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Editorial
DEFINING PHYSICAL AND PSYCHOLOGICAL STANDARDS FOR
NUCLEAR SUBMARINE CREWS

Surg Capt VSSR Ryali

INTRODUCTION

With India adopting a “No First Use” Nuclear
doctrine, it is presumed that India will have a

nuclear launch capability which will survive a nu-
clear strike. Nuclear submarines are an essential
component of a second strike capability in nuclear
war. It is now not a question of whether but when
and what will compose the nuclear submarine com-
ponent of the Indian Navy (Fig 1). The preparation
involves not only selecting suitable platforms, ei-
ther local or imported but also finding suitable
personal to man these platforms. Indian Navy has
an handsome experience in selecting suitable crews
for it’s diesel boats for nearly forty years. Selection
of submarine crews was initially a very rigorous proc-
ess. Captain MN Samant recalls [1] “Selection of a
submarine crew is critical in that it requires high
medical and psychological fitness standards. In
those days (1966 to 1975), we had to screen 7 to 8
volunteers before we had one man.” However this
rigorous selection led to shortages in the submarine
arm. By 1969, personnel shortages began to cause
concern. Analysis indicated that a major cause of
the shortage in intake was the large number of re-
jects in the psychological tests and the general lack
of confidence in the procedures for selection. It was
decided to do away with psychological and mechani-
cal response test and only the recompression
chamber (RCC) test was to continue [1]. Currently
physical standards for submarines involve those
required for divers as submariners need to undergo
escape training in the water filled escape tower. If
that be the case, once such escape becomes redun-
dant as suggested by Surgeon Lieutenant Banerjee
in an update in this issue [2], no special physical
standards would be theoretically required for sub-

marine crews. Before we jump to such drastic con-
clusions, it would be ideal to know a little about
medical standards for submarine crews in other Na-
vies.

MEDICAL STANDARDS FOR SUBMARINE
CREWS IN OTHER NAVIES

The medical standards laid down by the US and
the Russian Navies are dictated by their unique
structures and their exhaustive experience with
sailing nuclear submarines. The US Navy has only
Nuclear propelled submarines and sailors and officers
from surface Navy volunteer for nuclear submarine
service. Although all submariners are volunteers,
there are high physical and psychological standards
that all Sailors selected for submarine duty must
meet. The Naval Submarine Medical Research
Laboratory (NSMRL) has been evaluating Sailors’
suitability for submarine service since World War II.
Since 1986, NSMRL has been using SUBSCREEN, a
self-report psychological test, to screen for potential
risk factors, including claustrophobia, suicidal
ideation and depression. Sailors who flag for one of
these risk factors are referred to the base clinic for
psychological evaluation. Based on the clinic’s
evaluation and recommendations, SUBSCOL
command personnel decide whether to retain or
release the individual. About three percent of
students are removed from the sub-marine force
before going through SUBSCOL courses, saving
both money and time. However, many who remain
are ultimately unsuccessful in their Navy career.
They leave for negative causes, are not promoted
and do not finish their first enlistment. Using the
lab’s database of more than 30,000 former and current
submariners, NSMRL has determined that a subset
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Fig. 1 : Akula II nuclear submarine ‘K-152 Nerpa’, which
met with an accident during sea trials in the Sea
of Japan off Vladivostok on 09 Nov 2008, killing
at least 20 people and injuring another 21, is
apparently the same vessel which was to be trans-
ferred to India in July-August 2009 (as reported
in Times of India)

of the SUBSCREEN test effectively predicts which
people are more likely to fall into the unsuccessful
category. That information is now being used to
determine whether early intervention in SUBSCOL
can help reduce attrition [3]. The Russian Navy
follows a different set of parameters. Commodore
KS Subra Manian recalls [1] that most Russian sailors
are drafted for 03 years. Most of them are middle
school educated and unskilled. Basic training is
extensive but very fundamental. There is no separate
selection for surface ships and submarines. The
Russian Navy ran both diesel and nuclear propelled
boats and training is essentially on a particular
equipment and employment is on that equipment
only. There is a core full time and volunteer Naval
cadre who are carefully screened and deployed
onboard surface ships and submarines. The
screening procedures are opaque but involve
exhaustive physical and psychological screening.
Application of either the US or Russian standards
unaltered for our nuclear submarine crews is
infructous. Selection and deployment of personal in
the Indian Navy resembles that of the US Navy.
However Indian Naval personal especially the
submariners had a valuable exposure to the Russian
Surface and Submarine crews including those on
Russian Nuclear submarines, as part of the ‘Chakra’
experience. We can draw from the experience of both
these reputed Naval forces but need to devise
standards unique to our own Naval structure and
personal and improve with our own experience.

CONDITIONS ONBOARD NUCLEAR
SUBMARINES WHICH REQUIRE SPECIAL
MEDICAL STANDARDS

Long-term living, in closed and cramped
compartments imposes physical and psychological
risks as well as offers opportunities and benefits.
Peter Suedfeld and G. Daniel Steel review [4] what is
known about the environmental, social, and
personality aspects of adaptation to capsules,
including sources of stress, selection criteria,
obstacles to and facilitators of adequate coping,
changes in group interaction, the role of temporal
factors, and post-mission consequences. Life
onboard nuclear submarines envisages working for
prolonged durations extending up to a few months
without regular contact with family members,
restriction of diurinal cues to only meal timings,
being deprived of natural cues like the light and
dark hours of day and night and those of sunrise
and sunset, sleep cycle disturbances of following
the 3 hours on and 6 hours off watches, being cooped
up with same gender crews for prolonged durations
and restriction of recreational activities and exercise,
just to name a few. It goes with the job that nuclear
submarine crews need to be exceptionally fit both
physically and psychologically. Personal with known
deficiency diseases, heart and ENT problems and
those prone to depression, suicide, violence and
claustrophobia need to be ruthlessly weeded out.
When selecting an effective crew, we not only think
of the traits which make an individual vulnerable
but also need to think of the characters which
bestow advantages for those selected. These include
high motivation, ability to thrive and work better in
isolation (introverted, thoughtful and introspective
persons), ability to work in a team and leadership
qualities, to name a few.

INSTITUTIONAL INFRASTRUCTURE WHICH
NEEDS TO BE BUILT UP FOR A ROBUST
SELECTION PROCESS

It is easy to screen for physical problems listed
above. It is more difficult to screen for negative
psychological traits listed above, as most tests for
these traits are standardized on western population.
Indian sailors come from varied geographical, ethnic
and religious backgrounds and speak at least ten
major languages not counting the vast number of
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dialects and hence tests standardized on western
population need to be normated on Indian population
or new tests specific for Indian population are to be
designed. We also need to standardize tests which
measure positive skills on Indian population. Finally
after including all these tests together, we need to
build our own SUBSCREEN to screen our nuclear
submariners. The process is continuous.  We need
to follow up our selected ones and the rejects
longitudinally over years to check the validity of
our testing process and to improve it. For this
purpose, we need to build up databases of selection
procedures. To do all these, we need dedicated
medical and psychological selection and research
teams. We need our own Indian Naval Submarine
Medical Research Laboratory (INSMRL). There is a
nucleus built up at the Institute of Naval Medicine,
Mumbai. However, it needs to be further
strengthened and sustained. The staff envisaged
earlier but later un-replaced like the Physician,
Aviation Medical specialist, Preventive Medical
specialist and Psychiatrist need to be positioned.
Further, psychologists, statisticians and Defense
Research and Development Organization (DRDO)
Scientists need to be added to existing staff. The
staff positioned should be research and selection
oriented and should be pre-selected based on their
earlier research productivity. Having personal is only
the beginning. The research teams need to be tasked
with time bound relevant projects.  Lateral selection
from other research facilities and medical institutes,
like the Institute of Aerospace Medicine, Defense
Psychological Research Unit (DPRU), Naval
Psychological Research Unit (NPRU), DEBEL &
INMAS and out sourcing selected sub projects to
even private researchers will help speed up building
of data bases. Current research efforts through
Armed Forces Medical Research Committee
(AFMRC) have restrictions in terms of funds and

procedures like restriction on outsourcing and
collaboration with friendly International Navies.
Naval Medical Research can flourish, if given
adequate importance and is actively coordinated at
the highest level in the office of the Director General
Medical Services (DGMS) Navy.  A Principal Director
Medical Services, Naval Medical Research (PDMS,
R&T) rather than a  Joint Director Medical Services
(JDMS, R&T) will be able to liaise with other research
centers of excellence in and outside the service and
the country and will also be able to set an agenda
for research activities of importance for the Navy. It
is however reassuring that most of these institutional
modifications can be indigenously attended to with
a little administrative help, so as to enable us build a
potent nuclear submarine cadre and beyond.
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Contemporary Issues
SUBMARINE ESCAPE AND RESCUE : INTERNATIONAL TRENDS
AND INDIA’S POSITION

Surg Lt S Banerjee*
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stalled similar practice at the Submarine Escape
Training Tank at Gosport in view of two factors [6].

(a) The risks to trainees far outweigh the benefits
of the training.

(b) The emphasis today is to send submersibles to
stricken submarines rather than having the
submariners escape themselves. Rescue
evidently has more of a role than Individual
Escape.

Indian Navy however remains focused on
Individual Escape training, which remains the
mainstay of escape in a DISSUB situation in wartime.
En route this goal DEBEL has developed indigenous
escape suits presently undergoing trial.

The escape training tank used by Turkey has
been modified to train submariners in a real life
situation. They have to equalize the pressure inside
and then open the hatch to escape from the bottom
of the tank. Against the backdrop of such changing
international trends in Submarine Escape training,
India too needs to view the current routine in new
light.

Exercises : In the yearly meets, SMERWG
congregates Submarine Rescue and Escape
exercises done by various Navies to share the
knowledge/experiences, and integrate the final
approach for a DISSUB situation anywhere on the
globe.

These include the Sorbet Royale in 2005, the
Spanish Cartago (a six monthly exercise), the Pacific
Reach exercise (in which 16 nations participated)
and the recently concluded Bold Monarch 2008,

INTRODUCTION

Submarines, by virtue of their role and operating
environment, face an inherent element of dan-

ger. The ideal of submerging beneath the waves and
catching the enemy unawares has always occupied
a major share of the maritime warfare mind frame.
However, with the loss of Kursk in August 2000,
man’s technological mind was given a pragmatic jolt:
Nature remains unconquerable.

The Kursk tragedy added a powerful impetus
towards internationalization of submarine escape
and rescue that had already begun among the
submarine operating nations of North Atlantic
Treaty Organisation (NATO). India, despite its Naval
strengths, is sadly far from catching up.

AIM

In this paper, I propose to showcase the efforts
of the International Submarine Escape and Rescue
Liaison Office (ISMERLO) in centralizing the concept
of Submarine Escape and Rescue worldwide [1,2].

I also put forth solutions for safer submarining in
Indian Navy including the imperative solutions of
creating a large Vessels of Opportunity (VOO)
database and joining the ISMERLO, thereby
obtaining international support for a possible
DISSUB situation [3-5].

DISCUSSION

Training : India trains submariners at INS
Satavahana where the ongoing practice is an age
old one including torpedo tube escape and free
buoyant rope ascent. The Royal Navy has however

*Submarine Medical Officer, COMCOS (West), Mumbai.
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which had 24 nations participating (not all being
NATO countries).

The Bold Monarch saw the NATO Submarine
Rescue System (NSRS) (Fig. 1) being launched as
also the US Submarine Rescue Diving and
Recompression System (US SRDRS). Italy’s
Submarine Parachute Assistance Group (SPAG) was
tried and tested. To add to this Italy exercised Pod
Posting Serials using their Atmospheric Diving
System (ADS) christened ‘Newtsuit’ (Fig. 2).

Seven Russian sailors trapped for three days on
the ocean floor in a small submarine off Russia’s
Pacific coast were rescued alive and well on Aug 7,
2005 after a team effort by British, Russian and US
forces that deployed a British Remotely operated
vessel  (ROV) to cut the vessel free of nets (Fig. 3).
Additional forces from Japan and the Shell Oil
operated DSND Surveyor raced to the site to support
the rescue. This stands testimony to the importance
of such worldwide coordination in actual DISSUB

situations, as also in Escape and Rescue Exercises,
made possible by the existence and support of
ISMERLO.

Indian submarine exercises have been restricted
to Matex wherein the Diving Bell of INS Nireekshak
has been deployed. These however have been with
rigorous restrictions of sea state and maximum depth.
Matex has also been tailored in recent exercises such
that actual mating of the Diving Bell to the coaming
of the escape hatch is avoided, a guide wire being
used from the top of the Conning Tower to the Diving
Bell. This not only increases the time taken for
escape, but also is heavily dependent on the
illumination provided by supporting divers for such
a cocktail method.

India has never actively participated in any of
ISMERLO’s multinational exercises. Pod posting
serials have not been tried. This stems from the fact
that Indian Navy is yet to acquire Pods and to
employ them the requirement of Atmospheric Diving
Suits or Remotely Operated Vehicles arise. Also,
since India has no access to Deep Submarine Rescue
Vessel (DSRV), Indian submarines have never
exercised with DSRVs.

Resources : Today’s changing scenario has had
an obvious impact on the resources amalgamated
by most submarine operating Navies. Amongst them,
the Deep Submergence Rescue Vessels (DSRVs) and
Remotely Operated Vessels (ROVs) are noteworthy,
considering the paradigm shift of focus in Submarine
Escape and Rescue from individual Escape to
Rescue. This also ensures that least dangers and
medical risks are fraught with by the crew in a DISSUBFig. 1 : Inside the NATO’s submarine rescue system.

Fig. 2 : Italian ATMOSPHERIC DIVING SUIT called
‘NEWTSUIT’.

Fig. 3 : A Mothership (a.k.a. Vessel of Opportunity)
launching a Submarine Rescue Vehicle via the
PLARS (Portable Launch and Recovery System).
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situation.

US Submarine Rescue Diving and Recompression
System (SRDRS) and the NATO’s Submarine Rescue
System (NSRS) are noteworthy not just for their
rescue capability from a DISSUB but also for their
concomitant recompression abilities. Add to that the
ISMERLO effect: These DSRVs are available to any
DISSUB across the globe in rescue capable waters.

The Atmospheric Diving Suit (ADS, a.k.a.
Newtsuit in Italy) is another mode being used today
for survey and pod posting in a DISSUB situation.
Pod posting enhances the time factor for survival of
the crew in a distressed submarine till such time that
help arrives. It has greatly enhanced capabilities for
deployment with respect to depth and sea state.

Indian resources include INS Nireekshak with its
Diving Bell. The Diving Bell has done Matex
exercises regularly with both SSKs and EKMs but
they have been restricted in depth and sea states. It
is interesting to note that the Diving Bell, though
still an integral part of Navies such as Italian Navy,
is losing steam as compared to the other modes of
rescue mainly because of limitations in time taken
for rescue of personnel and Sea states in which it
can be mated with a bottomed submarine

What concerns Indian Navy today is the search
of a possible pool of Vessels of Opportunity (VOO)
for both east and west coasts of the country.
Internationally, these are termed Moships (mother
ships which are capable of carrying the air
transportable units of DSRVs like the NSRS). This
may not be as time consuming or economically
straining as acquiring DSRVs/ROVs. It is interesting
to note that India had explored the possibilities for a
Fly Away Kit in 2005, during the President’s Fleet
Review.

International Submarine Rescue and Escape
Liaison Office (ISMERLO) : ISMERLO was formed
by the Submarine Escape and Rescue Working
Group in 2002. This was an aftermath of the Kursk
disaster in 2000, which opened the eyes of all
submarine-operating nations worldwide. ISMERLO
is manned by retired and serving officers and has its
headquarters in Norfolk, USA. The aim of ISMERLO
is to coordinate Submarine Escape and Rescue
worldwide by maximal utilization of resources of all
member nation. To this end, it maintains an updated

record of member nations and points of contact. It
provides assistance in a DISSUB situation in rescue
capable waters shown in green (Fig. 4).

RECOMMENDATIONS

Training Recommendations : Satavahana Escape
Tower should be modified such that the trainee
performs all the tasks of pressure equalization prior
to opening the upper hatch for escape. A cue can be
taken from the Turkish Navy’s Escape Training
whereby inclusion of a Conning Tower at the bottom
of our Escape Training Tank at ETS, INS Satavahana
will enable the trainees to experience a close to real
life situation. Escape by individuals of a DISSUB
crew is being shout down by the Royal Navy in
view of the risks involved in both training and in
real life situations. It is high time we too shifted
focus to amalgamate Rescue capabilities along with
Individual Escape.

Recommendations for SMER Exercises : India
presently does no active participation in
international exercises by the Submarine Escape and
Rescue Working Group. Indian Navy should
endeavour to join hands with other Navies and
participate actively  in the forthcoming Bold
Monarch. India’s Submarine Escape and Rescue
exercises should be modified to follow exact
procedures as laid down for Diving Bell Escape. Pod
postings should be tried with SSKs since diver’s
supply and exhaust is not an option for increasing
habitability onboard a DISSUB SSK with depleting
stores.

Recommendations for Resources : A survey for

Fig. 4 : Rescue capable waters marked in green.
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probable Vessels of Opportunity (VOO) for both
military and merchant vessels has been started by
SMHQ in August 2008. This work should be
completed on priority basis in order to cater for a
pool of Moships for the eastern and western coasts
of our country. India may join ISMERLO and update
the databank of available Moships and Points of
Contact. This will enable exploitation of resources
from other Navies like the NSRS in case of a DISSUB
situation. India may aim at acquiring 2 DSRVs, one

for each coast.
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HEARING CONSERVATION IN THE NAVY : WHERE DO WE STAND?

