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Fig. 5 : Respiratory heat loss during mild activity while
inspiring gases at several temperatures. Based
on Taubcr et al.15 and Webb and Annis.rT

Respiratory heat loss is a sizable avenue for es-
cape ofbody heat especially when the environment
is cooler. It is a major factor l imiting survival and
endurance in cold hyperbaric chamber.

It is simple to reduce respiratory heat loss by
including in breathing equipment; a heat exchanger,
rvhich would retain some of the heat in the warm
expired gas and deliver it back to the cold inspired
gas. In deep dives, it is necessary to heat the respi-
ratory gas. Around 250 watts would be needed to
block serious respiratory tract drain in a diver at 650
feet, breathing He-O, and working hard enough to
have a respiratory minute volume of 25 l/min.

WEIGHT LOSS INDIVERS

Inexplicable weight loss occurs in divers during
comfortable deep hyperbaric chamber exposures. It
could be due to an increased heat loss that occurs
in divers with no decrease in body temperature or a
concomitant increase in metabolism.

In the hyperbaric environment, where the warm
gas feels comfortable, the high heat loss is not
sensed as cold. When the extra drain continues for
days and weeks, it would seem entirely reasonable
that there should be a matching increase in meta-
bolic heat production. This can occur with or with
out shivering.

PROGRESSIVE SYMPTOMLESS
TIYPOTIIERMIA

Development of progressive symptomless hy-
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pothermia in cold hyperbaric conditions is of in-
creasing concern now. It involves varying degrees
of unconsciousness or mental incompetence al-
though respilatory diff iculties, unsteadiness and
weakness are also common. Insensible respiratory
heat loss is the main factor in such occurrences.

Various studies have shown that subjective ther-
mal comfort is related to fall in core temperature. ),et.
the diver's respiratory heat losses and the conse-
q u e n t  i n c e p t i o n  o f  h y p o t h e r m i a ,  a  d i v e r ' s
assessment of comfort is not always related to physr-
ological temperature changes.

DTVBRITYPERTITERMIA

Respiratory gas heating can lead to hyperther-
mia in divers, which could be alarming. Respiratory
burns are seen very commonly. Use of gas heaters
with hot water suit technology can result in heat
stress in water exposures and divers wil l encounter
heat syncope on re-entering a bell. Fainting occurs
due to heat syncope. Blood pooling in the lorver
regions of the body can lead to unconsciousness.

PREVENTION OF TTIER,\4AL EFFECTS IN
HYPERBARIC CONDITIONS

Diver monitoring: This is very important in bounce
diving. It ensures diver safety by determining if the
diver becomes hypothermic or if his performance is
getting impaired. Parameters for monitoring are sub-
jective verbal comments, measurement of deep body
temperature and skin temperature, heart rate meas-
urement, direct heat f low measurement etc. No one
parameter alone is an accurate and a completely re-
liable indicator of a decrement in diver performance
or a development of a thermal problem. The single
most useful and easily implemented diver-monitor-
ing parameter is direct verbal contact.

Giving rigorous attention to automatic regula-
tion of respiratory heating and hot water suit entry
temperatures can prevent hypothermia.

Hyperthermia can be alleviated by the use of ad-
equate cooling measures involving shade or spray
cooling.

CONCLUSION

Men who spend days in undersea hyperbaric
environment require warm gas temperature, typically
above 29'C(85'F).
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Editorial
OCCUPATIONAL STRESS

Surg CaptAAPawar.

Qtress is associated.with modern life. However, rn
tJthe Armed Forces setting, stress is usually as-
sociated with combat ignoring the fact that service
personnel are not different in their mental make up
from their civilian counterparts and are equally vul-
nerable to stresses of modern living.

A survey of occupational stresses undertaken
by Department of Psychiatry, INHS Asvini in
Western Naval Command three years earlier had
revealed that29Vo of the personnel had significant
occupational stress [1]. Stress was more common in
junior sailors compared to senior sailors and officers.
Personnel at shore reported greater stress compared
to their counterparts in ship or submarine. Issues
such as role conflict, role ambiguity, powerlessness
were significant. Also younger people reported
greater marital stress.

Institute of Naval Medicine United Kingdom has
publ ished a recent  s tudy in  which they have
compared the results of a surveys carried out by
them in 1999 and repeated in 2004 [2]. They measured
a factor called as occupational strain. As per the
study more females than men were stressed. Also,
stress was more in people serving afloat which is
contradictory to our study. Factors noted were
reduced organizational commitment, dissatisfaction
with the physical work environment, role conflict
and work-family conflict which was associated with
strain in males. The strain prevalence was 32Vo in
1999 and33Vo in2OO4. Findings from theAusrrahan
Navy [3] also indicate that in times of confl ict,

younger people are more stressed. This emphasises
the need of targeting the young population by
educa t i ng  and  impar t i ng  s t ress  i nocu la t i on
techniques. Carrier battle groups of the US Navy
usual ly  carry a psychologist  and psychiat r ic
technicians to monitor mental health among the crew.
Such deployments have been found to be effective
[4]. In our setting, the task could be performed by
having a senior sailor who is qualif ied as a clinical
psychologist afier doing the proposed Bachelor of
Medical Technology (Clinical Psychology) course
under the aegis of Maharashtra University of Health
Sciences.

Experience of developed countries thus brings
to us the need to update our services in keeping
with the times as well as the need to regularly monitor
stress parameters in these changing times.
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THERMAL PHYSIOLOGY IN HYPERBARIC ENVIRONMENT

Dr Brinda Venkatraman'

Key Words : Thermal physiology hyperbaric

f.fumans are homoeothermic. We normally keep
I .lour core temperature within the narrow range
of 36-38' C despite large fluctuations in the envi-
ronmental temperature.

Homeothermy is dependent upon continuous
thermo regulation. Specifically, a stable core tem-
perature requires a balance between heat productlon
by our body and heat lost to the environment from
our body.

Thermoneutral zone refers to a range of environ-
mental temperatures over which it is relatively easy
to maintain a stable core temperature. It is 27-3I'C
for a naked 70 kg man. Metabolism is at the lowest in
this zone. The lowest temperature within the
thermoneutral zone is known as critical temperature.
It is 27'C. Within the thermoneutral zone minor
changes in body temperature are compensated by
simple constriction or dilatation of peripheral blood
vessels. Since blood flow in the skin can be regu-

Fig. I : The hit balance equation. M - metalic hit produc-
tion; E - evaporation (ofsweat); Cd -conduction;

C - convection; R - radiation.

Fig. 2 : Homeostatic control systemreducing heat loss by
peripheral vasoconstriction following a decreased
environmental temperature.

lated in the range of l-150 ml/ min/ 100 g of skin,
such a mechanism is extremely effective.

If ambient temperature falls below the thermo
neutral zone, heat losses from the body increase,
outweighing heat production. Thermal balance will

thus be lost and core temperature begins to fall. A

series of homeostatic responses is very rapidly
brought in to play which return the body to normal.

I errrc,nrrrurprart . f t -,r-r-nnuoO

vatwilritkn ol dm blood vce$b

t.tfidgrtl|I|arsr,t bnqrtd

'Associate Professor of Physiology, TNMC, Mumbai

60 Jour. Marine Medical Society, 2M6, Vol.8, No.2



A central body temperature equal to or less than
35"C (95'F) is called hypothermia.

At the upper end of the thermo neutral zone, ther-
mal balance is threatened again and heat gains
outweigh heat losses and core temperature begins
to rise. Evaporative heat loss mechanisms, mainly
sweating is important in thermoregulation above the
thermo neutral zone. Hyperthermia is a deep body
temperature of40'C or above.

The human body is better designed to face high
temperature environments rather than low tempera-
ture because skin nerves provide the connection of
high temperature to the feeling of pain. Body pro-
tection is usually ineffective in a cold environment.

When men are confined at several times atmos-
pheric pressure in environments that are typically
high in helium content, they are far more closely
coupled thermally to their environment than men
living in air at I Ata. This close thermal connection
changes the usual modes of body heat loss and it
produces a mild but sustained increase in metabolic
rate.

THERMAL STRESS IN IIYPERBARIC CHAMBER

Partitional calorimetric studies at 4 Ata heliox at
various environmental temperatures showed that
there is an increase in convective and radiatrve
losses and a decrease in evaporation. In a thermally
neutral environment for air, both surface and core
temperature in man are lower when he is immersed in
He-O, rather than air. This greater body cooling is
not a result of lowered metabolism. Helium promotes
greater loss of body heat by virtue of its 6 fold larger
thermal conductivity, relative to Nr. However, due
to differences in density and viscosity between He-
Orand air, the convective co-efficient increases by
55o/o from that in air.

CONVECTIVE HEAT LOSS

Under sea shelters have extremely high humid-
ity. Convective heat loss bedomes the main avenue
for surface heat loss, even in dry chambers. There is
increased convective heat transfer as a natural con-
sequence of the physical properties of hyperbaric
helium atmospheres.

To explain this phenomQnon algebraically, an
equation is employed:

.lour Marine Medical Society, 2(il6, Vol. 8, No. 2

Fig. 3 : The increase in convection conduction (h"with
pressure in helium atmospheres diffprs with the
method of analysis. Values of h. obServed from
divers 1-o-) are compared with data from
physical (A) and mathematical (R) analyse for
small.

C = h.A(T,-T,)

Where C = corvective heat transfer

h. = conuective heat transfer co-efficient
or convective conductance

A = body surface area

T, = skin temperature

T" = ambient temperature

The value ofh" depends upon the physical prop-
erties ofconvecting surface and the enveloping fluid
- density, specific heat, con{ptivity, viscosity, ve-
locity etc. A combination of such factors could
increase the h" of He to such an extent that it would
approach the h" of water which is 25 times that of air
under normal conditions.

High values of h" are favored by the high ther-
mal conductivity of helium, increased density of
hyperbaric afrnospheres and atmospheric movement.
As a general rule, it appears that more strongly con-
vective the environment, the smaller is the skin to
fluid gradient. Whether physiological changes are
caused by exposure to environment of high helium
depends mainly on ambient temperature and expo-
su re  du ra t i on .  I n  such  env i ronmen ts ,  sk rn
temperature tends to approach ambient temperature.
By merely providing a warrn ambient, core tempera-
ture wil l be rvell maintained in the hvoerbaric helium

( t l



atmosphere and no increase in resting metabolism
is seen. No shivering and no other forms of adven-
t i t ious muscle act iv i ty  are observed.  Subjects
generally feel cool but not uncomfortable. If the tem-
perature is lowered as in personal transfer chambers
in water temperatures around {'C at a depth of 600
feet one would lose about 740 k.cal./hour (more than
7 times the resting metabolic level) by free convec-
tion alone. This occurs even though the men are
wearing two 2'/"'foamed neoprene wet suits.

The increase in convection is concomitant with
a reduction in skin temperature in hyperbaric he-
lium, even though the environmental temperature is
warmer during the chamber dives. The skin to gas
thermal gradient is reduced at the highest pressure.
The lowered skin temperature tends to minimize heat
transfer by radiation to the relatively warm chamber
walls contributing to the reduction in radiation.

Skin cooling also minimizes evaporative heat
transfer. Core temperature is not greatly reduced at
any pressure despite the lower values of skin tem-
perature.  The maintenance of  normal  over  a l l
metabolism and core temperature are probably at-
tributable to peripheral vaso-constriction. It has been

o t [ a
PR€SsI.RE, ATrl. I8S.

Fig. 4 : Metabolic balance in Hc-O, under pressure. The
over-all metabolic rate of divers seated in a hy-
perbaric, helium-rich atmosphere is not strikingly
higher than normal. Changes in the relat ive
amounts of heat transfer by evaporation and ra-
diation offset the large increase in convectrve
surface cooling.

',2

shown that skin conductance is reduced by Va't' at
the highest pressure.

Therefore, the hyperbaric helium atmosphere of
a permanent deep ocean habitat will require a high
ambient temperature, especially if atmospheric ve-
loc i ty  is  s igni f icant .  This  is  because the h igh
convective conductance of pressurized helium will
not permit the normal skin to gas thermal gradient,
which affords man a liberal comfort zone in the con-
ventional atmosphere.

RESPIRATORY HEAT LOSS

There is unusually high heat loss from respira-
tory tract which hyperbaric environment would
impose.

The heat needed to warm the air and to evapo-
rate moisture from the lining of the upper airway
determines the loss of heat in warming cool dry in-
spired air at I Ata. As gas density and specific heat
increase, the warming of the gas becomes the domr-
nant element especially since under sea hyperbaric
environments are humid. The quantity of respira-
tory heat loss depends on the coolness of air, the
denseness of air, specific heat and the diver's respi-
ratory minute volume. The basic"expression is

H...0= V" rCp (T.- T,) + Ve 0.058 (W.- Wi)

Where H, . .o = rate of  respi ratory heat  loss
in k.call min

Ve  =  resp i ra to ry  m inu te  vo lume  rn
liters / min

r = Density of gas in gr$sll

Cp = specific heat of the gas in k.cal

T. = temperature of expired gas

Ti = temperature of inspired gas

0.058 = la tent  heat  of  vaoor izat ion in
k.cal /gram

W. = water content of expired gas in
grams/l

W i  =  wo te r  con ten t  o f  i nsp i red  gas
in grams/l

The product of density and specific heat is seen
to directly determine respiratory heat loss / unit quan-
t i ty  of  a i r  breathed.  This calcul f t ion is  on the
assumption that the gas is expired out at body tem-
perature and that it is inspired dry.

Jour. Marine Medical Sociery, 2006, Vol.8, No.2
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Fig. 5 : Respiratory heat loss during mild activity while
inspiring gases at several temperatures. Based
on Tauber et al.15 and Webb and Annis.rT

Respiratory heat loss is a sizable avenue for es-
cape of body heat especially when the environment
is cooler. It is a major factor l imiting survival and
endurance in cold hyperbaric chamber.

It is simple to reduce respiratory heat loss by
including in breathing equipment; a heat exchanger,
rvhich would retain some of the heat in the warm
expired gas and deliver it back to the cold inspired
gas. In deep dives, it is necessary to heat the respi-
ratory gas. Around 250 watts would be needed to
block serious respiratory tract drain in a diver at 650
feet, breathing He-O" and working hard enough to
have a respiratory minute volume of 25 l/min.

WEIGHT LOSS INDIVERS

Inexplicable weight loss occurs in divers during
comfortable deep hyperbaric chamber exposures. It
could be due to an increased heat loss that occurs
in divers with no decrease in body temperature or a
concomitant increase in metabolism.

In the hyperbaric environment, where the warm
gas feels comfortable, the high heat loss is not
sensed as cold. When the extra drain continues for
days and weeks, it would seem entirely reasonable
that there should be a matching increase in meta-
bolic heat production. This can occur with or with
out shivering.

PROGRESSIVE SYMPTOMLESS
TIYPOTIIERMIA

Development of progressive symptomless hy-

Jour. Marine Medical Society, 2006. Vol. 8. No.2

pothermia in cold hyperbaric conditions is of rn-
creasing concern now. It involves varying degrees
of  unconsciousness or  menta l  incompetence a l -
though respiratory diff iculties, unsteadiness and
weakness are also common. lnsensible respiratory
heat loss is the main factor in such occurrences.

Variclus studies have shown that subjective ther-
mal comfort is related to fall in core temperature. ),et.
the diver's respiratory heat losses and the conse-
q u e n t  i n c e p t i o n  o f  h y p o t h e r m i a .  a  d i v e r " s
assessment of comfort is not always related to physr-
ological temperature changes.

DTVBRIIYPERTIIERMIA

Respiratory gas heating can lead to hyperther-
mia in divers, which could be alarming. Respiratory
burns are seen very commonly. Use of gas heaters
with hot water suit technology can result in heat
stress in water exposures and divers wil l encounter
heat syncope on re-entering a bell. Fainting occurs
due to heat syncope. Blood pooling in the lower
regions of the body can lead to unconsciousness.

PREVENTION OFTHER,\{AL EFFECTS IN
HYPERBARIC CONDITIONS

Diver monitoring: This is very important in bounce
diving. It ensures diver safety by determining if the
diver becomes hypothermic or if his performance is
getting impaired. Parameters for monitoring are sub-
jective verbal comments, measurement of deep body
temperature and skin temperature, heart rate meas-
urement, direct heat f low measerement etc. No one
parameter alone is an accurate and a completely re-
liable indicator of a decrement in diver performance
or a development of a thermal problem. The single
most useful and easily implemented diver-monitor-
ing parameter is direct verbal contact.

Giving rigorous attention to automatic regula-
tion of respiratory heating and hot water suit entry
temperatures can prevent hypothermia.

Hyperthermia can be alleviated by the use of ad-
equate cooling measures involving shade or spray
cooling.

CONCLUSION

Men who spend days in undersea hyperbaric
environment require warm gas temperature, typically
above 29"C(85"F).
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They lose heat mostly by convection despite a
narow skin to fluid temperature gradient

Respiratory heat loss is greatly increased when
breathing hyperbaric gas.

Thermally conductive heliox aggravated by hy-
perbaric pressure conditions may limitman's ultimate
hyperbaric exposure, as does FIPNS.
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SUBMARINE ESCAPE AND
2006 - ISTANBUL. TURKEY

Surg Cdr HBS Chaudhry-

Key Words : Submarine, Escape, Rescue

INTRODUCTION
uhe Submarine escape and rescue working group
I (SMERWG) meeting is an annual meeting of

submarine operating NATO and non-NATO coun-
tries to discuss and implement as far as possible
common standards and operating procedures related
to Submarine escape and rescue (SMER). The meet-
ing is held in the month of Jun/Jul each year. In
addition to the above, countries are invited to
present various research and developmental actions
and exercises under taken in support of SMER and
to deliberate on various lessons learnt. These ac-
tions are considered inescapable, as it is amply clear"
that no country in the world today can guarantee
successful SMER through its own resources. De-
veloping or procuring assets available offthe shelf
individually is also not cost effective, there is there-
fore a need to pool in the resources available,
develop a common operating philosophy, perfect
SMER related issues through exercises and discus-
sions with all submarine operating nations and carry
out research and development on a cost sharing
basis involving civil entrepreneurs/firms which have
the requisite technology.

The agenda points for the succeeding SMERWG
meeting are decided before the closure of the
meeting. Various countries then work these upon
and the results are brought out at the plenary by a
formal presentation. Through presently a NATO
country chairs the nreeting and the presenters are
generally from the NATO nations barring an odd
inclusion there is a conscious decision to bring in
the non-NATO countries for active participation.
Presently Great Britain is the sponsor nation for

RESCUE WORKING GROUP MEETING

India and is responsible for coordinating all actions
with rcgards to the SMERWG rqeeting.

The SMERWG was held from26 to 30 Jun 06 at
the Military Museum at Istanbul, Turkey. Two
officers from the Submarine Cadre namely, Surg Cdr
HBS Chaudhry (75563H) and Lt Cdr Pallav Prakash
(04494N) were selected to represent India at the
SMERWG 06 meet at Istanbul, Turkey. A total of 26
countries with representatives of ISMERLO attended
the meet.

SMERWG MEETING-2006

The main purpose of the meet was to streamhne
and further standardize the NATO procedures rn
terms of SMER. There was also a need to develop
interoperability in order to meet new challenges such
as combat ing terror ism and for  other  tact ica l
purposes related to SMER. In addition, the need to
enhance multinational operations through formatron
of small units/panels was also emphasised.

Var ious panels were seJy 'up under the
chairmanship of one of the NATO delegates. The
delegates attending the meet were offered a choice
to attend any of the following panels on completlon
of the opening remarks. The various panels set up
for the SMERWG 06 meetins were as follows:-

(a) Medicalpanel.

(b) The Operational Panel Doctrine(OPD) panel.

(c) Submarine escape equipment (SEE) panel.

(d) Rescue Equipment panel.

After the initial plenary meeting, the panels were
set up for the first two days to conduct the work in
smaller units. Subsequently, the plenary met again

i ,  No.2

'Submarine 
Escape and Rescue Working Group (Smerwg) Meeting 26- 30 Jun 05 at lstanbul, Turkey
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for witnessing the various presentations and finally
the chairperson of the panels updated the plenary
as to the points discussed and action taken.

Medical Panel

The SMERWG medical panel is responsible to
their respective.Military Committees for Marit ime
Standardizat ion Board (MCSBs) through thei r
respec t i ve  Work ing  Groups  (WGs)  f o r  t he
development of maritime operational standardization
documents within their respective areas of expertrse.
SMERWG medical panel is also responsible for the
development of new medical standardization issues
initiated within the SMERWG. A meeting of the
medical panel was conducted on 27 Jun 2006 and
was at tended by a l l  medical  members of  the
conference under the chairmanship of Capt Dr Volker
Warninghoff of Germany. Around 23 delegates
attended this meeting.

The following issues were discussed:

Separate Medical Meeting : The delegates were
informed that a separate medical meeting was held
earlier in the year in the month of January. The
importance of this earlier meeting was that it was the
main forum for most of the discussions about rnedical
issues. It was stressed that as many members as
possible attend this meeting in future as it is the
main meeting in which all medical aspects of escape
and rescue are discussed in detail. The next medical
panel meeting ltentatively scheduled to be held in
Januarv 2OO7 d|lsrael.

Use of a common diving tabte by all Navies : There
was a discussion on the merits of different tables
being used by different Navies and the need for
in teroperabi l i ty  between nat ional  p lat forms,
especially during times of International incidents/S/
M disasters where more than one Navy's rescue
ass i s tance  wou ld  be  sough t .  Th i s  i ssue  was
discussed in quite detail. It was concluded that it
would be too diff icult to address international
operation requirements with specific tables at this
time. However the importance of this issue was
stressed upon and was decided to take it up in the
next meeting inJan200'l .

Publ icat ions :  Var ious publ icat ions and
STANAGS were d iscussed main ly  by NATO
delegates and af ter  reaching an agreement ,
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appropriate changes were recommended to be
included in the medical panel report to SMERWG.
Some of these are as follows:

AMedP-lI (A) - NATO Handbook on Maritime
Medicine Chapter 7, Sections IV . STANAG 1269
Med (Edition l)

The chapter of Diving and Submarine Escape and
Rescue was moved and reformatted.It was decided
that since this aspect is an ongoing process, this
chapter wil l be reviewed every two to three years.

ADivP-2MDIVP-2 Allied Guide to diving Medicine
-Study 1432, Ref NSA (Navy) 0136-UD/1432 of I
Feb 01 (Edition 2)

Reference for Accelerated Decompression Tables
in ADivP-2 has been submit ted to the UK for
inclusion in the above publication.

STANAG f319 SMER (Edition 3) (No ratification
status) - Minimum Requirements For Medical
Stores Located on Board Subrnarines In Support of
escape/Rescue. (CU: USA)

The conception of this STANAG was a direct
tasking from the previous SMERWG meetings. After
much deliberation, it was however decided that it
would be impractical to be prescriptive in medical
onboard supplies for every nation. In l ieu of a
STANAG the Medical Panel strongly recommended
posting national l ists of medical stores on the
ISMERLO website. In case of accident. individual
nations are to submit an up to date list of their stores
for posting on the ISMERLO website. This will allow
ready access to accurate information in the case of a
DISSUB accident.

Attending nations were asked to conduct detailed
analyses on the requirements of their individual
submarines to be performed by appropriate medical
personnel. They were requested to prepare the inputs
prior to the next Medical Panel meeting in Jan 07 and
forward the same to ISMERLO.

Review of ATP l0 (Search & Rescue Manual)

AIP l0 now henceforth be known asATP3.3.9.2
chapter 6 of STANAG 3552. NATO members were
asked to review the submarine section ofATP l0 for
discussion at the next medical panel meeting. If any
medical changes would be needed the same would
be taken up for discussion in the next meeting.
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ATP-57 (AYIVITP.s7 (A) - SUBMARINERESCUE
MANUAL. STANAG I39O SMER GDITION 5
RATIFICATTON DRAFT) (CU: NL)

Delegates were informed that Update of ATP 57
is underway and part 3 needs updating to coincide
with the ratification. The cunent format is a combined
document regarding survivability, escape and (to a
lesser extent), rescue, and it was decided that it would
be much more effective to divide this document up
into shorter and more focussed parts. It was also
informed that this document would now be called
MTP 57 and be available to all member nations on
request. It was discussed and agreed upon that this
document  be so draf ted so that  at  t imes of
emergencies it could be used as a stand alone rescue
manual and understood by even those doctors at
site with little or no knowledge of diving/submarine
medicine.

Proposed chapters were:

I. Combined definitions and glossary

il. Mobilisation to a SUBSUNK

- Call out, pre-deployment checks, liaison with
other nations / ISMERLO, briefs of OSC / CRF

Itr. Submarine Parachute Assistance Group -

Medical Input

N Surface abandonment

a. Hazards of SA injuries leaving submarine,
thermal effects, SA equipment

b. Medical Problems of Surface
Survival Hypo / hyperthermia, sea sickness,
drowning

c. Surface Survivability Data Survival times in
suits, life-rafts etc.

V Escape

a. Hazards f.o escapees

b. Medical Problems from Escape

c. Medical Organisation for Escape

d. Medical Care of Escapees

e. Post Escape Recompression Treatment

Vl DISSUB Survival

a. Hazards within aDISSIIB

b. Medical Problems of DISSUB Survival

c. Environmental Hygiene in the DISSUB
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d. Surface Medical Support to a DISSUB

e. Environmental Problems within aDISSUB

f. SurfaceEnvironmental Support to a DISSUB

VIL Rescue

a. Rescire Assets and their Capability

b. Medical Problems from Rescue

c. Medical Organisation for Rescue

i.MOSHIP

ii.DMTT

d. Casualty handling (from DISSUB to getting
' aghore)

e. Medical Care of Rescuees

f. Rescue Decompression Tables - Availability
and Choice

MII.Triage

D(. Casualty recording and management

X Logistics and command

)C .  Managemen t  o f  Rad io log i ca l  and  o the r
contamination (i.e. petrochemicals)

A lengthy discussion was held with ISMERLO
representatives on the proposed new format of ATP/
MTP57.

It was decided that the Medical Panel should
prepare a document which is suitable for their needs,
and this would then be incorporated into ATP 57.
The chapter needs to be a comprehensive chapter,
with appropriate reference to other chapters, SMER,
and NAIO documents. The aigrfs to have a final
draft to discuss at Medical Panel meeting by Jan 07.

Medical Aspects of Logistics : There were
deliberations on what would essentially constitute
the first and second reaction stores since various
navies had different store inventories. It was decided
that the definitions of Reaction stores need to be
clarified by editors of the revised edition of AfP- 57.
All countries were requested to provide information
on their medical capability and stores to ISMERLO.

Decompression Table Choices : The choice of
decompression tables (cunently US, UK, or air desat)
was discussed. Considerations were the chain of
command, foreign DISSUB rescuees, and distinction
between guidance versus recommendation. It was
felt that it would be difficult to lay down specific
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orders for the particular decompression table to be
adopted. The owner of the rescue system may
influence the choice of tables. However it was
decided that this is an ongoing issue which will be
discussed both off-line and at upcoming meetings.

Decompression Research : Member nation were
asked to furnish details of any new resedrch carried
out over recent time. However there was no new
information. It was stressed that any new research
carried out should be shared among various member
nations and also a mention be made on the ISMERLO
website.

Incident Reports : Turkey reported an incident
of CAGE after a pressurised compartment escape
and the management by immediate recompression.

Submarine Escape Tlaining Tank (SETT) Incident
Reporting to the SMERWG Medical Panel.

While there was consensus that there is a need
for SMERWG reporting system for SETT incidents,
however a point was raised whether meetings of the
medical panel are the appropriate place to report. US
suggested that the ISMERLO website might be the
appropriats place to record incidents but it would
need a standardized form. Privacy and sensitivity
issues also need to be considered.

The definition of the term "incident" also needs
to be determined. It was decided that by the next
meeting it shall be clarified which "incidents" need
to be reported upon.

Medical standard for Submarine Escape training
Tank Candidates: Proposal for a new study

I t  was fe l t  that  there should be some
standardization on the basic medical standards being
adopted by various nations for trainees undergoing
Submarine Escape Training and it was deliberated
upon and suggested that this should become the
basis for a STANAG Details of this study will be
promulgated for comment by nations conducting
SETT. A draft STANAG will be presented for
discussion at the Medical panel meeting in Jan 07. It
was noted that the STANAG may result in SETT
nations accepting foreign candidates with different
standards than they accept in their own nationals.

Operational Doctrine Panel (ODP)

ISMERLO Panel : The International Submarine
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Escape and Rescue Liaison Office (ISMERLO) is a
group of retired or civil ian personnel who are
contracted and billeted within an established NATO
command/HQ working exclusively for SMER. The
ISMERLO works towards provisior.ring of SMER
advice round the clock to render assistance rn
response to an a ler t  in  respect  of  a d isabled
submarine (DISSUB) anywhere in the world. The
Supreme Allied Command for operations desi gnated
Allied Submarine Command to establish and maintain
the ISMERLO in Norfolk, Virginia(USA). Theoffice
monitors SMER related activities and provides a
worldwide coordination capability and database for
escape and rescue assets avai lable.  ISMERLO
reports to the SMERWG via the ISMERLO panel.

ISMERLO Web siie : The ISMERLO organizahon
operates through their web site. The delegates were
requested to make suggestions in order to make
ISMERLO more responsive to their needs in terms
of SMER. All delegates and member nation were
invited to register at the web site and were assured
o f  p rov id ing  passwords  to  enab le  access  to
password enabled Iinks. Nations were also asked to
provide their escape and rescue facilities and escape
and training procedures to be incorporated into the
web site.

