable bubbles, for one reason or another. If
you get on abicycle ergometer and pedal up to amaximum
VO2 level wearing a Doppler, you start throwing some
bubbles at 1 ATA whether you had been diving or not !
Bubbling may not bethebest criteriathat wehavefor safety.
Butit bothered meas, to me, bubbleshave beentheproblem.
Eventhoughthebubblesareonthevenousside, and thelung
is a wonderful filter, we now know that bubbles can pass
through apatent foramen oval eor other shuntstothearteria
side. So any bubbles seem to be something that we should
be concerned about asthere are circumstances under which
thelung does not filter aswell asit doesat other times. We
do not really know much about that and none of that is built
into the tables.

All tables have the same basic problem. They are
concerned with depth and time and certain figments of the
imagination. Thefigments are the assumptionsthat tissues
fall into compartmentsthat have different half times. There
areanumber of thingsthat interferewith thoseassumptions,
but using half timesisstill theway that tablesarederived and
we have data that says that they work realy quite well.
There have been thousands, perhaps hundreds of thousands
, perhapsmillions, of divesonvirtualy all thetablesand we
have arelatively low incidence of decompression sickness.
Perhaps not aslow asit should be but it till relatively low.

Shrinking bottom times

The USN tables no-stop time of 25 minutesat 30 m
was accepted for along time. Then NAUI, PADI, Huggins
and the BS-AC reduced the no-stop limit by 5 minutes, in
order to make it more compatible with the recreationa
population. The Suunto dive computer cut it to 18 minutes,
the Germans came down to 17 minutes, the DCIEM tables
came down to 15 minutes, the MicroBrain and MicroBrain
Pro Pluswent to 12 and 11 minutes respectively. Inciden-
tally, thea gorithmsin these two are done by the same man.

Thereisthe new terminology of risk assessment. It
perhapsisnot new in epidemiology, but for diving itisnew.
What would you have asbottom time at 30 mif you wanted
to have a maximum risk likelihood of 1% ? The current
wisdom saysthat is going to be 8 minutes. Now thereisa
considerable difference between diving 8 minutes at 30 m
(toget that kind of protection, but noticeitisnot perfect, and
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spending 25 minutesat that sameplacewitharisk that isstill
lessthan 1%, statistically 0.6%. | just want to know who is
right. | want someone to tell me what | should do so that |
can get maximum protection.

Each dive computer that comes onto the market
giveslessbottomtimethantheonebeforeit. | think thelogic
behind it is “I have an agorithm that is safer than their
agorithm, how can | be criticised?’. So each onein turn
came out with less. There is a serious problem. If my
understanding of human nature is correct, no one wants to
buy acomputer that only gives9 minuteswhen hispeersare
buying onesthat give 18 or 20 minutes. That would belike
saying | am not asgood or not asfit asthey are. So divers
go out shopping for the set of tablesor dive computer thatis
going to give the most time. Diverswant to be ableto stay
down aslong as possible.

The old SOS decompression meter, rather rudely
called the“bendomatic”, when tested against a set of tables
would often allow the same no-stop dive on every dive of a
repetitive series. The tables however would start stacking
up decompression time so at the end of the four dives the
SOS meter would be about a half hour of decompression
time short. Some got and some did not get decompression
sickness.

Dive computers

The next step was when a group of people put
together an electronicdevice. Weentered thecomputer age.
Orca Industries, in conjunction with Carl Huggins, put
together some algorithms and some computer technology.
The Edge is avery fine watch and depth gauge with some
assumptions intermsof what depth and time mean relative
to tissue compartments. A dive computer has a pressure
transducer, an internal clock, a microprocessor unit, aread
only memory, accessmemory, power supply and someway
todisplay theresults. Within thisbasic construct we put the
infinitely variable human mind to work. We all haveideas
about how and what kind of information should be dis-

played.

Once an individual wasfound to be wearing a Edge
with the five holes that let water get to the pressure trans-
ducer firmly against hisforearm. When asked why he said
that it was the physiological monitoring area and he as-
sumed that it was monitoring his physiology. He would
occasionally make sure that it was in position so that the
monitor wouldwork. Whenit wassuggested that for it work
properly heshould have put theopeningsaway fromtheskin
hewasoutraged because hethought that for around $695, he
was getting something that was monitoring his decompres-
sion status. He was angry when he found out that all it is
monitoring isthe Edge’ sdecompression status. If you have
the same characteristics asthe program inside the Edge you
will be in good shape. If not you have a level of risk
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associated with decompression that is a function of how
different you are to what is going on inside the machine.