Surg Cdr Padma Ramesh*

ABSTRACT

Occupational noise-induced haring loss (NIHL) is caused by prolonged exposure to high levels of noise, can be
irreversible, and is a critical workplace safety and health matter. Economic consequences of NIHL to the Navy
include lost time and decreased productivity, loss of qualified personnel through medical downgrading, expenses
of medical treatment such as hearing aids and disability pension costs. NIHL is an almost entirely preventable
disability.

This paper discusses the implications of noise exposure in the military and specifically Naval environment.
Official regulations with regard to noise exposure particularly in the Indian Navy as well as the US Navy and
Department of Defense will be covered. To prevent NIHL, a comprehensive Hearing Conservation Programme
is indicated. An effective Hearing Conservation Program consists of the following: noise measurement and
exposure analysis to identify noise hazardous areas or sources and the personnel exposed, engineering control
of noise levels, periodic hearing testing of personnel at risk, recommendations for use of hearing protective
devices, and health education. Elements of the US Navy Hearing Conservation Programme will be elucidated
with focus on its relevance in the Indian Naval setting. Future trends and the way ahead in hearing conservation
will be mentioned.

Key Words : Heaving conservation, Navy

$190 million to veterans with tinnitus (Fig. 1).

In light of the above, prevention of NIHL
becomes a critical issue. The Indian Navy at present
does not have a formal Hearing Conservation
Program (HCP). Information on HCPs is readily
available only for the US Navy, the salient features
of which are discussed below.

Noise and Military Service : The Implications

Occupational (noise-induced) hearing loss
(NIHL) is caused by exposure to high levels of

noise, can be irreversible, and is a critical workplace
safety and health matter. It also has social, economic
and combat readiness impacts. Economic conse-
quences of NIHL to the defence services include
lost time and decreased productivity, loss of quali-
fied personnel through medical downgrading, and
expenses of medical treatment such as hearing aids
and disability pension costs. NIHL is an almost en-
tirely preventable disability.

In 2005, service-connected hearing loss and
auditory problems comprised the second most
common reason for new disability awards for
veterans in the United States. For the roughly 158,000
veterans who began receiving compensation in 2003,
auditory disabilities were the second most common
type of disability (75,300 out of a total of 485,000
disabilities). In 2004, annual compensation payments
were $660 million to veterans with hearing loss and Fig 1 : US Veteran disability payments for hearing loss

2001-06
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THE US NAVY HEARING CONSERVATION
PROGRAM

History

Interest in hearing conservation in the US military
was evinced after World War II and the Korean War
(1950-1953) when veterans returned with service-
connected hearing loss. The US Navy published
Bureau of Medicine and Surgery (BUMED)
Instruction “Hearing Conservation Program” in 1953.
In 1978, a Department of Defense Instruction was
published to implement uniform Hearting
Conservation Programs (HCPs) across all services.
Responsibility for the Navy’s HCP was transferred
from BUMED to Chief of Naval Operations (CNO) in
1979, ensuring that all Navy personnel would be
included in the program. In 1997, a common
microprocessor based hearing conservation test
system (Defense Occupational & Environmental
Health Readiness System – Hearing Conservation
(DOEHRS-HC)) and a common web-based Data
Repository (DR) was introduced for all three services.

The US Department of Defense mandates that
each service meet or exceed OSHA standards for
occupational noise, i.e. 90 dBA with a 5 dB exchange
rate. Currently, the US Navy uses a 4 dB exchange
rate, while the Army and Air Force use a 3 dB
exchange rate.

Aim of the US Navy HCP

The goal of the US Navy HCP is “To prevent
occupational hearing loss and ensure auditory
fitness for duty in the military and civilian
workforce”.

Hearing Conservation Responsibilities at various
levels

The Chief of Naval Operations (CNO) has overall
responsibility for the Safety and Occupational
Health Program and implements the HCP through
the chain of command.

The Chief, Bureau of Medicine and Surgery
(BUMED) centrally manages and periodically
updates the HCP, provides audiometric support,
professional and technical expertise, refresher
hearing conservation training and certification for
technicians as also for audiometric test chambers
and audiometers. BUMED maintains a hearing

conservation database to measure program
effectiveness, and uses prevalence of hearing loss
to provide input to noise control engineering
decisions. It provides assistance in identification
and quantification of noise hazards and supports
research and development in the medical aspects of
hearing conservation.

Headquarters Commanders provide technical
assistance and engineering guidance to subordinate
commands in coordination with BUMED. They are
to consider, design, and engineer noise control
features into all (both existing and future) ships and
aircraft, weapons and weapon systems, equipment,
materials, supplies and facilities.

Regional Commanders and/or Commanding
Officers for shore activities are responsible to
institute an HCP where a noise hazard has been
identified, maintain a roster of personnel in the HCP,
and annually evaluate HCP effectiveness in
cooperation with the medical facility. They are to
ensure labeling of all noise hazardous Navy areas,
worksites, and equipment, reduce noise levels
through engineering controls and ensure suitably
trained personnel conduct noise surveys. They also
are to provide and upkeep personal hearing
protective devices (HPDs) and provide instruction
to all exposed personnel to ensure proper usage.
They are to emphasize leadership by example
regarding the wearing HPDs and enforce policy,
including disciplinary measures for repeated failure
to comply with the requirements of the HCP. They
are to follow a “Buy Quiet” policy when feasibly/
applicable when procuring tools and equipment.

The Safety Officer is assisted by an industrial
hygienist/occupational audiologist to conduct and
record noise surveys of areas and equipment. He
ensures that they are posted and labeled with
standardized labels (exteriors of military combatant
equipment are excluded) and that all permanent
threshold shifts of hearing that meet the specified
criteria are reported by Medical Departments.

The Industrial Hygiene Officer maintains
calibration of sound level measuring equipment and
annually certifies audiometric testing booths
installed abroad ships.

The Division Officer ensures personnel exposed
to hazardous noise have and properly use HPDs,
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are trained in their use and maintenance, and report
for scheduled audiometric testing and training.

The Medical Department in a Command/Unit
provides periodic hearing tests and refresher training
(in conjunction with the annual monitoring
audiogram), conducts “fit test” of HPDs, noise
measurement and analysis for medical purposes and
recommends potential remedial actions.

Program Elements

1. Noise measurement and exposure analysis to
identify noise hazardous areas and personnel
exposed.

2. Engineering control of noise levels to reduce
the potential hazard to the maximum extent
feasible.

3. Periodic hearing testing of all personnel at risk
to monitor effectiveness of the HCP, and enable
timely audiologic and medical evaluation of
personnel who demonstrate significant hearing
loss or threshold shift.

4. Recommendations for use of HPDs as an interim
measure pending effective engineering controls.

5. Education on noise hazardous areas and
sources, use and care of HPDs, effects of noise
on hearing, and the command’s HCP.

1. Noise Measurement and Exposure Analysis

Initial and periodic noise surveys are taken by an
industrial hygienist, audiologist, safety specialist
or exposure monitor. Sound level meters and noise
dosimeters are used to assess individual exposure,
and octave band analyzers to identify the frequencies
of noise mainly to aid in selected engineering
controls and in certification of audiometric booths.
Noise exposure data (including the time weighted
average (TWA) sound level) and analysis are
provided to the individual, the command, and the
activity providing medical surveillance.

2. Identification of Personnel at Risk

a) An 8-hour TWA exposure level is determined
for all military and civilian employees routinely
working in hazardous noise areas, at least
initially and within 30 days after notification of
any significant change in operations.
“Routinely” may be defined as when the TWA

exceeds 84 dBA on average more than 2 days in
any month.

b) Personnel routinely exposed to sound levels
greater than 84 dB(A) or 140 dB peak sound
pressure level (SPL) for impact or impulse noise
will be considered at risk and identified on the
command’s roster for inclusion in HCP.

c) Risk assessment codes (RACs) are assigned
and the type of control measures used are
identified for all potentially hazardous noise
areas and operations.

d) A current inventory of all potentially noise
hazardous areas and operations is maintained.

e) Visitors to a hazardous noise area are required
to wear hearing protection but not required to
have their hearing tested or be included on a
roster of noise exposed personnel.

3. Hearing Tests

Audiometry is carried out by technicians certified
in occupational hearing conservation under the
supervision of an audiologist/otolaryngologist/
occupational medicine physician. Conditions
requiring referral to an audiologist/otolaryngologist
are specified. Technician proficiency in testing,
administration, and fitting of HPDs in evaluated at
least annually. All audiograms are retained
permanently in the individual’s health record.

Three types of Hearing Tests (audiometry) are
conducted on personnel included in the HCP.

a) Reference Hearing Tests : Reference hearing
tests are done when the individual has been
free from exposure to noise above 80 dB(A) for
at least 14 hours. Three types of reference
audiograms are used in the HCP.

i) An original Reference (Baseline)
audiogram is performed prior to hazardous
noise exposure while in Government
employment.

ii) A Reference audiogram is performed after
exposure to hazardous noise when the
original reference audiogram was lost or
never done.

iii) A Re-established Reference audiogram is
performed as the result of a follow-up
program.
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b) Annual Monitoring Hearting Test : The test is
conducted at any time during the work shift to
detect incremental changes in hearing as
compared to the reference audiogram. Personal
HPDs of personnel being tested are checked at
the same time for fit and effectiveness.

c) Termination Hearing Tests : All military
personnel receive a hearing test upon
termination of Navy service regardless of
assignment or exposure to hazardous noise.

The Concept of Significant Threshold Shift (STS)

Significant Threshold Shift (STS) is defined as a
change in hearing threshold relative to the current
reference audiogram of an average of 10 dB or more
at 2000, 3000 and 4000 Hz will be considered an early
warning of potential future STS, requiring verbal
counseling and assurance of appropriate hearing
protection for the individual. The STS may be either
positive (poorer hearing) or negative (better
hearing). Appropriate action to be taken following a
negative/positive STS is given in Figs. 2 & 3.

Permanent Threshold Shift (PTS)

A PTS toward poorer hearing is notified to the
Navy Occupational Safety and Health (OSH) office/
Commanding Officer and entered on the Long of
Navy Injuries and Occupational Illnesses. Also, all
annual monitoring hearing tests are reviewed for
evidence of an “OSHA-Recordable” STS (a 10 dB
average shift at 2, 3 and 4 kHz in either ear, and when

Fig. 2 : Flow chart: Action following a negative STS

the Hearing Threshold Level at these frequencies
exceeds 25 dB when compared to the Baseline/
Reference audiogram). Written notification of this is
given to the worker within 21 days, along with action
to prevent further hearing loss including evaluation
of the work-site, adequacy and correct use of HPDs.

Fitness & Exclusion from further Noise Exposure

a) Individuals who have reference audiogram re-
established due to deteriorated hearing on three
separate occasions must obtain clearance from
an audiologist, otolaryngologist, or
occupational medicine physician before
returning to duties involving hazardous noise.

b) Any individual who has hearing loss in both
ears in which the sum of thresholds at the
frequencies of 3, 4 and 6 kHz exceeds a sum
total of 270 dB will not be assigned to duties
involving exposure to hazardous noise without
a Fitness for Duty evaluation and clearance as
described above.

c) If such clearance is inappropriate, the
audiologist/physician will make specific
recommendations to the individual’s command
on advisability of restriction from noise
hazardous work, appropriate placement of the
worker, or the need for stricter enforcement of
hearing protection policies.

5. Hearing Protective Devices (HPDs)

It is Navy OSH policy that personnel exposed to
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sound levels greater than 84dBA or 140 dB peak
must have HPDs available at all times, and wear them
regardless of the duration of exposure. Those who
do not comply are subject to administrative or
disciplinary action. Earplugs (pre-formed and hand-
formed), ear muffs, ear canal caps and helmets are
available (Fig. 4).

Fig. 3 : Flow chart : Action following a positive STS

Fig 4. Common types of HPDS.

Funding for HPDs is the responsibility of the
Supply Department. HPDs are considered safety
supply items and are provided to personnel along
with instructions on use and care. The earplug
carrying-case is worn as a part of the military uniform.
Double-protection (combination of ear plug and muff)
is worn in all areas where sound levels exceed 104
dB (A) or when a medical officer/audiologist advises
the same. Personnel exposed to gunfire wear
sufficient HPDs (single protection up to and between
140 dB SPL peak and double protection at 165 dB
SPL peak and above) to reduce effective exposure
level to below 84 dB(A)/140dB SPL.

HPDs are fitted and issued only under Medical
Department supervision. Fit and condition of HPDs
is checked annually at the time of the annual hearing
test. Device attenuation must be sufficient to reduce
exposure to below 84 dB(A) and/or 140dB peak. The
user is permitted some freedom in selection unless
the selected HPD is medically contraindicated or
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inappropriate for a particular area or operation.
Personnel may use custom earplugs if special
circumstances require the same, or if they cannot be
properly fitted with approved HPDs e.g. those who
use communication devices during noisy operations.
Preformed or custom-molded musician’s earplugs
are provided to Service band members. If HPDs do
not provide attenuation to less than an 8-hour TWA
of 84 dB(A), other exposure control measures are
considered viz. engineering control, administrative
exposure limitation, or the use of double protection.

6. Hearing Conservation Education

a) Initial hearing conservation training is given
prior to assignment to duties in hazardous
noise, at either basic or advanced training and
documented in the individual health record.
Upon reporting to duties involving exposure to
noise, the health record is reviewed to ensure
that training has been done, and training is
provided/documented as needed.

Initial training includes the elements and
rationale for HCP including the effects of noise
on hearing, designated noise hazardous areas
and equipment, use and maintenance of HPDs,
necessity for periodic hearing testing,
mandatory requirement to wear HPDs (including
administrative actions on failure to comply), off-
duty hearing health hazards career implications
of hearing loss and communication in high-
noise environments.

b) Annual refresher training is the responsibility
of the command or activity with support from
Medical Department and is usually provided in
conjunction with the annual monitoring
audiogram.

7. Record keeping Requirements

a) Hearing Conservation Data - The following data
is recorded: Reference Audiograms, Hearing
Conservation Data, (Biological Audiometer
Calibration Check, Industrial Hygiene Noise
Survey, and Industrial Hygiene Noise
Dosimetry.

b) Employee Health Record – Each individual
health record contains the original baseline/
reference audiogram, all subsequent

audiograms, exposure documentation (typically
in the work location), documentation of initial
and refresher training and all clinical evaluation
and case management.

c) Documentation in Medical Department –
Records are kept of current roster of exposed
employees as provided by the command
(updated at least semi-annually), noise surveys,
daily audiometer biological calibration checks,
annual audiometric chamber certification, and
proficiency evaluation and in-service training
of audiometric technicians.

d) Retention of Records – Results of hearing tests
and exposure documentation are a permanent
part of an individual’s health record. Noise
exposure data is kept for a minimum of 40 years.
All other documentation is retained for five
years.

8. Program Performance Evaluation

Each medical treatment facility maintains a hearing
conservation database for assessing HCP
effectiveness. The HCP manager evaluates program
effectiveness, and provides performance evaluations
at least annually to supported activities based on
compliance (proportion of individuals enrolled  who
have had an standard and ad hoc queries against all
centrally maintained data.

Recent trends in the US Navy HCP

From September 2008, the US Feet has begun
replacing old head-phones with foam-lined, gel-filled
headphones and foam earplugs with custom-made
earplugs. The old foam earplugs and headphones
used together provide about 30 dB attenuation. In
contrast, the new custom-fitted earplugs are much
easier to use, will not slip out of the ear canal, and
will provide as much as 28 decibels of protection
alone and 43 decibels when combined with the new
headphones.

The “QuietComm TM” Digital Active Noise
Reduction (ANR) custom earplug developed by ATI
and designed for military jet support personnel
offers protection in high intensity noise, and clear
communication with improved speech intelligibility.
The benefit is realized by extending the bandwidth
of active control performance from the traditional
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800 Hz to as high as 3,000 Hz. This active noise
reduction earplug, coupled with the ATI microphone,
new ear cushions and a new foam insert offers
attenuation nearing 46 dB.

ROYAL NAVY

In 2003, the RN introduced a HCP to ensure
compliance with the Health and Safety Executive
“Noise at Work Regulations (NAWR) 1989”. Under
new regulations, RN warships will have until 2011 to
comply with the prescribed weekly and daily limits.

INDIAN NAVY

Although the Indian Navy does not have an HCP,
various safeguards and guidelines are laid down
regarding hearing standards at entry and at Annual
Medical Examination as well as protection of ears
from noise.