Goals envisaged for ISMERLO : There were
several tasks being pursued by the ISMERLO. Some
of the goals highlighted were:

(a) Declassification of AIl ied Submarine Rescue
Manual(ATP-57) and it be renamed as MTP57.

(b) Ensure information is readilyfvailable to affect
S M E R  a t  a l l  t i m e s  i n c l u d i n g  a c c u r a t e
mobilization time for rescue assets.

(c) Integrate civilian SAR to AIP 57.

(d) Have provision to ensure better coordinatron
amongst various submarine rescue coordination
cenhes (SRCC).

(e) Include hospitals and other facil i t ies into the
web site.

(D Formalise SOPs and standardize equipment
based on US certification in terms of SMER the
world over.

(g )  B r i ng  SMER commun i t y  t o  t ab le  us ing
ISMERLO as a facilitator.

(h) Evaluate various escape and rescue exercises.
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Coordination with operational authorities

Although contacting ISMERLO in the event of a
submarine disaster was voluntary, ISMERLO could
provide assistance in times of need to various navres
including non NATO countries. It was brought out
that at the moment the capability of ISMERLO web
site to carry out SMER was almost complete and
that  i t  should not  be neglected by submar ine
operating nations. The exchange of information
during the Chicoutimi ,the San Francisco incident
and the Russian Priz AS 28 brought out the strengths
of the system..

Submarine Escape Equipment (SEE) Panel

The purpose of setting up of the panel was to
provide escape equipment usage and training input
to the SMERWG regarding all aspects of submarine
escape. The mission of the panel was to:-

(a) Provide a forum for minor and major users of
submarine escape community.

(b) Facilitate the exchange of information between
escape equipment users.

(c)  Ident i fy  escape equipment  problems and
solut ions.

(d) Monitoring of equipment defects.

(e) Design review.

(f) Share proposals for equipment modifications
between user countries.

(g) Provide an avenue for customer feedback to
manufacturers.

(h) Identify country point of contact.

0 Identify tower and air system interface issues.

(k) Identify training issues and capabilities.

Specific areas of review included the following:

o Analox MKIIPAnalyzers andAnalox Submarine
EscapeAid (SEA)

o Canadian Electrical Reverse Osmosis Device
(eROD) (DISSUB water production)

o French Navy Testing on CO? absorbent material
and PODs

o Norwegian Navy liferaft, HIS Testing and CO,
Absorbent Testing

o Royal Navy 02 candle ignition issues and CO,
absorbent material testins
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o  SE IE  (MK l0 )  Hood  Des ign  I ssue  ( v i so r
material) RN/USN Refurbi shment Protocols

r Life Rafts Internal and Under Casing EfTorts

o Future Testing and Research Areas

r Royal Navv Surface Abandonment (T-Class)

o SurfaceAbandonment Procedures and Conquct
of Abandonment Exercise (worst case)

o  D ISSUB L igh t i ng  and  Pe rsona l  Loca to r
Beacons Briefings

o SubmarineEscapeTraining'Iowerlnformation
inpurtoISMERLO

. Future Events and Recent Changes, Equipment
Issues and General Discussion

Indian delegatesjust briefly visited this panel. as
they were observers at the OPD and medical panels
and the above information was gathered from the
discussions of the SEE panel was highlighted later
during the plenary session.

Surface abandonment : The issue of surface
abandonment was discussed in detail. There was a
general agreetnent to have a rapidly deployable
appliance for surface abandonment. The panel
members also agreed that there was a need to revlew
the abandonment philosophy and carry out checks
for shortfalls and equipment. As more training was
required in this aspect, the Royal Navy agreed to
conduct t l ials to help define issues.

The next SEE Panel meeting has been scheduled
for Montreal, Canada forApril2ffiT .It will be a joinr
Canadian/United States spqt#ored meqting.

Rescue Equipment Panel

This panel for the rescue assets was set up to
provide rescue asset operators, users and potential
users inputs to SMERWG regarding all aspects of
submar ine rescue asset  ownership,  capabi l i ty
manlgement and operation. Whilst delegates from
NAIO countries participating in the SMERWG were
to be members of  th is  panel ,  delegates f rom
partnership for peace (Pfp) nations, Mediterranean
dlalogue and sponsored non-NATO nations were
permitted to attend the panel meeting as observers.

The following missions were assigned to this
panel:-

(a) Facilitate the exchange of information between
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(b)

(c.)

owners,  operators and potent ia l  users of
submarine rescue assets.

Identify rescue asset problems and solutions.

Share proposal for equipment modification
between user countries.

Consider and where appropriate, develop or
revise standardi4ation proposals, STANAGS
and related publications to rescue asset aspects
of SMER.

Establish and maintain liaison with other NATO
and international bodies and groups concerned
with rescue activities related to SMER.

Monitoring of industry development of rescue
assets and supporting equipment technology.

Identify training issues and capabil it ies.

Presentations by Various Countries/Agencies

The salient presentations on various SMER
related exercises/issues presented to the plenary by
various nations/agencies are enumerated in the
succeeding paragraphs.

a. The use of air-bags in main ballast tanks for
emergency surfacing -GERMAI{Y

b. Effect of ambient pressure and temperature on
soda lime "passive" CO, absorption - NORWAY

c. Seat certification LL and STANAG 1297 way
ahead-USA/ISMERLO

d. Pre-engineering work on current ships rescue
systems - BRITAIN

e. Update on ventilation systems - FRANCE

f. Presentation & practical demonstration of
Canada's Submarine Surface Abandonment Suit
-CANADA

g. Russian assesment of the current NAIO-Russia
cooperation in the SMER domain - RUSSIA

SUBMARINE ESCAPE AND RESCUE EXERCISES
ANDOPERATIONS

a. Report on exercise NORTHERN SUN -

BRITAIMNORWAY/ISWEDET{

b. Strategic Airlift Support to Rescue Operations -

USA

c. RESCUEX05-USA

d. Exercise"BoldMonarch"-UK
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e. AS-28 "Priz" rescue-USA/BRITAIN/RUSSIA/
JAPAN

f. AS-28 "Priz" Actions & Lessons ldentified
presentation - SMER

Surface Abandonment Trial Report - SERPC
recommendation - BRITAIN

VENTILEX & SURVTVEX - FRANCE

SURWVEX 06 - I\ETHERLAND

EXERCISE BLACK CARILLON 06 -
AUSTRALIA

NATIONAL/SC REPORTS ON RESEARCH &
-DEVELOPMENT

a. Update on the CHICOUTIMI incident with
respect to observations on the effects of smoke
inhalation on the crew. - CANADA

b. Presentation on the first Submarine Diesel
Medicine Course conducted in Halifax. Canada.
-EANADA

SCHEDULED SMER EXERCISES
' a. Bold Monarch '08: IPC scheduled in October.

b. RESCUEX'06:Location-SanDiego.

c. ESCAPEX '06: Escape from 688-class submarine
in June 06.

d. NSRS'trials including patient transfer exercises
in late '06.

e. PACREACH '07: Currently scheduled for Nov
2W7.

f. Bold Minotaur '08: Dates to b/cletermined.
Location Bergen, Norway.

Recommenda t i ons  :  The  fo l l ow ing
recommendations were forwarded for consideration: -

(a) Presently the Indian delegation attends the
SMERWG as observers. However, given our
long submarineering experience and India's
escape and rescue assets, we need to assert
i tse l f  in  forums of  such importance.  I t  is
therefore recommended that the service must
endeavorto actively participate in SMER related
joirit exercises and become a member of the
SMERWG at the earliest

(b) As only two delegates were sent to the meet it
was not  possib le to at tend a l l  the panel
discussions. In order to sain to most from such
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annual meetings, it is recommended that there
must be at least three delegates for future
SMERWGmgetings.

(c) ISMERLO website is an excellent tool to gain
rapid information on the availability of rescue
ready assets allover the world. The ISMERLO
works towards provisioning of SMER advice
round the clock to render assistance in
response to an alert in respect of a disabled
submarine (DISSUB) anywhere in the world. As
.submarining is a risky profession there is a need
to anticipate and.be ready for any eventuality.
The use of the website during SMASIIEX is
therefore recommended.

Jour Marinc Medical Society,2N6,VoL8, No.2

The discussions held in the medical panel were
very useful and infact it was recognized as one
of the main panels of the meeting. However, in
the main SMERWG meeting, only l-11/2 days
are allotted for separate panel meeting and here
the points discussed in detail in the pre-
SMERWG meeting are only briefly elaborated
upon. In view of this it is recommended that
India should also send its delegate for the pre-
SMERWG medical panel meeting which
deliberates in detail on medical aspects of
escape and rescue for the entire duration ofthe
conference.

(d)

/
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BIOCHEMICAL DECOMPRES SION

Surg Cdr CVSN Rao.

ABSTRACT

Biochemical decompression is a ternr used for the protective effect against decompression sickness achieved by
removing by biochemical means some of the inert gas dissolved in tissues after a hypcrbaric exposure. This is
a novel approach that involves increasing the tissue washout rate of inert gas to decrease the risk of decompression
sickness,  was tested in animals dur ing s imulated Hydrogen dives.  To increase the washout ratc of  Hydrogen a
Hydrogen metabol iz ing microbe,  Methanobrevibacter  srni th i i  was used that  converts Hydrogen to H,O and
CH. '

Key Words :  Biochemical  Decompression
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INTRODUCTION

J fnderwater exploration involves stressful expo
LJ rur. to elevated pressures, and the return to
normobaric environment has been recognized as one
of the most dangerous part of diving due to the risk
of Decompression Sickness (DCS). DCS is not only
limited to diving, but is also a problem for caisson
workers and during aerospace flights, or any other
exposure to changing atmospheric pressures. For
free diving marine animals. physiological adapta-
tions such as atelactic lungs are part ofthe solutton
that enable them to perform repetitive dives without
apparent problems.

During exposure to elevated pressure. increased
levels of inert gas dissolve in the tissues of air-
breathing aniri(s. The tissue tension of dissolved
gas continues to increase unti l equil ibrium with the
environment occurs, at which time the organism is
said to be saturated. If hyperbaric exposure is long
enough, the elevated level wil l exceed the solubil ity
of the of the inert gas during the decompression
phase, a term called supersaturation. When the gases
become supersaturated in the tissues, they begin to
come out of the solution. DCS is believed to be
caused by an excessively rapid pressure decrease
leading to the evolution of gas bubbles.

Gases used in diving : Air is commonly used as
gas for shallow dives. For dives exceeding 40 meters,
Nitrogen has a narcotic effect that increases with

the pressure.  To a,void th is  problem, Hel ium is
commonly substituted fbr Nitrogen during deep
dives because Helium is 4 times less narcotic than
Nitrogen. However, the low narcotic potency of
Helium allows the expression of High Pressure
Nervous Syndrome (HPNS), a condition malked by
tremor, nausea and sometimes convulsions and death
at depths beyond 200 meters.

For dives exceeding 100 meters, Hydrogen rs
currently being investigated as an alternative inert
gas. There are some disadvantages with Hydrogen
as  a  d i v i ng  gas .  The  mos t  obv ious  be ing  i s
flammability. However, Hydrogen is not explosive if
the Oxygen concentration of the gas mixture is 47o
or less. Another potential problem with Hydrogen
as a diving gas is the high thermal conductivity and
heat capacity compared to Helium, which suggests
tha t  hea t  l osses  i n  hype rba r i c  Hyd rogen
environment wil l be high.

There are several advantages to using Hydrogen
as the inert component of a breathing gas. The
density of Hydrogen is lower than that of Helium,
and consequently Hydrogen is easier to ventilate at
elevated pressures. Hydrogen can also be easily
made from HrO by hydrolysis, where as Helium is
expens i ve  and  somet imes  d i f f i cu l t  t o  ob ta in .
Hydrogen also has a slight narcotic potency that
may help alleviate HPNS at higher pressures.

Avoiding DCS : Currently the only method of
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avoiding DCS is to carefully control the ascent
according to published guidelines for dive depth,
duration, and rate of decompression to avoid critical
supersatulation. Nevertheless, this strategy is not
always successful even when tables are followed,
divers sometimes get DCS.

Biochemical Decompression : A novel approach
for safer decompression from dives that employ
Hydrogen as the inert gas involves the use of
Hydrogen metabolizing microbes (methanogens).
The concept was first postulated by Dr Lutz Kiesow
in 1963. The theory was based on the idea that the
diver breathing Hydrogen would in some manner be
supplied with a hydrogenase. The Hydrogenase
would convert some of the dissolved Hydrogen into
HrO and CHo, which would result in a reduction of
the tissue Hydrogen tension there by reducing the
risk of DCS.

These experiments were carried out on pigs, using
colonic microbe Methanobrevibacter smithii as
hydrogenase. The rationale for using this species
was:

(a) First this methanogen is native to the human
gut flora and is non-pathogenic.

(b) The hydrogenase used by this methanogen
catalyses the reaction

4H,+CO + CI{+2H,O

These organisms were placed in large intestine
of pigs, since this location is anaerobic, a requirement
of M. smithii. The intestine is also highly perfused,
which would guarantee that high levels of Hydrogen
would be transported to this location. Further more
iniection of a microbe into the intestine would not

Jour Marine Medical Society, 2006, Vol.8, No.2

cause a systemic immune response, as would for
example into the blood stream.

The study showed that DCS incidence could be
reduced considerably without harmful effects on the
animal by the microbes. Removal of small fraction of
inert gas has a surprisingly large impact on the DCS
risk.

The resul ts  of  these exper iments show that
removing a relatively small fraction of the tissue
bu rden  o f  i ne r t  gas  can  po ten t i a l l y  have  a
surprisingly large effect on the DCS outcome.
However the use of Hydrogen as a diving gas is
limited to deep diving. Biochemical decompression
fiom dives using Nitrogen, as the inert gas would be
the most useful, given its potential wide application
for  professional  and recreat ional  d iv ing and
aerospace flight.

However due to stable conformation of the
Ni t rogen molecule,  react ions that  break down
Nitrogen require an energy source for complete
conversion into NH' nitrates and nitrites. Therefore
even though various microbes are capable of using
Nitrogen, they more commonly utilize other sources
of Nitrogen than the gaseous molecule. In addition
the end products of Nitrogen metabolism are not
gaseous and would stay in the intestines, in contrast
to CH" and most are toxic.

CONCLUSION

Genetic engineering in the future may create
enzymes that are able to metgbdlise Nitrogen more
efficiently and that can convert any toxic end
products in to innocuous compounds to make
Nitrogen biochemical decompression possible.
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FACILITMS ONBOARD

SurgCdrDiviyaGautam.

Key Words : Facilities Onboard USNS

USNS MERCY

Mercy

ROLEOFMERCY

pimary nole : To provide mobile, fl exible, rapidly
I responsive afloat medical capability for acute
medical and surgical care in support of United States
Marine Air/Ground Task Forces deployed ashore,
Army and Air Force forces deployed ashore, and
Navy amphibious task forces and battle forces afloat.

Secondary Role : To provide mobile surgical hos-
pital service for use by appropriate U.S. Government
agencies in disaster or humanitarian relief or limited
humanitarian care incident to these missions or
peacetime military operations.

General Information

USNS Mercy (T-AHI9) is the third ship bearing
the nameMercy. Earlier ships namedAR 4 MERCY
served in World war(WW) - I and AH 8 MERCY
served in WW-II. The T-AH 19 of mercy means
Tanker, Auxiliary Hospital, l9'h hospital ship com-
missioned by the Navy (For detail ReferAppendix
-I). Presently US navy have two hospital.ships USNS

Fig. 1

Mercy which is based at San Diago and other sister
ship USNS Comfort (T-AH 20) which is based at
Baltimore, Maryland.

T-AH 19 is a converted SAN CLEMENTE oil
tanker (SS WORTH), which was delivered to the
Navy December 19, 1986 and assigned to the Mili-
tary sealift Command (MSC) (Refer Appendix -II).

In conversion process a top oftanker was removed
and Medical Treafrnent Facility (MliF) modules were
constructed up-side down on pier which were flipped
into hull and then welded into place.

Ship's Statistics

Ship's Statistics:

a. Displacement

b. Draft

c. Length

d. Ream

e. Propulsion

f.

o
b '

h.

i.

j.

k

L

Shaft horsepower

Sustained speed

Fuel tankage

Fuel consumption

Range

Diesel generators

Fresh water tanks

:69,360 tons
full load

:33 feet

:984 feet

:106 feet

:Single screw,
geared steam
turbine, two
boilers, single shaft

:245C0

17.5 knots

1.7 million gallons

ll0gaUmile

l3.420miles

: Three2000KW

:300,000gallons

L}

m Air conditioning plants : Three 400 ton each

n. Water distilling plants : Four each
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o. Ballast

p. Incinerators

producing
75,000 gallons/ day

: l1 mill ion gallons
(Fresh water)

:Two

Departments

The MTF(Medical Treatment Facility) has the
following departments

a) Executive Officer and Command Master Chief
assist the commanding officer in chain of
command for smooth functioning of MTF

b) Admin department has sections as General
admin, Personnel admin, Patient admin, Public
affair and Security. The administration section
also has the Law Officer who takes care of
erni gration, power of attorney, etc.

c)  Supply department  wi th has sect ions as
Administration, Stock Control, Food Services,
Sales & Services, Disbursing, Medical Repair,
Clinical Nutrition; Medical Support, Post office.

d) Nursing department has sections as Admin,
Casrec, ICU, Med / Surg wards.

e) Medical department includes sick call (Staff
surgeon/Ml Room) and Preventive Medicine.

f) Surgery Department consist of surgery, dental,
CSSD (CSR) , optometry.

g) Ancillary department consisting of laboratory
including blood bank, pharmacy, physical
therapy and radiology.

h) Ops dept which have sections as OrNr(Oxygen
and Nitrogen plant), communication, IT/ADP,
Air Ops.

, MMOC Dept Includes sections as POMI /
Readiness and Training.

LAYOUT : General layout of the ship is given below:

Bridge :- Which is the domain of the ship's Mas-
ter and the civilian mariners, is at 04 level.

PatientArrival : Patients can be brought to Mercy
by a small boat from starboard side (pier side) about
8-10 feet above the water line or on the port side
(quarterdeck) using a patient litter hoist assembly.
Patients are also brought to ship by helicopter. There
are a total of9 elevators on board which are used for
getting the patients to casualty receiving (CASREC).
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Fig.2

Each lift can hold 25 individuals or 6 litter patients
(using special brackets attached to the interior of
the elevator). The ramp provides an alternative route
for getting to the Casualty Receiving area. Time by
elevator to CASREC is 20 seconds and time by ramp
is approximately 2 minutes.

Flight Deck :- Flight deck have the hanger for
two helicopter and landing area. The US Navy H-60
or Army Black Hawk aircrafts are used most fre-
quently for Medevac flights. They hold 4 litters and
2-3 ambulatory patients. The Navy CH-53E Super
Stallion is the largest helicopter used by the military
and holds 24 litter patients. The helicopters are not
only used for patient moment but also for receiving
supply during Vertical Replenishments (VERTREP)
where all types of goods can be delivered i.e. medi-
cal items, food, store items, mail, equipment and
parts.

Decontamination Statig6 :- Three stations with
the intended use of removiig chemical and biologi-
cal warfare agents from casualties. MERCY being a
third level care facility, it is expected that most casu-
a l t i es  wou ld  come  to  t he  sh ip  a l ready
decontam inated. However, the necessary equipment
and trained personnel are available, ifneeded.

FACILITIES

l. Casualty Receiving (CASREC): CASREC has
fifty emergency treatment beds which are
divided into four areas for receipt and initial
management of patients. During a mass casualty
situation, the following applies:

a) Specially designated triage officers (one
nurse and administrative staf0 would assess
patients in front of the elevator and quickly
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4.

identify triage category before assigning
them a bay and bed number.

b) Each bay has 4-6 beds which areequipped
wi th everyth ing needed for  pat ient
resuscitation. Each bed is monitored and has
in line oxygen and suction. The immediate
area is also specially equipped with overhead
wash down capabilities for rapid cleaning of
the patient if needed. The area is equipped
with surgical lights to facilitate suturing and
minor surgical procedures.

Intensive Care Units

a) There are four Intensive Care Units (ICU) of
20 beds each, with a total of 80 critical care
beds.

b) ICU is divided into five pods of four beds
each.

c) All four ICUs are equipped the same and
can be used for medical or surgical patients.
Because there is high probability of having
large numbers of burn patients in a wartime
scenario, a unit is set aside for burn care.

d )  S ta f f i ng : -  one  nu rse  and  l - 2  hosp i t a l
corpsmen (depending on acuity levels of
patients) per pod.

e) Like the other beds on this deck, each bed is
moni tored and has in- l ine oxygen and
suction. Centralized monitoring is available
at the nursing station.

f) There is small pantry in each ICU and it
inc ludes ice machine,  microwave and
refrigerator.

g) At nurses' station there are medication
refrigerators, and cabinets for stocking
medicine.

Pre-Operative Holding Area: - It has six to
twelve bed holding area. Procedures which can
be undertaken include dressing changes, shave
preps,  and star t ing I .V.  l ines and pat ient
monitoring at six bays.

OperatingRooms (OR)

a) There are 12 operating rooms, 2 rows of 6
each, separated by central sterile core, with
capabilities of 120 surgeries a day.

b)  Al l  surg ical  specia l t ies and procedure

capabilities are available except open heart
su rge ry  and  t ransp lan ts  a l t hough
emergency  ca rd iac  su rge ry  cou ld  be
performed on a limited basis.

c) OR's are larger than conventional operating
rooms so as to accommodate more than one
surgical team. This was based on a vital
lesson learned during Vietnam War where it
was found more advantageous to the patient
by surgically mending all wounds at one time,
rather than numerous procedures over a long
period of time.

d) Further, two minor operation rooms in Dental
can be used to expand the OR capabil it ies.

e )  The re  a re  f l ash  au toc laves  fo r  qu i ck
sterilization (l forevery 2 ORs) and warming
cabinets for blankets. sheets. and fluids.
Surrounding cabinets maintain steri le packs,
sutures and other surgical supplies.

PACI.J

a) Post Anaesthesia Care Unit (PACU) has 20
beds with same support systems as ICU with
additional monitorins at nurses' station and
ventilator capability.

b) It can serve as auxil iary intensive care unit
making total ICU beds to 100 beds.

Central Sterile Receiving (CSR)

a) Receives soiled instruments, utensils, l inen
and trash from surgery via equipment litis
and carts from the hospitalrlrcil i ty.

b) Directly supports the need for supplies and
reprocessing in the operating room complex.
Lift system transports sterile packs from CSR
on 0l Level. Dirty gear is returned to CSR
via l ift in uti l i ty room. This establishes a
closed system between CSR and OR , which
is necessary for infection control.

c) Steril izers use the ship's steam. Ethylene
Oxide is not used. Cold steri l ization is the
only other option- (soaking in steri l ization
fluid).

d) CSR has four steam steril izers and three
washer sterilizers.

e) Reissues same equipment in a reprocessed,
sterilized state.

Jour Marine Medical Society, 2006, Vol. 8, No.276



1 PatientWards

a) There are 15 patient care wards; 8 are
Intermediate and 7 are Minimal Care.

b) All have elevator access.

c) There are no private or semi-private rooms.
Ambulatory patient are berthed on top rack
non-ambulatory on bottom.

d) The Nurses' station is centrally located to
facilitate visibility of patients throughout the
ward.

e) There are two freatment rooms, an equipment
holding/clean supply room, a soiled utility
room. a nour ishment  s tat ion and
nourishment room (on the Intermediate Care
Ware).

fl Patients on minimal care wards eat meals on
the mess deck.

StaffSick Call:- It has two private exam rooms,
two observation rooms, and six treatment tables
providing for the medical needs of the crew.

Radiology Department :-The department has
following facilities -

a) 'fotal 
of four X-ray rooms with capabilities

for full radiology / fluoroscopy diagnostic
studies.

b) Five portable x-ray machines available for
CASREC, surgery or wards.

c) Two C-arms for real time radiology viewing;
especially useful for orthopaedics and
general surgery.

d) Four automatic film processors and two dip
tanks as a back-up for manual processing.

e) Ultrasonography with colour Doppler and
three portable ultrsonography machines.

f) 16 slice helical CT scanner. It was first CT
scanner to go afloat.

Blood Bank

a) Stores 2500 units of frozen RBC units below
minus 650C, with shelf life of ten years.

b) There are six haemonetics ACP 215 machines
for deglycerilisation of frozen RBC unit.
Deglycerilization of each unit takes one hour.
Closed system is used for Deglycerilization

Jour. Marine Medical Society, 2006, Vol. 8, No.2

' - r

because of which self life of RBC unit post-
deglycerilization is 14 days at 4qC.

c)  I t  has e ight  Blood Bank Refr igerator
m4intaining temp at 40 C with capacity to
store 300 blood units each.

d) Upon activation Blood Bank can store 3,500
Fresh Frozen Plasma units.

e) Blood bank also has facil i ty of platelet
agitator, refrigerated centrifuge and blood
collection on board which is rarely used.

f) Blood bank is part of Armed Services Blood
Programme.

g) Blood units are replenished as and when
required by using l iquid nitrogen where
transit time can be 48 hrs.

Mainlaboratory '

a) Laboratory have facility of haematology,
b iochemis t r y ,  c l i n i ca l  chemis t r y ,
immunoassay, drug assay, microbiology,
PCR, h is topathology,  cyto logy,  f rozen
sections.

b)  Provides rout ine and h igh pr ior i ty
procedures for all general wards, ICUs and
thePACU.

c)  Dur ing FOS, the laboratory has e ight
technic ians processing specimens and
samples and one pathologist.

d) The laboratory has following important
equipments

i) Two'COULTERdcTSdiffCPCoulter
Haematology Cell Counter (Five part
differential)

ii) Two ACL 9000 Beckman coagulation
analyser

iii) One fully automated haematology slide
stationer

iv) Vitrous 5.1 FS a fully automated dry
clinical chemistry analyser

v) Vitros ECIQ Immunodiagnostic system

vi) Urine Strip reader

vii) Bactect 9120 blood culture system

viii) LaminarAirflow work station

ix) Fully automited bacteria identification

I  l .

8.

9.
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system

x) Roch Light Cycler- Real t ime PCR
machine

D Two Shandon Cryostat

xii) Microtome

xiii) Fully automated Tissue processor

e) The lab has adequate facility for storage of
temperature sensi t ive reagents which
includes walk in refrigerators, deep freezers,
etc.

f) Extensive internal and external quality
control is being used.

g) The department has bio-terrorism testing
facility. The laboratory undertakes external
bio-defence quality control programme on
monthly basis.

Physical Therapy

a) Primary purpose of this unit is for whirlpool
debridement of burn patients.

b)  Major  equipment  inc ludes 2 fu l l -body
immersion Hubbard tanks,2 extremity tanks
and 2 hand/foot tanks.

c) Department have the capabil ity of post-
operative rehabil itation, hot and cold pack
therapy, soft tissue and joint mobilization.

Plrannacy

a) The pharmacy is well stocked with bulk
issue, distribution system.

b) It has the capability of Intravenous drugs
admixture by using aseptic conditions.

c) Narcotics are stored in a vault.

d) Extensive facility for storage of temperature
sensitive medicines, vaccines etc.

e) Issue window to the outside passageway.

Logistics

a) Five days of medical supplies maintained on
board all the time.

b) Mercy's Medical inventory is I1,400 items
valued at 26 million US $.

c) Upon activation order, ship has five days to
receive 25 days of supply and crew up the
ship and sail.

d) BARN maintains general supply, and medical

material items. It has 60.000 cubic feet of
storage space

Nitrogen Oxygen Plant

a) Plant Generates O, and Nr.

b) Plant has capability to produces 200 lbs of
liquid O, or N2 per hour.

c) There are two 500 gallon tanks in O"N, plant
for liquid O, or N, storage. Also there are
high pressure flasks for gases storage prior
to distribution under high pressure.

d) There is High pressure charging main for
charging of O, in cylinders.

e) Low pressure O" distribution line (light green
coloured) in PACU, ICU,CASREC, wards,
OR's.

MH)ICALRPAIR

a) ROS staff of eight biomedical engineering
techs ensures that over 3,000 pieces of
medical equipment is properly checked,
maintained, and repaired.

b) They have the capability to repair most of
the equipments.

c) Naturally, there are no service calls at sea by
company representatives.

Galley

a) Galley is one of the largest afloat.

b) It is capable to feed up to 2,500 people in
two hours three times a dav

c) Galley is
patients

common tor bfftr the staff and

d) Non-ambulatory patients have their food
prepared in the galley and then brought to
them using por table steam car ts .  The
Intermediate Care wards have nourishment
rooms where the portable steam cart can be
plugged in and the food kept hot.

18. Mess decks

a) Mess Deck has seating capacity for 500
people.

b) Staff and ambulatory patients use the mess
deck.

c) It is also used for training and entertainment
purpose.

Jour Marine Medical Society,2006, Vol. 8. No.2
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19. Berthing

a) The ship has berthing for 888 junior enlisted,
54 senior enlisted and 264 officers.

b) Officer's berthing

D Total of 264 officer berths, I 32 female and
132 male on separate levels.

ii) Made up of 4, 6, and 8 bunk
configurations.

c) CPO berthing accommodations for 54 CPOs
on 3rd deck.

d) There are total of'8 enlisted berthing areas.
There are I I I racks each.

e) There is ample the storage for personal
clothing. Accommodations are generally
better than afloat standards.