The American Academy of Underwater Sciences
(AAUS) recently brought together 50 people from all over
the world, representing medicine, physiology, physics, en-
gineering, highly experienced diversandinstructional agen-
cies. At Catalina Island we went through a lot of the
concerns associated with the question of “Do we use com-
puters or do we use tables?’.

The basic problem isthat using five computers, as|
did, to track the same series of divesit became obviousthat
there are variationsthat ranged from owing decompression
to having hours of remaining dive time. This is redly
unfortunate. Thereasonisthat thealgorithmsdevel opedfor
thedifferent divecomputersaredifferent. Alsoeach meter,
not only had apersonality that differed fromitscounterparts
in the industry, but in many instances they have little
idiosyncrasies that provide subtle differences between in-
struments, such as variations in pressure transducer sensi-
tivity.

Part of thedifferenceistheway they treat multi-level
dives. We want to keep track of on-and off-gassing as we
progressively move towards the surface during our dives.
Thisisgenerally theway that recreational divesaredoneand
thereis alot of heartburn associated with getting a square
dive calculated risk when making amulti-level dive which
should be getting safer.

Because of the differences between computers each
diver relying on adive computer to plan dives and indicate
or determine decompression status must have hisown unit.
AAUS had to make that rule when setting guidelines for
scientific diversbecauseanumber of folksinvolved thought
that one per buddy pair, like a dive watch, was entirely
adequate. But if you have on any given dive two dive
computers, you must follow the more conservative dive
computer. My dive buddy today, | think would have been
alittlemorethanreluctant todivewithmehad heknownthat
on virtually every first dive this week, on one of my
computers | went into decompression. On the other one |
had not. That ispart of therisk that | takeasan individual.

Once a dive computer is in use it must not be
switched off until it hasindicated that compl ete out-gassing
hasoccurred or 18 hourshasel apsed, whichever comesfirst.
If one leaves an Edge on all week usually by the second or
third day it is saying that you still have some nitrogen left
over from yesterday and the pixels start building along the
slow tissue compartment side of itsface. That is probably
reflecting real life.

The notion that we can dive for infinitely long
periodsinshallow water for multipledaysisnow recognised
as more hazardous than previously thought. We are now
more concerned about the potential damage of long multi-
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day and multi-level diving than we have ever been in the
past. Thedive computer does enable usto dive multi-level
becauseit saysyou pay for what you are using at any given
time. When using an Edge watch the pixelsfill in. Notice
that thefast tissuesgoinreally quickly. But whenyoucome
up abit the pixels empty almost instantaneously. The ones
to be concerned about are those of the slow tissuesthat tell
you how much nitrogen you are retaining.

Ascent rate equalsthe rate of change of the pressure
gradient for decompression purposes. Rapid gradient
changeshavebeenidentified asapotential trouble-makerin
the case of decompression problems. Y earsago Campbell
showed that divers come up much faster than they USN
tablesreguire. A group 20 or so sport divers were taken to
the bottom where they were at at 18 m (60 ft). They were
given some nonsense arithmetic to do. The observerswere
ostensibly studying the effects of shallow water narcosis.
They were, however, studying ascent rates. They had a
signalling device to the surface. When the person left
bottom, the signal started a stop watch, which was stopped
when the person broke the surface. Thetime wasrecorded.
The divers were asked “Did you come up at your normal
ascent rate?’ Theanswer wasamost always“Yes'. “How
fastdidyoucomeup?’ Thosewho couldanswer thisusually
said “| came up at no faster than 60 ft per minute with my
small bubbles’. However when we analysed the data, the
averageascent ratefor thegroup wasabout 51 m per minute.

Atthistimethereisconfusionregarding thesaferate
of ascent. Tablesand dive computers are based upon rates
of ascent ranging from 9-18 m per minute. The Edge has
threedifferent ascent ratesdepending upon whereyou arein
thewater column. Themajority opinionisthat ascending at
12 m per minuteis better than ascending at 18 m (60 ft) per
minute. Slower ascent rates are probably less likely to
produce problems for divers.So the AAUS has said that its
peoplewill not ascend faster than 12 m per minuteinthelast
18 m of the water column.

Most people ascend much more rapidly than they
think they do because none of us have areally good way of
being able to monitor ascent rates. Some of the dive
computers today have little lights or messages that will
comeon and if you arewatching, the computer will tell you
when you areexceeding the ascent rate. Some of them even
have audible alarms.