Hearing standards for Candidates on Entry and
Serving Personnel (NO Spl 01/08 & NO 17-04)

a) Candidates for all branches : Able to hear Forced
Whisper (FW) at 610 cm and no sign of ENT
disease.

b) Naval Aircrew

i) Naval Aircrew candidates : Able to hear
FW at 610 cm. HL should not be more than
10 dB at frequencies between 250 & 4000
Hz)

ii) AME-Serving Aircrew : Able to hear FW at
610 cm. Audiometry is to be done every
year (HL should not be >10 dB at
frequencies between 250 & 4000 Hz).

c) Divers

i) Diving Branch candidates (including
Aircrew Divers) : Pure Tone Audiometry
(PTA) is done to detect hearing defect and
to serve as baseline data at start of diving
career

ii) AME-Divers (including Aircrew Divers) :
Audiometry every 2 years.

d) Submariners

i) Submarine Branch candidates : Intact
mobile tympanic membranes with normal
hearing (audiometry is not specified).
Normal Eustachian tube function.

ii) AME-Submarines: Audiometry every 2 yrs
(UC and Engine Room sailors only)

e) Air Traffic Controllers

i) Air Traffic Controller branch candidates:
Able to hear FW at 610 cm. Audiometry is
done (HL should not be > 10 db at
frequencies between 250 & 4000 Hz)

ii) AME-ATC Branch: Audiometry every 2
years

f) Anti-Submarine Warfare (ASW) Branch

i) ASW branch Cancidates : Able to hear FW
at 610 cm. audiometry (HL should not be
>10 db at frequencies between 250 & 4000
Hz). Pitch discrimination of 10 to 30 Hz is
required on either side of the basic note of
1000 Hz. The above tests are to be done
before the individual is recommended for
the course and are to be repeated before
commencement of course.

ii) AME-ASW personnel

aa) Hearing acuity must not exceed 20 dB
from 250 to 3000 Hz and 30 dB at 4000
Hz.

ab) Pitch discrimination of 10 to 30 Hz is
required on either side of 1000 Hz
frequency

ac) Audiometry for hearing acuity and
pitch discrimination every 2 years. Any
person not meeting above criteria is to
be retested after 2 weeks. If still below
standard, he is to be disqualified from
sonar duties and records marked
“Below Aural Standards (BAS).
Unsuitable for asdic operations”.
Copies of PTA and pitch discrimination
test are to be forwarded to NHQ
(officers) / CABS (sailors) and ASW
School, Kochi.

ad) Care of the Ears : Examination of ears
of all ASW officers and sailors is to be
done by a medical officer every 6
months (to be ensured by the ship’s
ASW officer and recorded in the
Torpedo Log and progress Book).
Personnel with ear complaints are to



76 Jour. Marine Medical Society, 2008, Vol. 10, No. 2

report at the earliest to the medical
officer so as to enable prompt ENT
referral.

ae) Noise Exposure : Commanding
Officers are to ensure that ASW
personnel are not employed in any
noise exposed position under any
circumstances. If inescapable, ear
defenders are to be worn. PTA and
pitch discrimination test are to be done
immediately after such noise exposure.

af) Transmission of underwater blast
through headphones : ASW sailors are
to be warned to remove their
headphones prior to firing of charges.

Protection of Ears from High Intensity Noise (NO
11/04)

Ears are to be protected by using ear protectors
as long as the person is in a “Noise Danger Zone”
which is defined as: “The area where the intensity
of noise is such that spoken orders cannot be clearly
heard when a distance of 2 ft separates the mouth of
the speaker and the ear of the listner and the listener
has his back to the speaker OR when shouted orders
cannot be heard at a distance of about 5 ft” e.g.

a) Ships

i) Aircraft Carriers compass platform,
Bridge, Flying control position, flight deck,
upper hangar when a/c are warming up.

ii) Other Ships Guns, gas turbines, diesel/
boiler rooms, air compressors

b) Ashore Gun site, air station & a/c yards, when
close to a/c engine at full power All Noise
Danger Zones are to be marked with a sign-
board “Danger – Noise Danger Zone, Use Ear
Protectors”. If ear protectors are not available,
wax-impregnated cotton wool is to be used. Ear
protectors are to be worn for the entire period
of noise exposure.

Testing of Hearing : All personnel habitually
exposed to noise are to undergo audiometry annual
and the results should be recorded in the MDs of
the individual.

Hearing Conservation in Practice

HPDs currently being used in Naval Air Stations

are:

a) Ear muffs (defenders) (central Air Stones
supply)

b) Ear plugs (locally procured) – now discontinued
as they are considered FOD (Foreign Object
Damage).

Under the current system, HPDs are part of Air
Store inventory and not considered under Safety
Equipment. Further, there exists no monitoring of
efficacy not are any recommendations available as
to effective life or NRR of the HPD.

Research Studies

Studies on efficacy of HPDs being used in a Naval
Air Station (NAS) and personal noise dosimetry in
ground crew on board Naval ships and NAS are
currently in progress at Institute of Naval Medicine
(INM) INHS Asvini.

INM is also a participant in a study being
conducted by DIPAS on the efficacy of Active Noise
Reduction headsets in various operational
situations with a view to indigenous design of the
same.

A study on noise measurement and analysis to
delineate noise hazardous areas and the categories
of personnel explosed in a Naval Air Station is
planned. Noise intensity and frequency will be
analysed with reference to various types of Naval
aircraft and occupational categories of personnel.

Future Considerations for Hearing Conservation
in the Indian Navy

There would appear to be a requirement for a
baseline audiometry at entry for all branches.
Similarly, exit audiometry may be considered for all
service personnel prior to retirement for
documentation

Initiation of a formal HCP would be of significant
benefit in preventing NIHL. This would entail
establishing a zonal Operational Audiology facility
with personnel to manage the same viz; HCP manager
Operational Audiologist, HCP technicians, industrial
hygienists with facility of referral/consultation with
in occupational medicine physician/
otolaryngologist.

A detailed database of noise conditions in ships,
submarines and air stations along with nominal roll
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of personnel exposed to hazardous noise may be
maintained and regularly updated. These personnel
will be included in the HCP for regular audiometry,
mandatory use of HPDs and health education.

HPDs with adequate NRR may be fitted by
medical personnel, issued as an item of personal
uniform kit, and inspected at the time of hearing
tests. Custom HPDs may be offered to selected
cases.
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IMPROVING MANAGEMENT OF DIVING ACCIDENTS AT SEA
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ABSTRACT

In this article the current procedure followed and the various Medical Equipments available at site while
conducting a Diving Operation are critically analysed. Based on the experience gained after giving medical
cover for over 1000 sea dives, recommendations have been given to improve the management of Diving Accidents
at sea. Whenever a Medical Officer is detailed for giving Medical Cover for a Diving Operation, he should
ensure that all essential medicines, books for reference and telephone number of nearest Critical care specialist
is available with him before leaving harbour. A first aid post has to be created at dive site. All essential
equipments should be available at the First Aid Post and their function is to be tested. Two under trainee/
qualified divers should be nominated as life guards. The Diving Officer, dive-instructors and Medical Assistant
should be briefed about the plan in case of an emergency. All divers should be medically examined and their
fitness for diving ensured. In Case of a Diving accident, prompt action should be taken by all concerned. The
Medical Officer should get into the Dive Boat (Gemini) and start the life saving measures which should always
include giving 100% oxygen through a tight fitting mask. The diving supervisor/Diving Officer should ensure
that the arrangement for receiving the casualty onboard and Recompression chamber (RCC) are made ready
and the buddy diver if any is attended to. The casualty should be shifted to the ship as fast as possible. Cardiac
status and Oxygen Saturation should be checked using Cardiac Monitor/Defibrillator and Pulse Oxymeter.
Cardiac Defibrillation and Endotracheal intubation can be done at this time if required. If there is suspicion of
Decompression Illness (DCI) the diver should be shifted inside the RCC as quickly as possible. The life saving
measures can be continued inside the RCC. After the initial management the diver should be shifted to the
nearest hospital for observation. And further management.

Key Words : Dive Supervisor, Gemini, RCC, BIBS

INTRODUCTION

Diving is an adventurous profession but at the
same time it is a profession which involves con-

siderable risk. The risk involved depends upon the
type of diving, the competency of the diver and the
environmental conditions. A diver has to keep him-
self physically fit and at the same time have a sound
technical knowledge about the diving sets and div-
ing techniques. Similarly, Medical Officers who are
providing Medical Cover for various types of Div-
ing Operations should be conversant with the
techniques of Basic Life Support (BLS) and Ad-
vanced Cardiac Life support (ACLS) to deal with an
eventuality if it occurs. As these accident usually
happen at sea or at remote location where expert
help is not available, the Medical Officer should have

all the necessary life saving medicines and
equipments available at the site. In addition to the
BLS and ACLS guidelines, a medical officer should
also be conversant with medical conditions peculiar
to diving and his role as a safety advisor in addition
to his role as a clinician.

Diving accidents have a varied presentation.
They can range from minor transient hypoxia to life
threatening Arterial Gas Embolism (AGE) and
Decompression Illness (DCI). Drowning is the most
likely result of unconsciousness underwater. In spite
of reasonable safety precautions diving accidents
do happen. The only way to deal with them is good
quality training, availability of essential life saving
equipments and expertise in dealing with them.
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AIM

The aim of this paper is to review the equipment
available and procedures followed as of now while
carrying out Diving Operations at sea. Certain new
procedure & equipments have been suggested to
make these Operations more safe and management
a Diving Accident more effectively.

PREPARATION

1. Before leaving Harbour:

a) Medical Equipments and Medicines : All
essential Medical Equipments and medicines
should be checked and deficiencies made good
in time before leaving harbour.

b) Books : The two must have books are:

i) Manual of Medical Therapeutics (latest
addition)

ii) A book on Diving Medicine e.g. Diving and
Sub-aquatic Medicine by Pennefather
Edmond & Lowry.

c) Telephone numbers (mobile) of DMO of nearest
service/civil hospital & Critical care specialist.

2. Before Starting the Diving Operation:

a) First Aid Post : A first aid post has to be
established as close to the dive site as possible.
The following essential equipment should be
available onsite at the first aid post in addition
to all the life saving medicines for all dives other
than routine propeller check dives:

i) Cardiac Defibrillator

ii) Cardiac Monitor including pulse Oxymeter

iii) Suction Apparatus (Mechanically operated)

iv) Oxygen Cylinder (Two)

aa) A regular 1246L cylinder on board diving
ship.

ab) A mini portable cylinder for Gemini.

(These cylinders should have been a
connection for giving 100% oxygen through
a tight fitting mask e.g. Mapelson ‘C’/‘D’
circuit for casualties in respiratory arrest and
a demand valve mechanism for casualties
with spontaneous but inadequate
breathing. Alternatively a ventilation mask
with oxygen source and a reservoir bag can

also be used which practically delivers 90-
95% O

2
 concentration).

v) Ambu Bag

vi) Endotracheal tubes of size 7/8/9 &
Laryngoscope

vii) Chest Tube Insertion Set

At present Cardiac Defibrillator, Pulse
Oxymeter and oxygen source for providing
100% oxygen are not available in most of
the ship’s/diving units involved in diving
operations.

b) Life Guards : Two in number under trainee/
qualified divers should be designated as Life
Guards. These life guards should be wearing a
pair of fin and a swim mask and should have a
diving knife readily available with them. They
should be instructed to jump into water on
immediate notice when instructed by dive
supervisor. Their role is to look for any boat
approaching, look out for any boat approaching,
look out for any dangerous Marine animals and
help the standby diver in recovering the any
casualty. As of now there are no life guards
placed, only a standby diver is available. At sea
it is very difficult for a single diver to recover an
unconscious diver alone.

c) Medical examination : It is to be ensured before
the dive that all divers are fit for diving. Each
diver should be enquired about sea-sickness,
cold/cough, any medication if he has taken and
the time he has taken his last meal. It should be
advised to all divers that they should not have
a deavy meal at least 02 hrs prior to diving to
avoid vomiting while underwater [1]. It is
essential to ensure the each diver himself feels
fit for the dive. To check the pulse and BP of
each diver is not recommended as it is time
consuming and unlikely to reveal any
abnormality in a healthy fit diver. The results of
this history and Medical Examination should
be recorded.

d) Recompression Chamber (RCC) : A RCC should
be available on site for any dive beyond 55m
[1]. Though operation of the RCC is the
responsibility of the Diving Officer, it is
advisable that the Medical Officer ensures that
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the RCC is operational and adequate oxygen is
available onboard in case Therapeutic
Recompression is required for DCI for two
personnel at least (diving accident victim and
attendant).

e) Briefing for the dive: In addition to the briefing
by the Diving Officer, the medical Officer should
carry out a briefing before the dive and inform
Diving Officer, Dive Supervisor and Medical
Assistant regarding the nominated Life Guards,
the rescue plan in case of a medical emergency.
Afterwards the stand-by diver should be
checked and the place and method of recovery
of the emergency should be ensured. The
casualty is to be shifted onboard in a horizontal
position using a Side diving Stage (SDS), boat
hoisting mechanism or a simple pulley
arrangement.

3. In case of a Diving Accident :

a) Immediate Actions : Following should be done
without wasting anytime

i) An announcement “Diving Emergency/
Diver unconscious underwater” should be
made by Diving Officer/Dive Supervisor

ii) Standby diver should immediately jump into
water and descend to recover diver. He
should not purge gas. He should Flush-
through air in re-breathers, full-face masks
or helmets. The unconscious diver should
be made positively buoyant by ditching his
weight belt and inflating his Buoyancy
Compensating Device (BCD). He should
not remove the diving tank of casualty as it
acts as a keel and helps in recovering the
diver.

iii) After clearance from Diving Supervisor, Life
Guards should jump into water and wait for
the casualty to surface.

iv) The Medical Officer, medical Assistant
along with first aid bag and suction
apparatus should get into Gemini quickly
to receive the casualty.

b) Recovery of the injured diver : Moment the
injured/unconscious diver surfaces the Life
Guards should take him onto a water proof
stretcher and take him to the Gemini and assist

his recovery onto the Gemini. As of now only
Neil Robertson stretcher is available onboard
ships which is neither waterproof nor does it
float on water. It should be the endeavour of
the rescuers to support the Neck and recover
the diver in as much horizontal position as
possible as chances of cervical spine injury at
higher in diving accidents [2]. In addition this
is the recommended position if a diver is having
DCI (Fig. 3) [3].

c) Resuscitation in Dive Boat (Gemini) :
Immediately after recovery of the diver into the
Gemini the MO/MA should quickly remove
diving set, put the casualty in a supine position,
carry out a Primary Survey. Simultaneously the
dive supervisor has to ensure the diving set is
checked, any open bottles are closed and the
set is sealed. The medical team should ensure
following:

i) Airway : Jaw thrust without head tilt is
preferred method to open the airway [2].
Mouth should be cleared of any debris/mud
with a gauze piece. Two rescue breaths
should be given if drowning is suspected
either mouth to mouth, mouth to nose or
with a ventilation bag if available [4]. Suction
of Naso-oral cavity should be carried out if
any fronthing is seen. A Guedel’s airway
should be placed to ensure patency of
airway. Heimlich manoever should not be
used in near drowning cases unless
obstruction of airway by a foreign body is
strongly suspected. This procedure has not
proved effective in removing significant
amount of fluid and may also result in
vomiting placing the victim at the risk of
aspiration [5].

ii) Breathing : should be assessed and Bag and
mask ventilation should be started using
100% oxygen if there is no spontaneous
breathing. If spontaneous breathing is there
but inadequate 100% oxygen should be
give using a tight fitting mask and through
a demand valve mechanism. The speed of
reversing hypoxemia has the greatest
influence on the outcome [6,7].

iii) Circulation : Look for carotid pulse or
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directly auscultate over precordium to look
for heart sounds. Not more than 10 seconds
should be taken for this [8]. It may be
difficult to hear heart sound in the noise of
ship’s machinery and waves. If there is a
cardiac arrest immediately start External
Cardiac Compressions (ECC).

iv) The level of consciousness :  should be
checked by using GCS scale. The diver
should be intubated if (aa) the rescuer
cannot ventilate effectively with bag and
mask (ab) Absence of Cardiac protective
reflexes (Coma/Cardiac arrest). It is very
difficult to intubate in the Gemini, therefore
this is best done after recovery onto the
Diving Ship.

As it is difficult to continue effective CPR
onboard a Gemini because of constant
movement due to waves, the diver should
be recovered to the ship as soon as possible.

When the medical team is busy
resuscitating the casualty, the Diving Officer
should inform bridge regarding the casualty.
Ensure that the facility for recovery of diver
onboard ship is made available immediately.
Ensure that RCC is ready to receive the
casualty if required. The Diving Supervisor
should see the decompression requirement
of the buddy diver.

d) Transfer to Ship : The injured diver should be
recovered onto the ship in a horizontal position
from the pre-designated place. The resuscitation
should not be interrupted during the shifting if
possible or interrupted for the least possible
duration [8]. After decompression of the buddy
diver is completed, the dive-supervisor is to
take him to the Medical Officer so that he can
give history regarding the accident.

e) Management Onboard the ship :

i) Continue Resuscitation : The resuscitation
should be continued onboard the ship. The
victim may vomit as a result of CPR, which
should be managed [8]. The casualty is to
be intubated if required. Suction of the Oro-
nasal cavity should be done continuously
to ensure that the airway is clear as lot of

froath comes out when the spontaneous
breathing starts after a Cardio-respiratory
arrest in drowning. Cardiac monitor and
Pulse Oxymeter should be put in place to
check cardiac status and oxygen saturation.
Cardiac Defibrilltion can be carried out if
shockable rhythm is present (e.g.
Ventricular Fibrillation/VT). Successful
defibrillation may not be possible till
hypothermia is corrected in casualties
having core temperature < 28°C [6,7]. A I.V.
life line should be started and 01 L of non
glucose containing fluid (NS/Hartmann’s
should be given fast [3]. Expert help can be
sought from the nearest available Critical
Care specialist telephonically if required at
this stage.

ii) Recompression : Should be carried out if it
was omitted in the onboard available RCC.
A multi place RCC is always preferred over
a mono place one as it offers a number of
advantages. The space available is more so
the resuscitation can be done more
effectively. Built in Breathing System (BIBS)
are available for both casulty as well as the
attendants. The Medical officer and the MA
should accompany the any unconscious/
unstable casualty in the RCC. Most of the
casualties can be managed by using Oxygen
Table RN 61/62. Oxygen table should always
be preferred over the air table if sufficient
oxygen is available [1].

iii) Evacuation to Base/Hospital : After the
initial management the casualty should be
transferred to nearest Hospital for
observation and further management. The
method of evacuation has to be chosen
carefully based on condition of the casualty.
The chetak helicopter which is usually used
for Search and Rescue operations is not
suitable for evacuating a casualty requiring
BLS/ACLS during transfer. A history sheet
of the diving accident should always
accompany the diver. A sample history
sheet is given in Appendix C to chapter 13
of BR 2806. Form IN 1035(s333b) is to be
filed in all cases of diving Accidens by the
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medical Officer. A retrospective study of
1831 cases of sea water rescue conducted
at Near Drowning Recuperation Center
(Brazil 1997) predicted that mortality rate is
casualties presenting at accident site with
cardio-resiratory arrestis 93% [11].

