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The further development of medical support for professional diving

David Elliott

SPUMS was in the forefront of those who established the
need for a regional registry of doctors who were competent
to decide on an individual’s fitness to dive. It was agreed
that this would include the names of only the medical
practitioners who had attended an approved course in diving
medicine. In contrast, the fitness of sport divers in much of the
world was determined by each recreational training agency.
For divers wishing to work in the North Sea, the medical
examination needed to be conducted by a doctor approved
by the government of that national sector. There was much
reciprocation between the European countries involved in
the North Sea for the approval of suitable doctors to follow
the various national standards and, because offshore divers
tend to follow contracts and the seasons around the world,
this recognition was also extended to some doctors outside
Europe. All went well until one erroneous overseas decision
demonstrated to the national lawyers that their government
had no powers of medical audit or investigation beyond their
own borders. As a result, in 2001, the Health and Safety
Executive in the United Kingdom removed doctors outside
of the UK from the designated list.

From this arose the need for international recognition
of fitness standards for working divers by the European
Diving Technology Committee (EDTC) and, jointly with the
European Committee of Hyperbaric Medicine (ECHM), of
the training required by examining doctors (at Level I) with
content for working divers audited by DMAC. Although the
style and frequency, and even some details about content,
of such medical examinations may vary internationally, the
principles are effective and so perhaps now it is only the
need for periodical refresher training for ‘approved’ doctors
that needs wider implementation.

The training of doctors to manage diving accidents and
illnesses is still evolving but common to both recreational
and working divers is the treatment of those admitted for
recompression by a land-based chamber (e.g., EDTC-
ECHM: Level II basic). After this beginning, the further
training separates into those with responsibilities for working
divers (Occupational, Level IIa) and those in clinical HBO
therapy (Hyperbaric Medicine, Level IIb). Many doctors
become dually qualified. The application of occupational
medicine to all working divers plus the use of different
equipment and procedures from those used in recreational
and technical diving, have led to continued developments
in training for doctors who need to be ‘on call’ for diving
companies and employed divers. In many countries, there
are no Level Ila courses, possibly because the naval and
academic course providers who cover the needs of military,
recreational and some occupational diving have neither the
hours nor the budget to expand them. All this lies behind
parts of the ‘Opinion’ section in this issue.

The DMAC ‘top-up’ course in Malaysia last December was

run with the support of the Asian Hyperbaric and Diving

Medical Association for the benefit of international doctors

well experienced in the management of recreational diving

accidents. For those readers who are not familiar with the
broad challenges of working dives, the following are some
of the topics covered by Level Ila courses:

e The multiplicity of different underwater tasks

e The need
to complete each specific task effectively
to follow agreed diving procedures
to dive how and when required to do so

e In-water control of the diver by a surface supervisor

e Line-management’s responsibilities for the diver’s
health and safety

* pO, limits in nitrox diving; on-line monitoring;
management strategies for seizures

e Surface decompression, its advantages and safety
constraints (e.g., hot-water suits)

e DCSis rare in commercial diving and PB/AGE almost
unknown. Nevertheless a requirement is for chamber
availability without delay (often on site)

e Fitness to return to all diving and associated duties after
illness, surgery or injury

*  Workplace assessments:
risk elimination, avoidance and control
acceptance of residual risk
maintenance of exposure and diving records
individual health surveillance after exposures to
specific hazards

e Long-term health effects (neurological, pulmonary,
NIHL, bone, etc)

e Assessment of exposure to hazards at depth:
Physical: noise, radiation, cold, differential
pressures, tools, electric fields
Biological: from leptospirosis to hippopotami
Chemical:

equipment, off-gassing, etc (e.g., caprolactam,
epichlorhydrin)

chamber atmosphere (solvents, ultrafine
welding particles, contaminant gases)
environmental sources (petrochemicals,
degraded muds, lead, H,S)

e Saturation compression rates and control of HPNS

e Atmosphere monitoring and control

e pO, limits for each phase of saturation and excursions

e Maximum duration of saturation dives, bell-runs and
in-water excursions

e Weight loss during saturation dives

e Saturation chamber hygiene (particularly Pseudomonas,
HIV)

e Physiological assessment of any new procedures and of
breathing equipment
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e In-water diver monitoring and need for continuous
communication

e Hot-water suits, control of thermal balance in deep
dives

e Monitoring and control of hyperbaric contaminants in
a welding habitat at depth

e Special management requirements for accidents and
illness in saturation

e Medical advice, to be given on-site or remotely, on the
management of complex diving or major emergencies
whether occurring on the surface, in-water and/or in
saturation (e.g., a lost bell on the seabed, hyperbaric
evacuation by HRYV, fire in control room)