Jour. Marirc Medical Society,2U)6, Vol.8, No.2

f) Both males and females have separate
berthing and are not allowed to go in each
others berthing.

Lifeboats

a) There are 12 life boats to carry I 188 personnel

b) Also 82,25 man life rafts to carry 2050 people

c) Further four 22 men rigid life rafts for 88
people

d) Thus Mercy has total capacity for 3326
personnel in event of abandon ship.

e) Regular training is being held for abandon
ship, fue and man-over-boat drills.

Miscellaneous facilities :- The ship is like a
small town and provides services like Library,
Gym, Post Office, Chapel, Laundry (ship's and
self service), Barber shop, and Ship store.

n.

r sister
med at

TE oil
to the

r M i l i -
ix -II).

moved
)s were
flipped

: shaft

illons

.w
)ns

n each

I, No.2

2r.

/

79



PSYCHOLOGICAL EFFECTS OF LONG SAILING ON SUBMARINERS

Surg Capt AA Pawar*, Surg Cdr DK Ghosh', Surg Lt B Soni#, Surg CdrA Tripathi--, Ms J Rathodt*,
ColS Chaudhuri#

Abstract

The  pape r  i s  a  p i l o t  p ro j ec t  t o  s t udy  t he  psycho log i ca l  impac t  on  submar i ne rs  sub jec ted  t o  l ong  sa i l i ng .53
sai lors of  a submarine were studied dur ing a long sai l ing mission.  They were administered the General  Heal th
Quest ionnaire (GHQ) and the Fat igue Impact  Scate (FIS).  l3.20Va scored above the cut-of f  of  5 on the GHQ.
Scores on the FIS were wi th in normal  l imi ts.  Higher scores on the GHQ were l inkcd to a lcohol  consumpt ion.
The study br ings out  the importance of  moni tor ing and assessing psychological  heal th of  crew dur ing long
nissions to maintain opt imum performance of  the personnel .

Key Words :  Submarine Sai l ing,  Psychological  Heal th
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INTRODUCTION
tTlhe submarine environment is characterised by

I
I cramped spaces, hot bunking, stale air and mo-

notony of  l iv ing in  a cramped space wi thout
exposure to natural environment. Recently the In-
dian Navy has increasingly resorted to prolonged
sailing for submarines wherein the submarine re-
mains undersea without surfacing or touching any
base port. Submariners as a group are known to
have traits of detachment, propriety, and workaholism

I I ]. They have also been reported to be having more
adventurousness, confidence, group. orientation,
and self-sentiment [2]. As future missions become
longer, personal aqd psychological issues become
more importantzfowever, hardly any literature rs
available on this topic. An US study revealed that in
long sailings issues such as boredom became im-
portant and attitudes became negative only to
reverse polarity after the submarine returned to har-
bour [3]. An internet search did not reveal any other
impact of long sailing other than the study outlined
above. It was, therefore decided to study the impact
of long sailing in this pilot study on Indian Naval
personnel.

AIMS

To study the impact of long sailing on the psy-
chological health of submariners

Objectives

To study the cognitive impact of long sail ing

To study the social impact of long sail ing

To study the levels of anxiety and depression
after long sail ing

To study the fatigue levels after long sail ing

MATERIALANDMETHODS

A submarine crew detailed for long sail ing was
studied during the period of sail ing. A socio-demo-
g raph i c  ques t i onna i re  was  p repa red  and  the
following scales were administered.

l. General Health Questionnaire 28 item version.
The GHQ is a standardised measure accepted
all over the world as a measure of psychological
hea l t h .  The  28  i t em ve rs ion  a l l ows
categorisation to measure the cognitive impact,
the social impact, the levels of anxiety and
depression among the sample.

2 .  Fa t i gue  Impac t  Sca le .  Th i s  sca le  i s  a
standardised scale to measure the levels of
fatigue in the sample. It is also divided into
physical, social and cognitive components.

All the saJnple studied were sailors. The ques-
tionnaire was administered individually to the sailors
by the Medical Officer. To obtain true levels strict
confidentiality was maintained and only the rank of

'Senior 
Advisor Psychiatry, INHS Asvini; *BMO INS Vajrabahu; rMedical officer Vajrabahu; "Classified Specialist Psychiatry,

INHS Asvini; *Clinical psycholcigist; *Prof of Psychiatry, RINPAS.
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No. studied
Rank

Mean age

Marr ied

Unmarr ied

Consumers of alcohol
Non drinkers

Smokers

Non smokers

5 3
Junior sailors 34 (7o)
Senior sai lors I9 (oZ)

2 8
3 0
2 3
l 9
3 4
3 8
l 5

the individual i.e. junior sailor or senior sailor was
recorded. No other record of identity was maintained.

The data was analysed using SpSS.

RESULTS

The sample consisted of 53 submariners. 64Vo
were junior sailors and 367o were senior sailors. The
average agc was 28 years. 43Vo were unmarried and
57 7o were married. All married personnel were MLR,
the rest were in-l iving.36Vo consumed alcohol in
moderation, while the rest did not consume alcohol.
Similarly, 287a did rbt smoke while the restTZVo
smoked (Table l).

TABLE I
Socio-demographic prof i le of  submariners

We then linked the scores obtained on the Fatigue
Impact Scale to the rank of the sailors (Table 3).
There was no correlation with the rank and the scores
obtained on the inventorv.

TABLE 3
Fat igue Impact  Scale scores l inked to rank

Jun io r  Sen io r  Ma ln
Sai lors Sai lors Whirney t l
N = 3 4  N = t 9  r e s r

s igni f rcance

Mean score obtained
Cogn i t i ve  impac t

Social  impact

Phys i ca l  impac t
Maximum score
Minimum score

3 8 . 2 1  p > 0 . 0 5
8 . 4 7  p > 0 . 0 5
20.63  p>0.05
3 .  1  I  p > 0 . 0 5

1 0 8
4 5

50.29
1 2 . 9 1
25.74
1 1 . 6 5

We then linked the scores obtained on the GHe to
the marital status of the saitors (Tabte 4). There was
no correlation with the marital status and the scores
obtained on the GHQ. Seven sailors scored above
the curoff of 5 ivhich four were junior sailors and 3
were senior sailors.

TABLE 4
General  Hcal th Quest ionnaire scores l inked to
mari ta l  s tatus

We then linked the scores obtained on the GHe
to the rank of the sailors (Table 2). There was no
correlation with the rank and the scores obtained on
the GHQ. Seven sailors scored above the cut-off of
5 which indicates significant psychological distress.

TABLE 2
General Health Questionnaire scores l inked to
rank

Junior Senior Mann
Sailors Sailors Whirney U
N=34 N=19 tesr

significance

U nmarr ied
N=23

Marr ied

130

M a n n
Wh i tney  U

les t
significance

Mean score obtained
Nurnbcr scoring

ahove cut-of f
Somat ic complaints
Anxiety and Insomnia
Social  dysfunct ion
Dcpression

Total scorc

2 . 3 2  1 . 8 4  p > 0 . 0 5
? (5 .61o)  4  (7 .5Eo)

28.41
2 8 . 9  8
2 8 . 9 8
2 7 . 0 0
2 9 . 0 3

25.73  p>0.05
25.48  p>0.05
25.48  p>0.05
2 7 . 0 O  p > 0 . 0 5
25.72  p>0.05

Mean  sco re  ob ta i ned  2 .32  l . g4
Number scor ing 4( '7.SEo) 3 (5.6%\
above cut-of f

Soma t i c  comp la i n t s  2 j . 21  26 .63
Anxiety and Insomnia 29.46 24.39
Social dysfunction 29.46 24.39
Depression 2j .00 Z7.OO
Total  score 2 ' l  .69 Z5. jg
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We then linked the scores obtained on the Fa-
tigue Impact Scale to the marital status of the
sailors (Table 4). There was no correlation with the
nlarital status and the scores obtained on the GHe.
Seven sailors scored above the cut-off of 5 out of
which four were maffied and 3 were unmarried.

p>0.05

p>0.05
p>0.05
p>0.05
p>0.05
p>0.05
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TABLE 5
Fatigue Impact Scale scores l inked to marital
s ta tus

Unmarr ied Marr ied
N=23  N=30

TABLE 7
Fatigue Impact Scale scores l inked to alcohol
consumpt ion

surv€
posul
disso

28.1'7
28.65
28.37
2 7 . 5 9

2 6 . 5 0
25.73
2 5  . 8 0
26.55

p>0.05
p>0.05
p > 0 . 0 5
p > 0 . 0 5

t 0 8
4 5

2 7 . 2 4
2 '7 .O3
2 7 . 0 3
26.'7 6

2 6 . 5  8
2 6 . 9 5
2 6 . 9 5
2 7 . 4 2
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Mean score obtained

Cogni t ive impact

Social  impact

Physical  impact

Maximum score

Minimum score

An attempt was made to link the scores obtained
on the GHQ to the habits of the sailors i.e. whether
the person was consuming alcohol or not (Table 6).
There was no correlation with the marital status and
the scores obtained on the subscales of the GHQ.
However, the total score on GHQ showed a signifi-
cant correlation with the alcohol consumption. Seven
sailors scored above the cut-offof more than 5 out
of which four were consumins alcohol and 3 did not
consume alcohol.

TABLE 6
General  Heal th Quest ionnaire l inked to a lcohol
consump t i on

p > 0 . 0 5
p > 0 . 0 5
p > 0 . 0 5
p > 0 . 0 5

1 0 8
4 5

0able 7).

A similar comparison with smokers did not yield
any significant difference in both the scales.

DISCUSSION

There has been a substantial increase in the
number of people l iving and operating in isolated,
confined, and artif icially engineered environments.
such as spacecraft, deep diving, weather stations,
submarines, and polar outposts. However, no indi-
cations of a "psychological l imit" for how long
people can tolerate remaining in isolation and con-
finement have been found. Issues of psychological
health becomes important when people have to stay
for long periods confined together. Anecdotal evi-
dence of people wintering over the Antarctic have
revealed that incidents such as "scapegoating" of
deviant crew members and displacement of aggres-
s ion  to  ou ts ide  pe rsonne l  does  take  p lace .
Individuals characterized by strong achievement
motivation combined with interpersonal sensitivity
seemed to adapt better than others [4]. A study of
US Navy submarine personnel i.e. I389 oftlcers and
I1,952 enlisted crew members served aboald partici-
pa t i ng  submar ines  fo r  215 ,086  and  1 ,9 -55 ,521
person-days at sea were studied. Cases reporting
sick were mainly due to respiratory i l lnesses or mus-
culoskeleta l  compla ints.  Many had i l l  def ined
conditions [51. Psychological health was presum-
ably not studied. Another study assessed the stress
reactions of a submarine crew tbrced to abandon
their vessel in high seas after tlooding and fire dam-
aged their ship. The remaining crew members werc
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Mean score obtained

Cogni t ive impact

Social  impact

Phys i ca l  impac t

Maximum score

Minimum score

Not Consuming
cgsum ing  a l coho l
/alcohol N= 19

N=34

M a n n
Wh i tney  U

test
s igni f icance

Mean score

ob ta i ned

Number scor ing

above cut-of f

Somat ic

comp la i n t s

Anxiety and

I  nsomn ia

Social

dysfunct ion

Depression

Total  score

1 . 6 5  3 . 0 5

3(5 .67o)  4 ( '7  .59a\

p<0.05  *

28 .41 25. '73  p>0.05

28.98  25 .48  p>0.05

2 8 . 9 8  2 5 . 4 8  p > 0 . 0 5

2 '7 .OO 2 ' l  .O0 p>0.05
29 .03  25  .1  2  p>0.0  5

When the scores on the Fatigue Impact Scale
were compared to alcohol consumption there was
no significant difference between the two groups.
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surveyed 7 months after the incident regarding ex-
posures, initial emotional responses, peritraumatic
dissociation, subsequent life events, current safety
appraisal, and current symptoms of posttraumatic
stress disorder (PTSD) and depression. 9.I7o met
criteria for PTSD and none met criteria for depres-
sion. Higher levels of depressive symptoms were
associated with previous traumatic exposures and
subsequent life events. Higher levels of PTSD symp-
toms were associated with greater peritraumatic
dissociation and init ial emotional response. The
study concluded that acute-exposures of highly
trained professionals to potentially fatal events
might not result in high levels of posttraumatic symp-
toms. Previous and subsequent life events may play
a more significant role in the level of post disaster
symptoms [6]. In another study when the subma-
rine crews were studied 2 to 3 weeks after peacetime
manoeuvre accidents, submarine crew showed less
stress symptoms than their surface navy colleagues
who tiad faced accidents. Cohesion among person-
nel and habitual coping style emerged as resilience
factors [7]. Our study is thus the first to focus on
psychological health of long submarine missions.
What has emerged from the study that most subma-
riners cope well with the rigors of long sailing. 13.20
percent ofthe sailors studied scored above the cut-
off scores of the General Health Questionnaire. Thus,
their psychological health may be taken as impaired
and needing further assessment and management.
However, none of the sailors reported sick or sought
help for their symptoms. They were able to cope
well in spite of having ill health. A significant factor
has been the consumption of alcohol. Personnel
consuming alcohol had higher scores on the GHQ
even though the alcohol consumption was reported
as moderate. This brings out the issues of monitor-
ing the psychological  heal th of  submar iners
especially involved in long missions on a regular
basis. This can be accurately done if the stigma as-
sociated with mental symptoms is removbd and such
persons are not made unfit unless there is a serious
indication. After all in the study the personnel who
scored high on the GHQ did go on to complete the
mission. Better psychological health and resilience
to stress in Indian Navy submariners has also been
reported earlier [8]. The second is that alcohol con-
sumption does impair the psychological health of
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the individual and educative efforts must be made
to increase awareness of the personnel regarding
safe limits of alcohol consumption and the hazards
involved. The study did not involve officers who
may have been reluctant to fill out the questionnaire
for reasons not known. But if the safety of the sub-
mar ine and the necessi ty  of  the miss ion are
paramount then it is important that especially for
long sailings, psychological health is monitored to
prevent accidents. It is also important that medical
officers proceeding on these missions are suffi-
ciently sensitised in the knowledge and treatment
of mental health problems they are likely to encoun-
ter during such missions.

CONCLUSIONS

The study though a pilot study has been the first
to systematically study the psychological health
during long submarine missions. The findings of
the study are being validated by a concurrent re-
search project. There is a need to study officers also
as well as families of submariners who proceed on
such long missions.
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THE EUSTACHIAN TUBE IN DIVING: EAR BAROTRAUMAAND
MIDDLE EAR AUTO-INFLAIION TECHNIQUES IN NAVAL DIVERS -

ORIGINAL RESEARCH PAPER

Surg Cdr Padma Ramesh'

ABSTRACT

A survey of 50 naval divers was conducted using a structured questionnaire administered by personal interview

to determine the prevalence of  ear barotrauma dur i r rg d iv ing and to study the pract ice of  var ious middle ear

auto- inf lat ion techniques.

Al l  (1007o) of  the divers studied considercd pressure cqual izat ion di f f icul t ies to be the conrmonest  ear problem

in div ing.  42 (84Vo\ of  the studied divers reportcd symptoms of  ear barotrauma, of  which the conlnlonest

symptom was pain ( l00Vo),  Other symptoms accompanying pain were blocked ear sensat ion,  b locked seusat ion

and tcmporary deafness, and vertigo. 40 (95.27o) of affected divers suffered barotrauma of descent' the comnronest

dep th  be ing  l - 5  me t res  ( 20 ,47 .69o \ .  Two  d i ve r s  ( 4 .87o )  expe r i enced  ba ro t raumas  o f  ascen t '  30  (7 l . 4Va )  ea r

barotraumas were sustained dur ing wet d ives,  7 (16,7Vo\ dur ing t ra in ing and 6 (14.3o/o)  dur ing dry (chamber)

d i  ves .

The commonest cause of barotraurna was perceivcd to be diving with an upper rcspiratory infection in 25 divers

(59 ,5Vo1 ,  r ap id  descen t  ( 31  7 . l%o ) ,  unknown  (5 ,  l l . 9 vo )  and  o the rs  ( 10 ,23 .8Vo \  i nc l ud ing  equ ipmen t - r e l a ted

causes,  repet i t ive prolonged div ing,  late auto- inf lat ion,  lack of  awareness,  exposure to cold,  and absence f rom

div ing of  over one month.  The commonest outcome of  barotrauma symptoms was atror t ing dive (14 divers,

33.3Vo).  l l  d ivers (26.2Vo) reported for  medical  t reatment and were diagnosed wi th ear barotrauma which

resul ted in absencc f rom div ing compris ing a few days (2,  4.77o\ ,  wceks (5,  l l .9?o),  or  ntonths (3 '  7. lo lo) ,  the

maximum per iod being two rnonths.

Of the various middle ear auto-inflation techniques, the most conrmonly uscd primary method was the Toynbce

method (21,  42Vo),  fo l lowed by jaw movement (13,  26Vo\,  the Valsalva technique (12,  24qo) and the Frenzel

technique (4,  8Vo).  Most  d ivers (34,  68Eo) uscd a conrbinat ion of  two techniques,  the connonest  combinat ion

being Toynbee plus Valsalva (14,28Vo).  However 16 (32Eo) pract iced only one technique,  of  which Valsalva was

commonest (7, l4Vo).  The large major i ty  ofd ivcrs (27,54Va\ performed repeated auto- inf lat ion only at  each t inre

pressure sensat ion in the ears was fe l t  dur ing cont inuing descent,  a pract ice predisposing to middle ear

barotrauma.

Recornmendat ions to reduce the incidence of  ear barotrauma in naval  d ivers inc lude empha;, i /on the correct

use of  middle ear auto- inf lat ion techniques dur ing t ra in ing,  t ra in ing in more than one tcchnique,  and f requcnt

refresher cducat ion programmes.

Key Words : Barotrauma, divers

INTRODUCTION

\ fiddle-ear barotrauma is by far the most com
LYlmon barotraumatic otologic injury and has
been experienced by all divers to some extent I l].
Every 33 feet of depth of sea-water results in an
added pressure of I atm. Barotrauma is an injury
that occurs due to the result of rapid or extreme
changes in pressure, and is defined as tissue dam-

age resulting from expansion or contraction of en-
c losed a i r  spaces as a resul t  o f  such pressure
changes, the greatest occurring near to the water
surface. It follorvs failure to equilibrate middle ear
and environmental pressures via active opening of
the Eustachian tubes during descent. Any condi-
t ion which tends to b lock the Eustachian tube
predisposes to middle ear barotrauma. More com-
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monly, it is caused by faulty technique of voluntary
middle ear auto-inflation [21. Factors leading to block-
age of the Eustachian tube include upper respiratory
infection and allergies, nasal pathology and faulty
techniques e.g. delayed auto-inflation during de-
scent, descent to the point of locking, and horizontal
or head-down position.

Barotraumaproblems may contribute to panic and
diving deaths in novice divers, prolonged absence
from diving duties or to permanent disability - tinni-
tus, imbalance and hearing loss. Despite the fact
that ENT problems are both frequent and may be
life-threatening, it is difficult to find numbers on
morbidity and mortality of ENT problems in diving

[.|. Of the few accessible international studies on
ear barotrauma in divers, most are on the scuba div-
i ng  popu la t i on .  To  the  bes t  o f  t he  au tho r ' s
knowledge, there is no previous study on the prac-
tice of middle ear auto-inflation techniques in divers.

This study aims at studying the prevalence of
ear barotrauma, the practice of middle ear auto-infla-
t i on  t echn iques ,  and  poss ib le  causes  o f  ea r
barotrauma in naval divers.

OBJECTIVES

l. To study the prevalence of ear barotrauma in
naval divers

2. To study the practice of middle ear auto-inflation
techniques

3. To bring out possible causes for ear barotrauma

STLIDY DESIGN : A cross-sectional retrospec-
tive descriptive study carried out on naval divers
from May to October 2006.

SUBJECTS : 50 naval divers involved in actrve
diving duties.

EXCLUSION CRITERIA : Divers who had less
than six months experience following dive qualifica-
tion (SD) course were not included in the study.

METHODS

This cross-sectional study used a structured
questionnaire containing a range of self-reported
outcome measures related to symptoms associated
with ear barotrauma and practice of middle ear auto-
i n f l a t i on  t echn iques .  A  p i l o t  s tudy  fo r  t he
questionnaire was conducted on a small number of
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divers and input from the interviewed divers was
incorporated into the final questionnaire design. The
refined questionnaire was administered by personal
interview method by the same worker and collected
data on diving experience, incidence of symptoms
and management of ear barotrauma, and practical
use of middle ear auto-inflation techniques during
training and operational diving.

Middle ear barotraumas can be classified into six
stages depending on physical signs, ranging from
Grade 0 (symptoms without physical signs) to Grade
5 (free haemorrhage into middle ear with tympanic
membrane perforation) [2]. However, no documen-
tary evidence was available for corroboration in any
ofthe cases. Therefore, for the purpose ofthis study,
reported barotrauma was classified as mild (diver

able to continue dive), moderate (dive aborted and/
or symptoms persisting post-dive for minutes to
hours) or severe (symptoms lasting days, requiring
medical management, and/or resulting in absence
fiom duty).

RESULTS

A total of 50 naval divers were interviewed of
which most were clearance divers. the rest being
ship's divers. The sample included diving instruc-
tors, technical divers and chariot divers.

Most divers (32, 640/o) were aged 2 I -30 years and
14 (28Vo) were aged 3 I -40 years. 4 (87o) were aged
4 I -50 years. Experience ranged from I I months to 19
years with most divers having experience of 6-10
years (23, 46Vo).Maximum $Fth of diving ranged
from 35 to 160 metres with most (32,647a) in the
range of 55-60 metres. All (1007o) of the interviewed
divers considered problems with middle ear auto-
inflation to be the commonest ear problem aft-ecting
divers.

l. Ear Barotrauma

(a)  Prevalence z 42 (84Vo) had personal ly
experienced problems with middle ear auto-
inflation and symptoms of barotrauma (pain,
tinnitus, hearing loss or vertigo) at one time or
the other.

(b) Severity, Frequency and Symptoms : 14 ear
barotraumas reported were severe (33.39a),13
mild (317,.) and l5 moderate (35.7Vo), (Fig l).
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The majority of affected divers (16, 38.17o)
reported barotrauma on an occasional basis
wi th 4 (9.57o)  each having exper ienced i t
frequently or most t imes,5 (Ll.gEo) rarely, and
13 (3 lVo)  once respect ive ly ,  (F ig 2) .  The
commonest symptom was pain (42,loOo/o\.Pain
was the sole symptom in 26 (6l.9Vo). Other
symptoms accompanying pain were blocked ear
sensation (l l , 26.2Vo), blocked sensation wi th
temporary deafness (2,4.87o), and vertigo (2,
4.8Vo).Two (4.8Vo) divers had only blocked ear
sensation without pain. The majority of ear
barotrauma was unilateral (38, 90.57o). Of the
divers who reported ear barotrauma symptoms,
only two (4.8 7o) reported symptoms suggestive
of  middle ear  in fect ion.  of  which one was
unrelated to diving.

(c) Setting, depth and timing: The majority of
reported barotrauma occurred during wet dives
(30, 7 1 .47o). 7 (l 6.7 Vo) occurred duri n g trai ni n g
periods. Only 6 (14.67o) occurred during dry
(chamber) dives (one diver reported occunence
of barotrauma in both wet and dry dives). Most
reported barotraumas occurred at l-5 metre
depth (20, 41.6Vo) and the remaining at 6-10
metres (15,35.1Vo), I l- 15 metres (3,7 .lVo) and
l6-20 metres (3,7.IVo) with one unspecified
(2.4Vo). Almost all barotraumas occurred during
descent (40,95.2Vo) except two (4.87o) which
occurred at l-5 and 6-10 metres respectively
durins ascent.

sa/ere
110t-

npderate
%o/o

. ^g. I : Severity of barotrauma

Outcome of symptoms: The occurrence of
symptoms of ear barotrauma resulted in one of
the fo l lowing outcomes:  d ive aborted in l4
(33.37o), graded slow descent in 7 ( 16.77r,), use
of yo-yo ascent (l 1,26.2 Vo), use of another
auto-inflation technique (4,9.5Va) or use of
fbrcrb le Valsalva (3,7. |Vo) ,  (F ig 3) .  One d iver
resorted to both yo-yo ascent and forcible
Valsaf  va (2.4qo) .  One d iver  cont inued to
descend despite increasing otalgia (2.4Vp). l l
(26.2Vo) of aft'ected divers sought medical advice
and  were  d iagnosed  to  have  sus ta ined
barotrauma.

Absence from diving duties: l0 divers (23.88a)
with ear barotrauma symptoms were certified
temporarily unfit for diving. The period of
absence was a few days (2 divers, 4.7Vo),weeks
(5 divers, Ll.97o),or months (3 divers, T .l7o).Of
those excused diving for a month or more, two
gave  a  h i s to ry  o f  t ympan ic  membrane
perforation (Grade 5 barotrauma).

Causes for ear barotrauma: Perceived causes
for barotrauma as stated by the affected divers
inc luded  d i v i ng  w i th -  an  uppe r  resp i ra to ry
infection (commonestl6use) in 25 (59.57r'). rapid
descent in3 (7 .l%o), unknown in 5 (l1.97o), and
equipment-related (i l l-f i tt ing nose-clip, t ight
hood, heavy set (3 divers, T.l%o)). Only one
diver reported barotrauma associated with a
tight hood (2.4Va). Various other cited causes
were delay in first auto-inflation, repetitive short
dives in a few hours, absence from diving for
more than a month, exposure to cold, lack of
exercise ('warm-up') immediately prior to dive,
and lack of awareness (7, 16.77o). One diver
reported two causes (URTI and repetit ive
diving).

Fig. 3 : Outcome of symptoms

Jour Marinc Medical Society, 2N6, Vol. 8, No.2

(d)

(e)

(f)

c n c e

310/o

40
30

s 2 0
1 0
0

I  occasional

l rmst t ims

rJ freguently

E rarely

I  once € ;€ is €$ t$ EErare ly
,"1 f requently trDst t in€s

1 0olo 1006

Fig.2 : Frequency of symptoms

86

rsq/ere 
I

: 
nDderatei



r n n

rey u
e5 l

cance

_
I .  t ) 5

r . 0  5
0 5
.05
) 8
5

yie ld

n  the
ated,
rents.
.lons.
indi -
long
c0n-
gical
) stay
I  ev i -
have
o  n r

gres-
tac  e .
ment
iv i ty
ly of
; and
rtici-
. 5 2 1
f i l n o' " " b

I U S -

i  ned
um-
ress
don
am-
,'ere

to. !

4 5
4 0

3 0

- 2 0

1 5
1 0

5
0

F i g . 4

2. Middle ear auto-inflation techniques

(a) Techniques in use: The most commonly used
primary method of middle ear auto-inflation was
theToynbee method (21 divers, 42Vo),followed
by jaw movement (13,  267o),  the Valsalva
technique (12,24Vo) and the Frenzel technique
(4 ,  8Vo ) .  Mos t  d i ve rs  (34 ,  687o )  used  a
comb ina t i on  o f  two  techn iques ,  w i t h  t he
secondary method being used if the primary
was unsuccessful. However. a sizeable number
o f  d i ve rs  (16 ,  32Vo)  p rac t i ced  on l y  one
technique, of which Valsalva was commonest
(n=7,l47o). No divers reported use of the BTV
o r  t h e  E d m o n d ' s  t e c h n i q u e s ,  w h i c h  a r e
described in dive literature.

( i )  Pr imary method:  The most  common
method was theToynbee (swallowing with
closed nostrils) (21,42%,), followed by jaw
movement (13,  267o) and the Valsalva
(blowing out cheeks with closed nostri ls)
(12,247o).

(ii) Secondary method: The Valsalva technique
was  the  commones t  (20 ,  40Vo) .  The
commonest combination of techniques was
Toynbee plus Valsalva (14,287o), (Fig a).

(b) Timing of middle ear auto-inflation : 4 of the
divers studied (8Eo) carried out auto-inf' lation
at surface prior to dive, 8, (167o) did so at bottom
and only 6 (I27o) canied out active auto-inflation
during ascent. The majority carried out the first
auto-inflation at 0-l metre depth (n=24,48 o/o)

while n=13, 26 Vo did so at 2-5 metres after
pressure sensation in the ears was felt. 23 divers
(467o) subsequent ly  auto- inf la ted at  every
breath or after 3-4 breaths as is recommended.
However, the majority of divers (27, 54q()
perfoimed repeated auto-inflation only at each

time pressure sensation in the ears was t-elt
d u r i n g  c o n t i n u i n g  d e s c e n t ,  a  p r a c t i c e
predisposing to middle ear barotrauma.

Efficacy of middle ear auto-inflation with
respect to head position : Attempting to auto-
inflate while in the horizontal or head-down
posture is  more d i f f icu l t  due to increased
venous congestion of the Eustachian tube. a
finding which was corroborated by 8 (16%)
divers. 22 (44Vo) f'elt no difference in ease of
middle ear auto-inflation in any body posture.
The remaining 20 divers (407o) however, could
not specify as most diving is done in the vertical
position with head-up on the descent l ine (shot
rope).