4. Recommendations:

a) Adequate training of divers: Nothing can be as
important to a diver underwater than the
confidence that he has in himself if there is a
malfunction of equipment. To ensure this
adequate training should be given to divers in
Trouble drill, Ditching Drill, use of BCD jacket,
use of additional source of breathing if the
primary fails. It should be reiterated to the divers
again and again that they should not panic
underwater whatever may be the circumstances.

b) Life Guards : Two in number life guards should
be placed for all Diving Operation other than
propeller check dives and they should be
adequately briefed regarding their role.

c) Rescue and Resuscitation Drills : The best way
to improve management of these accidents is
to sensitise all involved not to be complacent
and practice the rescue and resuscitation drills
regularly to ensure that all involved take prompt
and correct actions.

d) Life Saving Equipments : It is recommended that
a Cardiac Defibrillator, a source of giving 100%
oxygen by a tight fitting mask, a Cardiac monitor
with a pulse Oxymeter and a water proof
stretcher should be essential part of medical kit
available on site in all diving operation other
than routine propeller check dives.

e) Training of Medical Officer in emergency
management : It will a great boost for the
confidence of the Medical Officers who are
providing Medical Cover for Diving Operations
if they are trained regularly at least once in a

year in Advance Cardiac Life Support (ACLS)
through the workshops conducted by Armed
Forces Medical College/American Heart
Association.
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INTRODUCTION

Asthma is one of the most common chronic dis
eases worldwide and the prevalence is increas-

ing, especially among children. The prevalence of
asthma symptoms in children varies from 5 to 30
percent in different populations. However asthma
can be treated and controlled so that almost all chil-
dren can be free from troublesome symptoms night
and day and have productive, physically active
lives. For over a century, asthma has been recog-
nized as a disorder in which the airways are irritable
and narrow too easily and too much in response to
a variety of nonspecific stimuli and produces recur-
ring episodes of wheezing, breathlessness, chest
tightness, and coughing particularly at night or in
the early morning. This understanding that it’s a
chronic inflammatory disorder of the airways which
are hyperresponsive has remarkably revolutionized
the treatment strategy for control of the disease.

Aerosol therapy is the cornerstone of
management of asthma and inhaled glucocorticoids
form the mainstay of therapy for the anti-
inflammatory effects. The treatment is based on the
asthma severity which can be intermittent, or it can
be persistently mild, moderate, or severe. A stepwise
approach to pharmacologic treatment to achieve and
maintain control of asthma should take into account
current treatment, pharmacologic properties and
availability of anti-asthma treatments, as well as
economic considerations. Asthma attacks (or
exacerbations) are episodic, but airway inflammation
is chronically present. Therefore medication must
be taken every day to control symptoms, improve
lung function, and prevent attacks in many patients
and in many require medication to relieve acute
symptoms. The aim is to provide children and families

*Classified Specialist (Paediatrics), #Seniar Advisor (Paediatrics & Neonatology), INHS ASVINI, Mumbai.

the ability to control their asthma.

DIAGNOSIS

Diagnosis of asthma in children is mostly clinical
especially in children < 06 yrs of age. Consider
asthma if any of the following signs or symptoms is
present:

Wheezing, a high-pitched whistling sounds
when breathing out (A normal chest examination
does not exclude asthma) with history of any of
the following:

Cough, worse particularly at night

Recurrent wheeze

Recurrent difficulty breathing

Recurrent chest tightness

Eczema, hay fever or a family history of
asthma or atopic diseases are often
associated with asthma)

Night symptoms or worsen at night, awakening
the patient or they occur or appearance or
worsening of symptoms in the presence of
allergens.

Children over 5 years of age who cooperate
with spirometry; reversible and variable airflow
limitation (FEV1 and FVC) or a peak expiratory
flow (PEF) meter can help objectively diagnose
asthma. With peak flow meter, consider asthma
if:

PEF increases more than 15 percent 15 to 20
minutes after inhalation of a rapid-acting 2-
agonist, or

PEF varies more than 20 percent from morning
measurement upon arising to measurement 12
hours later in patients taking a bronchodilator
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(more than 10 percent in patients who are not
taking a bronchodialator), or

PEF decreases more than 15 percent after 6
minutes of sustained running or exercise

MANAGEMENT

1. Education of Child and Family

Patient education plays a pivotal role in
management of children with asthma. They can be
taught to avoid risk factors and correct use of drug
delivery devices. They should be made to
understand the difference between “controller” and
“reliever” medications along with how to monitor
their therapy using PEF in children over 5 years of
age. Child and the caregiver is explained how to
recognize signs of worsening asthma and should be
given a written personal asthma management plan.
Ongoing education, presented at every child’s visit,
is the key to success asthma management.

2. Assessment and Monitoring of Asthma Severity

Monitoring with review of symptoms and, as
much as possible, measurement of lung function in
children over 5 years of age as PEF monitoring at
every physician visit, (spirometry is preferred but
not always available). This helps in evaluating the
child’s response to therapy and adjustment of
treatment. PEF consistently greater than 80 percent
of the child’s personal best suggests good control.
Long-term PEF monitoring at home can help children
and their families recognize early signs of worsening
asthma (PEF less than 80 percent of personal best)
before symptoms occur. Regular visits (at 1- to 6-
month intervals as appropriate) are essential, even
after control of asthma is established.

3. Avoid Exposure to Risk Factors

To improve the control of asthma and reduce
medication needs, children should avoid exposure
to risk factors (allergens and irritants that make
asthma worse).

4. Individual Medication Plans for Long-Term
Management in Infants, Preschool Children,
School Children and adolescents

A stepwise approach as per NHLBI guidelines is
used to classify asthma severity and guide
treatment. The number and frequency of medications

increase (step up) as the need for asthma therapy
increases, and decreases (step down) when asthma
is under control. Persistent asthma is more
effectively controlled by long-term treatment to
suppress and reverse the inflammation than by only
treating acute bronchoconstriction and related
symptoms.

AEROSOL THERAPY AND SELECTION OF
MEDICATIONS

Two types of medication help control asthma:
controller medications that keep symptoms and
attacks from starting, and reliever medications that
work quickly to treat attacks or relieve symptoms.
These medications are delivered as aerosol as inhaled
medications because of their high therapeutic ratio;
high concentrations of low doses of drug are
delivered directly to the airways with potent
therapeutic effects and few systemic side effects.

For routine management of reversible obstructive
airways disease, inhaled therapy is preferable to oral
treatment. In particular, inhaled salbutamol, a β

2
-

agonist, has the advantages of speed of onset, low
incidence of side effects, small dosage, and
convenience of administration. Recent reports have
suggested a possible association between deaths
or near death from asthma and the regular use of  β

2
-

agonist bronchodilators. However, controversy
exists over whether the morbidity and mortality were
due to the toxic effects of the, β

2
-agonists or to delay

in seeking other treatments because of the temporary
benefit achieved by high-dose bronchodilator
therapy. Inhalers remain a first-line treatment for acute
asthma attacks, and are essential for improving the
well-being of most asthmatic patients. Most devices
on the market for inhaled therapy do an acceptable
job of delivering medication. It is most important
that physicians choose the technique best suited to
each patient. Patients must be able to use the
proposed device effectively because inefficient use
leads to decreased  therapeutic efficacy.’ Studies
have shown that at least half of all adult patients are
probably obtaining little or no benefit from
conventional pressurized inhalers because of
incorrect inhalation technique. “An even greater
proportion of children use their inhalers
inefficiently.”
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Although most children with asthma can control
their disease with moderate doses of inhaled
corticosteroids and short-acting inhaled b2-agonists
as required, some cannot. Altered airway structure,
combined with greater airway responsiveness, helps
explain why, in symptomatic patients taking
moderate doses of inhaled corticosteroids, the
addition of an inhaled long-acting β

2
-agonist

provides greater improvement in lung function and
symptom control than an increase in the dose of the
inhaled corticosteroid. Formoterol and salmeterol
cause dose related changes in heart rate, diastolic
blood pressure, and plasma glucose and potassium
concentrations. Formoterol has a more rapid onset
for most end points whereas salmeterol has slightly
more prolonged activity. Both drugs have a relatively
modest therapeutic window. Medications which can
be used for aerosol therapy are:

Relievers

Short acting inhaled β
2
-agonists

Salbutamol
Terbutaline
Pirbuterol
Metaproterenol

Inhaled anticholinergics
Ipratropium
Atropine

Controllers

Inhaled glucocorticoids
Beclomethasone
Flunisolide
Budesonide
Fluticasone
Triamcinolone
Mometasone

 Long acting inhaled β
2
-agonists

Salmeterol
Formoterol

Devices available to deliver inhaled medication
include pressurized metered-dose inhalers (pMDIs),
breath-actuated metered dose inhalers, dry powder
inhalers (DPIs) which could be as flow-generated
aerosols giving either a single dose (e.g., Spinhaler,
Rotahaler) or a multidose (e.g., Diskhaler,
Turbuhaler), accuhalers or novolisers, and
nebulizers. Spacer (or holding chamber) devices make

inhalers easier to use. Spacers also reduce systemic
absorption and side effects of inhaled
corticosteroids. Now CFCs in MDIs are being
replaced by hydrofluoroalkanes (HFAs) as per global
strategy. Physician should teach children and their
parents how to use inhaler devices. As different
devices need different inhalation techniques one
should give demonstrations and illustrated
instructions and ask patients to show their
technique at every visit. For each child, select the
most appropriate device. Generally children younger
than 4 years of age should use a pMDI plus a spacer
with face mask, or a nebulizer with face mask and
children aged 4 to 6 years should use a pMDI plus a
spacer with mouthpiece, a DPI, or, if necessary, a
nebulizer with face mask. For children using spacers,
the spacer must fit the inhaler. Children of any age
over 6 years who have difficulty using pMDIs should
use a pMDI with a spacer, a breath-actuated inhaler,
a DPI, or a nebulizer. DPIs require an inspiratory
effort that may be difficult to achieved during severe
attacks. Children who are having severe attacks
should use a pMDI with a spacer or a nebulizer.

ADDITIVE EFFECT OF LABA AND ICS

The mechanisms underlying the apparent
additive effect of LABA and ICS on asthma control
remain to be fully clarified. A first possible
explanation is the obvious difference in
pharmacologic profile between both compounds.
ICS are clearly anti-inflammatory, whereas the
smooth muscle relaxing effect of LABA results in
prolonged bronchodilation and bronchoprotection.
It can be assumed that the combination of both
pharmacologic activities is clinically particularly
beneficial. However, it is uncertain whether this than
can fully explain the difference with the limited
benefit of adding short-acting inhaled β

2
-agonists,

as dosing with these compounds four times a day
would also seem to offer reasonable
bronchoprotection throughout the day. In vitro and
in vivo animal data demonstrate the anti-
inflammatory potential of LABA, either through β

2

AR stimulation, or by a membrane – stabilizing effect.
An additional explanation for this beneficial effect
therefore is that in the presence of ICS, LABA might
somehow influence the inflammatory process
underlying human asthma. Although still debated,
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there are limited data to support this hypothesis.
First, LABA seem to have an effect on plasma
exudation. Salmeterol has been shown to inhibit
vascular permeability induced by nasal allergen
challenge, whereas formoterol was reported to have
a profound inhibitory effect on histamine-induced
plasma exudation in the lower airways. The effect of
LABA on the cellular component of the inflammation
is more debatable. That the different studies
currently performed differ in the marker of
inflammation examined only adds to the confusion.
Salmeterol inhibits the rise in serum eosinophil
cationic protein (ECP) induced by allergen exposure.
This has been shown not only under laboratory
conditions at allergen dose used to elicit a dual
asthmatic response, but also under natural
conditions during the pollen season. On the other
hand, others have shown that salmeterol does not
influence the rise in urinary leukotriene E4 (LTE 4)
excretion, 24 h after allergen challenge. Similarly,
formoterol and salmeterol do not have a consistent
effect on the antigen-induced increase in sputum
eosinophil count. In addition, salmeterol does not
alter the cellular composition of bronchoalveolar
lavage fluid (BALF) when given either to steroid-
treated asthmatics or to steroid-naïve patients with
nocturnal asthma. Recent biopsy studies offer a more
direct evaluation of the effect of LABA on the
mucosal inflammation in the central airways.
Monotherapy with formoterol during 8 wk
significantly reduced mucosal eosinophil counts but
only in a subgroup of patients with a pronounced
degree of inflammation at the start of the study
(defined as 10 eosinophils/mm2 biopsy tissue).
Salmeterol, when given in monotherapy during 6
wk, had no discernable effect. When added during
12 wk on top of daily maintenance treatment with
100 to 500 mg ICS, salmeterol reduced significantly
the number of EG1-positive but not EG2-positive
eosinophils. Although theoretically LABA could
also influence components of airway remodeling,
none of these relatively short-term biopsy studies
reported any effect on the degree of subepithelial
fibrosis. These same effects have not been observed
with short-acting inhaled β

2
-agonists. In vitro studies

indicate that formoterol, but not salbutamol inhibits
chemotaxis of human eosinophils. Similarly,
salmeterol but not salbutamol influences platelet-

activating factor (PAF)-induced neutrophil and
eosinophil accumulation in an in vivo guinea pig
model.

Combination inhalers are more convenient to use,
control asthma at lower doses of corticosteroids,
ensure that the corticosteroid is not discontinued
when the LABA is added and are consistently cost-
effective. Combination inhalers may also improve
adherence to long-term therapy, which is notoriously
poor in patients with inhaled corticosterois used
alone, accounting at least in part to the high
proportion of asthmatic patients who remain
symptomatic despite the availability of effective
therapies. A large double-blind study which
compared formoterol to budesonide/formoterol as
reliever therapy [18] the combination inhaler was
significantly better than using formoterol alone as
reliever in reducing exacerbations, providing strong
support for the idea that the “as required” additional
use of corticosteroid plays a critical role in reducing
asthma exacerbations and improving asthma control.
Analysis of 400 severe exacerbations that were
documented in the Formoterol and Corticosteroid
Establishing Therapy (FACET) study, which
compared the addition of formoterol to budesonide
with increased doses of budesonide showed that
exacerbations (defined by the need for oral
corticosteroids or hospitalization) are not explosive
events, as previously believed, but evolve slowly
over several days until the clinical worsening
prompts the introduction of oral corticosteroids [19].

Both fluticasone monotherapy and Pediatric
Asthma Control Trial (PACT) combination achieved
greater improvements in asthma control days than
montelukast. However, fluticasone Monotherapy
was superior to PACT combination in achieving
other dimensions of asthma control.

Safety of LABA

Recently, concerns have been raised about the
safety of LABA in the management of asthma and
this is clearly particularly relevant to the use of a
LABA in treating exacerbations. A controlled trial of
salmeterol versus placebo in 26,000 patients with
asthma showed  a small but significant excess of
asthma mortality and life-threatening events in the
LABA-treated patients, raising concerns that this
treatment may be causally related to the increased
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deaths [17]. Subgroup analysis showed that the great
majority of these deaths occurred in inner city
African-Americans and it is very likely that this can
be explained by failure to use concomitant inhaled
corticosteroids, as recommended in clinical practice.
It is also possible that this could be explained by
genetic differences in β

2
-receptors in this group. A

meta-analysis that included this study with other
smaller studies, including those with formoterol
treatment, concluded that LABA seen if patients
were treated with concomitant inhaled
corticosteroids [18]. The likely cause of increased
mortality associated with increased use β

2
-agonists

is over-reliance on a bronchodilator that does not
treat the underlying inflammatory disease, which
requires inhaled corticosteroid therapy, and the fact
that there is confounding by severity, so patients
with more severe asthma and exacerbations take
higher doses of inhaled β

2
-agonsits.

Clinical trials of SMART

A double-blind controlled parallel group study
(involving over 2,500 patients) showed that when
budesonide/formoterol was used as maintenance
therapy twice daily and additional puffs of the
combination inhaler were used as needed for
symptom relief, there was a greater improvement in
lung function and symptoms compared with using
the same dose of budesonide/formoterol or with four
times the dose of budesonide alone, but with
terbutaline as reliever [25]. The conventional
regimens essentially confirm previous studies using
separate formoterol and budesonide inhalers [1,3].
This suggests that a single inhaler can be used for
maintenance and relief and has been described as
the single inhaler for maintenance and relief therapy
(SMART) approach. The most striking difference
between these treatment regimes was the marked
reduction in severe and mild exacerbations in the
single inhaler group, accompanied by a reduced need
for courses of oral corticosteroids.

Future Developments

The single inhaler approach to therapy is very
effective, particularly in reducing asthma
exacerbations, is simple for patients to follow and is
cost-effective. It is likely that this will become a
widely used approach to asthma management in the

future and will be useful for children as well as adults.
It is likely that adherence may be better for this
approach as the rescue therapy is symptom guided,
but ensures increased anti-inflammatory effects
when they are most needed. The use of formoterol,
but not salmeterol, allows flexible dosing, so other
combinations of a corticosteroid with formoterol are
now in clinical development, including
beclomethasone dipropionate, fluticasone and
ciclesonide. A fixed combination pressurized
metered-dose inhaler with beclomethasone
dipropionate/formoterol has now been developed
and shows similar efficacy to the other combination
inhalers as a maintenance therapy. It is likely that
these combinations with formoterol will be suitable
for single inhaler therapy, but specific studies need
to be done. Ultra-long-acting β

2
-agonists, such as

indacaterol, carmoterol and GSK-159797, are now
also in clinical development but it is not yet known
whether they are also suitable for flexible
dosing [20].