A couple of computers, that are no longer manufac-
tured, simply shut down if you ascended too fast. It would
not give any more information. That was supposed to be a
cluethat you should not diveagainuntil thecomputer turned
itself on sometime later. Aningeniousideabut it left the
diver without advice during the over-rapid ascent.

Taking astop between 3and 9 m for 3to 5 minutes,
whenever practicable, is really cheap insurance. The
advantages of taking safety stops at depths of 5-6 m rather
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than 3 m include better control of depth and position and
possibly more stable off-gassing. This advice is tailored
primarily for those people using dive computers.

Themajority of thecomputerswill et you go back to
30 0r 45 mjust about any timeyouwant to. Thisisbased on
the assumption that if the controlling tissue is afast tissue,
it hasoff gassed. Therewasan Edge Club, whichwasgoing
to doa39 mdiveuntil the pixelsfilled the no-stop areathen
come up and sit until those tissues cleared, then back down
to 39 mand repeat the processall afternoon. They had some
problems.

One of the first rules one learns about repetitive
divingis*“ Alwaysmakeyour deep divefirst and every dive
followingthatina24 hour period, shallower”. Thatispretty
good advice. Evenif the mathematicsin the dive computer
saysthat you can make these deep repetitive dives, humans
really cannot. Y ou haveto besmart enough not to makethat
kind of a mistake.

Oneday, perhaps, wewill have adive computer that
may be ableto factor in afew of the other variables. When
you arefacing into acurrent, your work rateis much higher
than when you are making a nice easy drift. This sort of
thing has not been factored into any of the computersor any
of the tables that we currently have. The closest thingisa
statement in USN tables that said, if the dive is cold or
arduous, you must take that into consideration by going to
the next gradient on the time/depth scale.

Deep diving

Wehaveadeep divemaniadevelopingintheUnited
States. People want to go deeper, they want to stay longer
and they do not want to haveto pay the pricein decompres-
siontime They havegoneinto this* recognising that wecan
useair alot deeper thanwethought”. A man claimsto have
donea452ftdiveonair. | think the only peopleto witness
that divewasthemanandhisgirl friend. That diveisclearly
beyond the bounds of what we would consider reasonable.
However there are some dive computers that are designed
to accommaodate this quest for depth.

We also have computer generated designer tables.
Cavedivers produce one off tablesfor aparticul ar penetra-
tion using a PC fed with the depth profile and the gas mix
(which may be or may not have been obtained by gas
analysis). Thesetablesare used completely untested. They
alsodo not takeinto consideration any of theother variables.

Conclusions

One' srisk of bendsisunpredictableonany givenday
or any given dive. The best thing you can do is dive
conservatively. Diving conservatively isnot going to pre-
vent decompression sickness. We have to understand that
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itisone of the calculated riskswe take asadiver. If wedo
get decompression sickness, we should not run around
screaming for someone’ s head to roll, because the bottom
lineisthat eachindividua who usesatableor divecomputer
does, infact, elect an informed consent to all of therisksin
diving. That requires education. In most instances the
manuals that come with tables or computers discuss the
nature of that risk and in doing so put the burden squarely on
the diver. If you do not know what you are doing perhaps
you ought not to be doing it.

The limits of the tables and the dive computers are
arbitrary as are the designations of tissue haf-times and
other conceptsused in modelling the decompression sched-
ules. Thesedevices provide guidelines. Those diverswho
press the devicesto their limits are working in the vicinity
of the cutting edge and should not be surprised if they are
injured.

Thisis an edited transcript of a lecture given by Dr
Egstromwhen hewasthe guest speaker at the SPUMS1991
Annual Scientific Meeting.

Glen H. Egstrom, Ph.D., is Professor Emeritus of
Kineseology at the University of California, Los Angeles
(UCLA).

Dr Egstrom’ saddressis3440 Centinela Avenue, Los
Angeles, California 90066, U.SA.

ROYAL ADELAIDE HOSPITAL HYPERBARIC
MEDICINE UNIT

Basic Coursein Diving Medicine
Concentrates on the assessment of fitness of candi-
datesfor diving. HSE-approved course

Dates March 1992 fully booked
October or November 1992

Cost $A 500.00

Advanced Coursein Diving and Hyperbaric Medicine
Discusses the diving-related, and other emergency
indications for hyperbaric therapy.

Dates March 1992 fully booked

October or November 1992

$A 500.00
$A 800.00 for both cour ses

Cost

For further information or to enrol contact
Dr John Williamson, Director, HMU,
Royal Adelaide Hospital, North Terrace
South Australia, 5000.
Telephone  Australia 08-224 5116
Overseas 61-8-224 5116