Use ofyo-yo ascents as an aid to auto-inflation
: The use of the yo-yo ascent (ascent by l-2
metres after a failed auto-inflation attempt and
repea t  a t t emp t )  i s  d i scou raged  by  d i v i ng
physic ians as th is  pract ice predisposes t<r
barotrauma. 36 divers (727c) in this study group
used yo-yo ascents, 7 (149o) on a tiequent basis
and l6 (32Vo\  on an2ccasional  basis .  29 (58C( )
considered them tcfre helpful in auto-inflation.

Use ofdecongestant nasal drops prior to diving
:  l 8  d i ve rs  (367o )  admi t t ed  t he  use  o f
deconges tan t  nasa l  d rops  p r i o r  t o  d i v i ng
(Nasiv ion) .  l0  d ivers (207a) used drops on
occasional / frequent basis. The drops were
commonly insti l led l-5 minutes betbre the dive
( l l ,22Vo) and in the s i t t ing posture (16,32%).
Reasons given for use were upper respiratory
tract infection (8, 167o), use during training
courses (5, l )Vo)  and others (5,  l0%).

Use of forcible Valsalva manoeuvre : 29 divers
(587o) stated that they used a forcible Valsalva
manoeuvre after failed auto-inflation attempt.
2ldivers (427r,) considered it to be useful and
l l  ( 227o )  repo r ted  pa in  o r  g idd iness  on
performing the same. 12 of the 29 di v ers (41 .4Vo )
stated speci f ica l ly  that  they resor ted to a
fbrcible Valsalva manoeuvre when divins with
URN.

3. Association between possible causative factors
and occurrence of barotrauma

(a) Known causes of Eustachian tube dvsfunction

(c)

(d)

(e)

ff)

ifi"y.fi*-*
l r v a t s a t n
!  I l J a w  m  o v e m  e n t

ig:r:-"r-:91

P r m a r y  S e c o n d a r y
m  e t h 4 d  m  g l h o d

Auto-inf l  at ion techniques
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(i) Upper respiratory infection : This was the
single commonest associated causative
factor occurring in 25 (59.5Vo) divers
sustaining ear barotrauma.

(ii) Nasal atlergr and use ofdecongestant nasal
drops : Nasal allergy symptoms were
reported by 7 (L6.7Vo) of  the d ivers
experiencing barotrauma symptoms. Divers
with nasal allergy had both more incidence
of severe barotrauma symptoms (3/7,
42.9Vo) and frequent symptoms (217 ,28.6
7o) than the non-allergic group (lO/35,28.6Vo
and 5/35, l4.3Vo respectively). Of the l0
divers who reported use ofnasal drops on
occasional or frequent basis, 4 (40Vo)
developed severe barotrauma as compared
to five (5/40, 12.5 Vo) in the group who did
not use nasal drops or had used them only
once. Symptoms were more frequent in the
first group (4llO,4O7o) experiencing the
same on frequent / most times basis as
compared to the second group(3140,7 .57o),
(Fies).

(iii) Smoking : Of the 42 divers reporting ear
barotrauma symptoms, 12 (28.6Vo) were
smokers. This group of smokers had less
incidence of severe barotrauma symptoms
(3112,25Vo) than the non-smoking group
(10132, 3l.3%o), however reported more
barotrauma symptoms (2112, 16.'l Vo) on
frequent or most times basis as compared
to non-smokers (5 132, l 5.6 Vo).

O) Diving and auto-inllation techniques

(i) Single vs. two techniques : Of the l6 divers
(32Vo) who employed only one technique

of middle ear auto-inflation, 5 (3 I .37o of this
group) sustained severe barotrauma, vis-
i -v is  8 (23.5Vo) of  the 34 d ivers who
employed two techniques.  Wi th in the
single technique group, 7 divers (43.8%)
reported occurrence of barotrauma on
fiequent / most times basis. Of the divers
who employed two techniques, only 2
(5.9Vo) reported barotrauma on frequent /
most t imes basis, (Fig 6).

(ii) Timing and frequency of auto-inflation :
Whi le only  4 d ivers per formed auto-
inflation at surface prior to dive, 3 (75Vo) of
them suffered severe barotrauma vis-)r-vis
l0 divers (10146,21.77o\ in those who did
not auto-inflate at surface. One diver of
the first group (257o) had barotrauma on
frequent / most times basis as compared to
6 (139o) in the second group.

Consider ing the t iming of  subsequent
auto-inflation, of the 24 divers who did so
at 0-l metre,9 (37.SVo) suffered severe
barotrauma as compared to only 4/26
(15.47o) of those who auto-inflated after I
metre depth. However, only one diver ( l/
24, 4.2Vo) of those auto-inflating at 0-l
metre had barotrauma on frequent / most
rimes basis as compared to 6 (6126,23.1%')
of those who auto-inflated above I metre.
Of the27 divers who repeated succeeding
auto-inflations only on perceiving pressure
in the ears,4 ( l4.8Vo) had severe barotrauma
as compared to 9 divers (9123,39.17c) who
auto-inflated after every breath or 3-4
breaths. However,5 divers (5/27, 18.57r,) of
the first group had barotrauma symptoms
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on  a  f r equen t  /  mos t  t imes  bas i s  as
compared to 2 (2123 , 8.7 Vo) in the second
group.

(iii) Use of j'o-yo ascents : Of the 7 divers who
employed yo-yo ascents on a frequent
basis as an aid to clearing their ears, 2
(28.6Vo\ suffered severe ear barotrauma and
5 ('71.47o) had barotrauma symptoms on
frequent/ most times basis. Of the l6 divers
who employed the yo-yo occasionally, 8
(507o) experienced severe barotrauma, and
one (6.3Vo) had barotrauma symptoms on
frequent/ most times basis. Contrastingly,
in the 27 divers who did not use yo-yo
ascents or used the yo-yo only rarely or
once, severe barotrauma occurred in 3 (3/
27 , I I .IVo) with only one diver in this group
(3.7Vo) having symptoms on frequent /
most times basis, (Fig 7).

(w) Use of the forcible Valsalva manoeuvre :
Of the 29 divers who practiced forcible
Valsalva manoeuvre as an aid to clearing
ea rs ,  IO  (34 .5Vo)  sus ta ined  seve re
barotrauma as compared to 3 (3121,14.297o)
i n  t hose  who  d id  no t .  Ba ro t rauma
symptoms were also more frequent in the

first group (5129,l7 .2Vo) experiencing the
same on frequent /most t imes basis) as
compared to 212I ,9.5Vo in the second
group, (Fig 8).

(v)'End-of-the-day' barotrauma : Two divers
reported moderate barotrauma symptoms
following repetitive dives in a short time
period (4.87o).

(c) The role of experience : Of the I I divers who
had experience offive years or less,3 (27.3Vo)
reported severe barotrauma symptoms,
compared to l0 (10/39, 25.6Vo) of those who
had more than five years experience. None (07o)
of  the f i rs t  group repor ted symptoms on
frequent / most t imes basis vis-i-vis 7 (7139,
l87o) inthe second group, (Fig 9).

DISCUSSION

In this study, 84Vo of divers reported symptoms
of ear barotrauma, confirming the high prevalence
of the condition in the naval diving population.

Mawle and Jackson in a survey of 142 British
divers found thatl I.IVo had experienced equalizing
problems while diviny'and 64Vo of divers reported
symptoms of ear barofrauma [3]. In their study, 507o
of divers suffered clearing difficulties I - l07o of the
time. ll%o of divers in their study stated having been
diagnosed with barotrauma previously. In a ques-
tionnaire-based retrospective study among diving
instructors and dive masters in recreational diving.
Ornhagen and Hagberg [4] found 6.5%o ear related
problems among males and 8.97o problems among
females. This study however, dealt with very experi-
enced d ivers of  two categor ies.  Taylor  et  a l
conducted an international postal survey of 709 ex-
perienced recreational scuba divers in 2003 and

il.;;;-- l
i  barotrauma:

i l frequenl i
L b a r o r J s u m a j

j  I severe
I  baro l rauma

l l  f r "quunt
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Fig. 8 : Use of forcible Valsalva
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tbund that ear barotrauma had been experienced on
one or more occasion by 369 (52.lEo) with tympanic
membrane rupture and round./oval window rupture
being experienced by 38 (5 .4Vo) and 8 ( I . I 7o) respec-
t i ve l y .  l 6  d i ve rs  (2 .37o )  repo r ted  pe rmanen t
disabilities (hearing loss, tinnitus and imbalance)[5].

ENT problems in diving are usually minor and
thus not reported, since the diver aborts the dlve
because of pain before any damage is caused. Even
more severe ENT problems are most likely under-
repor ted s ince there is  no real  incent ive for
reporting [6].

' In our study, the majority of divers (16,38.17o)
reported occurrence of ear barotrauma on an occa-
sional basis. Most barotrauma was moderate in
severity (35.7Vo) and occurred at shallow depths (l-
5 metres, 47.6Vo), in conformity with the principles
of Boyle's law. The majority occurred during wet
dives (7l.4Vo) and affected one ear (90.57o). Only
26.27o of divers in our study sought medical advice
and were diagnosed to have barotrauma, the much
larger majority not reporting milder symptoms to
medical personnel. Factors leading to non-report-
ing are likely to be acceptance of the problem as a
routine part of diving, non-availabil ity of a system
of immediate post-dive feedback/questionnaire re-
garding symptoms and importantly in our setting,
the apprehension of being downgraded in medical
category, a factor which is directly l inked to diving
pay and allowances. 27.3Vo of the divers who re-
ported sick were absent from diving duties for over
a month.

Occurrence of ear barotrauma symptoms often
resulted in the dive being aborted (33.3Vo), a prac-
tice which is recommended in medical literature to
avoid further ear pathology. To abort safely, due to
technical considerations of gas supply etc, on many
occasions, the dive buddy fso has to surface and
may then be sent back intolthe water alone to com-
plete the task at hand. The practical implications of
the same in operational military diving are obvious.

The incidence of vertigo associated with ear clear-
ing difficulties in our study was low in 2 divers,
4.97o,one case being a diver who sustained Grade 5
barotrauma (perforated eardrum) on free diving to 3-
4 metres with a common cold. The other diver
experienced rotatory vertigo at l5 metre depth of
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descent associated with unsuccessful auto-intla-
tion. Uzun et al documented 0.46 7o incidence of
alternobaric vertigo in 1086 scuba dives [7]. In con-
trast, Lundgren et al reported 17 .lVo of recreational
divers to have experienced alternobaric vertigo at
least once during their diving career [8].

In Mawle and Jackson's study [2], the incidence
of middle ear infection was high at 38 9o as com-
pared to only 4.8 Vo in our study. Reasons for the
same are unclear.

Despite the fact that URTI is well recognized by
divers as a cause of ear barotrauma, it remains the
commonest associated cause in our setting at59.59o.
Possible reasons for the same include dismissal of
the nasal symptoms as a'normal' or 'minor' cold. an
attitude which was common in many of the inter-
v iewed d ivers.  Other  causes were operat ional
commitments in which the affected diver did not
notify his superiors about being medically unfit to
dive and training dives during courses when the
trainees are under self-compulsion to complete the
qualifying dives in the stipulated time period. Apart
from other cited causes which are known to predrs-
pose to barotrauma e.g. rapid descent, repetit ive
diving and equipment-related problems, the inter-
viewed divers considered exposure to cold, lack of
pre-dive exercise and prolonged absence from div-
ing to be predisposing factors.

Mawle and Jackson found that divers who wore
a hood all the time had significantly more severe
and more frequent barotrauma symptoms than those
who wore a hood only in cold water [3]. Ornhagen
and Hagberg reported as many as l.9Vo of instluc-
tors and dive-masters to have problems during diving
with mouth piece and full face mask which may pre-
clude effective use of jaw movements as an ear
clearing method [4]. Barotrauma due to equipment
related causes (ill-fitting nose-clip, tight hood, heavy
set) constitutes 7.lVo in our study, with only one
diver reporting barotrauma associated with a tight
hood(2.4Vo\.

Lack of experience is often cited as a common
predisposing cause for ear barotrauma since to avoid
separation from other divers, many inexperienced
divers continue to descend despite ear pressure and
pain []. Also, pressure equil ibration is not always
passive, but requires skil ls that take some time to
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achieve [5]. A six-month training in scuba diving in
the Swedish Navy resulted in a significant reduc-
tion of the active forcing pressure for Eustachian
tube opening from 43.8 to 31.3 cm of HrO, while the
passive clearing remained almost the same 43.0 to
39.7 cm of H,O according to Ornhagen and Ro-
man [9].

Surprisingly, in our study, the incidence of se-
vere barotrauma was comparable between divers with
five or less years of experience (27.37o) and those
with more than five years experience(25.6Vo).How-
ever ,  the d ivers wi th less than f ive years of
experience reported no occurrence of barotrauma
on frequent / most times basis (07o) as compared to
I 87o of more experienced divers. Possible reasons,
as brought out during interactions with experienced
divers, could be that novice divers are more likely to
promptly report URTI (therefore not diving with the
same) and to abort dive on experiencing mild symp-
toms. In contrast, experienced divers are often under
psychological compulsion to 'perform' and keep up
their 'diving reputation' and may undertake diving
with URTI though aware of the dangers of the same.

Use of decongestant nasal drops prior to diving
is condemned in medical literature as being useful
only in minimal Eustachian tube block and even then,
permitting slow descent with some degree of baro-
trauma. Although symptoms during descent may be
reduced, Eustachian tube block will occur on ascent
and cause further barotrauma [2]. Jones et al in a
double-blind comparison between oral pseudoephe-
drine and topical oxymetazoline in the prevention of
barotrauma during air navel found that oxymetazoline
nasal spray is little more effective than placebo in
reducing ear pain and discomfort associated with
changing ambient pressures [10]. Van Heerbeek N
et al in a randomized, double-blinded, placebo-con-
trolled study to assess the effect of a topical
decongestant on Eustachian tube function in chil-
dren with ventilation tubes (because of persistent
otitis media with effusion) found that xylometazoline
nose drops had no effect on the ventilatory or the
protective function of the Eustachian tube I I I ].

The incorrect use of methods to equalize ear pres-
sure is a common cause of barotrauma []. No single
one technique of auto-inflation has been univer-
sally recomniended. It is generally accepted, however,
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that the Frenzel manoeuvre is safer than the Val-
salva since it does not cause an increase in either
intra-thoracic or intra-cranial pressure with the added
advantage of a hands-free approach. Ornhagen,
(UHMS Workshop 2004 on Medical Aspects of Div-
ing Safety) stated it to be the most effective
technique [6].The disadvantage is that it is more
difficult to teach and learn. This is also borne out by
our survey which shows that only 87o ofnaval divers
use the Frenzel as a primary technique and none as
a secondary technique.

The use of the forcible Valsalva manoeuvre as an
aid to difficulties in auto-inflation is contra-indicated.
Apart from producing pain and dizziness, it is also
an important cause in itself of middle and inner ear
barotrauma. In this survey, it was found that most
(587o) of the divers practiced it on unsuccessful
auto-inflation. In addition, 4l.4Vo of divers who re-
sorted to it did so in the presence of URTI, a
combination of two predisposing factors for baro-
trauma.

Use of a single technique of auto-inflation, re-
duced frequency of auto-inflation, use of yo-yo
ascents and forcible plsalva manoeuvre were all
found to be associatdd with more severe and more
frequent barotrauma.

RECOMMENDATIONS

The following measures may serve to reduce the
incidence of ear barotrauma in naval divers:

(a) Basic dive training and indoctrination should
include more emphasis and detail regarding the
co r rec t  use  o f  m idd le  ea r  au to - i n f l a t i on
techniques.

(b) Training in more than one technique would
appear to be useful.

(c) Frequent refresher education programmes on
au to - i n f l a t i on  t echn iques  and  causes  o f
barotrauma appear to be indicated.
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EVALUATTON OF rDA 59(M)

Surg Lt Cdr Kamal Mishra-

ABSTRACT

A submarine on surface is more l ikely to sink than a surface vessel because of smaller reserve buoyancy.
Submarine losses in war and in peace have been very heavy. About 1150 submarines were sunk during the
World War II ,  amounting to almost half  the total number of subrnarines operated by the warring nations.
About 170 submarines were lost in peacetime in the last century. On the 12 August 2000 K-f41 'Kursk' of the
Russian Federation Navy sank in approximately ll0 msw following two explosions in the torpedo compartment.
This was the most recent naval loss at sea. There were no survivors.

The Indian Navy is operating submarines for the past three decades and has an enviable track record till date.
This can be attr ibuted to meticulous training, attention to detai l  and professional ism of the submariners. A
study was conducted at the Institute of Naval Medicine/INHS Asvini to study the safety of the IDA 59 escape set
at escape depths of 100m using the tables laid in the Russian escape BR. Type CX22H 1800-30 bar Chamber by
Comex industr ies of France which was instal led in INM / Asvini in 1984 was used along with the IDA 59
submarine escape set. Results have shown that new submarine escape table are safe for depth 40m, 60m, 80m.
HoweYer, as three out of four divers developed O, toxicity, only one diver could complete the l00m escape safely
on the safety of 100m escape table could not be established. It is recommended that further studies are required
to validate the safety of the escape table for depth of 100m.

Key Words: Sunken submarine, escape

INTRODUCTION

l. In event of a submarine mishap where a disabled
submarine is unable to surface, and detoriating
microclimate & lack of timely surface support,
makes the opt ion of  rescue foolhardy,
submariners have to depend on individual wet
escape. Conventionally the submariners can
effect individual escape from 100 mtrs and 120
mtrs (in spec,al circumstances).

2. When abandoning ship all that a sailor needs
to have is swimming capability and an aid to
float, t i l l  being rescued. But a submariner
requires a breathing medium which should be
dynamic i.e. pressure and composition of the
medium should vary according to depth.
Duration of stay at depth, and rate of ascent
can cause DCS & pulmonary barotrauma, if
proper procedure is  not  fo l lowed.  Af ter
surfacing the escapee needs positive buoyancy
till being rescued.

3. O, partial pressure in breathing bag should not

cause Oz toxicity at depth and as the escapee
approaches th{surface, O, partial pressure
should increase to prevent DCS & hypoxia.
Therefore one breathing medium in the bag
should be l00%o O, and the other gases added
to the breathing bag from mixture bottle should
not  cause Iner t  gas Narcosis  or  d i lu t ional
hypoxia.

AIM

This project aims to

l. Test the safety of Decompression schedule in
relative safety of compression chamber.

2. Evaluate the safety of IDA 59(M).

OBJECTIVEAND SCOPE

To study the safety of  IDA59(M) and the
prescr ibed Soviet  Submar ine decompression
schedule in terms of protection it offers against
Decompression sickness (DCS), Oxygen toxicity,
Pulmonary Barotrauma, Hypoxia and Hypercapnla.

'Medical 
Officer, INS Abhimanyu.
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BACKGROUND

l. Should a submarine become disabled; there are
two main methods of evacuation of survivors. If
the depth of  the d is t ressed submar ine is
sufficiently shallow the survivors can escape.
However, in escaping subjects the escaper to
sea pressure equivalent to the depth of the
distressed submarine, and this can cause a
var iety  of  ser ious physio logical  problems.
Despite ongoing research a realistic maximum
escape Iimit of 200 meters is all that is l ikely to
be achieved. The escaper's problem is further
complicated by the various gas concentrations
within the distressed submarine, before he
attempts to escape. In case the depth of water
exceeds 180 meters, or for a variety of other
considerations, the survivor may be better off
awaiting rescue.

2. Where as North Atlantic Treaty Organisation
(NATO) Submarines follow a system of rapid
compression followed by a decompression free
ascent for individual sur.vivors, Indian Navy
fo l l ows  the  Sov ie t  pa t te rn  o f  wa te r
decompression when stipulated limits of time
and pressure are exceeded. There has been no
escape fiom a sunken submarine in the entire
range ofsubmarine escape depth and pressure.
Hence the decompression schedule that we
follow in Indian Navy has never been fully
tested as regards to its safety.

3.  Al though we have been re ly ing on Soviet
literature provided to us by the Russians, these
equipments have never been used or tested from
l00MSW depth. The calculations are based on
Russian subject who is more heavily built with
more body mass than average Indian
submariner. How theTables will affect the Indran
sailor in real life situation needs to be evaluated
to ascertain the safety ofthe entire procedure.

4. With induction of INS Sindhurakshak in Indian
Navy the Russians gave a new decompression
table to help individual escape from disabled
submarine from depth using buoy rope ascent
method. This table was introduced to make it
easy to follow for escaping submariners as it
had standard fixed stoppages at various depths
whilst escaping from a fixed depth of submarine,

94

as against varying timings with the earlier table.
At these depths of 40M, 60M, 80M and l00M
for different duration of bottom time, the
decompression time was shorter compared to
the older Russian escape table.

In view of these differences in this table, as
compared to the older table, a research project
313012002 was taken up under aegis of Armed
Forces  Med ica l  Resea rch  Commi t t ee  i n
controlled condition in chamber complex, INHS
Asvin i .

During individual escape one has to go through
the following four stages of escape: -

(a) Pre-fl ooding period.

(b) Stage of pressure equalisation.
(c) Ascent.

(d) Survival on surface.

Ascent : Ascent through water is the stage of
decompression as the pressure of surrounding
water diminishes with ascent to surface. There
are two types of ascent.

(i) FreeAscent.
t

( i i  ) Buoy-rope Ascent./

It is not possible to open a hatch on the DISSUB
against the weight of water pressing down on it
without first equalising the pressure below the
ha tch  w i th  t ha t  o f  t he  seawa te r  ou ts ide .
Therefore, any escape attempt wil l involve
exposure of the crewmen to the pressure of the
sea associated with the depth at which the
DISSUB has come to rest. Breathing air for any
lengthy exposure at pressures of more than a
few tens of meters followed by direct ascent to
the surface would result in severe DCI and likely
death. Therefore, either the exposure to this high
pressure must be made sufficiently short such
that the amount of inert gas absorbed by the
escaper whilst at depth is not great enough to
cause DCI, or, if the exposure is to be long, the
escaper must be able to stop at various points
during the ascent and wait for the absorbed
inert gas to leave his body at a safe rate before
progressing toward the surface. As brought out
ear l ier ,  the f i rs t  type of  escape,  wi th out
stoppages, is called 'escape by free ascent' or

Jour Marine Medical Society, 2006, Vol. 8, No. 2
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rush escape. The second type of escape, with
stoppages, is made with the aid of a float rope
and is called 'buoy rope ascent'.

8. In 'escape by buoy rope ascent', to avoid DCI
the escaper must perform several stops on his
way to the surface. In order to achieve this he
ascends to the surface following a rope with
knots to indicate his depth. Depths at which he
needs to stop and the duration of the stops to
allow gas to safely leave his body must be
calculated using tables based on initial escape
depth and time at depth.

a) Free Ascent : Free ascent is desirable as it
quickly brings the submariner to the surface.
The average rate of free ascent, with the
escape set and suit on, is I metre/second.
Free ascent is, however, indicated only when
the stay under pressure is short and the
body saturation with inert gas is so less that
no decompression stops are necessary.
Maximum stay under pressure for various
depths, which allows free ascent, is given in
Table2.

b) Buoy-rope Ascent. When the stay under
pressure exceeds the limit, which is safe for
free ascent, decompression stops on the way
to surface become necessary to avoid bends.
A buoy wi th a buoy-rope at tached to
submar ine  i s  re leased .  The  escap ing
submariners ascend along the buoy-rope and
have decompression stops of 4-8 minutes at
the mousings fixed on the buoy-rope.

TABLE I
Maximum allowable time of stay under pressure for

9. On arrival at the surface, the escape suits provide
required buoyancy for effortless flodting and
protection against rapid loss of body heat rn
contact with water. The orange colour of the
suit helps in easy spotting from a distance. The
submariners should attach themselves with one
another with the help of the hook provided on
the suits and should wait in cluster. Individual
drifting will thus be prevented and spotting and
rescue would be easier.

MATERIALSANDMETHODS

Comex Decompression Chamber

Insulated breathing apparatus IDA-59(M)

Selection criteria

1. A panel of volunteers selected as subject for
the study was medically screened for diving
fitness using standard laid down by NO (spl)l/
1999and 17lzW.

2. Personnel used were either clearance divers
(who are trained to dive more than 35m depth)
or ships divers (who are trained to dive to dive
ti l l  35 mdepth;. .r
Exclusion critefia:

URN

IVo Epilepsy/Fits, IHD, Pulmonary TB, Asthma

High fever

On medications like Steroids, insulin, thyroxine,
theophy l i ne ,  ana lges i cs ,  sa l i cy la tes
an t i neop l  as t i c ,

escape by f ree ascent

a n t i c o n v u l s a n t s ,

Dep th Max t ime

in msw

Remarks

with IDA 59

Max t ime

with compt a i r

Remarks

l 0
2 0
3 0
4 0
5 0
6 0
I U

8 0
9 0
1 0 0

2.5hrs
20 min
20 min
20 min
20 min
1 2  m i n
7 min
5 min
3 min
2 min

Endurance of set

02 Toxic i ty

Decompression

sickness

Unl imi ted
45 min
30 min
20 min
1 2  m i n
8 min

Decompression

Sickness

Nit rogen

Narcosis
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an t i hype r tens i ve ,  su l f onamides ,  am ino -
g l ycos ide  hepa r i n ,  d i g i t a l i s ,  d i su l f i r am.
acetazolamide, lVo DCS, Pulmonary Barotrauma

Inclusion Criteria:

l .  The  d i ve r  shou ld  have  100  h rs  d i v i ns
experience.

2. He should be in Medical Category SlAl.

3. He should not be exposed to any diving in
previous 72 hrs.

Initially all personnel were trained in use of IDA
59 (M) which included surface trial and workup
dives. Three points are impressed upon the
volunteers.

L No hyperventilation is allowed.

2. Bottom dril l , which includes breathing in
from set and breathing out into atmosphere
thrice, is done to prevent dilutional hypoxia.

3. No holding of breath while ascending

In compression chamber d iver  is  in i t ia l ly
breathing chamber air while being pressurized.
For dives and surfacing from beyond 50 MSW
i.e. 6kg/cm2 pressure the subject is advised to
be on mask. Hence the diver is advised to put
on the mask on being pressurized beyond 6Kg/
cm2. This is done to prevent Nitrogen Narcosis
and to follow the BR on escape fiom sunken
submarine.

Following data about the dive were recorded.

Time at start of compression

Rate of compression

Maximum depth achieved

Bottom Time

Time of ascent

Time of surfacing ,
On leaving bottom the dfver is decompressed
enroute according to new decompression
schedule promulgated in Sindhurakshak and
Sindhushastra.

Unlike the older version of decompression table
this allows free ascent from depth up to 20 MSW
irrespecti ve of duration of stay under pressure.
It excludes the fixed time (4 min) up to the first
s top f rom tota l  decompression t ime and

introduces two fixed time 4min/Smin at the
mousing depending on the depth and time under
pressure. So in emergency the submariner only
keeps two figures in his mind a) depth of first
stop b) t ime of stay at f irst and subsequent
stop.

On conclusion of each dive the subjects wil l be
clinically examined for evidence of DCS with
special emphasis on neurological, chest and
CVS examinations. Doppler bubble detector is
used to detect silent bubbles.

ENT examination is done to see that tympanic
membrane is mobile and has no pertbration.

ECG is done to see that there is no arrhythmic
focus.

Clinical neurological assessment and EEG will
be carried out to rule out oxygen toxicity.

Chest examination and PFT wil l be carried out
to rule out pulmonary pathology

ABG analysis ofpo2, pco2, pH

Serial EEG after 0.02. 24 hrs

OBSERVATION AND RESULTS

l. The details of the simulated escape from 100
meters depth under controlled c<lnditions with
biomedical assessments are placed below.

2. The dive protocols were laid down depending
on var ious depths and bot tom t ime under
pressure. Before the dives, the divers were
familiarised with protocols of the dives, all divers
were worked up medically to rule out any
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pathologies and then given a work up air dive
in multi place chamber. The IDA 59(M) sets
used, were brought on temporary loan from IDA
Maintenance Unit, INS Vajrabahu.

Diving commenced on l4th May 2005 when the
divers were sent to 40 M depth. All the divers
followed the laid down protocol and were
gradually surfaced using the new Russian table
without any complications. There was not a
single episode of Decompression sickness.

However on l6th May 2005 whilst carrying out
dive to 60 M, one out of four of the divers
suffered from Oxygen toxicity at bottom, fbr
which the dive was aborted and the divers were
surfaced using appropriate air table as per INBR
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2806. During this timeonePOMA along with a
CDII were pressurised and transferred to the
chamber to render medical  ass is tance and
manage the patient. Subsequently all divers
came to sur face wi th no res idual  medical
problems and were observed for 72 hrs fbr
sequelae of diving accidents. No such problems
were encountered in these divers.

On l7th May 2005 a dive to 60 M depth was
carried out. All the divers followed the laid down
protocol and were gradually surfaced using the
new Russian table without any complications.
The re  was  no t  a  s i ng le  ep i sode  o f
Decompression sickness or Oxygen toxicity.

On l8th May 2005 a dive to 80 M depth was
carried out. All the four divers followed the laid
down protocol and were gradually surtaced
using the new Russian table wi thout  any
complications. There was not a single episode
of Decompression sickness or Oxygen toxicity.