CONCLUSION

The understanding of the etio-pathogenesis of
asthma has revolutionized the use of inhaled
corticosteroids which have become the mainstay as
aerosols along with long acting and short acting
agonists. The use of nedocromil sodium, cromolyn
sodium, leukotrienes receptor antagonists have
helped effective management of asthma as steroid
sparing agents. This along with control of
environmental risk factors which precipitate or
aggravate the symptoms with effective patient and
education or patient and family will result in effective
control of the disease and these affected children
can live a useful and productive life.

Key Message

Asthma is a chronic inflammatory condition and
inhaled corticosteroids form the mainstay of
therapy.

Aerosol delivery devices are the cornerstone
in effective management of asthma.

LABA have additive effect with ICS.

LABA are also useful in mild intermittent
asthma, nocturnal symptoms and exercise
induced asthma.
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Patient education strengthens the management
plan of asthma.
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INTRODUCTION

Hepatitis B virus (HBV) infection is an important
Transfusion Transmitted Infections (TTI) the

risk of which was reduced by screening all blood
donations for Hepatitis B virus Surface Antigen
(HBsAg) along with improved donor selection.
However, Post Transfusion Hepatitis B (PTH-B)
infection is not uncommon in transfusion recipients
[1,2]. Various countries had adopted policy of
additional screening of all donations for antibody
to Hepatitis B virus Core Antigen (Anti-HBc);
resulting in further reduction of residual risk of PTH-
B [3]. The experiences in HBV serology lead to
introduction of term ‘anti-HBc alone’; it denotes
presence of anti-HBc in absence of HBsAg and Anti-
HBs (Antibody to HBsAg). Anti-HBc indicates a)
window phase of acute HBV infection; b) low levels
of HBV replication inside hepatocytes, without de-
tectable production of HBsAg; c) presence of mutant

virus undetectable by currently available HBsAg
immunoassays; d) occasionally false positive results
[3,4]. Studies reported sizeable proportion of anti-
HBc positive individuals with or without anti-HBs
have episomal HBV in liver and presence of com-
plete infectious HBV particles in serum [5]. Screening
of blood donations for anti-HBc has been recom-
mended in prevention of PTH-B, particularly in
developing countries with moderate endemicity of
HBV infection [6,7]. The present study was under-
taken to know the prevalence of ‘anti-HBc’ in blood
donors.

MATERIALS AND METHODS

A prospective study was conducted.
Consecutive blood donors fulfilling national blood
transfusion guidelines of voluntary blood donation
were enrolled. Five ml blood was collected from each
donor; serum was stored at -20°C until assay. All
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Background : Post transfusion hepatitis B (PTH-B) continues to be an important transfusion transmitted
infection even in recipient of Hepatitis B surface antigen (HBsAg) screened ‘safe blood’. In developing countries
additional screening of blood donors for Antibody to Hepatitis B Core Antigen (Anti-HBc) has resulted in
substantial reduction in PTH-B. Present study was undertaken to know the prevalence of anti-HBc in voluntary
blood donors.

Methods : A total of 476 voluntary blood donors negative for HBsAg were tested for anti-HBc by Enzyme
Immuno Assay (EIA). All anti-HBc positive donors were further tested for quantitative Anti-HBs (Antibody to
HBsAg) by EIA.

Results : A total of 48 (10.1%) donors were anti-HBc positive. Amongst them 27 (56.2%) were anti-HBs positive
while 21 (43.7%) were ‘anti HBc alone’. There was no statistical difference in prevalence of anti HBc and ‘anti
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transfusion.
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subjects were screened for qualitative anti-HBc (IgG
+ IgM) using commercially available EIA (Enzyme
Immuno Assay) kits. Manufactures (Radim Italia)
claimed analytic sensitivity of 0.5 U/ml with
specificity of 99.7%. All initial reactor specimens
were retested for HBsAg EIA (analytic sensitivity
0.2 ngm/ml) and anti-HBc (IgG + IgM); specimen
consistently non reactor for HBsAg and reactor for
anti-HBc were reported anti-HBc positive. These
anti-HBc positive donors were further tested for
quantitative anti-HBs IgG assay using commercially
available anti-HBs IgG EIA (Radim Italia) with
reported sensitivity and specificity of 99.0 and 99.8%
respectively. Subjects having anti-HBs levels less
than 10 mIU/ml were reported negative for anti-HBs.
The statistical comparison was done using Chi
square test with p < 0.05 as significant.

RESULTS

Initially 530 voluntary donors were enrolled,
however only 476 were found eligible as per current
national transfusion guidelines for voluntary blood
donation. These donors were armed forces
personnel. Total 54 (10.2%) donors were found unfit;
amongst them 10 (1.9%) subjects gave past history
of jaundice during their lifetime, 11 (2.1%) were
HBsAg positive by EIA. Other 33 (6.9%) were
rejected as they were either having low hemoglobin
-112 (2.1%); treatment history during last one year
such as malaria – 10 (1.9%), chicken pox – 3 (0.6%)
typhoid -2 (0.4%); TTI reactivity (other than HBsAg)
– 3 (0.6%), others reasons for deferral – 5 (0.9%).
Seven (63.6%) HBsAg positive donors were first
time donors.

All 476 study subjects were healthy males. They
neither gave past history of jaundice nor were
vaccinated against HBV. Further they were HBsAg
negative. Age of study subjects ranged from 18 to
59 yr with median 27 yr and mean 28.4 ± 7.7yr.
Amongst  476  subjects, 48 (10.1%) subjects were
positive for anti-HBc; their median age was 28 and
mean age was 30.1 ± 10.2 yr. Age-wise prevalence of
anti-HBs is presented in Table 1.

Analysis of data revealed 293 (61.6%) and 183
(38.4%) subjects were first time and repeat donors
(minimum one donation prior to current donation)
respectively; amongst them 29 (9.9%) and 19 (10.4%)

donors respectively were anti-HBc positive. The
difference in anti-HBc prevalence in them was not
statistically significant (X2=0.86, df=1, p>0.05). We
did not undertake quantitative anti-HBc assay.

All 48 anti-HBc positive donors were subjected
for quantitative anti-HBs. Amongst them 27 (56.2%)
were anti-HBs positive while 21 (43.7%) were anti-
HBs negative i.e. ‘anti- HBc alone’. The prevalence
of ‘anti-HBc alone’ was 48.3% (14/29) in first time
donor as against 36.8% (7/19) in repeat blood donor,
however, the difference was not statistically
significant (X2=0.6097, df=1, P>0.5) Geometric Mean
Concentration of 27 anti HBs positive donors was
659.4 ± 399.3 mIU/ml. Anti HBs concentration from
10-100, 101-500 and more than 501 mIU/ml was found
in 6(22.2), 3 (11.1%) and 18 (66.7%) subjects
respectively.

DISCUSSION

PTH-B is an important infection in transfusion
recipients because majority of transfusion recipients
are immuno-compromised and transfusion itself can
cause profound immuno-suppression which persists
for many months after transfusion [8]. In these
immuno-compromised transfusion recipients, the
HBV disease impact may be greater than the natural
history of data of HBV infection suggests [9]. In our
country, screening of blood donation by HBsAg is
mandatory requirement [10]; however, PTH-B is not
uncommon. A study from Delhi has revealed PTH-B
prevalence of 20% in multiple transfused thalassemic
children [2]. Other study reported PTH incidence of
7.7% of which PTH-B constituted 23% [1]. These
studies highlight HBsAg negative blood donors’
carries high risk of transmission of Hepatitis B virus

TABLE 1

Age distribution of Anti-HBc positive subjects

Age group Total assayed Anti-HBc Positive
Years Number Percentage Number Percentage

Below 29 yr 311 100% 2 6 8.4%

30-39 yr 115 100% 1 2 10.4%

Above 40 yr 50 100% 1 0 20.0%

Total 476 100% 4 8 10.1%

X2=4.99, df=2, P>0.05 Not significant



Jour. Marine Medical Society, 2008, Vol. 10, No. 2 91

infection in our country. In contrast, the residual
risk of PTH-B in the range of 1:58000-63000 has been
reported from developed countries [4]. Reasons for
the low residual risk in these countries are low
endemicity of HBV infection and screening of all
blood donors for anti-HBc [4]. It has been reported
that 33 to 50% of cases of HBV that could have been
transmitted by transfusion of blood from HBsAg-
negative donors were prevented by additional
anti-HBc screening [11].

We reported anti-HBc seroprevalence of 10.1%
in voluntary blood donors; amongst them 43.7%
were ‘anti-HBc alone’. Studies from different part of
India also reported similar seroprevalence of anti-
HBc in blood donors. Makroo RN, et al [12] reported
anti HBc seroprevalene of 11.6% in blood donors of
Delhi. Similarly a study from Mumbai reported high
HBc seroprevalence of 13.7% in HBsAg negative
blood donors [13].

An extensive study from Delhi revealed anti-HBc
seroprevalence 10.8% and ‘anti-HBc alone’
prevalence of 4.2% [14]. Kumar et al [15] found higher
anti-HBc seroprevalence of 15.9% in blood donors
from Pune. A study from Kolkata reported anti-HBc
seroprevalence of 18.3% and ‘anti HBc alone’
prevalence of 5.9% [16]. Studies in countries having
moderate HBV prevalence also reported similar
seroprevalence of anti-HBc in blood donors [8,17].

We reported low HBsAg prevalence in repeat
donors. However, there was no difference of HBsAg
prevalence in first time and repeat donor. A
population-based epidemiological study of HBV
infection also suggests that HBV acquisition starts
in early childhood and peaks in adulthood in India
[18]. However, HBsAg is a transient marker and is
not detectable in sizable acute HBV infections. It is
also reported that HBsAg incidence in repeat donor
underestimates new HBV infections [10]. However,
anti-HBc screening will help in detecting HBV
infection in both first time and repeat donors.

Thus high anti HBc and ‘anti HBc alone’
prevalence in our first time and repeat donors is
threat to the safety of transfusion. In reducing the
residual risk of PTH-B, screening of blood donations
for anti HBc in addition to HBsAg needs to be
considered.
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EXERTIONAL HEAT STROKE IN HEALTHY NAVAL RECRUITS
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ABSTRACT

Background : Among all defence personnel, recruits are most affected and prone to External Heat Stroke.
Majority of them suffer due to motivational factors and others due to lack of acclimatization.

Methods : In this study, 300 recruits were studied prospectively.

Results : They were found to have significantly raised level of serum transaminases and hemoconcentration.
Strategy for controlling Exertional Heat Stroke in high ambient temperature (82° F) and high humidity (86%)
has been discussed.

Conclusion : Incidences among the service population could be controlled to some extent by specifically
targeted measures inside the training areas.

Key Words : Heat stroke, Navy, Recruits

alleviating dehydration.

MATERIAL AND METHODS

All Naval recruits who participated in organized
cross country run at INS Chilka were studied from
Jul 06-Jun 07.

Exclusion criteria included any history of medical
or surgical disease and any history of drug intake
like NSAID’s, amphetamines or, b- blockers.

Methods

One hundred out of 1000 naval recruits who
participated in a cross country run of 5 km were
randomisd and studied. Three such batches were
studied. Written consent was taken from all selected
participants. A preliminary medical examination was
done prior to onset of run. Weight, pulse, BP,
temperature, respiratory rate and any sign of
dehydration were noted. The amount of fluid intake
from one hour prior to run till completion was also
recorded. The above clinical parameters were again
noted on completion of cross country. Other relevant
factors like temperature, humidity, distance and
speed of running were also recorded. In addition, 05
ml of blood sample was withdrawn from each
participant before & after completion of run. These

INTRODUCTION

Heat related illness have inflicted mankind since
time immemorial. Medical description of heat

related illness has been made in relation to various
human activities ranging from adventure and sports
to industry, occupation, pilgrimages, etc. Heat re-
lated illness ranges from heat stress which presents
with tachycardia raised blood pressure, restless-
ness, and emotional labiality to heat stoke which is
life threatening. Soldiers, athletes and manual work-
ers undertaking strenuous work are at high risk for
heat related illnesses.

Acclimatization to heat occurs by increased
sweating. The sweating rate increases two to three
times and the concentration of sweat is decreased
during acclimatization. Dehydration negates this
acclimatization. Dehydration is considered a risk
factor to develop heat related disorders. Concurrent
hydration is thought to decrease the likelihood of
heat related illness. Dehydration can be measured
by clinical signs, decreased body weight and
hemoconcentration among others. A correlation
between dehydration, effect on transaminases and
heat related illness is being sought in the present
study. This is a prospective and observational study
to find out the effect of concurrent hydration in
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samples were processed for estimation of
Hemoglobin, pack cell volume (PCV) and
transaminases.

These runs were organized early mornings when
ambient temperature is least. All the participants were
given adequate rest & health education on fluid
intake prior to run. They were also given comfortable
clothing and sports shoes (as against traditional
FSMO pack with DMS Boots).

The clinical and biochemical data collected in
various subgroups were compared by SPSS system
and using paired T-test, the significance was
calculated.

RESULTS

1. The average ambient temperature was 82.1 F
(Range 79.9 ° F to 84.2 ° F) and relative humidity
recorded was 86.6%.

2. The mean age of participants was 18.7 years
range from 17 to 25 years (Fig. 1).

3. The average speed of running was 17.45 km/hr
over the distance of 5 km, with standard
deviation of 5.42 km/hr (Fig. 2).

4. The average fluid intake by the participant was
431.33 ml with standard deviation (SD) of 3262.2
(Fig. 3).

5. There was significant correlation between
running speed (in km/hour) and amount of fluid
intake (in milliliter) with p- value 0.01 (Table 1).

6. None of the participants had any symptom of
dehydration or heat exhaustion.

7. The average weight recorded before running
was 58.44 kg with SD of 5.4, and average weight
recorded after running was 57.67 kg with SD of
5.3. The p value is highly significant (Table 2).

8. The average pulse rate before the running was
75.7 per minute and after running were 93.8 per
minute with p value 0.000.

9. The average BP recorded before running was
118/77 mmHg and after running were 112.7/74
mmHg with p value 0.000 (Table 3).

10. The average body temp before running was 98.2
F and after completion of running was 98.4 F
with p-value highly significant statistically
(Fig. 4).

Fig. 1 : Age (in years) of various participants.

Fig. 2 : Running speed (in km/hour) of various partici-
pants

Fig. 3 : Fluid intake (in milliliter) by various participants

11. The average respiratory rate before running
was 19.0 per minute and after running were 22
per minute with p-value 0.000 (Fig. 5).

12. The mean Hemoglobin recorded before run was
14.6 gm% & after running was 14.7 gm% with
statistically significant p-value (Fig. 6).
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TABLE 1

Statistics showing correlations between fluid
intake and speed of running

Description N Mean S Deviation Correlations

Fluid 301 431.3286 326.20683 0.003

Speed 302 17.4459 5.42317 0.003

**Correlation is significant at the 0.01 level (2-tailed).

TABLE 2

Statistics analysis of weight (in kilogram) & pulse rate (per minute)

S. No. Description N Mean Paired SD S Error 95% P -
Difference (mean) (mean) Confidence value

Mean limit

1. Pre weight 297 58.4370 0.7623 0.8103 0.04702 0.6698 0.000

Post weight 297 57.6747

2. Pre pulse 297 75.7027 -18.1070 12.2660 0.71175 -19.5078 0.000

Post pulse 297 93.8097

TABLE 3

Statistics analysis of blood pressures (in mmHg)

S. No. Description N Mean Paired SD S Error 95% P -
Difference (mean) (mean) Confidence value

Mean limit

1. Pre weight 298 147.9764 5.3367 9.08403 0.52622 4.3011 0.000
Post weight 298 112.6397

2. Pre pulse 298 76.9394 -2.8518 8.09404 0.46887 1.9291 0.000
Post pulse 298 74.0876

Fig. 4 : Temperature (in Fahrenheit) recorded in various
groups.

Fig. 5 : Respiratory rate recorded in various groups.

Fig. 6 : Hemoglobin (in Gram%) recorded in various
groups.
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13. The average Hematocrit value recorded prior to
run was 36.0 and after run was 38.0 with P-value
0.000 (Table 4).

14. The average serum transaminases before
running were AST-28, ALT-28.9 IU/L and after
run were AST-30, ALT-30.8 IU/L which is highly
significant statistically (Fig. 7).

DISCUSSION

The following simple regulations and proper
health education prevent most cases of EHS.

1. Physical efforts should match the individual’s
capacity.

2. Physical activity should be limited under severe
heat load.

3. Rest periods should be scheduled during
activity.

4. Adequate hydration should be emphasized.

However, in places like Chilka, Orissa where both
ambient temperature and humidity are high, it is
difficult to plan training activities in young recruits.

Most victims of EHS are highly motivated,
healthy, and young individuals who exert themselves
beyond their physiological capacity. In 1989, Sir

Roger Bannister commented on EHS in armed forces
in a letter to “the Times of London”.

“The motion that courage and esprit de corps
can some how defeat the principles of physiology is
not only wrong but dangerously wrong; life can
unnecessarily be lost” [1].

We in the Indian Armed Forces also intentionally
encourage motivation and push the soldiers to
perform to the edge of their ability, with very limited
safety margins. Although motivation is very
important in “courage and esprit de corps” it might
become a noxious agent. In a review of 82 cases of
exertional heat stroke that occurred in the Israeli
Defence Forces during 1988-1996, 57% of cases were

TABLE 4

Statistics analysis of temperature (in Fahrenheit), respiratory rate (per minute), hemogram (in gram%),
hematocrit (in %) and transaminases (IU/L).

S. No. Description N Mean Paired SD S Error 95% P -
Difference (mean) (mean) Confidence value

Mean limit

1. Pre Temp 292 98.3663 -0.1612 0.53833 0.3150 -0.2232 0.000
Post Temp 292 98.4275

2. Pre RR 295 18.9760 -2.9525 4.58307 0.26684 -3.4776 0.000
Post RR 295 21.9285

3. Pre HB 279 14.6561 -0.0962 0.67738 0.4055 -0.1761 0.18
Post HB 279 14.7523

4. Pre PCV 280 35.9688 -1.8096 3.41877 0.20431 -2.2118 0.000
Post PCV 280 37.7784

5. Pre AST 301 28.0337 -2.0463 4.22743 0.24367 -2.5258 0.000
Post AST 301 30.0800

6. Pre ALT 300 28.8664 -1.8928 6.59547 0.38079 -2.6422 0.000
Post ALT 300 30.7593

Fig. 7 : Transaminases recorded in various groups.
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found to have occurred during basic training [2].

The predisposing factors for EHS are given in
Table 5. In this study we have excluded obesity, old
age, associated medical diseases, alcohol and other
drug abuses (as our exclusion criterion).

Let us consider environmental factors – this study
was concluded in early morning where ambient
temperatures were relatively low and humidity and
air movement remained constant.

All the participants were young adult males who
were undergoing military training. There was no
evidence of obesity in any of them.

They have received adequate acclimatization for
2-3 months prior to onset of the cross country runs.
They were also educated on importance of fluid
intake prior to run. They were given light coloured
cotton T-shirts and shorts with sports shoes to
prevent EHS due to excessive clothing. They were
also given adequate rest for 24-36 hour before

running, so that they were not fatigued or exhausted.

Due to the above interventions possibly none of
the participants in our study had any symptom or
sign of EHS.

We found significant relationship between
amount of fluid intake and speed running in this
study. There however, remain a lot of unresolved
questions pertaining to exercise and
hemoconcentration.

It concerns both the physiological mechanism
and functional consequences of hematological
alteration observed during and after exercise [3].

Firstly there are acute effects of exercise that
increase blood viscosity. This effect was mostly
described as phenomenon of hemoconcentration
which is quite complex and modifiable due to various
factors like training status, nutrition and hydration.
On the other hand blood viscosity is reduced after
exercise and even more after regular training [4]. We
also found significant rise in hemoconcentration
soon after the exercise.

The well documented benefits and popularity of
sports and fitness have led to products that not
only replace sweat losses but also provide fuel for
continued metabolic demands. However, risks of
hypo hydration and hypo-natremia can be fatal if
rational regimes are not followed. Replacement fluid
should contain water, sodium and perhaps
potassium. Carbohydrates are added if exercise is
for prolonged periods (more than 60 minutes) [5].

In this study we found 430 ml of fluid intake is
significant in preventing EHS during running for
over 05 kms.

Sawka et al from US army also studied the human
tolerance to heat strain and influence of dehydration
and concluded that 27 of 34 participants had strain
due to hypo hydration [6].

Stephen et al from Canada in his study of 8 healthy
young males demonstrated that minor levels of hypo
hydration significantly impaired exercise tolerance
in a severely un-compensable heat stress
environment at both light and heavy exercise
intensities [7].

TABLE 5

Predisposing factors of EHS

A) Environmental B) Patient factors

1. High ambient temp 1. Age, Young & very Old

2. High humidity 2. Obesity

3. ↓Air movement 3. Sex – more in males.

4. Overcrowding 4. Associated illnesses :-

Diabetes
Thyroid Disorders
Cardio vascular disorders
Neurological disease
Diseases of skin/sweat
glands
Psychiatric illness
COPD

5. Infections / fever

6. Dehydration

7. Poor acclimatization

8. Excessive clothing

9. Malnutrition

10.Fatigue & Exhaustion

11.Alcohol drug abuse

12.Heat tapping leg Nylon
clothing
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All heat related illnesses exert along a continuum
and share similar elements; in all cases the root cause
is heat gain or loss by the body. Heat transfer from
the body is via the following four mechanisms.

1. Conduction – Via direct physical contact with a
cooler object.

2. Convection – Via sweating/formation of water
vapour from the body to the air.

3. Radiation – Heat transfer via electromagnetic
waves.

4. Evaporation – By transformation of perspiration
& saliva into vapour form.

The body’s dominant forms of heat loss in a hot
environment are radiation and evaporation. When
ambient temperature is high, radiation of heat from
the body ceases and evaporation becomes the only
means of heat loss. If humidity reaches 100% then
evaporation of sweat is also no longer possible.

On exposure to high heat stress, humans show
signs of distress and discomfort. For the same
individual, these responses are proportionate to the
intensity of stress index. On exposure to acute stress
intensity the body equilibrium is not reached leading
to heat related illness. The physiological limits of
thermal strain tolerance are different for individuals.

Lind et al found temp of 39 degree Celsius and
HR of 180 per minute to be considered as upper limit
of the body in normal acclimatize individual
exercising in hot environment [8].

However, Banerjee et al found that low heat
tolerant people can show acute distress and
withdrawing from exposure at the temp of 38 degree
Celsius and HR of 140 per minute [9].

In this study we found significant change in body
temperature and HR in participants after exposure
to acute stress, but even at temp of 98.4 degree
Fahrenheit Celsius and HR 93.8 per minute. There is
no clinical evidence of heat related disorders.

Alzeer et al from Saudi Arabia found significantly
higher levels of CPK, LDH, AST/ALT levels in 26
heat stroke victims during annual Hajj. He also
concluded that serum enzymes were significantly
higher in none surviving and severely ill than in

those who had a quick recovery [10].

Ross et al in his study on young men taking part
in 24 days training course studied levels of serum
myoglobin, CK, CKMB, AST/ALT, LDH, Urea and
Creatinine, Calcium & uric acid. He concluded that
there was no consistent correlation between
changes in myoglobin and uric acid [11].

In our study we also recorded significant rise in
transaminases (both AST/ALT) after acute stress,
even n the absence of any sign of symptom of EHS.

Shortcomings of this study include the amount
of time taken for examining a batch of 100 individuals
after exercise, which was 01 hour. Ideally they should
be examined within 15 minutes of completing their
run. In addition other biochemical parameters like
serum-sodium and potassium levels, creatinine
phosphokinase, and lactate dehydrogenase levels
could not be ascertained due to lack of laboratory
equipments being located in periphery.

CONCLUSION

The preventive measures both environmental &
personal are helpful in preventing EHS. The intake
of up to 430 ml of fluid prior to 5 km run is associated
with lower risk of developing EHS, without having
any deleterious effect on the speed of running.
These will be considered as a marker of sub clinical
disease.
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INTRODUCTION

Air evacuation of a casualty (CASEVAC) ena
bles delivery of specialist management at the

earliest and can favourably alter the clinical out-
come of the case. Flying imposes physical,
physiological and psychological stresses. The stress
in the pre-flight and the in-flight period can
compromiste the clinical condition of the patient. In
addition, there are relative and absolute
contraindications for air evacuating a patient. The
rotary wing assets of Indian Navy are designed for
military roles and thus may not always be an ideal
means for air evacuation due to certain inherent draw-
backs such as the design features, space and weight
constraints, lack of pressurization system, lack of
an in-flight oxygen system, etc. However, a safe casu-
alty evacuation (CASEVAC) can be accomplished
provided adequate attention is paid.

AIMS

1. To undertake aero-medical evaluation of Naval
Helicopters to assess their suitability for
CASEVAC.

2. To provide general information about the
various aero-medical concerns that merit
attention when planning air evacuation of a
patient.

3. To highlight situations specific to a Medical
Officer at sea.

4. To provide practical tips when planning to air
evacuate a casualty.

MATERIAL AND METHODS

An extensive interaction with aircrew operating
various helicopters was carried out to gain
information about the pertinent aspects related to

GUIDELINES FOR UTILISING NAVAL ROTARY WING ASSETS FOR
CAUSALITY AIR EVACUATION

Surg Cdr RC Verma*

ABSTRACT

Background : Air evacuation of a casualty enables delivery of specialist management at the earliest and can
favourably alter the clinical outcome of the case. Flying imposes physical, physiological and psychological
stresses. The stresses in the pre-flight and the in-flight period can compromise the clinical condition of the
patient. In addition, there are relative and absolute contraindications for air evacuating a patient. The rotary
wing assets of Indian Navy are designed for military roles and thus may not always be an ideal means for air
evacuation due to certain inherent drawbacks however, a safe casualty evacuation (CASEVAC) can be accomplished
provided adequate attention is paid.

Aim: To undertake aero-medical evaluation of Naval Helicopters to assess their suitability for CASEVAC.

Methods: A thorough evaluation of helicopters namely, the Chetak and it’s Match Variant, Seaking 42 B,
Seaking 42 C and ALH was carried out to ascertain their ranges, payloads, feasibility of carrying stretchers and
other medical equipment.

Discussion: The paper provides practical information pertaining to decision to air evacuate, classification of
patients requiring air evacuation, pre-flight and in-flight stresses, relative and absolute contraindications for
air evacuation and specific situations relevant to Naval Personnel at sea. In addition, information on air
evacuation of Mass Causalities is provided.

Conclusion: Practical approaches to optimally utilise various Naval Rotary Wing assets has been provided for
safe air evacuation of causalities.

Key Words : CASEVAC, Rotory wing aircraft, casualty evacuation
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flight profiles and aircraft limitations in order to
safely plan casualty evacuation.

A thorough evaluation of helicopters namely, the
Chetak and it’s Match Variant, Seeking 42 B, Seaking
42 C and ALH was carried out to ascertain their
ranges, payloads, feasibility of carrying stretchers
and other medical equipment.

DISCUSSION

The decision to undertake CASEVAC must
satisfy the following pre-conditions :-

1. Is the patient adequately stabilized to undertake
air travel in perhaps a “not so ideal” aircraft?

2. Is the risk of transferring less than the risk of
not transferring?

3. Are the benefits of evacuation real and do they
justify the clinical, operational and financial
penalty?

4. Is the move medically necessary or due to non-
medical, emotional or administrative concerns?

Classification of Patients for CASEVAC is in
accordance with the Air Force Order (AFO) 29/81.

Class 1 : Neuropsychiatric patients

Class 1A – Includes patients who are frankly
disturbed and require the use of restraint
equipment, sedation and close supervision.

Class 1B – Includes patients who do not usually
require the use of restraint equipment and are
not at the moment mentally disturbed, but may
react badly to air travel or commit acts likely to
endanger themselves or the safety of the aircraft
and it’s occupants.

Class 1C – Includes patients who are co-
operative and have proved reliable under
observation.

Class 2 : Stretcher Patients (Other than Psychiatric
Patients).

Class 2A – Includes patients who are unable to
move about of their own volition in any
circumstances.

Class 2B – Includes patients, who in an
emergency, will be able to move themselves.

Class 3 : Walking Patients (Other than Psychiatric).
They require only minor attention en-route.

Class 4 : Troop Class. Patients who need no medical
treatment en-route and are physically able to travel
unattended.

The pre-flight stresses can be contributed by
several factors such as administrative delays, non-
availability of aircraft/aircrew, inclement weather, fear
of flying, apprehension and worries about getting
disembarked away from the base port, etc. Thee can
lead to inappropriate autonomic system activation
due to anxiety and apprehension and thereby affect
the clinical state of the casualty.

The atmosphere has 20-94% oxygen. The partial
pressure of oxygen decreases with an increase in
altitude as shown in Table 1. Depending on the
altitude, there are 4 stages of hypoxia as listed in
Table 2. Up to 10,000’ altitude, a healthy person has
no problems due to physiological compensatory
mechanisms such as an increase in respiratory rate
and volume, heart rate and cardiac output. However,
patients with coronary artery disease, pulmonary
disease, cerebro-vascular diseases and anaemia can
have problems. These cases may already have a
reduced PaO2 on the ground and a further reduction
in the aircraft cabin pressure will bring them to the
steep part of the Oxy-Haemoglobin dissociation

TABLE 1

Values of inspired and Alveloar Oxygen at various
altitudes

Altitude Ambient Inspired Alveolar
(Feet) pressure PO2 PO2

(mm Hg) (mm Hg) (mm Hg)

Sea level 760 150 103

5,000’ 632 123 8 1

8,000’ 565 109 6 9

10,000’ 523 100 61

TABLE 2

Stages of hypoxia

Stage Altitude (Feet)

Indifferent 0-10,000’

Compensatory 10,000’-15,000’

Disturbance 15,000’-20,000’

Critical > 20,000’
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curve (ODC) with a resultant very low saturation
which may lead to distress and/or exacerbation of
their illness. Such cases require in-flight oxygen. It
is important to remember that hypoxia can induce
convulsive attack in a patient with a low threshold
for seizure.

Due to a decrease in the atmospheric pressure
with increasing altitude, the Boyle’s law is in
operation during air travel and can have significant
effects in the pilot, passenger, patient and the medical
equipment such as POP casts, pneumatic splints
and any other pneumatic medical devices such as
cuffed endotracheal tube and balloon bladder
catheters being used during CASEVAC.

Aero-Medical Concerns include Barotraumas –
With a decrease in atmospheric pressure, there is an
expansion of the gas within the organ and this
increase in volume produces higher pressures which
result in barotraumas when the expanding gas cannot
escape and the pressure equalized.

Gas pains of even moderate severity may produce
marked lowering of the blood pressure. An individual
may experience symptoms varying from mild upper
or lower abdominal discomfort to very severe pain
causing vasovagal syncope (fainting).

One must account for varying volumes of
trapped air/gas in the medical equipment being used
during air evacuation of a patient. Care must be taken
to avoid potential problems in intravenous fluid drip
rate, endotracheal tube cuffs, POP casts, Balloon
bladder catheters, Sphygmomanometer cuffs, etc.

Air Sickness – It can pose a problem in comatose
patient and a patient with mandibulo-maxillary wiring.

Noise and Vibration – These are a source of
discomfort and can induce anxiety, apprehension
and hyperventilation. Vibration during severe air
turbulence may induce air sickness.

Air Turbulence and Weather can cause a lot of
inconvenience to an ill patient and can produce
anxiety and apprehension with autonomic nervous
system stimulation. Due care must be taken to ensure
the appropriate securing of medical aids such as
intravenous lines and bottles, oxygen cylinder, etc.
as any improperly secured items has the potential
hazard of malfunctioning and/or causing injury. As
far as possible, use plastic IV bottles and plastic

Wollfe’s bottle for the Oxygen cylinder.

Relative Contraindications for CASEVAC include
clinically unstable patient, a neuropsychiatric case
who is frankly disturbed or a neuropsychiatric case
who although presently stable but may react
dangerously in air and a case of Decompression
sickness.

Absolute Contraindications for CASEVAC
include untreated pneumothorax and large/small
bowel obstruction. Specific Situations Relevant to
Naval Personnel at Sea are Decompression Sickness
(DCS) even though the service ceiling of Naval
Helicopters is below 10,000’. DCS has been reported
to occur at much lower altitudes in aircrew/personnel
who have undertaken diving with compressed gas
in the preceeding 24 hours before flying activity.

For CASEVAC of a Diving Victim/DCS, discuss
with the Captain of the aircraft to ensure that a
minimum altitude, within the envelop of flight safety,
is maintained during air evacuation. Institute
treatment for circulatory collapse along with 100%
oxygen and impress upon the Captain of the aircraft
to maintain an altitude below 1,000’ during air
evacuation and not to exceed 5,000’ at any time.

Salient features of the Chetak Helicopter and
Seaking 42B, seeking 42C and ALH which can help
in planning CASEVAC and carriage of medical
equipment are listed at Table 3.

In Chetak Helicopter one in number Neil
Robertson (NR) Stretcher can be carried by placing
it on the rear (passenger) cabin deck after folding up
the passenger seat (Fig. 1). It is easy to secure and
permits carrying a foot operated suction apparatus.
In addition, two in number intravenous fluid bottles
can be carried by securing them to existing hooks.

Two in number Integral Airborne (IA) Stretchers
can be carried in the rear (passenger) cabin in a two
tier system after removing the passenger seat (Fig.
2). The merits of carrying a single patient on the
upper stretcher and not installing the lower stretcher
is that it permits carrying one in number 1,246 litre
Oxygen cylinder with trolley, one foot operated
suction apparatus and it is relatively easier to provide
limited in-flight care to the patient.

Limitations of Chetak Helicopter in the Air
Ambulance Role include that when carrying both
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the IA Stretchers it is not possible to carry a foot
operated suction apparatus. In addition, it is not
possible to provide any in-flight medical care to the
patient on the lower stretcher. Although installing
only the top Integral Airborne Stretcher permits
carriage of an Oxygen cylinder of 1,246 Lt capacity
along with trolley and a foot operated suction
apparatus, the carriage of suction apparatus is only
of academic interest as it is not possible to deliver
suction. It is not possible to deliver CPR or alter the
posture of the patient. No in-flight medical
management is possible per se unless a pre-flight
arrangement has been made to secure the IV fluid
bottles and ensuring a safe and reliable vein access.
It is prudent to load syringes for injections likely to
be used in-flight. The Medical Attendant must carry
preloaded syringes of emergency drugs that may be
required. With the integral stretchers, the Chetak
Helicopter has to fly with the rear (passenger) doors
in place because the slots on the doors enable

positioning of the stretchers. In case of ditching at
sea, it will not be possible to extricate the patient
from a sinking helicopter.