However, on l9th May 2005 whilst carrying out
divc to 100 M depth. One of the diver indicated
problem ar97 M and dive was aborted. During
the decompression at 57 M three out of four
divers were found to be suffering with Oxygen
toxicity. The chamber was maintained at 55 M
depth and a POMA with a CDI were pressurised
and transferred to the chamber for medial
assistance. All the three patients were given
ln jec t i on  D iazepam and  managed
conservatively at 55 M. On recovery from the
episode all the divers were gradually surfaced
using the deep air tables without any further
complications. There was not a single episode
of Decompression sickness on l9th May 05.
But on 20th May 05,28 hours afterthe surfacing,
one of the two attendants developed numbness
and tingling of left upper l imb and left lower
l imb .  He  was  d iagnosed  as  a  case  o f
decompress ion  s i ckness  and  was  g i ven
therapeutic recompression using appropriate
Oxygen table as per INBR 2806. The attendant
d iver  recovered fu l ly  wi th recompression
treatment and was observed for 72 hrs for
sequelae. No further problem was encountered.

The new Russian table offered with INS
Sinhurakshak did not show any incidence of

Jour. Marine Medical Society,2006, Vol.8, No.2

decompression sickness in all the completed
dives on l4th, lTth and lSth May 05. However
thele were episodes of Oxygen toxicity during
the two dives to 60 M and 100 M respectively
when one diver out of four suffered Oxygen
toxicity at 60 M depth and three divers out of
fbur suffered Oxygen toxicity during the 100 M
dive. However all these divers were managed
success fu l l y  a t  dep th  and  l a te r  on
decompressed without any untoward sequelae.

9- Investigations and Findings : All the Five sets
used by the divers during the aborted dives
were taken to IDA Maintenance Uni t .  INS
Vajrabahu for detailed investigations for material
failure. However it was observed that the sets
had functioned properly all through the dives
and all parameters set fbr various reducers,
nozzles and demand valves etc. were with in
the set l imits. The gases used to charge the
bottles though certif ied by the suppliers and
MS (MB) were also certified by NMRL before
use. The bottles uged in these sets have been
landed at NMRL fi lr testing once again and the
results showed 90 to 94%' O, in Trimix bottle.
Whilst the chemical O., was tested for quantity
of Oxygen liberated and amount of Carbon
dioxrde present per gram and found to be within
limits, the rate of l iberation of Oxygen with
respect to tirne could not be ascertained.

D ISCUSSION

OXYGI'NTOXICITY

Mechanisnr

The partial pressures of oxygen at sea level is
approximately 0.2 AIA, or 160 mm of mercury. This
value can be increased primarily by two ways.

L Enriching the breathing mixture with oxygen,
t i l l  on ly  oxygen is  being inhaled.  Such a
situation would result in the PO" to increase to
760 mm of mercury.

2. The pressure of oxygen mixture breathed may
be directly increased by which means there is
theoretically no upper partial pressure limit.

Wh icheve r  way  the  i nc rease  i n  t he  O ,  i s
accompl ished,  the ef fects of  oxygen on body
function will be the same. What is more difficult to
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establish is at what pressure adverse effects may be
expected. In man, studies indicate that breathing
concen t ra t i on  o f  up  to  60  pe rcen t  oxygen
continuously produced no harm.

In c l in ica l  pract ice,  general ly  two d is t inct
conditions occur:

l. Brief exposures to very high oxygen tensions
as in HBOT.

2. A relatively low oxygen concentration. say 500
- 1000 mm of Hg, continued for many hours.

These two settings result in what has often been
described as, acute and chronic oxygen toxicity
respectively. It has also been noticed that the acute
e f fec t s  a re  gene ra l l y  sugges t i ve  o f  a  CNS
involvement while the chronic oxygen toxicity seems
more of pulmonary involvement.

CNS toxicity - "Paul Bert effect"

Paul Bert first observed toxic effects of high-
pressure O" on CNS, in 1877.  He descr ibed the
occurrence of convulsions in experimental models
exposed to hyperbaric oxygen at a pressure more
than 3 AIA.

Post World War II, the Brit ish and the American
Navy published instructions for divers. These were

l. Brit ish: - t ingling of f ingers and toes, twitching
o f  musc les  espec ia l l y  a round  the  mou th ,
warning symptoms. Convulsions followed by
unconsciousness and death if a remedy is not
taken.

2. American: - the first signs of oxygen toxicity
are flushing of the face, nausea, dizziness and
muscle twitching. A feeling of being iritable
and a sense of excitement may follow. As the
p ressu re  i s  i nc reased ,  nausea ,  ve r t i go ,
unconsciousness and convulsions ensue.

This brings out the fact/tatthere is variation in
symptoms and signs based possibly on individual
susceptibil i ty. It is also seen that perioral muscular'
twitchings are fairly constant sign. This has been
part ia l ly  at t r ibuted to fat igue caused by the
mouthpiece of t l ie breathing apparatus. Another'
features seem quite often is facial pallor. This is
thought  to resul t  due to an in tense per ipheral
vasoconstriction and due to hyperoxia.

The next group of symptoms may be classified
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as minor crisis, in so far as they are usefully transient
and the subject is able to continue breathing oxygen.
T h e s e  i n c l u d e  v e r t i g o ,  n a u s e a ,  m a l a i s e ,
apprehension or choking sensation. The course of
these minor crisis is unoredictable and one has to
be constantly alert for sudden exacerbation with the
danger of convulsions.

F ina l l y  a  g roup  o f  symp toms  occu r  wh i ch .
although. not demanding immediate cessation of the
exposure, signify that the intoxication is becorning
nrore intense and that it 's acute symptoms wil l not
be greatly delayed. There rnay be pronounced mood
changes  w i th  dep ress ion  o r  eupho l i a .  Seve re
irrational apprehension. sometimes amounting tcr
acute terror, maybe experienced. Alternatively. the
subject may feel far away or experience complete
ind i f f e rence  to  h i s  su r round ings .  O the rs  a re
somnolent. At this time the attendant may notice
altered behavior, clumsiness, loss ofjudgment. Feu,
subjects mentioned palpitations, t ightness in the
chest and epigastrium. The appearance of visual
and auditory hallucinations, are late and indicate a
thst approaching end point. Definite twitching of
the l ips usefully rneans that the end point is near.
Th i s  i s  t he  mos t  common  te rm ina t i on .  These
twitches are powerful and sustained, usefully f irst
seen on one s ide of  the upper l ip ,  increasing in
power, t iequency and distribution and can splead
to the whole body. In a few subjects. just before end
point, respiratory abnolmalit ies in the fbrm of rapid
panting, asthma type features - without wheeze.
grunting respiration, apnea in severe cases. Those
showing respiratory features usually convulse.

There are great variations in the resistance to the
general  background of  in tox icat ion and in the
resistance to the convulsant factor. There is a latent
period before the occurrence of symptoms. This
period is inversely related to PO, above 2 ATA.

Btiology

Oxygen has an effect on the regulation of blood
tlow, tissue oxygenation and energy metabolism rn
the brain. These effects are pressure dependent and
are involved in the development of toxicity.

It was Gerschman et al, who in 1954, suggested
that oxygen induced tissue damage is related to the
increased production of partially reduced species.

Jour Maritrc Medical Sociery, 2006, Vol. B, No.2
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Jerret et al demonstrated that hyperbaric oxygen
augmented t issue concentrat ions of  hydrogen
peroxide. Simet et al, demonstrated that hydrogen
peroxide product ion increases l inear ly  in  rats
exposed to 0.6 AIA, I ATA and 3 ATA of oxygen
compared to rats exposed to 0.2 AIA. Yusa et al
provided stronger evidence when they reported that
SOD and catalase increased the latency time to
convulsions in rats exposed to oxygen at 6 ATA.

These resul ts  c lear ly  show that  hyperbar ic
oxygen exposures leads to formation of free radicals
in the bra in and that  they are involved in the
pathogenesis of convulsions. The free radicals are
thought to act by;

l. At the cell membrane causing l ipo-oxidation.

2. Nuclear function inhibit ion.

3. On decreased protein synthesis leading to cell
death.

The selectivity of CNS lesions on autopsy could
be due to:

l. Reeional cell vulnerabil ity.

2 .  Reg iona l  CO,  re ten t i on  seconda ry  t o
maldistribution of cerebral blood flow during
hyperoxia.

3. Regional impairment of oxidative metabolism
with accumulation of acid metabolites in some
areas.

Other basic mechanisms not related to fi'ee radical
product ion are sure ly  responsib le for  oxygen
neuronal toxicity and the encompass;

l. Non-radical dependent enzyme inhibit ion.

2. Cerebral metabolismmodification.

Many cerebral  enzymes are suscept ib le to
inhibit ion by hyperoxia, which leads to alteration of
cerebral metabolism. Two fundamental pathways
are involved;

l. Oxidative phosphorylation may be inhibited
and hence ATP production blocked.

2. Inhibition of glutamic acid decarboxylase blocks
the synthesis of GABA.

The  ocu r rence  o f  se i zu res  a t  3  ATA,  i s
concomi tan t  w i t h  a  d rop  o f  GABA ce reb ra l
concentration.

If one plots a graph of neurological tolerance tcl

Jour Maritrc Medical Society, 2A06, Vol.8, No.2

oxygen, the fbllowing sat'e limits can be extrapolated;

1.  PO,-  l .7ATA- 7 hours.

z.

A

PO,- l .8ATA- 3 hours.

POr- 2ATA- 50minutes.
PO, - 3 ATA- 30 minutes.

It has been found that certain conditions hasten
the onset of symptoms. These include increased
carbon dioxide, fatigue, stress, cold. The toxicity
can r . ro t  be  p reven ted  by  an t i - convu l san ts  o r
anesthetics. These drugs can avoid convulsions but
not the underlying tissue damage. Antioxidants,
particularly vitamin E, magnesium have shown to be
of benefit.

An interesting feature mentioned is that the
hyperoxia CNS injury, by mediation of sympathetic
system, determines a vasoconstr ic t ion of  the
pulmonary microcirculation leading to pulmonary
hype r tens ion .  The re fo re ,  a  neu rogen i c  acu te
pu lmonary  edema can  occu r  concomi tan t  t o
hyperoxia seizures. When seizures are repetit ive,
irreversible pulmonary damage can be induced.
Protection tiom hyperoxia convulsions also prevents
the associrted pulmTnary manifestations.

I
Pulnronary toxicity - "J Lorrain Smith effect"

One of the mysteries of Paul Bert's work is that
he did not discover the toxic effects of oxygen on
the lungs. It was J. Lorrain Smith, in 1899, when
a t temp t i ng  to  de te rm ine  the  l owes t  l eve l s  o f
hyperoxia needed to produce the Bert's effect, who
discovered and described the existence of pulmonary
oxygen to.\icity in the rats after continuous exposure
to PO, at 0.41 - 3.6 atm. Pr. and without any
neurological symptoms. He noted a progressive
dyspnea that led to death, without convulsions, after
an average of 4 days under a PO, of 0.74 - 0.8 atm.
Pr. ol in 5-10 hours under 2.7 - 3.6 atm. Pr. The
pulmonary oxygen toxicity is thus often referred to
as the Lorrain Smith effect.

Presently we know that pulmonary toxicity of
oxygen can arise from prolonged exposure to PO, >
0.6 atm. Pr and that this is the main l imiting factor in
the therapeutic use of hyperbaric oxygen. The
symptoms appear after a latent asymptomatic period,
whose duration decreases with the increase in PO,.
In a normal  human,  the f i rs t  s isns of  t racheal

99



-
I

bronchial irritation appear after about l0 hours of
inhalation of oxygen at one atmosphere, and after
24-48 hours under similar conditions if suffering from
ARDS. The symptoms can be divided into three
stages:

l. Tracheo bronchitis - relatively early, even at a
low PO' It is not serious and easily reversed. It
is an important warning that should not be
undervalued to avoid further and more serious
damage.

2. Second stage, ARDS, is typified by acute
respiratory insufficiency, pulmonary edema,
reduction of the pulmonary spaces and serious
alveolar damage. If this stage is exceeded;

3. Interstitial pulmonary fibrosis results.

It is a moot point whether the responsibility fcrr
pulmonary oxygen toxicity is the high PO, in direct
contact with the alveolus or the increase in pressure
of the plasma oxygen. The former hypothesis seems
feasible in the case of exposure to PO, of up to I
atmospheres and the latter is considered true for
exposures at higher pressures.

F rom the  h i s to log i ca l  po in t  o f  v i ew ,  t he
mechanisms of pulmonary oxygen toxicity seems
basically cellular and at a membrane level. It is rn
fact, the cellular membranes that are confronted with
the highest level of PO, and that are undefended
from attacks by free oxygen radicals.

Free radical theory of oxygen toxicity

This theory assumes that the oxidative injury is
caused by highly reactive metabolic products of
oxygen, which may

L lnhibit cellular enzymes.

2. DamageDNA.

3. Destroy lipid membranes.

Free radicals of oxygen are products resulting
fi'om the normal oxi-reductive processes of the cell.
In hyperoxic conditions, their production notably
increases.

SUMMARYAND CONCLUSION

Though no case of Decompression sickness was
noticed during these dives, there was unusually high
incidence of Oxygen toxicity during the use of IDA
59 M, due to excess amount of oxygen in mixture
bottle. The laid down procedure as given in Russian
BR and the new submarine escape table are safe tbr
depth 40m, 60m, 80m but as three out of four divers
developed O" toxicity, only one diver could complete
the l00m escape safely. Hence further studies are
required to validate the safety of the escape table
for depth of l00m.The subjects for the l00m escape
were kept for observation for four days after the
acc iden t  du r i ng  wh i ch  they  we re  med ica l l y
investigated. They were returned to their units only
atier all investigation parameters reverted to normal.
I t  is  per t inent  to  note that  EEG changes wele
observed in all three divers but were temporary in
nature (due to O, toxicity) and reverted back to
normal in 04 days.

Further, comparison of various parameters (rate
of regeneration clf Oxygen, rate of absorption of
Carbon dioxide and total regeneration capacity etc.)
of the indigenous chemical O-. with Russian O. is
also warranted. t

/
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THE IMPOKTANCE OF EFFECTIVE AND PROMISING BEHAVIOUR
CHANGE INTERVENTIONS TO PREVENT HIV INFECTIONS

Surg Cdr Saugat Ray'

Key Words : Bahviour change, HIV Infection

INTRODUCTION

l. Globally, an estimated 40 million'people were
living with HIV/AIDS at the end of 2005. More than
I 0 million of ttrem are young pmple aged 1 5-24 y eus.
There were a total of 4.9 million people in the world,
newly infected in 2005 and 3.1 million people died of
AIDS in the year [].

2. The National AIDS Control Organization
(NACO) estimates that5.2l million people were liv-
ing with HIV in 2005 in India, giving an adult
prevalence of O.9l%o I2l.

3. The incidence of HIV/AIDS in theArmed forces
and specially in the Navy is showing a plateauing
effect in the last few years. There were2J , I I and I 3
cases of HIV in 2003,2004 & 2005 respectively and
05 cases till Jul 06 (Table 1) [3]. There are a total of
327 cases of HIV +ve individuals serving in the Navy
presently, which is O.625Vo of the total population
where as the prevalence isO.9lvo in India and 0.067o
in the US Navy.

4. It is observed from the surveillance reports
that 6O7o of those infected with HIV in the Armed
Forces have acquired infection from exposure to
commercial sex workers. However, there is a large
chunk ofpersonnel (307o) who were detected to be
HIV+ve but in whom the probable source of con-
tracting the disease could not be ascertained.
Another disconcerting trend is that ofthe incidences
or new cases of STD infections, which still contin-
ues unabated (Table 2) [3].

5. Naval Personnel report participating in high-
risk behaviour, because oftheir youth and frequent
deployments at important city ports in India and
abroad and thereby increase the risk of acquiring

and spreading HIV. They also live and interact freely
with civil ian population and are potential bridging
group for disseminating HIV into the general popu-
lation [4]. Deployed Naval personnel travel between
home & various ports, increasing the opportunity
for those engaging in risky sexual behaviour to be
exposed to and spread HIV and STDs at home and
abroad.

6. HIV/AIDS has its roots in a range of problems
that undermine people's health and human rights,
such as inequity and discrimination, poverty. social
unreSt and migration, exploitation and abuse. Chang-

TABLE I
Incidencc of HIV Infecy'ons for the year 2005 till
Jun 2006 r

Month Army Navy Air  Force

Jan 05
Feb 05
Mar  05
Apr  05
May 05
June 05
July 05
Aug 05
Sep 05
Oct 05
Nov 05
Dec 05
Jan 06
Feb 06
Mar 06
Apr  06
May 06
June 06

4 9
- tz

3 8
4 5
2 5
5 4
l l
2 9
6 4
3 2
) t

z - )

J I

2 9
3 9
2 8
2 3
4 l

0 2  0 3
0 l
0 2

;
0 t
0 2
0 l

0 l
0 l
0 l

;

;

;
0 l

0 t
0 l
0 l

;
0 2
0 l
0 l
0 l
0 l

'Officer in charge, SHO, Visakhapatnam.
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1994
I  9 9 5
I  996
t997
I  998
l  999
2000
200 l
2002
2003
2004

0 . 5  3
0 . 4 6
0 . 5  5
0 . 4 9
0 . 5  5
0 . 3  5
0 . 2 0
0 . 1 9
0 . 2 2
0 . r 3
0 . 1 4

0 . 6 6
0 8 2
0 . 5  5
0 . 6 2
0.6'7
0.6'7
0 . 3 2
0 . 6 4
0 . r 8
0 .  l 0
0 . 3  2

0 .  t 9
0 .  l 5
0 . 1 0
0 . 0 9
0 . 0 0
0 . 0 3
0 . 1 0
0 . 0 4
0 . 0 4
0.04
0.04

TABLE 2
Decadal trend STDs (All forms) (Rate per 1000)

Year Army Navy Air  Force

also emphasizes the sense of urgency that should
accompany the drive to achieve these goals, as well
as the need for a specific emphasis on prevention.
and within that, a fbcus on the young sailors who
remain at the centre of the HIV pandemic. It alstr
tries to explore the need to have a better under-
standing of the evidence base for making decisions
as to the nature of interventions needed for a posi-
t i v e  b e h a v i o u r  c h a n g e  a m o n g s t  o u r  n a v a l
community.

Methodo logy

The study has tried to review the efficacy and
effectiveness of a range of prevention approaches
that are at various stages of research. The intention
was to i l lustrate the landscape of interventions that
have been developed and evaluated in dift'erent set-
tings and that have the potential for widespread
application in our setting.

DISCUSSION

Undcrstanding the Typcs of IIIV Epidemic

l .  Three types of HIV epidemics are described:

Low Level Epidemics - In low-level epidemrcs
HIV may have beln recorded for many years,
but prevalence has never consistently exceeded
5Vo in any subpopulation [8].

Concentrated epidemics - In concentrated
e p i d e m i c s .  H I V  i s  w e l l  e s t a b l i s h e d  i n
subpopulations with behaviours known to put
them at high risk, such as injecting drug users,
sex workers or men who have sex with men. In
concen t ra ted  ep idemics ,  H IV  p reva lence
consistently exceeds 59o in atleast one of these
groups,  but  there is  no s ign of  substant ia i
spread beyond these groups [91.

Generalized Epidemics - Countries where I{lV
has spread to the general population - with
more than IVoHIY prevalence among pregnant
women -are said to have generalized epidemics.
In generalized epidemics the main mode of HIV
t ransmiss ion  i s  t h rough  pene t ra t i ve
heterosexual sex in the general population.
Such epidemics are currently tbund mainly in
sub-Saharan Africa and in some countries rn
the Caribbean. Generalized epidemics are also
dri ven by young people I I 0- I 2].

Jour. Marine Medical Society,2406, Vol. 8, No.2

ing these structural, socioeconomic and contextual
determinants [5] will be fundamental to making the
prevention of HIV sustainable.

7. Prevention strategies in the Navy primarily fb-
cus on Health Education strategies for the service
personnel and their families through symposiums, ,
workshops and peer group education. An attempt
to measure the changes in behaviour has not been
undertaken so far. Enumerated below are a few of
the newer strategies ofbehaviour change interven-
tion being researched at different parts of the wolld
with different groups of people.

8. In the face of increasing rates of HIV infection
around the world, there are people who doubt that
HIV prevention strategies work, despite extensive
evidence of the effectiveness of the several inter-
ventions [6]. Despite these challenges, the field of
HIV prevention is alive and well. In the course of the
past 20 yrs, many approaches for stemming the
spread of HIV have been developed, tested and
evaluated in different population and settings, and
a number have been widely adopted [7]. The follow-
ing  s tudy  i s  a  b r i e f  ove rv iew  o f  a  range  o f
interventions that has attempted to induce behav-
ioural change, apply technologies and strategies to
nlodify the psychosocial environment prevalent
amongst the general population in different parts of
the world.

Obj ect ives

This evidence based overview focuses on ways
of meeting the global goals of prevention of HIV. It
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l .  The goal of interventions aimed at changing

behaviours is to reduce the risk of HIV-related

s e x u a l  b e h a v i o u r .  B e h a v i o u r  c h a n g e
interventions seek to delay the onset of sexual
in tercourse,  reduce the number of  sexual
partners a person has and reduce the incidence

of unprotected sex by increased condom use'

Intervent ions a imed at  changing behaviour
focus  on ' i nd i v i dua l s  o r  sma l l  g roups  by

conduct ing workshops or  proglammes that
provide inforrnation; develop skil ls on how to

use  condoms ;  soc ia l  marke t i ng  and

interpersonal communications and mass media

campaigns I I 3]. Several systematic reviews and

meta analyses have summarized findings fiom

these studies.  There are a few publ ished

experimental studies testing the effectiveness
of an intervention to reduce behavioural risk

using both behavioural and biomedical end
points (irrcidence of STD or HIV or both) and

these have found mixed results. For example,

two  mu l t i s i t e  i n te rven t i on  s tud ies  among
heterosexual men and women in the US found
significant positive effects both on outcomes
ofbehavioural changes and STI incidence [14]
and as a result, one of the protocols (Pr<lject

RESPECT) has been widely replicated in the
US.

2 .  A  few  ev idence  based  i n te rven t i ons  a re

enumerated below

(a)Biomedical interventions - Research into
biomedical interventions to prevent HIV
infection involves testing the effectiveness
of physical and chemical technologies to
prevent the transmission or acquisit ion of
HIV. They are:

o Reducing iatrogenic transmission -

Beg inn ing  i n  t he  m id -1980s ,  seve ra l
strategies were introduced to reduce the
l ike l ihood of  pat ients acquir ing HIV
infect ion f rom blood t ransfus ions &
iatrogenic needle pricks. These included
the widespread use of diagnostic assays
fbr detecting HIV in blood and imposing
restrictions on donors known to be at risk
of HIV infection. Other stratecies have
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been to demonstrate to patients that the
medical care they are receiving is safe.

Managing STIs - A large body of evidence
accumulated from epidemiological and
clinical studies has shown that the risk of
s e x u a l  t r a n s m i s s i o n  o f  H I V  i s

substantially increased in the presence

of other STIs [5]. The evidence shorvs
that STIs - particularly those associated
with genital ulceration - can enhance the

infectiousness of people who are HIV
positive as well as the susceptibil i ty of
people who are HIV negative. Therefore.
the diagnosis and treatment of STIs have
the potential to be effective prevention
strategies by reducing STI prevalence in

coup les  whose  H IV  s ta tus  i s
discordant [6,17].

Antiretrovirals to prevent HIV infection
-  P reven t i ng  mo the r  t o  ch i l d
t ransmiss ion  -  One  o f  t he  mos t

s i g n i f i c a n t  d e v e l o p m e n t s  i n  H I V
prevent ion is  the f ind ing that  cer ta in
antiretroviraldrugs could be adm i nistered
t., pr.gn.n/*omen and their newborns
in such a way as to significantly reduce
the l ikelihood of HIV being passed tiom
mother to child before, during and atier

delivery. Three key randomized controlled
trials provided the proof I I 8].

Ant i ret rov i ra ls  for  post-exposure
prophylaxis Health-care workers have
had access to treatment with antiretroviral
d r u g s  f o l l o w i n g  a s s u m e d  ( c h i e f l Y

parenteral) exposure to HIV infection in
the workplace. A retrospective study of
occupational post-exposure prophylaxis
concluded that zidovudine monotherapy
(administered within 24 hours of exposure
and over the course of 28 days) reduced

occupational HIV transmission (chiefly

th rough  need le -s t i ck  i n j u r i es )  b1 '

upproximately 8l% [ l9].

Antiretrovirals for preventing sexual
transmission - A key bcnefit of using
HAART for treatment of HIV disease is
that it reduces plasma viral load. Strict
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adherence to HAART regimens
contributes to the sustained suppression
of virus. Some data indicate that the risk
of HIV transmission is directly associated
w i th  t he  i n fec ted  i nd i v i dua l ' s  v i r a l
load [20]. Mathematical models have
demonstrated that at the population level,
the beneficial effect of HAART on
reducing sexual  t ransmiss ion of  HIV
could be offset by an increase in the
circulation of drug-resistant strains of HIV
and increases in risky sexual behaviour
that might occur if people believe HIV
transmission is unlikely or if HIV infection
becomes less feared because treatment
is available [21,22].

Male circumcision - Numerous studies
have found evidence that uncircumcised
men have higher rates of HIV infection
than their circumcised counterparts [22].
I t  has been hypothesized that  male
c i r cumc is ion  p ro tec t s  aga ins t  H IV
infection chiefly because the foreskin,
which contains a high density of HIV-
spec i f i c  ce l l u l a r  t a rge ts ,  has  been
removed [23]. According to a study done
in the US Navy,  the proport ion of
circumcised men did not significantly
differ between cases (84.9Vo) and controls
(81 .87o ) .  A f t e r  ad jus tmen t  f o r
demographic and behavioral risk factors
lack of circumcision was not found to be
a risk factor for HIV [24].

Vaccines - There is general consensus
that the HIV prevention strategy with the
potential to have the greatest impact
would be an HIV vaccine. Unfortunately.
no effectif vaccine exists, nor is one
expected s6on. The complexity of HIV, the
multiplicity of its variants, the abil ity of
the virus to mutate, the lack of validated
correlates of protection - not to mention
the costs and logistics of mounting large-
scale c l in ica l  t r ia ls  -  have made i t
extremely difficult to develop and test
candidate vaccines. Moreover, there is
little expectation that any vaccine that

emerges inthe near future wil l be close to
1007o  e f f e ' c t i ve .  On l y  one  p roduc t
(AIDSVAX gpl20) so far has completed
phase III '  testing - in the Netherlands.
Thailand and the United States - and it
showed no efficacy [251.

Microbicides - A microbicide is a chemical
.compound designed to block the sexual
t r ansm iss ion  o f  H IV  by  k i l l i r r g  o r
inactivating the virus, blocking the entry
ofthe virus into tdrget cells or interrupting
the viral l i f 'e cycle once it has enteled
ta rge t  ce l l s .  M ic rob i c i des  a re  be ing
deve loped  ch ie f l y  f o r  vag ina l  use .
although research on products for rectal
use is also under way. The drive behind
microbicide development is the urge tt ' ,
provide women with an HIV prevention
technology that does not depend on male
cooperation. The earliest randomized
trials were conducted with non-oxynol-9,
which has been used as a spermicide but
has  a l so  shown  an t i -H IV  ac t i v i t y  i n
vitro [26,27].

Soc ia l  i n te rven t i ons  -  Soc ia l
arrangements, institutions, laws, policies
and customs can influence greatly the
a b i l i t y  o f  i n d i v i d u a l s  t o  e n g a g e  i n
p ro tec t i ve  behav iou rs  and  to  use
b iomed ica l  t echno log ies  t o  avo id
becoming inf'ected with HIV. In recent
years, increased attention has been paid
to the possibil i t ies of modifying social
arrangements that affect HIV prevention.
Whe the r  t hey  a re  ca l l ed  " soc ia l
s t ra teg ies "  t 2 ) ,  " s t ruc tu ra l
interventions" t28] or "environmental

interventions" [29], efforts to create social
conditions that facilitate health promotion
and risk reduction have proven to be
effective in a number of locales.

o l00Vo condom use - Perhaps the most
notable example of a social intervention
aimed at preventing the spread of HIV is
the Thai "lNVo condom" use programme.
The promot ion of  condom use was
coupled with an emphasis on decreasing
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visits to sex workers and other non-
regular partners, particularly among Thar
military recruits. But the Thai national
response ,  l i ke  t ha t  i n  Uganda ,  a l so
included national sentinel surveilliince,
mass  med ia  campa igns ,  commun i t y
mobil ization and interaction between
nongove rnmen ta l  o rgan i za t i ons ,
communi ty-based organizat ions and
indus t r y ,  as  we l l  as  s t rong  pub l i c
statements and resource commitments
made by pol i t ica l  leaders and pol icy
makers at the highest levels [30,31].

o Economicempowermentinterventions
for women - Many women and girls do
not have basic infbrmation about their
bodies, sex or sexuality, and do not know
how to prevent HIV and other STIs; they
cannot demand that male partners use
condoms; they cannot refuse sex; they
are often forced to sell sex; and if they
inject drugs they often are given a dirty
needle to use after their male partner.

o Effectiveness of Mass media - Given that
adolescents are so attuned to mass media
for information and cues about how to
behave,  the media have t remendous
po ten t i a l  f o r  r each ing  them w i th
messages about HIV and AIDS. Mass
media campaigns may complement other
programmes (for example, the training of
pe rsonne l  o r  t he  d i s t r i bu t i on  o f
condoms) designed to stop the spread of
HIV. The evidence in the published
l i terature on the ef fect iveness of
communication programmes is sparse but
there have been several rigorous studies
that identified reported changes in HIV/
A IDS re la ted  behav iou rs .  such  as
avoiding unprotected sex [32]. For the
purposes of this review, these channels
include radio, television, video, print
media and the Internet; the programming
may take a variety of forms, including
va r i e t y  shows ,  s t ree t  p lays ,  songs ,
adve r t i semen ts  o r  pub l i c  se rv i ce
announcements,  soap operas,  music
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v ideos ,  f i lms .  pamph le t s ,  b i l l boa r -ds .
posters and interactive web sites.