Seaking 42C Helicopter can carry 09 lying cases
and 07 sitting cases or 28 sitting cases. It has nine
integral stretchers in three tier arrangement.

Seaking 42B Helicopter in Fig. 3 shows the
potential space for placing the NR stretchers in the
aft cabin. In the existing configuration it can carry
five lying cases by placing three NR stretchers in
the aft compartment; one NR stretcher can be placed
in the aisle on the starboard (right) side of the SENSO
seat and one NR stretcher can be placed diagonally

TABLE 3

Salint features of various helicopters

Type Payload with full Stretchers &
fuel carrying capacity

Chetak From Land:340 Kg One Neil Robertson
From Ship:240 Kg Or

Two Integrated
Airborne

Match From Land:140 Kg One Neil Robertson
From Ship:40 Kg Or

To Integrated
Airborne

Seaking 42C 2500 Lbs Nine Integral
Stretchers + seven
sitting cases
Or
28 sitting cass
Or
A combination of
Lying & Sitting cases

Seaking 42B 1000 Lbs Existing Configura-
tion : Five Neil
Robertson
In Seaking 42C
Configuration :
Same as Seeking 42C

ALH 875 Kg Four Neil Robertson

Fig. 1 : Patient on Neil Robertson Stretcher, foot oper-
ated suction apparatus and facility to hang two
intravenous fluid bottles. Suction is possible us-
ing the left hand to press the foot paddle and
right hand to use suction tube. If an airway is
used then the left hand is left free after inserting
the suction tube into the airway.

Fig. 2 : Two patients on integral airborne stretchers and
facility to hand two intravenous fluid bottles.
However, there is no space for placing the foot
operated suction apparatus.
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behind the pilot seats.

In addition, a casualty can be picked up at sea or
from any ship by VERTREP with the winch-pulley
system on the starboard side.

Advanced Light Helicopter (ALH) is suitable for
carrying two lying and four seated casualities with a
medical officer and medical assistant. Four lying
casualities with a medical officer and medical
assistant. Four lying casualities in stretchers can be
carried, however adequate medical cover cannot be
provided due constraints in cabin space thereby
limiting the use of life support equipment.

The Seaking 42C and the ALH have the potential
for air evacuating a large number of casualities/
patients.

Seaking 42C can carry nine lying cases along
with seven sitting cases or 28 sitting cases or a
various combination of lying and sitting cases. The
potential for their utilization exists in any place within
the ROA of the Helicopter. The payload when
proceeding to site is 4,500 Lbs and it is more in the
return trip because the helicopter will be lighter due

Fig. 3 : Placement of five NR stretchers in seaking 42B
helicopter.

to fuel consumption.

ALH can carry four lying cases or two lying and
four sitting cases. The payload when proceeding to
site is 875 Kg and it is more in the return trip because
the helicopter will be lighter due to fuel consumption.

RECOMMENDATIONS

1. Air Evacuation by Chetak Helicopter

a) Neil Robertson stretcher is more useful than
the Integrated Airborne stretcher in the Chetak
Helicopter because of the following advantages:

i) It is possible to carry and use a foot operated
suction apparatus on the vacant space of
the rear (passenger) cabin deck.

ii) The Integrated Airborne stretchers
necessitate the deployment of the rear
(passenger) doors making it next to
impossible for the extrication of a lying
patient in case of ditching.

b) Using the Top Integrated Airborne Stretcher in
Chetak Helicopter – In case the Integrated
Airborne stretcher is being used for CASEVAC
of a single patient by the Chetak Helicopter,
then only the top stretcher must be used as it
enables carriage of a 1246 litre Oxygen cylinder.

c) Avoid Air Evacuation of Two Seriously III
Patients Simultaneously in Chetak Helicopter –
Despite the facility of a two tier arrangement
with the Integral Airborne stretchers, the carriage
of two casualities simultaneously must be
avoided as it is not possible to provide any in-
flight medical care to the casualty on the lower
stretcher.

2. Exploitation of other Rotary Wing assets – The
potential of rotary wing assets other than the Chetak
Helicopter must be exploited for casualty evacua-
tion (CASEVAC) in the following circumstances :-

i) Non availability of Chetak Helicopter

ii) Ship at high seas when Chetak Helicopter
cannot be launched due to the distance from
land or when the distance is beyond the
endurance of the Chetak Helicopter.

iii) CASEVAC at right.

iv) When casualty requires continuous in-flight



Jour. Marine Medical Society, 2008, Vol. 10, No. 2 105

attention necessitating carriage of medical
equipment.

v) For speedy CASEVAC.

vi) Simultaneous CASEVAC of more than one
casualty.
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A KNOWLEDGE, ATTITUDE AND PRACTICE STUDY OF HOSPITAL
WASTE MANAGEMENT IN HEALTH WORKERS

Surg Cdr Saugat Ray*

ABSTRACT

Background : As per the Hospital Waste Management Act, 1998, India, every institution generating waste
including hospitals, nursing homes, blood banks, laboratories etc. are to follow the guidelines of segregation,
disinfection and safe disposal of hospital waste. The aim of the study was to assess the level of knowledge about
hospital waste disposal amongst health workers and to find out the difficulties they face regarding practice of
the law.

Method : A crosssectional study was carried out amongst the health workers posted at a defence service station
at Visakhapatnam. There are a total of approx 50 doctors, 25 female nurses, 200 male nurses and 100 safaiwalas.
A specially designed pretested proforma was sent by mail to all the health workers and completed proforma
were received from 20 doctors, 15 nurses, 124 medical assistants and 64 safaiwalas.

Result : Almost all the health workers know that there is a law regarding Biomedical waste management.
96.77% of medical assistants and 64.06% of the safaiwalas know about the categories but most of them did not
know the number of categories. Most of them know about four colour coding, but don’t know category segregation
procedures correctly. 90% of the doctors, 80% of the nurses, 84.68% of the medical assistants and 68.75% of the
safaiwalas knew about some form of disposal of biomedical waste. It was also found that 100% of the Lab
Technicians and the OT assistants amongst the medical assistants know about segregation, disinfection, universal
precaution and disposal correctly.

Key Words : Biomedical waste, Health workers, Knowledge

INTRODUCTION

Biomedical waste is the waste generated during
diagnosis, treatment or immunization of human

beings or animals or in research activities pertaining
thereto or in the production or testing of biological
including categories mentioned in schedule – 1 of
the Gazette of India: Extraordinary, Ministry of Envi-
ronment and Forest, Notification, New Delhi,
published on 20 Jul 98 [1].

Till July 1998, there was no system for proper
waste disposal. Most of the hospitals were disposing
their waste along with general waste. For prevention
of these improper practices, the Govt of India had
launched a law known as Biomedical Waste
(Management and Handling) Law 1998. Under this
law, the Govt has given specific guidelines for
management of biomedical waste [2].

The reports and figures available from developed
countries indicate a range from 1-5 Kg/bed/day of

*JDMS(H), IHQ of MOD (Navy), New Delhi.

biomedical waste is generated, with substantial
international and interspeciality differences. The
meager data available from developing countries
indicate that the range is essentially similar, but the
figures are lower (1-2 Kg/day/patient). In India, it is
estimated to be 2 Kg/bed/day [3] and annually about
0.33 million tones of waste is generated [4].
According to WHO fact sheet, from the total waste
generated by health care activities, 20% is hazardous
[5].

Health care workers need to understand the
difference between biomedical waste and other waste
connected with the hospital [3].

The aim of the study was to assess the
knowledge, attitude and practice of Biomedical
Waste (Management and Handling) Rules amongst
health workers of a defence service community.

The chief objectives of the study were to assess
the level of knowledge of health workers about
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biomedical waste, to find out the practices followed
by the health workers in their clinical set up for waste
management, to find out the deficiencies in the
practice of hospital waste management in a clinical
set up, to train all health workers in waste
management practices and to improve the overall
set up of hospital waste management in the
community.

MATERIAL AND METHODS

A crosssectional study was carried out amongst
the health workers posted at a defence service station
at Visakhapatnam. The station has one 300 bedded
hospital with 25 doctors, 100 male nurses (medical
assistants), 20 female nurses and 15 safaiwalas. It
also has 30 smaller clinical settings, also called
Medical Inspection Rooms (MI Rooms) each with
01 to 03 doctors, no female nurses, 05 to 10 medical
assistants and 01 to 02 safaiwalas depending upon
the size. There are a total of 25 doctors, 100 male
nurses and 60 safaiwalas in these MI Rooms. A
specially designed pilot pretested proforma was sent
by mail to all the health workers.

RESULTS

Completed proforma was received from 20
doctors, 15 nurses, 124 medical assistants and 64
sweepers.

Table 1 depicts the awareness of the health
workers in regards to hospital waste management.

Hospital Waste Management Law : All the
doctors, 86.67% of the nurses, 90% of the medical
assistants and 87.5% of the safaiwalas know that
there is law regarding Biomedical waste management
for any clinical setting.

Categories of Biomedical Waste: It is also
observed that all the doctors and nurses know that
there are 10 categories of biomedical waste. 96.77%
of medical assistants and 64.06% of topasses know
about the categories but most of them did not know
how many categories are there.

Colour Coding : 90% of the doctors, 73.33% of
the nurses, 77.42% of the medical assistants and
37.50% of the topasses know about the colour coding
correctly. Though most of them know the four colour
coding, they don’t know which colour bins to be
used for what category. It was also found that 100%
of the Lab Technicians and the OT assistants
amongst the medical assistants know about colour
coding correctly.

Disposal : 90% of the doctors, 80% of the nurses,
84.68% of the medical assistants and 68.75% of the
safaiwalas knew about some form of disposal of
biomedical waste. Most of them were found to know
about incinerator or open burning of the waste. Only
50% of the doctors, 33% of the nurses and 40% of
the medical assistants knew about landfilling,
hydroclave, autoclave and microwave as methods
of waste disposal. Waste disposal at sea is still a

TABLE 1

Awareness about hospital waste management

Awarness Doctors Nurses Medical Assisants Safaiwalas
N = 2 0 N = 1 5 N = 1 2 4 N = 6 4

Yes No Yes No Yes No Yes No

Presence of 20 (100) 0 (0) 13 (86.67) 02 (13.33) 121 (97.58) 03 (2.42) 56 (87.50) 08 (12.5)
Law

Category 20 (100) 0 (0) 15 (100) 0 (0) 120 (96.77) 04 (3.23) 41 (64.06) 23 (35.94)

Colour 18 (90) 02 (10) 11 (73.33) 04 (26.67) 96 (77.42) 28 (22.58) 24 (37.50) 40 (62.50)
Coding

Disposal 18 (90) 02 (10) 12 (80) 3 (20) 105 (84.68) 19 (15.32) 44 (68.75) 20 (31.25)

Universal 20 (100) 0 (0) 15 (100) 0 (0) 112 (90.32) 12 (9.67) 42 (65.62) 22 (34.38)
Precaution

Treatment 20 (100) 0 (0) 15 (100) 0 (0) 114 (91.93) 10 (8.06) 11 (17.18) 5382.82)
Of sharps
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grey area and proper methods are not being followed
in 90% of the afloat units.

Universal Precaution : Knowledge and practice
of Universal Precaution seem to be good amongst
the health workers. 100% of the doctors and nurses,
90.32% of the medical assistants and 65.62% of the
safaiwalas knew about universal precaution and its
importance. Hardly anyone seem to practice it
specially in the small clinical setting. In the hospital
however, the health workers are practicing universal
precaution.

Treatment of sharps : Treatment of sharps mainly
include disinfection, segregation and safe disposal.
100% of the doctors and nurses are aware of it and
practicing it in the clinical setting. However, 91.93%
of the medical assistants are actually practicing it
and only 17.18% of the safaiwala know the correct
procedure of treatment of sharps.

Awareness of diseases transmitted : From Table
2, it could be seen that all the doctors and health
workers are aware about the risks associated with
hospital waste. 100% of all visited doctors, nurses,
medical assistants and safaiwalas said that HIV can
be transmitted through this kind of waste. 100% of
all visited doctos, nurses, 96.77% of medical
assistants and 45.31% of safaiwalas said that
Hepatitis B can also be transmitted. 80% of the
doctors, 60% nurses, 68.55% medical assistants and
37.50% of safaiwalas are aware that healthworkers
may have injuries from sharps or airborne
transmission of diseases like Tuberculosis.

DISCUSSION

Hospital waste is considered dangerous because
it may possess pathogenic agents and can cause

undesirable effects on human health and
environment [6]. Hospital waste may contain
infectious agents, genotoxic material, chemical
toxins, radioactive material and sharp objects. Major
portion of this is contained in syringes, intravenous
needles, blood, body fluids, human tissues,
dressings, drainage bags and frequently used
disposable items [7].

The standard waste management plan include
categories of the waste, a standard colour coding
system, separation of waste at the source of
generation, storage in properly labeled color coded
bags, scientific handling and safe disposal, all
conducted with adoption of safety measures for
workers. For pathological waste, double colour bags
should be used and sharps should be collected in
separate sharp cutter boxes. These are later
transported in specialized dumping vehicles to the
disposal sites avoiding leakage and spillage. Final
disposal is usually into the sanitary landfills or
incineration according to the nature of waste.
Autoclaving, microwave technology and
hydroclaving are recent techniques for final disposal
of hospital waste [8].

In this study, it was seen that most of the doctors,
nurses, medical assistants and safaiwalas know
about the categories, colour coding, segregation and
treatment of sharps but they don’t know them
correctly and are not using them properly. Proper
colour coding was followed by the Govt service
hospital and in 80% of the small clinical treatment
rooms. It was observed that process of segregation
of waste at generation level into various colour
coded bags and plastic drums, internal
transportation of waste to kerb site, storage at kerb

TABLE 2

Awareness about diseases transmitted by biomedical waste

Awarness Doctors Nurses Medical Assisants Safaiwalas
N = 2 0 N = 1 5 N = 1 2 4 N = 6 4

Yes No Yes No Yes No Yes No

HIV 20 (100) 0 (0) 15 (100) 0 (0) 124 (100) 0 (0) 64 (100) 0 (0)

Hepatitis B 20 (100) 0 (0) 15 (100) 0 (0) 120 (96.77) 04 (3.23) 29 (45.31) 35 (54.69)

Others 16 (80) 04 (20) 09 (60) 06 (40) 85 (68.55) 39 (31.45) 24 (37.50) 40 (62.50)
(Injuries,
 Air Borne)
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site in various colour coded metallic drums was found
to be completely in place. Safai karmacharis were
using complete protective equipment like gloves,
masks, shoes etc while handling waste and also
sodium hypochlorite was available in each and every
sharp generating site in wards as well as departments.
The procedures are same as being followed at other
service hospitals [9].

Non availability of colour coding bins was cited
as the reason for not procuring the bins in some
smaller clinical settings. Only 60% of the small
treatment centres followed the segregation
procedures and treatment of sharps. Sae has been
found in other studies where only 26.6% of the
hospitals [2] were practicing segregation methods.
All the clinical settings were using needle shredders
which is encouraging compared to 11 out of 15
hospitals in other studies [2].

CONCLUSION

The study revealed that there is a lack of
knowledge about hospital waste management among
the paramedical staff and the safaiwalas, who
actually handle this waste and is at a higher risk and
needs to be educated.

In developing countries like India, where rules
and regulations are not implemented in their true
spirit, hospitals and clinical settings should evolve
a self-check system to arrest the problem of hospital
waste management. Rather than waiting for the
regulatory mechanism to come into full force, a more
proactive role may be taken by addressing this
problem on sound footing. Specific skills and training
of health workers is also required to face the
challenge. The rapidly emerging image of hospitals

as “polluters” should be taken very seriously.
Empirical research is required to quantify the problem
and ascertain the extent of the spread of diseases
like HIV/AIDS and hepatitis B and C, as a result of
exposure to hazardous waste.
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Case Reports
HYDROGEN SULPHIDE POISONING – A CASE REPORT

Surg Cdr MS Sahi*, Col SS Bhatia**

ABSTRACT

Nine service personnel inhaled hydrogen sulphide in an accident on board a ship while at sea. One of six
ultimate fatalities survived for seven days on IPPV and supportive care. One other survivor showed after effects
of the poisonous inhalation for a few days. The presentation highlights the clinical features and the present
status of management of hydrogen sulphide toxicity.

Key Words : Poisoning, Hydrogn sulphide

and abdomen were NAD.

The other officer remained unresponsive, unconscious,
not reacting to painful stimuli with flexor posturing,
hypertonia and tachpnoea. Airway was in situ. Pulse 150/
min, regular, BP- 140/100 mm Hg, SPO2- 80-86% on
oxygen initially. Later it became 96% with 100% oxygen
on ventilator. Respiratory rate- 40/min. rapid shallow
breathing. Conjunctiva was congested. Cyanosis was noted.
Urine out put was 2 liters overnight. Lungs revealed
crepitations in both lung bases. CNS: GCS – 3/15, pupil-
bilateral mid dilated fixed not reacting to light. Corneal
reflex absent, Doll’s eye reflex was absent, deep tendon
reflexes were absent, plantar bilaterally were mute.

Laboratory features of the survivors are depicted in
Table 1.

TABLE 1

Lab parameters

Patients S Bilirubin SGOT SGPT ALK PO4

No. 1 3.4 114 162 318

No. 2 1.0 83 112 145

No. 3 0.92 52 68 136

No. 4 0.8 33 47 130

DISCUSSION

Hydrogen sulfide is a colorless gas with “rotten-
egg” odor in low concentrations (0.01 ppm), but
odorless at higher than 50 ppm concentrations,
because of olfactory nerve fatigue and paralysis.

INTRODUCTION

War ships anticipate enemy action. They should
however, be prepaired for accidents, which

are more common. We present a series of cases of
hydrogen sulphide poisoning on board a Naval ship
at sea.

CASE REPORT

On 01 Feb. 2008, at bout 1740 hours, somewhere in the
Bay of Bengal nine naval personnel on board a war ship
sustained accidental exposure to hydrogen sulphide fumes
from a breach in the plumbing of the sewage holding tank
(CHT). Of these, five expired on site despite timely and
energetic resuscitative efforts while one casualty, an officer
evacuated to Naval Hospital Dhanvantari, died 10 days
later.

Four other survivors were successfully resuscitated
following retrieval from the site of intoxication though on
first examination on board, all were in cardiac arrest with
cyanosis and unresponsiveness.

Two sailors recovered completely upon receiving CPR.
Two officers manifested pulmonary edema and were given
Injection Atropine, Adrenaline, and extensive
oropharyngeal suctioning for copious secretion along with
CPR.

The first officer was averagely built, had pulse 80/min,
regular, BP 118/70 mmHg, respiratory rate 18/min and no
pallor, icterus or edema. He recovered gradually on board
the ship. When evacuated to Dhanvantari, he was conscious,
oriented, and manifested slurred speech. There was no cranial
nerve, motor, OV sensory deficits. Lungs were clear, CVS
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It is lethal immediately at 1.2-2.8 mg/l in air, after
0.5-1 hour at 0.6 mg/l air, after several hours and at
0.1-0.15 mg/l air produces-toxic effects.

It is heavier than air, therefore accumulates on
the bottom of closed compartments and on the
surface of the manure in cesspits.

It produces toxicity in workers in numerous
industries and occupations such as production of
sulphuric acid, production of metal sulphides,
flotation processes, and catalyst activation.
Survivors demonstrate persistent neurobehavioral
dysfunction, headaches, nausea, vomiting,
depression, personality changes, nosebleeds, and
breathing difficulties.

With prolonged low dose exposure, it causes
inflammation of ocular and respiratory mucous
membranes in a consistent dose-response
relationship – producing keratoconjunctivitis,
lacrimation, mucopurulent discharge and corneal
ulceration – the so-called “gas eye syndrome”
(Table 2).

At high concentrations (> 1000 parts per million)
victims rapidly develop systemic intoxication, coma,
respiratory paralysis and death.

Biochemically, it is a cytotoxic asphyxiant irritant,
and like cyanide, binds reversibly to cytochrome
oxydases inhibiting oxidative phosphorylation.

Relevance of pulse oximetry is that exposure to
hydrogen sulphide increases levels of
sulfhaemoglobin, having peak absorption at 620 nm

which produces erroneous and misleading near
normal readings on conventional pulse oximetry,
which uses wavelengths of 660 and 940 nm.

Sulf Hb seldom exceeds 10% of the total Hb
present normally. Sulph Hb has greatly reduced
oxygen affinity and is incapable of oxygen transport.

Sulfhemoglobin cannot be reconverted to normal
hemoglobin, as MetHb can, with methylene blue,
and has no effective antidote. Although transfusions
may be useful in some cases, SulfHb is only
eliminated after the red blood cells’ life span is
naturally expended (after 120 days).

A number of drugs have been associated with
sulfhemoglobinemia. These include acetanilide,
phenacetin, nitrates, trinitroluene, and sulfur
compounds. Metroclopramide can produce both
methemoglobinemia and sulfhemoglobinemia.

Detection is by co oximetry or spectrophotometry.
Gas chromatography is “criterion” standard. Co-
oximeters, which use spectrophotometry to
differentiate four types of hemoglobins viz
oxygenated-hemoglobin, deoxygenated-
hemoglobin, MetHb, and carboxyhemoglobin, can
show erroneously high levels of Methemoglobin in
cases of hydrogen sulphide toxicity. This
phenomenon is termed pseudo-methemoglobinemia
of hydrogen sulphide toxicity.

Arterial blood gas in H
2
S intoxication leads to a

marked uncompensated metabolic acidosis
associated with an elevation in serum lactate level.
Oxygen tension (pO

2
) and calculated oxygen

saturation are within the reference range unless the
patient has concomitant pulmonary edema.
Measured oxygen saturation often is low and
indicates a saturation gap. Venous blood gas may
indicate abnormally high oxygen tension (because
of decreased oxygen utilization) resulting in a
decrease in the PO

2
 gradient between arterial and

venous blood. H
2
S toxicity may be associated with

carboxyhemoglobin or methemoglobinemia,
depending on the source of H

2
S and coexposure.

Treatment includes  removing victim quickly from
the site, maintaining airway patency and clear
unobstructed respiration, giving 100% oxygen
inhalation and giving Hyperbaric Oxygen Therapy
if oxygenation is not improving with 100% oxygen.

TABLE 2

Clinical syndromes with exposure to hyderogen
sulphide

Cardiac Respiratory Neurological Mucosal

Myocardial Dyspnea Vertigo Keratoconjun-

failure Cough Seizures ctivitis

Infarction Pain chest Syncope Lacrimation

Conduction Pulmonary Psychiatric Mucopurulent

abnormalityes edema discharge

Arrhythmias Hypoxia Corneal

Cyanosis ulceration

Hemoptysis
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CONCLUSION

The diagnosis of sulfhemoglobinemia therefore
requires a high index of suspicion, especially when
there is a poor response to methylene blue treatment,
and confirmation with special laboratory techniques
indicates presence of reduced hemoglobin in large
quantities.
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BUNIONETTE IN AN AIRCREW : DECISION MAKING AND
DISPOSAL DILEMMA

Gp Capt Narinder Taneja*

Key Words : Bunionette, Aircrews, disposal

not recommend recourse to surgery at that stage. The officer
now wears oversized shoes with a 1.5 X 1.5 cm hole cut
over the area of the prominence head of 5th Metatarsal. He
remains unwilling for surgery and cites opinion of Senior
Advisor Ortho for the same. He continues to be in temporary
low medical category A4 G4 (T-24). He has been explained
the effects of refusal for surgery on his military
employability. He is married for the past 1 ½ year and has
no children. Denies any psychosocial stress at home/work.
While this disability of Bunionette may not sound as
debilitating as some fracture or other orthopedic conditions,
it has been severe enough to affect flying performance of
an aircrew.

DISCUSSION

The bunionette is commonly seen in adolescents
and adults, with a female-to-male ratio that may range
between 1:1 and 10:1. Also called, ‘Tailor’s bunion’,
it is an enlargement of the fifth metatarsal bone at
the base of the little toe. The enlargement that
characterizes a bunionette occurs at the metatarsal
“head”, located at the far end of the bone where it
meets the toe. The symptoms include redness,
swelling, and pain at the site of enlargement. These
symptoms occur when wearing shoes that rub
against the enlargement, irritating the soft tissues
underneath the skin and producing inflammation.
The deformity received its name “tailor’s bunion”
centuries ago, when tailors sat cross-legged all day
with the outside edge of their feet rubbing on the
ground. This constant rubbing led to a painful bump
at the base of the little toe.

This is mostly caused by an inherited faulty
mechanical structure of the foot. In these cases,
changes occur in the foot’s bony framework that

INTRODUCTION

Bunionette is a painful swelling of the base of a
metatarsal. A 32 year old aircrew navigator

presented with bunionette of (Rt) 5th toe. This case
report presents interesting aspects about a
supposedly minor orthopedic disability. The
aeromedical implications of bunionette, including
one year of conservative management, decision-
making and disposal dilemmas are discussed.

CASE REPORT

A 32 yr old aircrew, (navigator) had Bunionette (Rt) 5th

Metatarsal since Jul 05. He developed pain in the right
foot, 5th toe more than the great toe and had difficulty
wearing regular shoes. He started wearing custom made shoes
with a wide forefoot. When he reported to our Institute in
May 06, he had bearable discomfort after wearing these
shoes through the duty day. On examination there was
varus deformity at MTP joint 5th toe, subluxation of MTP
joint (5th) and he was unable to flex/extend 5th toe actively.
There was no tenderness or inflammation over the
deformity. X-ray (Rt) foot showed varus deformity at 5th

MTP joint and minimal subluxation of MTP joint. The
Ortho surgeon recommended medical category A2 G2 (P).
The board was of the opinion that since he was comfortable
with custom made shoes it may be worthwhile to return him
to flying duties as prolonged sheltered employment was not
an option and no surgical intervention was recommended.
He was recommended A3 G3 (T-12) and advised review
with an executive report on sorties flown to the endurance
of the aircraft with different shoes (oversized flying boots
and custom made shoes). He returned in Aug 06 with pain
and swelling over the Rt 5th Metatarsal, and an unsatisfactory
executive report on flying. He now was having pain over
the right foot and calf, both getting aggravated even with
customized shoes. While the Ortho surgeon recommended
surgery (but with doubtful success), Senior adviser Ortho did

*Senior Advisor (Aviation Medicine), IAM, Bangalore.
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results in the development of an enlargement. The
fifth metatarsal bone starts to protrude outward,
while the little toe moves inward. This shift creates
a bump on the outside of the foot that becomes
irritated whenever a shoe presses against it.
Regardless of  the cause, wearing shoes that are too
narrow in the toe, producing constant rubbing and
pressure, usually aggravate the symptoms of
bunionette.

Bunionette is easily diagnosed because the
protrusion is visible. X-rays help the surgeon
determine the cause and extent of the deformity.

The 75-point scoring system assesses pain,
functional restrictions, footwear restrictions,
alignment, metatarsophalangeal joint stiffness, and
the presence of a tender callus. The results are
defined as good (70 to 75 points), fair (60 to 65
points), or poor (< 60 points). The 100-point scoring
system includes 70 points for symptoms (pain,
decreased tolerance of activity, altered shoe-wear,
patient perception of cosmetic appearance, and
overall acceptance of the foot) and 30 points for the
findings on physical examination (tenderness,
deformity, and presence of callosities or
metatarsalgia).

Treatment typically involves non-surgical
therapies. These include wearing the right kind of
shoes. Choose shoes that have a wide toe box and
avoid those with pointed toes or high heels.
Nonsteroidal anti-inflammatory drugs (NSAIDs),
such as ibuprofen, may help relieve the pain and
inflammation. Injections of corticosteroid are
commonly used to treat the inflamed tissue around
the joint. Bunionette pads placed over the area may

help reduce pain.

Operative management to decrease the width of
the foot and the osseous prominence is indicated
when non-operative treatment can no longer control
symptoms and when the patient has special
demands, particularly in sports. A proximal
osteotomy is able to correct most deformities. A
distal osteotomy is recommended if medical
translation of the head for one-third of the width of
the metatarsal shaft produces a normal fourth-fifth
intermetatarsal angle.

Literature suggests that conservative
management should be attempted first. The aircrew
is unwilling for surgery now and the near foreseeable
future. What options would be available to the
organization if he continues to be unwilling for
surgery? If the officer refuses surgery and is
uncomfortable even with customized shoes how
would he adapt to ground duties. It is very likely
that he may reach a stage where he may be unfit to
wear shoes.

Differences in opinion among specialists is
another area that needs to be highlighted. While
such differences are natural and acceptable, it has
influenced decision making on surgery as far as this
aircrew is concerned. Not withstanding the
differences in these, published guidelines do
suggest that surgery is an option when conservative
management fails. As described above, there are
scoring systems available for the disability of the
disease as well as different radiological assessment
techniques of the deformity so that the benefits of
the surgery can be documented and assessed
objectively.
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Jayashri Kulkarni, Anthony de Castella, Paul B.
Fitzgerald, Caroline T. Gurvich, Michael Bailey,
Cali Bartholomeusz, Henry Burger. Estrogen in
Severe Mental Illness, A Potential New Treatment
Approach. Archives of General Psychiatry 2008;
65: 955-60.

Accumulating evidence suggests that estrogens
may have therapeutic effects in severe mental
illnesses, including schizophrenia, via
neuromodulatory and neuroprotective activity. This
study was conducted to compare the efficacy of
adjunctive transdermal estradiol with that of
adjunctive placebo in the treatment of acute
psychotic symptoms in a Randomized, double-blind
study. One hundred and two women of childbearing
age with schizophrenia were recruited from inpatient
acute hospital wards and outpatient clinics of 2
metropolitan Melbourne general hospitals. All
participants were in an acute or chronic phase of
their illness; 73 participants were outpatients and
the rest were inpatients. Patients were randomized
to receive 100 µg of transdermal estradiol (n = 56) or
transdermal placebo (n = 46) for 28 days.
Psychopathological symptoms were assessed
weekly with the Positive and Negative Syndrome
Scale. The addition of 100 µg of transdermal estradiol
significantly reduced positive (P < .05) and general
psychopathological (P < .05) symptoms during the
28-day trial period compared with women receiving
antipsychotic medication alone.

Estradiol appears to be a useful treatment for
women with schizophrenia and may provide a new
adjunctive therapeutic option for severe mental
illness.

Contributed by
Surg Capt VSSR Ryali
Senior Advisor (Psychiatry), INHS Asvini, Colaba,
Mumbai.

Daniel Freeman, Katherine Pugh, Angus Antley,
Mel Slater, Paul Bebbington, Matthew Gittins,
Graham Dunn, Elizabeth Kuipers, David Fowler,
Philippa Garety. Virtual reality study of paranoid
thinking in the general population. The British
Journal of Psychiatry (2008) 192: 258-263.

Judging whether we can trust other people is
central to social interaction, despite being error-
prone. A fear of others can be instilled by the
contemporary political and social climate.
Unfounded mistrust is called paranoia, and in severe
forms is a central symptom of schizophrenia. This
study aims to demonstrate that individuals without
severe mental illness in the general population
experience unfounded paranoid thoughts, and to
determine factors predictive of paranoia using the
first laboratory method of capturing the experience.
Two hundred members of the general public were
comprehensively assessed, and then entered a
virtual reality train ride populated by neutral
characters. Ordinal logistic regressions (controlling
for age, gender, ethnicity, education, intellectual
functioning, socio-economic status, train use,
playing of computer games) were used to determine
predictors of paranoia. The majority agreed that the
characters were neutral, or even thought they were
friendly. However, a substantial minority reported
paranoid concerns. Paranoia was strongly predicted
by anxiety, worry, perceptual anomalies and
cognitive inflexibility.

This is the most unambiguous demonstration of
paranoid ideation in the general public so far. Paranoia
can be understood in terms of cognitive factors. The
use of virtual reality should lead to rapid advances
in the understanding of paranoia.

Contributed by
Surg Capt VSSR Ryali
Senior Advisor (Psychiatry), INHS Asvini, Colaba,
Mumbai.
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LL Bergqvist, M Katz-Salamon, S Hertegård, KJ
S Anand and H Lagercrantz. Mode of delivery modu-
lates physiological and behavioral responses to
neonatal pain; Journal of Perinatology; advance
online publication 4 September 2008: 129

Normal vaginal delivery (VD) in humans involves
intense squeezing of the fetal head, with intermittent
pressure as high as 2 kg cm”2 for several hours.
This is supposed to alter pain expression in neonates.
This study was planned to see whether the mode of
delivery alters pain expression. Full-term infants born
by vaginal delivery or elective caesarean section
were observed following high- and low-intensity
pain stimuli, with recording of electrocardiogram,
facial expression and vocalization. Graded
physiological and behavioral responses occurred,
with greater responses to higher than lower intensity
pain stimuli. Elevation in heart rate following both
stimuli increased with time after vaginal delivery.
Infants delivered by elective caesarean section
showed stronger facial expressions and briefer time
in vocalizations response to both interventions. 

Diminished responses following vaginal delivery
suggest that physiological events associated with
a normal delivery reduce the physiologic and
sympathoadrenal activation by nociceptive
mechanisms. Pain and stress reactivity appear to be
inhibited during fetal life and sensory inputs during
vaginal delivery may reverse this inhibition. To
minimize neonatal pain, we recommend that postnatal
invasive procedures to be performed shortly after
vaginal birth.

Contributed by
Surg Cdr AI Ahmed
Classified Specialist (Psychiatry), INHS Asvini,
Colaba, Mumbai.

Michael King, Irwin Nazareth, Gus Levyet al. Preva-
lence of common mental disorders in general
practice attendees across Europe; The British Jour-
nal of Psychiatry (2008) 192: 362-367.

There is evidence that the prevalence of common
mental disorders varies across Europe. This study
aims to compare prevalence of common mental
disorders in general practice attendees in six
European countries. Unselected attendees to general
practices in the UK, Spain, Portugal, Slovenia,
Estonia and The Netherlands were assessed for
major depression, panic syndrome and other anxiety
syndrome. Prevalence of DSM–IV major depression,
other anxiety syndrome and panic syndrome was
compared between the UK and other countries after
taking account of differences in demographic factors
and practice consultation rates. Prevalence was
estimated in 2344 men and 4865 women. The highest
prevalence for all disorders occurred in the UK and
Spain, and lowest in Slovenia and The Netherlands.
Men aged 30–50 and women aged 18–30 had the
highest prevalence of major depression; men aged
40–60 had the highest prevalence of anxiety, and
men and women aged 40–50 had the highest
prevalence of panic syndrome. Demographic factors
accounted for the variance between the UK and
Spain but otherwise had little impact on the
significance of observed country differences.

These results add to the evidence for real
differences between European countries in
prevalence of psychological disorders and show that
the burden of care on general practitioners varies
markedly between countries.

Contributed by
Surg Cdr KK Mishra
Classified Specialist (Psychiatry), INHS Asvini,
Colaba, Mumbai.
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