(c) Behavioural and social issues in developing
and implementing Interventions - There are
a number of  in terre lated issues that  cut
across virtually all interventions designed
to prevent the spread of HIV and these must
be  a t t ended  to  i n  deve lop ing  and
implement ing such intervent ions.

Economic empowerment interventions
for women - Recruihnentto and retention
in studies - The requirements of rigorous
randomized controlled trials, the range
and  number  o f  H IV  p reven t i on
techno log ies  unde r  s tudy ,  and  H IV
inc idence levels necessary to enable
researchers to detect true effects from an
intervention mean that large numbers of
people must be recruited and retained in
multisite studies over many years. This
i s  l og i s t i ca l l y  cha l l eng ing  and  a l so
expensive [33].

Economic emDowerment interventions
t -

for womerf - Adherence to prevention
protocol - Once recruited and retained, it
is essential that study participants adhere
to the prevention protocol if the full
effectiveness ofthe intervention is to be
captured. For some technologies and in
some social and familial circumstances,
th is  may prove impossib le for  s tudy
participants [34].

Economic empowerment interventions
for women - Behavioural disinhibition -

It is possible that when people perceive
that a particular HIV prevention method
is effective (even if i t is only partially
effective), they may stray from using
other methods that are already known to
be equally or more effective (for example,
using male condoms, delaying their f irst
experience of sexual intercourse and
reducing their number of sexual partners)

[34]. However, we must not let fears over
disinhibition impede efforts to develop
and implement interventions because we
need as many effective tools as possible
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to tackle the HIV/AIDS epidemic. It is
essen t i a l  t ha t  we  shou ld  d i l i gen t l y
p romo te  behav iou ra l  change  and
communicate the need to continue to
engage in risk reduction or avoidance
even as new prevention methods emerge.

o Economicempowermentinterventions
for women - Partial efficacy and partial
ef fect iveness -No s ingle prevent ion
method is 1007o effective. Even sexual
abstinence, which may be theoretically
effective, is imperfectly practised. The
most effective prevention technology is
the male latex condom, which has an
estimated 8O-90Vo level of expected risk
reduction with correct and consistent use.
Based on the outcomes of  the f i rs t
randomized contro l led t r ia l  o f  male
circumcision, that intervention appears to
have the next highest level ofefficacy, at
65-7O7o for  a s ingle procedure [35] .
Additional methods under study (such
as vaccines, microbicides, pre-exposure
antiretroviral prophylaxis) are estimated
to have only a 25-507o level  of
effectiveness using current study-design
calculations. This means that researchers,
service providers, programme managers,
policy-makers and community advocates
must  not  promise too much for  any
particular method; they must be clear
abou t  t he  need  to  use  a  comb ined
approach to preventing the spread of
H IV ;  and  they  mus t  emphas i ze  t he
importance of adherence to behavioural
changes.

CONCLUSION

This review of the/IV prevention strategies tells
us a number of thin$. First, we have a great deal of
evidence from research studies - both experimental
and observational - and from practical experience
to make the case for the eff'ectiveness of a nurnber
of interventions to prevent the spread of HIV. Al-
though not all research has been rigorous, and not
all interventions have shown significant results, we
do know that reductions in risk and rates of HIV
infection can be achieved throueh behavioural. bro-
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medical and social strategies, particularly when they
occur together.
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A CLINICALTRIAL EVALUATING A NEW METHOD OF FORE-HEAD
PULSE-OXIMETRY WITH CONVENTIONAL LIMB PULSE-OXIMETRY
IN TERM NEONATES

Surg Capt G Gupta', Surg Cdr S Narayan*, Surg CdrA KYadad,A Bableshwar--

ABSTRACT

Object ives:  To comparat ively evaluate the use of  the convent ional  t ransducer probe at tached to the forehead
against  the l imb probe and to detect  the strength of  agreement belween the readings obtained f rom the two
s i t e s .

Des ign :  C l i n i ca l  t r i a l .

Set t ing:  NICU/ Materni ty ward

Subjects:  89 asymptomat ic term neonates.

Methods: Iwo similar pulse-oximeters (Oxylife, Meditrin Instruments, Mumbai) were used for all measurements.
'fhe 

sensors of one of the probes was placed over centre of the forehead with a Velcro fixed head band , the
other Y probe was at tached to the l imb in convent ional  manner.  The s imul taneous readings f rom both pulse-
oximeters were taken on the euthermic neonates at  2,  5,  f0 & 15 minutcs.  Probes were interchanged af ter  the
first set of readings to eliminate probe bias. A third sct of readings were taken after the switching probes at the
machine end to e l iminate machine bias.  The Bland and Al tman Stat is t ical  analysis method was used to evahratc
the strength of  agreement between the readings of  both the pulse-oximeters.

Results: The readings of saturations taken at 10 mins and 15 nrins showed a narrower SD of 0.8 to 0.9 and limits
of agreement of l.|Vo to l.9%a i.e the values from the forchead probe fetl within the limil( of 1.57o below and 1.99o
above the limb probe readings. The readings of heart rates takcn at l0 mins and 15 l6ins showed a narrorver SD
of 0.8 to 0.9 and good agreement wi th the var iat ion in heart  rate between the two probes being between 1.86
beats/  min and 0.74 beats/min.

Conclusion:  We conclude that  the readi ly  avai lable t ransducer pulse-oximeter probe can be used to obtain
rel iable SpO, and heart  rate readings f rom the more stable forehead s i te in term infants wi thout  any i l lness.

Kev Words : Forehead. Pulse Oximeter. Neonates

INTRODUCTION
|Jhe most widely used non-invasive method of de
I termining the blood oxygenation is pulse oxi-

metry. Pulse-oximetry is a trans-cutaneous optical
technique for the non-invasive determination of ar-
terial oxygen saturation (SaO,). The pulse oximeter
measures SaO, in well vascularised tissue by calcu-
lating the ratio of the relative absorption of l ight at
two wavelengths, one of oxyhemoglobin and the
other of deoxyhemoglobin . Continuous non-inva-
sive pulse oximetry is routinely used in the Neonatal
Intensive Care Unit (NICU) to monitor the oxygen

saturation and heart rate in neonates, and in par-
ticular for ensuring that correct levels of arterial O,
sustained during oxygen therapy . The use of a trans-
ducer probe attached to a peripheral body part is
the standard method to detect SpO, and is prone to
erratic readings in patients who have a poor periph-
eral circulation due to any cause[,2]. Movement
artifacts further compound the problem. especially
when limbs are chosen as probe sites [2,3]. Recently,
a few studies have described the use of a new probe
that measures saturations by analyzing reflected light
fr<lm the forehead i.e. Reflectance Probe. This method

'Senior  
Adviser and Head :  *Classi f ied Special is t  (Pediatr ics & Neonatology) l  rGraded Special is t :  "Post  Graduate Resident
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is described to obviate problems associated with
the traditional limb probes.

The non-availability of Forehead Reflectance
probe in India, prompted us to design a study to
answer the research question "Whether the
conventional transducer probe of the pulse-oximeter
be used effectively on the forehead site in place of
l imb?" This c l in ica l  t r ia l  was designed to
comparatively evaluate the use of the conventional
transducer probe attached to the forehead against
the l imb probe and to detect the strength of
agreement between the readings obtained from the
two sites.

SUBJECTAND METHODS

After obtaining institutional ethics committee's
approval, in this clinical trial eighty nine neonates
were recruited over duration of three months from
Jun-Aug 2006. All subjects were asymptomatic term
neonates. Birth weights of study subjects ranged
from 2.5 to 3 kgs and postnatal ages from I to 05
days. Sick and preterm neonates were excluded from
this study. Informed maternal consent was obtained
before recruiting the subject in to study. Two similar
pulse-oximeters (Oxylife, Meditrin Instruments,
Mumbai) were used for all measurements. The
sensors of one of the probes was placed in a newly
designed rubber socket with a fixed distance of 5
mm between two slots, housing two limbs of the
probe, placed over centre of the forehead with a
Velcro fixed head band with flexibility to adjust to
different head sizes. The other Y probe was attached
to the limb in conventional manner of finger pulse-
oximetry as shown in Fig. l. The readings were taken
on the euthermic neonates, so as to eliminate
measurement errors due to cold peripheries. Care
was taken to keep pressure applied on the forehead
probe to the barest minimum to avoid faulty readings
due to impairment of local circulation [4]. If subjects
were observed on Day I of life, readings were taken
after at least 30 minutes of birth to minimise the
variations of heartrate and oxygen saturation seen
normally in the immediate post-natal period [5].
Probes were interchanged after the first set of
readings to eliminate probe bias. A third set of
readings were taken after the switching probes at
the machine end to eliminate machine bias. Three
sets of readings for oxygen saturation and heart

Jour. Marine Medical Society,2006, Vol.8, No.2

Fig. I : Shows the photograph of a term infant with both
the probes.

rate were taken at intervals of two, five, ten and
fifteen minutes for each of the modalities described
above. Babies were also observed for any skrn
changes on the forehead due to head strap. The
Bland andAltman Statistical analysis method was
used to evaluate the strength of agreement between
the readings of both the pulse-oximeters and to
determine whether forehead pulse oximetry can
replace limb pulse-oximetry [6].

RESULTS /
t

In the study, oxygen saturation and heart rates
of 89 consecutive term neonates born over the three-
month study period were taken at intervals of 2,5,l0
and  l 5m ins  f o r  each  p robe  and  mach ine
man ipu la t i on .  P robe  and  mach ine  b ias  we re
eliminated by interchanging the probes at the subject
and machineend. Thus, three sets ofreadings each
were obtained for SpO, and heart rate. The mean
difference and standard deviation of the SpO,
readings and heart rates were calculated for each
measurement interval for each of the three modes of
monitoring. The results were then subjected to t
test and the confidence limits were estimated by the
Bland and Altman method.

Oxygen saturations recorded at 2 mins and 5 mins
in all the three sets showed SD t 1.7 with limits of
agreement ranging from 3.8Va to2.|Vo. The readings
taken at 10 mins and 15 mins showed a narrower
SD t 0.8 - 0.9 and limits of agreement of l.Svo to
l.9Vo i.e the values from the forehead probe fell
within the limits of 1.59o below and 1.97o above
the limb probe readings. Thus, the difference
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between the readings ofthe forehead probe and the
limb probe was clinically not significant at any
measurement interval in all three modes of
monitoring.

Tables-l& 2 show three sets ofreadings for the
oxygen saturation and heart rates from the forehead
and limb pulse oximeters with their corresponding
mean difference, standard deviation, limits of
agreement and their confidence intervals. Figures 2
& 3 show graphs of oxygen saturation and heart

TABLE I
Oxygen saturation

Mean Limits of 95% Confidence
Difference (SD) agreement% Limits

rates at l0 mins. Figures 4 & 5 show the difference in
the oxygen saturation and heart rates to the average
oxygen saturation and heart rates in both forehead
and limb probes. None of the study subjects
developed any skin changes on the forehead at the
end of the study period.

DISCUSSION

The present study is the first one to test the
ef fect iveness of  forehead pulse-oximetry in

OXYGEN SATUR/{NOil AT 10 IIINS

i r HEAD PROBE

ir LIMB PROAE

2 m i n s  0 . 1 1 ( 1 . 7 )  3 . 5 5 - 3 . 2 5
5  m i n s  0 . 1 5 ( t . 7 )  2 . 4 -  2 . 2

f
o
A
a

95

90

85

80l 0  mins  0 .3 (0 .8 )
15 mins 0.4(0.9)
PROBE CHANGED AT SUBJECT END
2mins  0 .2 (1 .5 )  3 .7 -  3 .4
5  m i n s  0 . 1 3 ( 1 . 6 )  2 . 3 - 2 . 1
l0  mins  0 .2 (0 .7 \ 1 . 8 -  I  . 5
1 5  m i n s  0 . 3 ( 0 . 8 )  1 . 8 -  t . 3
PROBE CHANGED AT MACHINE END
2mins 0 . 2 ( 1 . 6 )  3 . 8 - 3 . 4
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l 0  m i n s  0 . 1 ( 1 . 4 )
1 5  m i n s  0 . 2 ( 1 . 3 )

0 2 0 4 0 6 0 E 0 t ( n

SAXPLE 3IZE

Fig.2:-Shows oxygen saturation of both probes.
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Fig.3 : Shows heart rates for both probes.
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Fig.4: Shows the difference in the oxygen saturation
and the average oxygen saturation in both
forehead and limb probes.
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1 . 9 -  1 . 3
t . 8 - 1 . 4

4 .5 -2 .1
3 .9 -3 .2
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r .4 -1 .24
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TABLE 2
Heart rate

Mean diff
(SD)

Limits of
agreement

Confidence
l imi ts

2mins 1.32(4.3)
5  mins  0 .2 (1 .6 )

9.92-3.2
7 .28 -2 .8

4 . 8 - 3 .  I
3 . 9 - 2 . 8
1 . 4 - t . 2
1 . 5 -  t  . 3

4 . 7  - 3 . 8

3 .6-3 .4
1 . 3 -  l . l
t . 4 - r  . 2

4.5-3.2
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1 .3 -1 .2
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PROBE CHANGED AT SUBJECT END
2mins  0 .2 (0 .86)  9 .6 -3 .2
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2 mins
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| 0 mins 0.05(0.9)
1 5  m i n s  0 . 0 7 ( l . l )

1 . 4 ( 3 . 6 )
0 . 4 (  1 . 8 )

9 .3 -4 .5
6 . 5  - 3 . 5
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1 . 9 - 2 . 1
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Fig. 5 : Shows the difference in the heart rates to the
average heart rates in both forehead and limb
probes.

comparison with the limb pulse oximetry using the
conventional transducer probe in neonates.

Very few studies have been conducted on
forehead pulse-oximetry and all of them involved
use of the reflectance probes, which at present is
not available in India [7]. In fact, an extensive search
of literature failed to reveal any study similar to ours
and especially in neonates, hence the present study
would prove to be an usefu l  a l ternat ive to
conventional limb oximetry and be cheaper than use
of the reflectance probe.

The differences between the two probes for both
oxygen saturation and heart rate measurements were
notclinically significant at any measurement interval
in any mode of monitoring. Though not significant,
the difference was wider at 2 min and 5 min after
probe placement in all three modes of monitoring
this small gap markedly decreased at l0 and 15 mins
after probe placement. This finding suggests that
both the sites can be used to monitor oxygen
saturations as well as heart rate, using the traditional
transducer probe.

As seen in Tables I and 2, at l0 and 15 mins
interval the limits of agreement are very narrow both
for oxygen saturation and heart rate i.e mean
difference in oxygen saturation was O.l7o to 0.4%'
between the forehead probe and peripheral one;
limits of agreement were within 1.97o more or I .37o
less than the limb probe at intervals of l0 and 15
minutes with95Eo Confidence interval between 1.5
to I . 1. This is clinically insignificant.

Similarly, the readings for the heart rates from
head probe are between 1.9 beats/min higher and

Jour Marine Medical Society,2006, Vol.8, No.2

1.6 beats/min lower than the readings from the limb
probe. The 9570 confidence limits for heart rates were
I .5- I . I beats, which is not clinically significant.

In the present study, using the regular transducer
probe, the readings of the forehead and limb pulse-
oximetry are in good agreement in term asymptomatic
neonates and hence the forehead can safely be used
as a site for transducer probe attachment in place of
the conventional limb pulse oximetry, as there were'
no changes in the skin of forehead at the end of the
study. There are no studies available in the literature
to compare our study with standard pulse-oximeter
probe.

The limitations of the study include the fact that
the study subjects were term infants without any
disorders and hence the findings of this study
cannot be extrapolated to apply to sick/ preterm
infants. This limitation is acceptable considering the
fact that the aim of the present study was to
determine whether the novel method of using the
traditional transducer probe on the forehead would
give readings akin to the traditional limb probe
method.

a
We conclude that/Ie readily available transducer

pulse-oximeter probe can be used to obtain reliable
SpO, and heart rate readings from the more stable
forehead site in term infants without any illness.
Further studies to evaluate the effectiveness of the
transducer probe for forehead pulse oximetry in sick
and preterm babies is the next logical step and is
likely to alter monitoring practices in the NICU.

KEYMESSAGE

In term neonates the Forehead pulse oximetry
with the conventional probe can be used as an
alternative to Limb pulse oximetry.
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SHIPBOARD DERMATOLOGY

Surg Cdr J Sridhar'

Key Words : Ship Dermatology

INTRODUCTION

Qhipboard dermatology traces its roots back to
rJthe l8'h century when scurvy, a deficiency dis-
ease with primarily cutaneous manifestations, was a
leading cause of mortality among mariners. It was
James Lind, a Scottish Surgeon in the Royal Navy
who identified in 1753 that citrus fruit could treat
the disease I I ]. In this age, dermatologic complaints
continue to be a common reason for visits to the
ship's sickbay. They are a significant cause of mor-
bidity, combat ineffectiveness and poor morale [2].

Approximately 30 percent of the medical problems
on board ship are dermatological [3,4]. There are
several factors that contribute to this high figure,
including age group, adverse environmental factors
and the recalcitrant nature of dermatological disease
itself. For much of the Ship's Company, working
spaces remain as heat stress areas and living
conditions are often crowded. Miliaria, acne, contact
dermatitis, fungal and bacterial infections are all
aggravated by heat and humidity. Scabies infestation
can overrun entire mess decks.

Though today's ship's Medical Officer has new
and expanded resources at his command, his skills
in managing dermatologic conditions are often put
to test at sea. He must know how to treat minor
conditions independently, and also recognise when
these minor conditions are a sign of something more
serious.

Approach to diagnosis

The traditional approach in medicine has been to
take a history before the physical examination [5]. In
dermatology, the advantage is that the abnormalities
are visible. Hence inspection, followed by directed

history-taking is the preferred route for narrowing
the diagnosis.

The patient has to be fully bared and viewed in
adequate light. The four cardinal features of type,
shape, distribution and symmetry of the skin lesion
must be recorded. The type of a skin lesion may be
primary or secondary, details of which are presented
in Table L Finally, any alteration in the nails, hair,
palms, soles, oral cavity and genitalia must be noted.

Even if final diagnosis is not evident, the Medical
Of f icer  can ef fect ive ly  ut i l ise the descr ipt ive
terminology of skin lesions while communicating
his findings to the dermatologist.

It is recommended ttyf the Sickbay library be
updated prior to deploytnent. Handbook of Skin
Diseases published by AFMC, Pune (2001) as well
as  one  o f  seve ra l  I nd ian  co lou r  a t l ases  o f
dermatology wil l assist the ship's MO in arriving at
a correct diagnosis. Tables 2-5 are suggested as a
treatment guide for common dermatologic conditions
encountered on board ship.

Dermatology Medications

Soaks and compresses

They can be used to great effect in oozing,
in f lamed les ions.  Normal  sa l ine or  potassium
permanganate 100 mg/litre solution are practical
agents for use on board ship. They reduce irritation
and exudation, remove crusts, produce cooling and
increase penetrat ion of  subsequent ly  appl ied
medications. Soaks are given to the extremities, in a
basin or bucket. Compresses are given by using a
gamzee pad dipped in compress sohition and placed
over the lesion for 5-10 minutes, repeated every 2-3
hours. The area is to be dabbed and not rubbed.

No.2
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TABLE I
Terminology of skin lesions

Primarv skin lesions Secondary skin les ions

Macule Flat, circumscribed lesion characterised by a
chaoge io colour or texture

Papule Circumscribed, palpable ele,,ation, less than
0.5 cm in diameter

Nodule Palpable elevation more than 0.5 cm in
diameter, which also has depth

Plaque Raised area more than 0.5 cm in diameter.
length more than elevation

Vesicle Elevated lesion less than 0.5 cm in diameter.
containing fluid

Pustule Elevated lesion less than 0.5 cm in diameter
containing pus

Bulla Elevated lesion less than 0.5 cm in diameter.
a - -

conmlnlng pus

Cyst Closed cavity lined by cells containing fluid or
semisolid material

Wheal A transient area of dermal or subcutaneous
oedema

Dried serum and exudates on the skin

Visible shedding of cornified skin

Loss of  epidermis,  which heals wi thout  scarr ing

Loss in cont inui ty of  the skin involv ing both
epidermis and dermis:  heals wi th scarr ing

Replacernent of  in jured l issue wi th f ibrous
t i  ss ue

Loss of  epidermal  or  dermal  t issuc:  appcars as
wrinkl ing or  depression

Loss of  sk in produced by scratching

A smal l  tunnel  in the stratum corneum dug by
the scabies mite

Absence of  hair  f rom a normal ly  hairy area

Crust

Scale

E ros ion

U lcer

Scar

A  t r ophy

Exco r i a t i on

Burrow

A  l opec ia

TABLE 2
Common fungal infect ions and their management
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Tinea cruris
o Expanding erythematous plaque in the groin
O 2ch Miconazole nitrate cream twice dailv for

atleast two weeks.
o Apply till lcm beyond the plaque

o Keep area dry and friction-free; switch to boxer

shorts
o Avoid meticulous over-cleansins

Tinea versicolor
o Diagnosis - hypopigmented macules that appear over

sweaty areas - chest, shoulders, neck and sometimes,

the face. They exhibit a cigarette paper type of fine

scaling, made prominent when scratched with the
little fingernail. ln the later stages, lesions appear

darker than the normal skin.
a 2.5 % selenium sulphide lotion applied to involved

areas at bedtime and showered off next morning,

for 3-4 weeks- |t
o Upon t reatment,  scal id!  resolves f i rs t :  p igmentary

change may take several weeks to improve.

Tinea pedis
o Usual ly  star ts in the last  web space and spreads across the

foot .  Can involve the sole wi th scal ing or  a few large

bl is ters.  Rarely involves the dorsum
o Treatment -  as for  Tinea Crur is
o Dry the feet  wi th a c loth,  use cot ton socks
o Af ter  crrre.  powder feet  and shoes dai ly  wi th c lotr imazole

dusting powder

Onychomycos i s

Pat ients wi th onychomycosis should be referred to a

dermatologist  as therapy is  prolonged and t reatment la i lures

can occur.

Choice of preparations

Creams are most often used for application over
soft skin of folds, scrotum etc. and for acute
inflammatory lesions. Ointments and pastes are best
suited for the chronic scaly dermatoses, but should
generally be avoided in the hot, humid environments

I14

which prevail in many of the ship's spaces. Gels,
solution and lotions are non-greasy and suitable for
the face, folds and hairy areas. Over the body folds
however, calamine lotion and powders should be
avoided due to thei r  abrasive const i l .uents.

It is better to become familiar with a few drugs

Jotrr Marine Medical Societv, 2006, Vol. 8, No.2
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TABLE 3
Common bacterial and viral infections and their
management

Boi l  (Furuncle)

a Hot moist compresses for 15 minutes, t.i.d.
o A 5-day course of anti-staphylococcal antibiotic

(ampic i l l in-c loxaci l l in /  erythromycin)  250-500 mg
q . i . d .

o Incise and drain if abscess has "pointed."
o Remember, the patient is a walking fomite - if a

food handler, excuse his duty.
Herpes s implex (Mouth or  Geni ta l ia)
O Grouped itchy/burning vesicles on an erythematous

base
o No permanent cure - goal is to dry vesicles fast as

possible for symptomatic relief
a Cold saline or warm teabag compresses (tannic acid -

excel lent  dry ing agent! ) .
o Acyclovir 200 mg five times daily for 5-7 days for

primary herpetic infection. Most cases of recurrent
HSV do not need oral acyclovir. Save it for the
patients who really need it!

o 57o Acyclovir cream is only palliative.
O Analgesics for pain relief
Impet igo

O Itchy, honey colored, crusted, erythematous plaques,
most frequently seen on head, neck, extremities,
often around,the nose and mouth.

O Warm saline soaks toremove crusts
o 5-1 day course of antibiotics (see 'Boil')

o If over beard area, avoid shaving, resume with a new
blade.

o Patient is a walking fomite (see 'Boil').

Herpes zoster
o Grouped itchy/burning vesicles on an erythematous

base, in a dermatomal distribution (esp., trunk)
o Managemant is on same lines as herpes simplex,

except that the acyclovir dose is 800mg five times
dai ly .

Warts
o Warts, especially plantar warts, are ubiquitous among

heal thy sai lors.
o Goal of treatment is to allow the patient to continue

normal activities with minimum discomfort, while the
body's immune system is stimulated to overcome
them.

) 40Vo salicylic acid plaster applied under occlusion
(after abrading with a 'zero' grade emery paper) on
alternate days till wart regression is useful. Avoid
abrasion to the point of bleeding

TABLE4

Management of acne and conmon sczemas

Acne Vulgaris
o Acne may be age-related but hot, greasy environs of

Jour. Marinc Medical Society, 2ffi6,Vo|.8, No.2

engine room/ galley or excessive UV glare in the
upper decks can aggravate it.

o Wash face with soap, dry and apply 5% benzoyl
peroxide gel twice daily Note: initially, there may be
an irritating effect.

O In case there are 10-20 or more inflammatory
papules/pustules, add Cap Doxycycline l(X) mg once
OD (l hr before food with a large glass of water) for 4
weeks.

o If the condition is severe, then remove patient from
hot, humid, greasy or sun-prone areas.

o Avoid hair oil.
o Acne is non-infectious -. food handling duties need

not be excused.
O Diet may not be a major factor in acne.

Seborrheic Dermat i t is
O Centrofacial erythema with a fine greasy scale, over

eyebrows, eyelids, nasolabial folds, behind ears and

- midl ine anter ior  chest .
O Worse in winter, airconditioned environment
o Frequently confused with systemic lupus

erythematosus (SLE).
o Avoid excessive soap, appty weak topical steroid

creams.(e.g. l7o hydrocortisone) b.i.d. till clearance.
Use sparingly for maintenance.

Sunbu ln
O Sunscreen with Skin Protection Factor (SPF) 15 or

more.
o Topical corticosteroid cream at oight is helpful
o Severe sunburn use NIAID and cold saline soaks.,
Eczema  f

o Red, itchy, scaly and may be actively oozing if acute.
Thickened, pigmented, itchy, scaly if chronic.
Commoner among atopics (history of asthma,
al lergic rh in i t is) .

o Contact dermatitis can be secondary to irritants
(paint, thinner, strong detergents) or allergens (oil.
lubr icants ) .

o Some axioms:
- If eczema is wet ... wet it (nomurl saline soaks for
l0 minutes TDS).
- If eczema is dry ... dry it (creams/ ointments)

o Topical steroids locally BD.
o Avoid any precipitating irritant or Allergen

Dandruf f
o Dandruff or pityriasis capitis can flare under stress of

deployments.
o Zinc pyrithione-based shampoo with/without a

corticosteroid lotion (applied Dightly into the scalp
roots)  hastens remission

Mi l iar ia (pr ick ly heat)
o Due to occluded sweat pores in a patient working in

hot ,  moist  environment.
o Rest from the offending environment.
o Frequent cold showers
I Less occlusive, cotton clothing
o Calamine lotion is soothing

I I5
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TABLE 5
Management of scabies, urt icaria and pseudofol l icul i t is barbae

Scab ies
o ltchy (esp at night), red papules (often crusted).

concentrated over body folds - web spaces, inner wrists,
outer elbows, axillae, nipples, umbilicus, buttocks and
genitals (prepuce, penile shaft, scrotum). Secondary
eczemat isat ion/  impet ig in isat i tn is  common.

o Alone, Tablet Ivermectin 12 mg, single dose is effective
On board ship, it enables sinultaneous oral dosing of
patients as well as contacts, breaking the chain of
transmission (with topical therapy, it is impossible to
treat all the mess inhabitants in one go, due to ship's
watches). A combination of topical therapy and Tab
Ivermect in 12 mg is opt imal  for  symptomat ic pat ients.

o Effective topical'medications are 57o permethrin cream
and lqo gammd benzene hexachloride lotion, used as
follows:
- Apply the medication to dry skin from the jaw level
down to the toes. Pay particular attention to all body
folds. Do not skip any areas.
- lf patient washes his hands, reapply locally.
- Leave the cream on overnight.
- While the medication is on the body, launder all
clothing, bedding, towels, blankets that have been used
in the past 2 weeks. Shipboard laundering is sufficient
to kill the mites.
- One treatment will usually suffice.

O Treat  c lose contacts (mess-mates).
O From next day, topical corticosteroid cream from day

5-7 days to overcome eczemat isat ion.
o Oral antihistamine for pruritus.
o In case of secondary bacterial infection, treat first with

anti-staphylococcal drug.
o Genital (nodular) scabies is likely to continue to itch for

several  weeks post- t reatment.  Systemic or  int ra lesional
corticosteroids may be indicated - such cases are best
referred.

Urt icar ia/A ngioedema
o Evanescent wheals involv ins the skin or  subcutaneous

t issue (angioedema).
o Aet io logy -  4 I 's  -  Infect ions,  Inhalants,  Ingestants and

Injections (drugs)
o Treatment -  Treat  the under ly ing cause i f  i t  is  apparent .
o Acute episode -  Parenteral  ant ih istamine and

hydrocort isone 100-200 mg, both 8-12 hour ly.  I f
hypotension or  a i rway symptoms develop,  t reat  as
anaphy  l ax i s .

o Ant ih istamines -  Warn the pat ient  of  the 'sedat ive ef fects.
Non- sedat ing ant ih istamines only for  cooks,  engine
room personnel ,  look-outs!

o Tab Ranitidine can be added for additional antihistamine
prope r t i  es.

o Calamine lot ion is  soothing
o Topical steroids are of no benefit
o Systemic steroids are rarely required
Pseudofol l icul i t is  Barbae
O Manifests as keratotic follicular papules in bearded areas

due to close shaving, which results in sharp, ingrowing
hairs. It is far commoner than imagined.

o The problem has a simple solution - allow your beard to
grow out.

O Twin/triple blade razors are inappropriate for the patient
wi th PFB.

o No shaving for  2-3 days.  ,
o Shave with hot water after lfting the beard soak well.
o Use a well lubricated shavirig foam.
O Shave "wi th the grain"  of  the hair  pat tern.
o I f  unable to to lerate gent le shaving methods above,  advise

use of a chemical hair removal cream (it leaves a less
pointed hair ) .

and methods of treatment than to attempt the use of
many. Corticosteroid creams should be used with
extreme care in patients with (suspected or overt)
bacterial, viral and fungal infections. To avoid long-
term adverse effects, they should be used and for
only 2-3 weeks at a time [6,7,8]. Weak corticosteroids
such as l7o hydrocortisone are preferred over the
face ,  f o l ds ,  gen i t a l s .  Med ium po tency
corticosteroids such as mometasone, fluticasone are
advantageous for chronic dermatoses as they have
fewer adverse ef fects.  Strong potency
co r t i cos te ro ids  such  as  c l obe taso le  and
betamethasone should be reserved for  th ick
lichenified lesions, where may be applied for a few
days under occlusion for maximum effect.

1 t6

Quadriderm@ cream is not recommended for
frequent use. Its combination of corticosteroid,
antifungal and antibacterial agents requires many
stabilizers and preservatives which can potentially
p roduce  a  con tac t  a l l e rgy .  Neomyc in -based
preparations can also cause contact dermatitis [9, I 0] .
Salicylic acid containing preparations are to be
avoided over the face, genito-crural region and
folds. Topical benzoyl peroxide and gammabenzene
hexachloride can irritate if applied on wet skin.

CONCLUSION

Skin diseases are of great importance in the
shipboard setting. Although there are few fatalities
from these diseases they result in a considerable
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loss of effective manpower. Knowledge of
dermatologic ailments and their therapy is therefore
crucial to the aim of providing first-rate medical care
in tle ship's sickbay.
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MULTISLICE CT IMAGING OF SINONASAL INFLAMMATORY
DISEASES IN THE ERA OF FESS

Surg Cdr Pradipta C Hande', Surg Capt J D'Souza', Surg Capt E James-

Key Words : CT Imaging, Sinus Inflammation

INTRODUCTION

Qinonasal Inflammatory diseases is a common and
L)recurrent ailment in our patient population
especially in the aviators and divers who are also
prone to serious outcomes as of sinus barotrauma.

Multidetector CT (MDCT) is definitely the
imaging modality of choice of paranasal sinus (PNS)
and diseases in the era of nasal endoscopy.

MATERIALSAND METHODS

Three hundred and thirty patients including
aviators and divers were referred from ENT OPD
with clinical diagnosis of recurrent / chronic sinusitis
for PNS CT imaging, whetever indicated.

CORONAL- CONTIGUOUS SECTIONS with thin
L5 2.0 mm sections, spiral protocol perpendicular
to the hard palate, prone position on Multidetector
CT (Sensation4) performed-orbisinus protocols. IV
contrast injection given as indicated.

Bone /Soft tissue windows with 3D Multiplanar
Reformats done. 1.

Systematic approach to reporting with detailed
description of anatomy, variants, relationship with
important vital structures as cranial nerves and
vessels.

RESULTS AND OBSERVATIONS

Of 330 patients distribution service wise was:
Army-58, Navy-147 and Air Force- 70. The others
were entitled non service patients. The Age Range
was from 09-60 years. Commonest presenting
compla ints were those of  chronic s inusi t is  as
headache,  wi th nasal  congest ion and chronic
rhinorrhoea. About l2%o patients had florid infective

sinusitis with extension of disease into the adjacent
anatomical areas with pansinusitis. Intracranial
extension was seen in 2 patients who had fungal
infection.

CT patterns were classified as per the anatomical
distribution and involvement of the various sinuses
and the b lockage the dra inage pathways i .e .
osteomeatal units. The types were as under:

Osteomeatal unit : 38%

Sinonasal Polyposis : 307o

Infundibular: l87o

Sporadic :97o

t"n"""",n." idal recel :77n

DISCUSSION

Symptoms that  inc lude a i rway compromlse
discomfort, along with the use of medications with
unacceptable side eff'ects, and have the potential
for in-flight incapacitation, and prolonged periods
of grounding for the aviators. It is of great value in
aviators who often complain of "night cold" post
flying to evaluate the status ofthe paranasal sinuses
that can predispose them to sinus barotrauma.

The divers can have moderate to severe episodes
of vertigo with acute pain. This may result from ear
and sinus barotraumas being vulnerable to rapid
pressure changes during a dive.

High resolution CT PNS gives images with
excellent delineation of anatomy and the patterns of
sinonasal inflammatory diseases. It is the modality
of  choice in  evaluat ing the character  of  bony
framework of the nasal vault and PNS.

3D reformats and multiplanar images help as a
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reference and guid ing " road map" for
endoscopy and planning for FESS.

nasal CONCLUSION

Objective criteria for assessment of patterns of
inflammatory diseases in patients with recurrent/
chronic sinusitis can be studied. CT images. the
deta i led anatomy of  the region and provides a
preoperative road map for the surgeon for nasal
endoscopy and planning ofFESS.

The ro le of  CT is  invaluable today for  the
diagnosis, management and follow up in sinonasal
inflammatory diseases in the era of nasal endoscoprc
surgery.

REI.'ERENCES
L  Kennedy  DW.  Z in re i ch  SJ ,  Rosenbaum AE ,  e t  a l  .

Funct ional  endoscopic surgery:  theory and diagnost ic
eva lua t i on .  An .h  o to l u r v -ng r ; /  1985 :  l l l  :  576 -82 .

2.  Zinreich S,  Kennedy DW, Rosenbaurn,  { , /  d/ .  paranasal

s i nuses :  CT  imag ing  requ i r emen ts  f o r  endoscop i c
su rge ry .  Rnd io l og t ,  I 987 :  163  : 769 - ' 15 .

Today in the era of FESS which aims to restore
flow ofsinus secretions through the native drainage
portals in cases of recurrent sinusitis it is essential
to evaluate the osteomeatal unit (OMU). It also offers
the advantage of a "simulator "approach for the ENT
surgeon helping in reducing complications.

CT evaluation is essential also for postoperative
and follow up imaging post-treatment. Proper and
meticulous planning preoperatively can greatly
reduce complications and lead to better results after
FESS.

F i g .  I a : F i g .  l b :

F ig .  2a : Fig. 2b :
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INTRA OCULAR TENSION RECORDING - IS LATEST THE BEST?

Surg Cdr Thrun Choudhary'

ABSTRACT

This paper proposes to present the comparison of Intra Ocular Tcnsion recordings(IOT) in ocular hypotensives,
ocular  normotensives and ocular  hypertensives using Non Contact  Tonometer (NCT),  Schidtz Tonometer (ST)
and Applanation Tonometer (AT).

178 eyes in the ocular hypotensive group gave on IOT of 6.2mm Hg with ST, 7.6rnm Hg with AT and 6.96mm Hg
NCT.f000 ocular normotensive eyes showed an IOT of 13.9mm Hg with ST, l4.2mm Hg with AT and l4.7mm Hg
with NCT .  439 ocular  hypertensive eyes gave a IOT reading of  23.7mm I Ig wi th ST, 28. lmm Hg wi th AT and
3l .78mm Hg wi th NCT.

Analysis of  the above data revealed that  the NCT though fast ,  no touch and convenient ,  has a tendency to
exaggerate the disabi l i ty  i .e.  show lower IOT in ocular  hypotensives as compared to AT and higher IOT as
compared to AT in ocular hypertensives .

The best  way in which th is new technology can be used wi l l  be discussed and the fo l lowing recommendat ions
j  us t i f i ed .

(a)  NCT not  be used as the sole IOT recording device for  d iagnosing glaucoma and achieving target  pressure.

(b)  NCT be used extensively in a l l  our eye centres as a screening device for  g laucoma.

Key Words :  Measurement,  Int ra ocular  les ion
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INTRODUCTION

Q ince the time when glaucoma was recognized
LJas the silent stealer of sight, Intra Ocular Ten-
sion (IOT) recording has been an integral part of
any ophthalmic practice. Even though it is now rec-
ognized that IOT is only one of the criteria of
consequence in glaucoma, its stays undiminished.

The effect technology has had on the diagnosis
and treatment of glaucoma is unparalleled. With
automated perimetry coming, Lister's perimeter and
even Goldman's perimeter has become a memory in
the  d i s tan t  pas t .  W i th  Scann ing  Lase r
Ophthalmoscopy (SLO) ald Optic Nerve Head
Ana lyze r  (ONHA) ,  y ' ph tha lmoscopy  fo r
glaucomatous disc changes has been relegated to
the background.

So also, for measurement of IOT, Non Contact
Tonometer (NCT) orAir pulse tonometer has been
adopted as the routine tool for measuring IOT. But

how does the instrument stand in comparison to
other method of IOT measurement?

Methology

This project aims to find out the relative efficacy
of IOT measurement using schi6tz tonometer (ST),
Goldman's Applanation tonometer (AT) and to Non
Contact Tonometer (Topcon CT - 80). The study
commenced in Dec 2005 and data collected ti l l  Oct
2006 has been analyzed and is being presented here.

The subjects after obtaining consent are being
divided into three groups according to the readings
obtained with Goldman's Applanation Tonometer:
Ocular hypotensives with pressure less than are
equal  to  l0  .nmHg, ocular  normotensives wi th
pressure of l0-21 mmHg and ocular hypertensives
with IOT greater than 2l mmHg._

In a double blinded prospective study, the IOT
recording by the three methods in the three groups
were compared.

'Classified 
Specialist Opthalmology - INHS Kalyani.
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T?
Observations

Group IOT ST IOT AT IOT NCT
(mmHg)  (mmHg)  (mmHg)

Ocular
Hypotensives
Ocular
Normotensives
Ocular
Hypertensives

1 7 8

l 000

439

6 . 2

l  3 . 9

z 5 .  t

7 .6

t4.2

28 .  l

6 . 9 6

|  4 . 7

3 t . 7 8

It was observed that NCT recordings showed a
deviation away from the mean for IOT recordings in
all groups i.e. the IOT recording by NCT was lower
than those of the other two methods in ocular
hypotensive group and higher than the other two
methods in ocular hypertensive group. The only
difference which was statistically significant was
that between NCT and ST in the ocular hypertensive
groups.

CONCLUSION

NCT in comparison to the other two common
modalities of IOT measurement has a tendency to
exaggerate the condition i.e. give high IOT readings
in ocular hypertensives and low IOT readings in
ocular hypotensives vis-i-vis ST and AT.

This needs to be kept in mind while analyzing
IOT recordings obtained from NCT mainly in

Jour. Marine Medical Society, 20A6, Vol.8, No.2

glaucoma patients and ocular hypertensives.

Patients with IOTof L7-21mm Hg withAI may
be shown to be having IOT of 2l-25 mmHg with
NCT, this labeling them as having raised IOT. In
such cases with borderline high IOT, the readings
must be reconfirmed, preferably with AL Also other
pillars in the diagnosis of glaucoma like Visual Fields
and Disc Changes should be assessed before
starting such patients on glaucoma treatment.

To conclude, NCT is an excellent tool for IOT
measurement since it offers the patient added comfort
and no chance of trinsmission of any infection in
addition to saving time for the examiner in a busy
Eye Centre. In addition the user friendliness of this
method a l lows i t  to  be operated by the eye
technicians without any chance of error. However,
in doubtful cases of borderline IOT, this equipment
is of no use in labeling the person as normal or a
glaucoma patient for which the gold standard of AT
stands tall and unchallenged.

It is our strong recommendation that Target
pressure achievement and first time diagnosis of
glaucoma should not be based solely on NCT
readings. NCT shouldle used always as a screening
test and for long termfollow up of glaucoma patients
on optical medical therapy or those who have
undergone glaucoma surgery and achieved target
IOT.

No. of
Eyes

ensives,
er (ST)

mm Hg
mm Hg
{T and

sncy to
IOT as

dations

essure.

fficacy
:r (ST),
to Non
l study
t i l lOct
:d here.

: being
adings
rmeter:
an are
s with
lnsives

re IOT
groups

8. No.2 t2t



HEMAIOLOGICAL CHANGES IN ALCOHOL DEPENDENCE

S Chaudhury',AAPawar*, D Bhattacharyyar, D Saldanha--

Abstract

Although alcohol  abuse is  known to create a var iety of  adverse ef fects on hematopoiesis,  lhe associat ions
between ethanol  consumpt ion and hematological  abnormal i t ies have not  been fu l ly  establ ished.  In 100
consecutive male inpatients with alcohol dependence and an equal number of age, sex, occupation and regional
background matched contro ls;  the level  of  hemoglobin and thrombocytes were stat is t ical ly  s igni f icant ly  less,
whi le the values of  serum glutamic oxaloacet ic  t ransaminase (SGOT),  serum glutamic pyruvic t ransaminase
(SGPT),and ret iculocytc and mean corpuscular  volume (MCV) were stat is t ical ly  s igni f icant ly  ra ised among
alcoholics on admission as compared to controls. In the absence of reliable data on alcohol consumption, these
objective laboratory tests can be used to support the clinical diagnosis of alcohol dependence.

Key Words : Alcohol dependence, laboratory tests
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INTRODUCTION

I lcohol has pervasive consequences for the hu
larun body. The medical consequences of alco-
hol represent some of the most important public
health problems confronting society. They are
among the most common causes of hospital visits
and the fburth leading cause of death among the
age group of25-65 years in urban areas. Substance
abuse in general and related health problems add
$l 14 bil l ion each year to the cost of healthcare in
the US. Additional costs include lost employment
opportunities and crime that occur because of alco-
hol. Alcohol can have a profound effect on the
body's hematological system resulting in a variety
of anemias, leukopenias, and coagulopathies. Over-
all, a picture ofpancytopenia can occur because of
bone marrow toxicity and/or splenic sequestration
from portal hypertension induced splenomegaly. In
addition, macrocytic anaemia results from folic acid
and vitamin B l2 deficiencv. abnormal RBC release
from the bone marrowy'ni ."-U.une defects. Mi-
crocytic anaemia may result from iron deficiency and
ongoing upper gastrointestinal blood loss. Normo-
cytic anaemia may result from a state of chronic
disease and./or bone marrow suppression. A de-
creased hematocrit may result solely from expanded
plasma volume. White cell deficiency and particu-

larly lymphopenia could predispose the alcohol
abuser to infections. Thrombocytopenia from bone
marrow suppression and splenic platelet sequestra-
t i on  i n  comb ina t i on  w i th  dec reased  hepa t i c
production of clotting factors, all contribute to
gastro-intestinal bleeding, easy bruising, and other
coagulopathies. Alcoholic l iver disease may cause
al tered RBC membrane l ip ids mani fest ing as
macrocytes, target cells, burr cells, and schistocytes
leading to hemolytic anaemia and acanthocytosis.
Ma lnou r i shed  a l coho l i cs  o f t en  have  r i nged
sideroblasts possibly as a result of inhibition of heme
synthesis. Also, depressed serum and RBC phos-
phate levels may lead to spherocytosis, decreased
RBC membrane fluidity, decreased ATP production,
and acute hemolysis []. There is paucity of Indian
work in this field and no work has been carried out
in the Security Forces. This prompted us to focus
on few laboratory tests to evaluate the hematological
changes in service personnel with alcohol depend-
ence syndrome.

MATERIALANDMETHOD

One hundred consecutive male inpatients admit-
ted to the psychiatric centers of two Base Hospitals
and meeting the DSM IV criteria [2] for alcohol de-
pendence were included in the study with therr
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informed consent. An equal number of age, sex and
regional background matched subjects without any
physical or psychiatric illnesses formed the control
group.

Exclusion criteria for patients and controls were
as under:

l. Known cases of cardiorespiratory disease,
hypertension and diabetes.

2. Clinical evidence cirrhosis, hepatocellular failure
and portal hypertension.

3. Dehydration and obvious malnutrition.

4. Clinical, radiological and echocardiographic
evidence of cardiomegaly.

5 .  Use  o f  pheno th iaz ines ,  an t i d i abe t i cs ,
ant ihypertensives,  ant i tubercular  drugs,
antibiotics, and anticonvulsants during past
one month.

Each patient and control subject was examined
independently by two psychiatrists to confirm the
diagnosis and the absence of exclusion criteria, and
was included in the study only after the concur-
rence of both. Aphysician carried out a symptomatic
analysis pertinent to the cardio-vascular system.
Detailed history about the alcohol habit was ob-
tained from the patient on a specially prepared
proforma. Additional information was obtained from
family members (If available), colleagues and his unit.
Within 24 hours of admission blood for laboratory
tests was collected in an overnight fasting condi-
tion. The following laboratory tests were performed:
serum hemoglobin, bilirubin, serum proteins, serum
albumin, SGOT, SGP! MCV. The control subjects
also underwent all the tests given to the patients.
The data was tabulated. Statistical analysis were
carried out using the students 't' test and chisquare
test with Yates correction as appropriate.

RESULTS

Mean age of the patients and control subjects
was 38.05 years and 38.57 years respectively. Range
of age was 25-54 years for both groups. Socio-de-
mographic characteristics and blood group of
patients and controls are shown in Table l. There
were no significant differences between the two
groups on any of these variables and also their
blood group. Onset of alcohol use in the majority

Jour Marine Medical Society, 2006, Vol. 8, No. 2

TABLE I
Demographic characterist ics
patients (N=l00) and normal

of a lcohol  dependent
contro ls (n=100)

Character is t ic Alcohol ics Controls Compar ison

Age distr ibution
(in years)

2 t  -25

26-30
3 l - 3 5
3 6-40
4 l  -45

46-50
5 l - 5 5

Service ( in years)
6 - r 0
I  l - 1 5
t 6 - 2 0
2 t  - 2 5

26-30
Rank

Officers
JCOs
Other ranks

Marital status
Married
Unmarried

Educaiion
Upto class 5
Class 6 to l0
Class l0 & above

Religion
Hindu
sikh
Christ ian
Mus l im

Domici le
Rural
Urban

Blood groups
A
B
o
AB

I
2 5
l 8
2 2
t 4
l 8

l 5
J I

l 9
2 2
l 3

l l
3 9

9 3
'l

I u
6 7
2 2

1 9
l 4
5
2

9 l
9

2 5
J - t

3 6
6

I

2 5
t 9
2 4
l 3
l 6
2

l 6
3 2
t 9
2 l
l 2

9
4 l

9 2
8

8
6 9
z )

7 4
l 8
z
I

8 9
I I

3 l
3 5
2' l

NS

NS

NS

(837o) of alcohol dependent subjects was afterjoin-
ing the security forces. The majority of subjects
(7\Vo)had begun voluntarily, while 22Vo claimedto
have done so due to peer pressure. The average
daily intake of alcohol as stated by the patients was
7l.36 GMS. The mean duration of drinking was 14.7
years (Range 5-28 years). The frequency of con-
sumption was: daily in 48Vo patients, 3-5 times a

I2-l



week in 4lVo patients, while llTo patients gave a
binge pattern of drinking. The majority of alcohol
dependent patients (72Vo) consumed alcohol alone
while2SVo claimed to drink only in company.

Alcohol  dependent  pat ients had s igni f icant
thrombocytopenia and reticulocytosis. There were
no differences in the total and differential leucocyte
counts between alcohol dependent patients and
control subjects. Other laboratory tests results of
the alcohol dependent patients and control subjects
are given in Table 2. The findings of the present
study along with the findings from earlier studies
are given in Table 3.

DISCUSSION

People who abuse alcohol are at risk for numer-
ous alcohol-related medical complications, including
those affecting the blood (i.e., the blood cells as
well as proteins present in the blood plasma) and
the bone marrow. Alcohol's adverse effects on the
hematopoietic, system are both direct and indirect.
The direct consequences ofexcessive alcohol con-
sumption include toxic effects on the bone marrow;

TABLE 2
Laboratory test results of alcohol dependent
patients (n=100) and normal control subjects
(n=100)

Test

the blood cell precursors; and the mature red blood
cells (RBC's), white blood cells (WBC's), and plate-
lets. Alcoholls indirect effects include nutrit ional
deficiencies that impair the production and function
of various blood cells. These direct and indirect ef-
fects of  a lcohol  can resul t  in  ser ious medical
problems for the drinker. For example, anaemia re-
sul t ing f rom dimin ished RBC product ion and
impaired RBC metabolism and function can cause
fatigue, dyspnea, l ightheadedness, and even re-
duced mental capacity and abnormal heartbeats. A
decrease in the number and function of WBC's in-
creases the drinker's risk of serious infectioni and
impaired platelet production and function interfere
with blood clotting, leading to symptoms ranging
from a simple nosebleed to bleeding in the brain
(i.e., hemonhagic stroke). Finally, alcohol-induced
abnormalities in the plasma proteins that are required
for blood clotting can lead to the formation of blood
clots (i.e., thrombosis).

Alcohol is the most commonly used drug whose
consequences include the suppression of blood cell
production, or hematopoiesis. Because its toxic ef-
fects are dose dependerf however. significantly
impaired hematopoiesis tlsually occurs only in peo-
ple with severe alcoholism, who also may suffer from
nutritional deficiencies of folic acid and other vita-
mins that play a role in blood cell development.
Chronic excessive alcohol ingestion reduces the
number of blood cell precursors in the bone marrow
and causes characteristic structural abnormalities
in these cells, resulting in fewer-than-normal or non-
functional mature blood cells. As a result, alcoholics
may suffer from moderate anaemia, characterized by

Alcohol ics

Mean (SD)

Controls Compar isons

Mean (SD)

ESR
Hb
MCV

t t .44 (6.02)  9. r8 (5.46)
t2 .22  ( r . 77 )  13 .65  (0 .34 )
97 .62 (21.3)  89.  r  3  (6.48)

P < 0.006
P < 0.000
P <  0 .01

NS = Not significant

TABLE 3

Data f rom studies perta in ing to anaemia in a lcohol  dependence

Study No .  o f

Pat ients

Anaemia

Va

Re t i cu l o

cytosis 70

MCV, I

Heidemann & Nerke, [9]
Gheno et  a l  [ l0 ]
Savage & Lindenbaum Il]
Pfefferbaum et al [6]
Latvala et  a l  [12]
Chaudhury et al, 2006

(Present study)

1 2 0
2 2 0
t2 l
5 8
5 7
1 0 0

+
r 0 0

5 l
+

4 0

6 4
+

7 3
+
+
++

Modif ied f rom Bal lard (1997)
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enlarged, structurally abnormal RBC's; mildly re-
duced numbers of WBC's, especially of neutrophils;
and moderately to severely reduced numbers of
platelets. Although this generalized reduction rn
blood cell numbers (i.e., pancytopenia) usually is
not progressive or fatal and is reversible with absti-
nence, complex aberrations of hematopoiesis can
develop over time that may cause death. Many bone
marrow abnormalities occurring in severe alcohol-
i cs  a f f ec t  t he  RBC p recu rso r  ce l l s .  These
abnormalities most prominently include precursors
containing fluid-filled cavities (i.e., vacuoles) or char-
acteristic iron deposits.

In addition to interfering with the proper absorp-
tion of iron into the hemoglobin molecules of red
blood cells (RBC's), alcohol use can lead to either
iron deficiency or excessively high levels of iron in
the body. Because iron is essential to RBC func-
tioning, iron deficiency, which is commonly caused
by excessive blood loss, can result in anaemia. In
many alcoholic patients, blood loss and subsequent
iron deficiency are caused by gastrointestinai bleed-
ing. Iron deficiency in alcoholics often is difficult to
diagnose, however, because it may be masked by
symptoms of other nutritional deficiencies (e.g., folic
acid deficiency) or by coexisting liver disease and
other alcohol-related inflammatory conditions. For
an accurate diagnosis, the physician must therefore
exclude folic acid deficiency and evaluate the pa-
tient's iron stores in the bone marrow. Conversely,
alcohol abuse can increase iron levels in the body.
For example, iron absorption from the food in the
gastrointestinal tract may be elevated in alcoholics.
Iron levels also can rise from excessive ingestion of
iron-containing alcoholic beverages, such as red
w ine .  The  i nc reased  i r on  l eve l s  can  cause
hemochromatosis.

Alcohol-related abnormalities in RBC production
manifest themselves not only in the bone marrow
but also through the presence of defecti ve RBC's in
the blood. For example, grossly enlarged RBC's can
occur in the blood-a condition called macrocytosis -

as well as oddly shaped RBC's that are subject to
premature or accelerated destruction (i.e., hemolysis)
because of their structural abnormalities. As a re-
sul t ,  a lcohol ics f requent ly  are d iagnosed wi th
anaemia.

Joun Marine Medical Society, 2006, Vol. 8, No. 2

The MCV is elevated in approximately 50 to 60
percent of people who chronically ingest excessive
alcohol quantit ies [3]. With the advent of automated
instruments that determine the MCV during routine
blood counts, physicians and other health care pro-
viders frequently detect elevated MCV's in patients
who are well nourished and who have no obvious
disorders to explain this finding. In these patients, a
moderately increased MCV may be a clue to unsus-
pected alcoholism. Analysis of blood smears can
support this diagnosis: In patients with an alcohol-
related increase in MCV the enlarged RBC's are
round and of uniform size. Conversely, in patients
with certain types of anaemia that result in an in-
creased MCV the RBC's typically are oval and of
variable size. Because the MCV usually returns to
normal within 2 to 4 months of abstinence, the in-
crease in RBC size apparently is a direct effect of
alcohol on RBC production [4-6]. However. the un-
der ly ing mechanism is  unclear .  Three recent
epidemiologic studies consistently showed that
MCV was elevated b1'alcohol drinking more mark-
edly among individuals with genetically inactive
aldehyde dehydrogen4se-2 (ALDH 2) (encoded by* t

ALDH2*2 mutant  / le le)  than those wi th act ive
ALDH2 (encoded by ALDH2* ll2" I genotype), sug-
gesting that the elevated MCV was etiologically
l inked to acetaldehyde exposure [7]. In a study par-

ticipants were 159 men who were aged 40 to 69 years
and randomly selected from a Japanese rural popu-
lation, the relationship between alcohol drinking and
serum folate concentration was significantly differ-
ent between ALDH2 genotypes, indicating that the
reduction of serum folate by alcohol drinking was
more marked in men with ALDH2*ll2*2 than those
with ALDH2* l/2* L The relationship between alco-
hol drinking and elevated MCV was significantly
stronger in men with ALDH2*ll2*2 than those with
N,DH2*llz* I even after adjustment for serum folate
and vitamin B l2 concentrations. These findings in-
dicate that acetaldehyde plays a significant role in
the development ofdecreased serum folate concen-
tration and elevated MCV by alcoholdrinking [7].

Thrombocytopenia is a frequent complication of
alcoholism, affecting 3 to 43 percent of nonacutely
ill, well-nourished alcoholics and 14 to 8 I percent of
acutely ill, hospitalized alcoholics. Thus, apart from
acquired immune deficiency syndrome (AIDS). al-
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coholism probably is the leading cause of thrombo-
cytopenia. Except for the most severe cases, however,
the patients generally do not exhibit manifestations
of excessive bleeding. Moreover, alcohol-related
thrombocytopenia generally is transient, and plate-
let counts usually return to normal within I week of
abstinence. Failure of the platelet counts to rise af-
ter 5-7 days of abstinence usually indicates the
presence of another underlying disorder affecting
the platelets. Therefore, patients generally require
no therapeutic intervention other than that needed
to ease alcohol withdrawal. Only in patients whose
thrombocytopenia is severe and associated with
excessive bleeding are platelet transfusions indi-
cated. In many patients with thrombocytopenia,
rebounding platelet numbers even exceed normal
values. This rebound thrombocytosis after cessa-
tion of alcohol consumption also occurs in the
majority of patients whose platelet counts are nor-
mal at the time of hospitalization. In these patients,
the extent ofthe excess in circulating platelets usu-
ally is higher than in patients presenting with
thrombocytopenia.

The exact mechanisms underlying alcohol-related
thrombocytopenia remain unknown. Some research-
ers have suggested that alcohol intoxication itself,
rather than alcohol-related nutritional deficiencies,
causes the decrease in platelet numbers. This view
is supported by findings that thrombocytopenia
developed in healthy subjects who received a diet
containing adequate protein and vitamin levels (in-
cluding large doses of folic acid) and consumed the
equivalentof 1.5 pints (i.e.,745 milliliters) of 86-proof
whiskey for at least 10 days [8]. The subjects' plate-
le t  levels  returned to normal  when a lcohol
consumption was discontinued. Similarly, platelet
counts can be reduced in well-nourished alcohollcs
who do not suffer from folic acid deficiency. The
available data also suggest that alcohol can inter-
fere with a late stage of platelet production as well
as shorten the life span of existing platelets. Indi-
vidual drinkers appear to differ in their susceptibility
to alcohol-induced thrombocytopenia. Thus, clini-
cians have noted that some people who consume
alcohol in excess repeatedly develop thrombocyto-
penia (often severely), whereas other drinkers

maintain normal platelet levels. In addition to differ-
ences in the quantity of alcohol consumed, inherited
or acquired variations in an individual drinker's bio-
chemistry may account for these differences in
suscepribil iry.

We conclude from study that patients with alco-
hol dependence have significantly lower levels of
hemoglobin and thrombocytes and significantly
higher levels of reticulocytes and MCV as compared
to healthy controls.
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Case Report
DECOMPRESSION SICKNESS DURING SATURATION DIVING :
A CASE REPORT

Surg Lt Cdr Vivek Verma'

ABSTRACT

A 3l yr old Saturation diver suffered from Type I DCS in a Bounce dive converted into a Saturation dive at a
depth of 52 m during an open sea dive. The diver was compressed to a depth of 84M and was given Therapeutic
mixture contain ing Oxygen and Hel ium (20:80) .  The diver was thereaf ter  decompressed using modi f ied
decompression schedule, The diver was asymptomatic on surfacing and a post dive clinical examination, Chest
X-ray, ECG and PFT was WNL.

Key Words: Excursion Depth, Bounce Dive, Therapeutic Mixture

INTRODUCTION
,The concept of Saturation Diving was proposed
I and proved by Captain George Bond and

Jacques Cousteau who carried out a series of Satu-
ration exposures in humans named Sealab and
Conshelf respecitively I I ]. With the advent of Satu-
ration Diving came the problems of Decompressi,on
Sickness related to Saturation diving (DCS) and High
pressure Neurological Syndrome (HPNS). The mani-
festations vary from minor constitutional symptoms
to fatal neurogical and respiratory complications.
The treatment of DCS during Saturation Diving is
complicated because of the specific composition of
gas mixtures depending upon depth and the pro-
longed Decompression Schedules.  The exact
incidence of Decompression Sickness in Indian Na-
val Divers during Saturation dives is not known but
it is rare as the Decompression Tables used are of
Royal Navy which are very conservative. The inci-
dence of DCS while using US Navy Dive Tables
varies from l7o - 57o [2]. In spite of ideal climatic
conditions and strict adherence to Decompression
tables, we had a diver who suffered from Decom-
pression Sickness during an open sea dive while
under Saturation without any apparent cause.

CASE REPORT
The affected diver was a 3l vr old exoerienced Saturation

Diver who was compressed along with a buddy diver, to a
depth of 42 m inside a Submersible Decompression Chamber
(SDC). The dive was a bounce dive which was later converted
to a Saturation Dive. On the first day he locked out twice
and worked between depths 42-60 M. His tota l  d ive t ime
was 0l Hr and 20 min. On completion of the dive, he was
transferred to the Deck;Decompression Chamber (DDC),
where two pairs of divgfs were already present at a depth of
42  m .The rea f t e r  t he  L i v i ng  Dep th  o f  t he  chamber  was
increased to 52 m and divers were saturated at this depth.
On 2"d day two remaining pairs of divers carried out diving
which was uneventful. On the 3" day, the l" pair of divers
was again shifted to the SDC and taken to an Excursion
Depth of 74 m. The depth was then decreased to 52 m and
the diver locked out for inspection of a submerged wreck..
He made two t r ips to the SDC carry ing heavy ar t ic les.
When he returned to the SDC for the third time, just Olm
below the SDC, he felt extreme weakness and was unable to
keep himself afloat. He signaled to the standby diver in the
SDC, who immediately locked out and helped the diver to
get inside the SDC. Inside the SDC the diver reported extreme
weakness and pain in both his knee jo ints.  The pain was
dul l  aching to star t  wi th and was increasing in intensi ty.
The re  was  no  d i f f i cu l t y  i n  b rea th i ng  o r  any  o the r
Cardiovascular  or  Neurological  symptoms. The diver was
d iagnosed  t o  have  Type l  DCS and  was  immed ia te l y
compressed to 74m and was put  on a Therapeut ic Mix of
Oxygen  and  He l i um  (20 :80 ) .  A f t e r  l 5  m in  a t  74  M  the
cond i t i on  o f  t he  d i ve r  d i d  no t  imp rove .  H i s  dep th  was
fur ther increased to 84m and the Therapeut ic Mix was
continued. After l0 min at 84 m, the diver reported relief
in the pain.  The depth was maintained at  84 m and the
diver was given 03 cycles of  Therapeut ic Mix of  20 min
each wi th 05 min breaks between each cycle breathing
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Fig. I : Dive profile of affected diver

chamber atmosphere.  Af ter  a hal t  of  02 hrs at  tb ig depth
the  d i ve r  r epo r t ed  909o  re l i e f  i n  h i s  symp toms .
Decompression was then started on Modified Decompre' ion
Schedule (Table 2) .  The diver was asymptomat ic whun he
surfaced on the 7h day. The post dive clinical examination.
Chest X-ray, ECG and PFT was WNL. The divc profile of
the diver is depicted in Fig. l.

DISCUSSION

Diving to depth deeper than 50m is carried out
using Bounce Dive or Saturation Dive as air diving
is not efficient. In Bounce dive the divers are di-
rectly compressed in a SDC using Nitrox or Heliox
without Saturation, and lowered to the diving depth.
In Saturation Dive, once the divers reach the Stor-
age / Living depth, they are kept there for a minimum
period of 12-24hrs to achieve saturation of the tis-
sues. Once saturated, the divers can carry out
Unlimited Duration Excursions to depths both shal-
lower anci  deeper than the l iv ing depth.  The
excursion depths for a particular living depth are
laid down in Excursion Tables. The excursion limits
pertaining to this dive are depicted in Table l.

There are no l imits as to how long a diver can
carry out excursion and it depends on the physical
and mental capability of thp diver. However, the nor-
mal duration of lockout/durins an excursion is 04

TABLE I
Unlimited duration excursion l imits

Min depth Max depth Distance

hrs if depth < -50M and 06 hrs if depth > 50 M. These
limits can be increased to 06 hrs and 08 hrs in case
ofemergency.

The irrcidence of DCS in Saturation Diving var-
ies depending upon the Dive Tables (Royal Navy,
US Navy, etc.). The incidence is more with bounce
div ing as compared to Saturat ion Div ing [3] .  The
incidence of DCS is less when these limits are ad-
hered to strictly. The most common cause of DCS is
unsafe diving practices. The cases of DCS which
occur without any apparent cause like accidental
loss of depth, breach of Excursion Sat-ety Limits etc.
can be because of various factors l ike Individual
susceptibil i ty, Lack of physical f itness, Hypother-
mia,  Physical  exer t ion,  Patent  Foramen ovale,
Increased Partial Pressure qf Carbon Dioxide (PPCO,)

/ Decreased Partial Pressure of Oxygen (PPO,) [4-6].
DCS in these cases can occur during Excursion.
Decompression,'Uncontrolled Ascent from depth
or on Surfacing. The most common form of presen-
tation of DCS in Saturation diver is Lower Limb Pain.
The management consist oi 4 R's namely Recog-
nise, Respond with Oxygen, Relay to emergency
Medical service / Marine Medicine Specialist and
Recompression therapy. The treatment of DCS at
present is carried out as per UK Navy Diving Manual
(Supplement) [7]. When DCS is diagnosed during
an Excursion, the depth of the diver should be im-
mediately increased using Helium @ a rate of l5m/
min by 20m in case of Type I and 30m in case of
Type2 DCS but should not be normally increased
more than the depth of Excursion [8]. The diver can
be given up to 06 sessions of Therapeutic mix hav-
ing PPO, between 1.5-2.5 ATA. Once the diver has
been stabilised, he should be kept at the depth of
relief for atleast two hours and then decompressed
using modified Decompression Schedule (Table 2).
No init ial upward excursion should be carried out.

Hydration should be maintained with plenty of

TABLE 2
Modif ied decompression schedule

Dep th Rate of decompression

T
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oral fluid [9]. When the affected diver is in the SDC,
the management becomes more difficult due to vari-
ous  add i t i ona l  f ac to rs  l i ke  d i f f i cu l t y  i n
communication due to Donald Duck effect of He-
lium, limited food and water supply. The climatic
conditions like temperature and humidity are diffi-
cult to manage. Temperature is maintained by
physically pouring cold water and humidity is con-
trolled using silica crystals and CO, scrubber. The
PPO, and PPCO2 are monitored using the portable
analysers and maintained by using CO, scrubber
and addition of Oxygen. As itentails a lot of physi-
cal and psychological stress on the diver, the diver
should be comforted and reassured periodically
during the treatment. On surfacing a thorough clini-
cal examination should be carried out with special
emphasis on the Respiratory, Cardiovascular and
Neurological system. A post dive chest X-ray, ECG
and a PFT should invariably be carried out in all
cases of DCS during Saturation Diving [0]. ACT /
MRI scan of Head and lungs may be required rn
Type2 DCS cases like Respiratory and Neurologr-
cal DCS [0,] l]. The diver has to be kept near the
chamber for at least 04 hrs and a further 24-48hrs
within 30 min of traveling time to the chamber [3]. He
should not dive for a period of 3-7 days following an
incident of Typel DCS [3,12]. Flying in aircrafts with
pressure < 1ATA should be avoided for at least 02 -

04 days, though it may be modified according to the
degree of severity [3]. Recunence of symptoms
can occur at any time during the treatment or on
surfacing, and should be treated promptly. A survey
carried out by the Diver's Alert Network (DAN) sug-
gests that complete resolution of symptoms occurs
i n onl y 5 6Vo cases, | 8Vo had neurolo gi cal compl ai nts
and lTVo continue to experience pain [4].

Jour. Marine Medical Society,2006, Vol.8, No.2
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LESSONS FOR MENTAL HEALTH FROM 26 JIJLY DELUGE : MUMBAI

Surg CdrAIAhmed'

ABSTRACT

Increasingly,  t rauma and disasters are part  of  everyday l i fc .  The psychological  nceds of  the v ict ims and their

help-providers in the af termath of  d isasters are just  bcginning to be understood.  A host  of  psychological  and

behavioral  responses are seen in adul ts fo l lowing t rauma and disaster  l ike angcr,  d isbel ief ,  sadness,  anxiety '

fear,  i r r i tabi l i ty ,  arousal ,  numbing,  s leep disturbance,  and increases in a lcohol ,  caf fe ine,  and tobacco use,  Post-

t raumat ic Stress Disorder (PTSD).  Acute Stress Disorder

Th i s  pape r  by  way  o f  two  case  repo r t s  h i gh l i gh t s  t hc  l i ke l y  p resen ta t i on  and  t he  s t r a tegy  t o  add ress  t he

psychological  concomitants of  d isaster  amongst  the v ict i rns.  I t  would inc lude tcchniques for  management of

s t r ess

Kcy Words:  Disaster ,  PTSD, Cr i t ical  Inc ident  Stress Dcbr ief ing (CISD)

ll
Fig

INTRODUCTION

Jncreasingly, trauma and disasters are part of eve
a  - '

Iryday life [ ]. "The devastating effects of natural
disasters can have tremendous psychological im-
pacts on those affected," said Anthony T. Ng, M.D.,
chair of the APA Committee on the Psychiatric Di-
mensions of Disaster. "Affected indiviciuals may
have various stress reactions that present psycho-
logical, as well as physical symptoms. Psychiatrists
can play an important role in assisting individuals
and communities to recover. They bring a unique
set of skil ls and experiences that can be invaluable
in minimizing morbidity and facil i tating recovery.
This paper discusses psychological, physiological
and behavioral responses encountered in the after-
math of the 26 Jul 2005 downpour disaster in Mumbai
and the ways a psychiatrist can contribute by Com-
munity participation in addition to the role as a
c l in ic ian in  d isaster  s i tuat ions.

CASES

CASE. A
42 year o ld lady under OPD psychiatr ic  care for  Mixed
anxiety depressive disorder for past I year presented on 29

Jul 2005 to casualty with worsening of her condition. She
p resen ted  w i t h  phys i ca l  s ymp toms  o f  pound ing  hea r t ,
sweating, flushing, shortness of breath/hyperventilation and
ches t  pa ins .  She  repo r t ed  Ho r ro r ,  Con fus i on ,  Poo r

concentrat ion.  Mood swings.  Troubl ing dreams, sadness and

clcprcssion of  3 days durat ion fo l lorv ing being caught up in a

car in thc deluge.

CASE-  B

6l  year o ld female brought in mid-  August  wi th h istory of

b e i n g  N u m b / E m o t i o n a l l y  s h u t  d o w n ,  i r r i t a b l e ,  e a s i l y

f r us t r a ted  i nsecu re  o f  i ns i d i ous  onse t  and  p rog ress i ve l y
wo rsen ing .  She  had  repe t i t i ve  i n t r us i ve  memor i es  o f  t he
trauma, avoided going on the road where she was caught up
in the f loods and exhibi ted star t le response. She was being
fearfu l ,  refusing to go near the bcach and was unable to
recal l  the datc of  the f loods or  where shc was caught up.

There was loss of  interest  in any act iv i t ies and she was

having f i t lu l  s leep.  She expressed uncerta inty about future.

DISCUSSION

Critical Incident Stress Debriefing (CISD)

Goals were to reduce the impact of the crisis/
traumatic event, provide an opportunity for cathar-
sis, opportunity to verbalize trauma. accelerate
normal recovery process, provide group support and
peer support and opportunity fbr follow-up.

The Crit ical Incident Stress Debriefing (CISD) is
a 7 step process: l. Introduction, 2. Fact, 3. Thought,
4. Reaction,5. Symptom.6. Teaching, T. Re-entry

l. Introduction- To introduce the doctor and his
e x p e r i e n c e ,  e x p l a i n  p r o c e s s ,  e s t a b l i s h
expectations, ground rules.

i
i Fir

t
t

t
t

I

'C lassi f ied Special is t  (Psy),  Inst i tute of  Naval  Medic ine.  INHS Asvin i ,  RC Church Colaba.  Mumbai-  400 005

r30 Jour Marine Medical Societv, 2006, Vol. 8, No. 2



I

2. Fact - To describe traumatic event from each
participant's perspective on a cognitive level

3. Thought- To allow participants to describe
cogn i t i ve  reac t i ons  and  to  t r ans i t i on  t o
emotional reactions

4. Reaction- To identity the most traumatic aspect
of the event for the participants and identify
emotional reactions.

5. Symptom- To identify personal symptoms of
distress and transition back to cognitive level.

6. Teaching- To educate as to normal reactions
and adaptive coping mechanisms, i.e. stress
management and provide cognitive anchor

7. Re-entry- To clarify ambiguities, prepare for
termination, to facilitate psychological closure",
i.e. reconstruction.

Management of Stress

4 major techniques:

l. Techniques to avoid or reduce exposure to
StTESS

2. Techniques to re-appraise or re-interpret
stressors.

3. Techniques to reduce stress arousal

4. Techniques to ventilate the stress arousal

(a)Techniques to avoid or reduce exposure to
stress

o Problem solving

o Timemanagement

o Nutrit ional techniques

o Avoiding known stressors

(b)Techniques to re-appraise or re-interpret
STTESSOTS

o Cognitivereframing

o Psychotherapy

(c)Techniques to reduce stress arousal

o Proper sleep pattems, i.e.: sleep during the
night and awake & active during the day.

o  Re laxa t i on  response  t ra in ing ,  e .g . :
meditation, imagery, biofeedback, etc.

o Prescription of anxiolytic medications

(d)Techniques to ventilate the stress arousal
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o Physical exercise, e.g.: walking, jogging,
swimming, sports, etc.

o Sex & sexual orgasm

o Catharsis, e.g. yell ing into a pil low or inside
the car, in the foresUwoods, throwing stones
into the river, etc.

Pharmacotherapy

Use ofdrugs should not be delayed unnecessar-
ily. Case B needed to be prescribed medication at
the outset. The drug of choice are Tricyclic antide-
pressants (TCAs) e.g. Imipramine, Amitrypti l l ine.
Alternatively SSRIs may be used depending on the
side effect profile.

In disaster situations, the vast majority of people
w i l l  expe r i ence  t rans ien t  psycho log i ca l  and
behavioral symptoms that represent normal re-
sponses to an abnormal event. In disaster settings,
then, care is given to avoid the use of diagnostic
labels prematurely. As in case A the diagnosis of
PTSD was not offered and she responded to the
steps of CISD without any need for revision/ addi-
t i on  o f  med ica t i on .  I n  t he  acu te  phase ,  t he
psychiatrist primarily educates and facilitates the
natural recovery process rather than treating pa-
thology. In the acute aftermath of a disaster or
trauma, the psychiatrist must be alert to organic
mental disorders secondary to head injury, toxic ex-
posure, i l lness, and dehydration. Persistence of
symptoms over time, accompanied by a high level
of severity and impaired function, can lead to a wide
variety of psychiatric diagnoses. Post-traumatic
Stress Disorder (PTSD) is, perhaps, the best-known
psychiatric diagnosis that is associated with trauma
response. It is characterized by exposure to a seri-
ous event in which threat to life or physical injury
(to self or others) is accompanied by intense feel-
ings such as terror, helplessness, or fear [2] and
needs specific management.

Other psychiatric diagnoses are also seen in the
aftermath of significant trauma. These include ad-
j us tmen t  d i so rde rs ,  subs tance  use  d i so rde rs
(including increased tobacco use), major depression,
complicated bereavement, and generalized anxiety
disorders. Importantly, injured survivors may have
psychological factors affecting their physical con-
dition [3-7]. Psychiatrists and physicians should also

1 3 1



I

be alert to the occurrence of family violence in dis-
aster situations that bring significant stressors to
families [8].

Threat to life has been shown to be associated
with perhaps the highest risk of psychiatric morbid-
ity [9,10]. Those persons who actually sustain
injuries are at greater risk of developing psychiatric
sequelae than those not injured. Exposure to the
dead and mutilated increases the potential for ad-
verse psychiatric events I I I, l2].

The psychiatrist also needs to step out into the
community and aid in Community Interventions as
follows: Consultation to community leaders

r Public education and outreach

o Interventions with "At-Risk" Populations

o Longer-term Interventions - to perform outreach
in the community to increase the likelihood that
those who are suffering psychiatric sequelae
from the disaster seek appropriate assistance

CONCLUSION

There is an intimate relationship between disas-
ter situations and mental health. Psychiatrists have
many important skills that can assist communities
and individuals in the wake of catastrophe. Apart
from serving as aclinician, standard psychiaffic prac-
tice can be modified when a psychiatrist leaves the
office. In disaster psychiatry, outreach is key to more
effectively meet the demands of communities over-
whelmed by disasters. Involvement in disaster
planning is an excellent way for psychiatrists to help
their communities prepare for the unthinkable.
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MANAGEMENT OF PARTIAL ANODONTIA _ A PROSTHODONTIC
APPROACH

Surg Cdr (D)Arthana Khanna.

ABSTRACT

Part ia l  Anodont ia is  not  a c l in ical  rar i ty .  Mul t ip le missing teeth pose a lot  of  funct ional  and psychological
problems. The management of  a problem consists of  proper d iagnosis and deep insight  into i ts  et io logy and
treatment p lanning.  Dental  t reatment is  part icular ly  important  s ince oral  and dental  heal th are cr i t ical  for
normal  mast icat ion,  d iet ,  speech,  facia l  appearance and esthet ics.  Complet ion of  dental  t reatment of ten has a
posi t ive ef fect  on the psychosocia l  wel l  being of  the pat ient .

Ovcrdenture therapy envisages essentially a preventive prosthodontic concept since it attempts to conserve the
few remaining natural teeth. Overdentures hclp to partly ov€rcome many of the problems posed by conventional
complete dentures l ike progressive bone loss,  poor stabi l i ty  and retent ion,  loss of  per iodontal  propr iocept ion
and low mast icatory ef f ic iency.

This article is derived from hands on experience of two clinical cases taken up for rehabilitation and attempts
to encapsulate the concepts in conservat ive and prosthet ic  dent is t ry wi th emphasis on c l in ical  and laboratory
procedures manned through abutment preparat ion,  prcparat ion of  copings and stages in fabr icat ion of
overdentures,

Key Words : Missing teeth, Aesthetics correction

INTRODUCTION

Dttiot anodontia or missing teeth pose many
I problems to the affected individual viz esthetics,
speech and function related to masticatory efficiency.
The failure to develop tooth buds can be the result
of many factors, which include trauma, nutritional
deficiency, endocrine disturbances, rubella, syphilis,
scarlet fever, radiation therapy and heredity. Over
120 syndromes have been found to be associated
with congenitally missing teeth.

Overdentures have emerged to be the prime
choice for rehabilitation ofcases ofpartial anodontia.
An overdenture is a removable prosthesis, either
complete or partial, whose denture base covers one
or more natural teeth, or tooth roots []. Various
terms have been used to describe this treatment
modality, such as overlay dentures, telescoped
dentures,  tooth supported dentures,  hybr id
prosthesis and superimposing dentures etc. There
are two physiologic tenets related to this therapy:
the first concerns the continued preservation of
alveolar bone around the retained teeth [2]. While

the second relates to the continuing presence of
periodontal sensory mechanisms that guide and
monitor gnathodynamic functions [3].

Overdentures help to overcome many of the
p rob lems  posed  by  comp le te  den tu res ,  l i ke
progressive bone loss, poor stabil ity and retention,
loss of periodontal proprioception, low masticatory
efficiency etc. [4]. Two cases are discussed in this
article, which were successfully managed with
overdentures.  The f i rs t  case per ta ins to the
management of ectodermal dysplasia syndrome (X-
linked hypohidrotic ectodermal dysplasia), which
affects I to 7 individuals per 10,0000. The case was
comprehensively rehabilitated with overdentures.
The second case was d iagnosed wi th par t ia l
anodontia, including severe attrition of dentition,
during a routine screening as part of annual dental
examinat ion.  The case was rehabi l i ta ted wi th
te lescopic overdentures,  where the selected
abutment teeth after being subjected to endodontic
therapy were covered by cast copings. The support
and frictional retention for the prosthesis was

'Graded 
Special is t  (Prosthodont ics) ,  Dental  Centre,  INHS Kalyani ,  Visakhapatnam, Pin:  530014
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provided by secondary cast copings fitting over
primary copings and were incorporated as an integral
part of the denture.

CASE I

Case History

A 15 yrs dld female patient who was aware of her missing
teeth which were harnpering her speech and looks causing
inability to chew and speak properly reported !o the Dental
OPD with a chief complaint of missing dentition. Dental
history revealed that rehabilitation in the form of acrylic
removable partial dentures was done earlier but the patient
did not find the prosthesis comfortable. Clinical history
revealed that the patient was a case of ectodermal dysplasia
with part ial  anodontia. Though she did not exhibit  the
classic features of eclodermal dysplasia i.e. saddle nose,
frontal bossing, etc., the pdtient did have some features
suggestive of ED i.e. dry thin skin and fine sparse hair (Fig
I & 2). However, there was Do palmer or plantar keratosrs.
Extraoral examination rcvealed that the patient had a
depressed nasal bridge, and wrinkling of skin around the
mouth. TMJ and mandibular movem€nts were normal.
Intraoral examination revealed that the patient had a total
of only 12 teeth (Fig 3). There were 4 anterior teeth in the
maxilla, 6 anteiior teeth and 2 permanent molars were
present in the mandible. Radiographic examination revealed
that there were no impacted teeth or any osseous or skeletal
abnormali ty. No other soft t issue abnormali t ies were
detected.

Treatment Procedure

The primary impression of the upper and lower jaws was
made in alginate impression material and poured in stone
plaster. Maxillary special tray was fabricated for definitive
impression. The edentr,rlous part was recorded in Zinc oxide
eugenol impression material aod the dentulous part was
recorded in alginate. Both the trays were removed
simultaneously to obtain a dual maxillary impression.

Fig. I : heoperative frontal profrle (Case l).

134

Fig.3:  Intraoralv iew.

Thereafter the casts were surveyed and undercuts were
blocked on teeth as wel l  as t issues.  Record bases were
fabricated and jaw relations were recorded. The selected
teeth were set in wax, though it was a difficult task to
arrange the teeth since they had to be reduced to the
thickness of the veneers to achieve optimum aesthetics
and function. During the try in, aeshetics, occlusion and
phonetics was evaluated. The dentures were processed in
the heat  cure acry l ic  resin in the usual  manner.  The
prosthesis was linished and polished (Fig. a). The dentures
were thereafter inserted in the patient's mouth to check
the occlusion and extensions. Recall appointments were
scheduled for 24 hrs, one week, two weeks and any minor
adjustments were made, up to the patient's satisfaction.
The maxillary and mandibular overdentures had adequate
retention and there was marked improvement in the facial
appearance of the young girl (Figs. 5 & 6).

CASE 2

Case History
The patient was a serving sailor, 45 yrs old, who reported
to the Dental OPD for annual dental examination and was
found to be unfit due to inadequate dental points. The patient

had symmetric straight profile and competent lips (Fig. 7).
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Fig. 4 : Intaglio surface of dentures.

Fig.5: Postoperative frontal profile (Case l).

Fig 6: Postoperative Lateral profile (Case 1).

There were no signs of abnormality of hair, eye and tear
secretions. TMJ and mandibular movements were normal.
Intraoral examination revealed that the patient had a total
of only 16 teeth. Dental history revealed that the patient
did not undergo any extractions in the past. There was
mobility of all the teeth except maxillary and mandibular
canines.

There was also evidence of generalized attrition. However
the canines had a good periodontal status with no mobility
and  no  g i ng i va l  r ecess ion .  A  comp le te - rad iog raph i c

Jour Marinc Medical Society, 2006, Vol.8, No.2

Fig.7 : Preoperative frontal profile (Case 2).

Fig.8: Secondary copings in situ

examinat ion was performed and there were no impacted
teeth. No osseous defects were detected and the canines had
about 7 mm of residual bone support.

Treatment Procedure

The abutments were prepared to a height  of  3mm
occlusogingivally. Taper of about 7-8" was given and apical
chamfe r  was  made  a t  t he  den tog ing i va l  j unc t i on .
Antirotational element was prepared in the canal. Post and
Core pat terns were fabr icated and cast  in NiCr a l loys.
Primary copings were cemented with Glassionomer cement.
Impression was made in rubber base impression material
(with primary copings in situ). Wax patterns were fabricated
and secondary copings were cast in NiCr alloy. The copings
were tried on the patient's abutment teeth and were fixed
with copalite varnish (Fig. 8). Impression was made with
regular body silicone impression material. Dentures were
fabr icated in the convent ional  manner wi th h igh impact
res i n  ( Luc i t one ) .  F i t ,  ex tens ion ,  occ l us i on  o f  t he
overdentures was checked. The secondary copings were
embedded in the denture base with self curing resin of flowing
consistency. Vents were made on the denture in the area of
abutment teeth. Excess material (resin) visible at the vents
was removed and the dentures were finished and polished
(Fig.9). Post insertion protocol was explained to the parient.
The patient was satisfied with apperance and results of the
treatment (Fig.  l0) .

DISCUSSION

The sal ient  considerat ion in  decid ing the
treatment objective in our first case (ectodermal
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Fig.9 : lntaglio surface ofdentures.

dysplasia) was that the patient's residual dentit ion
was not to be modified at this stage. We wanted to
fabricate a prosthesis which was cost effective and
could also be easily accepted by the patient before
execution of the extensive treatment. In the second
case our treatment objectives were to conserve the
healthy dentit ion, enhancement of retention and
stabil ity of the denture and also the improvement in
speech and mastication of the patient.

Retention of teeth is means of alveolar ridge
preservation. Residual Ridge Resorption (RRR) afier
tooth loss was chronic, progressive, cumulative,
irreversible, and perhaps inevitable [5]. Retention of
the root means more than just preserving the l 'oot
(phys i ca l  r e ten t i on ) .  I n  essence ,  t h i s  ac t i on
presefves an integral component of the sensory
feedback system that programs the masticatory
system throughout the patient's l i fe. Periodontal
receptor input is also protective since it monitors
the teeth against overloading [6]. Canines are richly
innervated, most sensitive and are preferred as
abutments as was seen in our second case.

However,  the d isadvantages of  overdenture
therapy cannot be ignored i.e. periodontal breakdown
of teeth. carries susceptibility, reduced interocclusal
distance. Further, most of the disadvantages can be
prevented by dil igently following the post insertion
protocol by the patient i.e. gentle cleaning and

Fi-c. l0 : Postopelative tiontal profi le (Case.2).

massage  w i th  t oo thb rush ,  use  o f  t he  f l r r o r i c te
toothpaste and mouthwash, r 'emoval cl - . '  at
night and recall visits which are also very i:..portant.

SUMMAITY

O v e r d e n t u r e  c o n s t i t u t e s  a  p r e v e n t i v e
prosthodontic concept and this modality should be
considered virtually tbr every patient with multiple
r.nissing teeth and tor whom full mouth extractions
have been planned. The overdentures have plenty
of  advarr tages i .e .  preservat ion of  res idual  l idge.
pfeservatiorl clf ploprioceptive impulses, enhanced
retent ion,  s tabi l i ty  and most  important ly  g ives a
psychological boost to the patient.
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