* Recovery of an unconscious diver into the bell,
resuscitation while upright

e In-chamber medical intervention (e.g., traumatic
amputation, crushed chest management)

e Maintaining the skills of trained diver-medics

A more complete syllabus of training objectives, including
revision of Level I and Level II-basic, can be completed by
distance learning (e.g., at the University of Stellenbosch)
plus less than a week of simulated cases and appropriate
in-water training on location. The International Marine
Contractors Association (IMCA) recognises the relevance of
such training for doctors retained by its world-wide member
companies. Not many Level Ila doctors may be needed in
a region but the working divers and their employers within
it will depend on their competence.
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The Editor’s offering

Little has been published on the health and safety of chamber
attendants in the therapeutic hyperbaric field compared with
that of caisson workers and commercial divers. Exposure
pressures tend to be low (less than 304 kPa) and exposure
times short (less than two hours) in the vast majority of
‘dives’, although this is not true for treatments dealing with
severe decompression illness. Perhaps also, there is little
commercial imperative, and nurses come cheaply in the
salary pecking ranks.

Therefore, the two papers by Cooper and colleagues from
Hobart, Tasmania, are important contributions to our
occupational health knowledge in these hyperbaric workers.
In the first, decompression stress is meticulously assessed
using Doppler in 163 exposures to what is probably the
single most commonly used therapeutic regimen (with
minor variations, as they point out) internationally — the
243 kPa 90-120min table. They report that 90% of these
pressurizations were associated with low bubble counts — a
surrogate for a low level of risk for decompression sickness.
This, and a zero rate of decompression sickness in attendants
in more than 6,000 pressurisations over a 14-year period, are
very reassuring for the therapeutic hyperbaric community.
In the second, epidemiological report, documenting the
medical records and medical problems of 155 personnel

over the 14 years, only 0.41% of exposures were associated
with pressure-related medical problems. Almost all of these
were trivial in nature, and largely avoidable with an even
greater focus on safety than already employed in this safety-
conscious hyperbaric unit.

Extreme freediving is one of those sports about which
one shakes one’s head and wonders why people are so
crazy. Nevertheless, the rapid developments and increasing
popularity of competitive freediving challenge us to
understand better the pathophysiology of extreme breath-
hold. There are several laboratories currently focusing
interest on this area of environmental physiology, of which
Professor Schagatay’s unit in Sweden is one. Here, in the
first of two reviews, she discusses the physiology of extreme-
duration static apnoea and courageously predicts the future.
In a forthcoming issue, she will discuss ‘dynamic’ apnoea.

Michael Davis

The front-page photo was taken by Annelie Pompe, one of
the deepest diving females in the world, whilst freediving.
A freediver is followed to the surface by a safety diver at
the Blue Hole, Dahab, Egypt.
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Original articles

Hyperbaric chamber attendant safety |: Doppler analysis of
decompression stress in multiplace chamber attendants
P David Cooper, Corry Van den Broek, David R Smart, Ron Y Nishi and David Eastman

Key words
Decompression, decompression sickness, bubbles, Doppler, nursing, hyperbaric facilities, occupational health

Abstract

(Cooper PD, Van den Broek C, Smart DR, Nishi RY, Eastman D. Hyperbaric chamber attendant safety I: Doppler analysis
of decompression stress in multiplace chamber attendants. Diving and Hyperbaric Medicine. 2009;39(2):63-70.)
Introduction: Incidences of decompression sickness of 0.76% have been reported in hyperbaric attendants exposed to
routine 243 kPa treatment tables. Occupational health risks of this magnitude are not acceptable in routine clinical practice.
Significant variations in procedures are therefore found between institutions in an attempt to enhance staff safety. In extreme
cases, the use of multiplace chambers has been abandoned. Doppler ultrasound provides an objective tool to assess the
sub-clinical decompression stress associated with any particular exposure.

Aims: To assess the decompression stress imposed upon staff exposed to our routine 243 kPa table and to elucidate
demographic details within the attendant population that impact upon that stress.

Methods: Design: prospective observational cohort study. Profile: 243 kPa for 90 min with a 20 min decompression
on oxygen. Subjects: 28 nursing and medical personnel routinely undertaking patient care under hyperbaric conditions.
Procedure: Doppler assessment at 20 min intervals for up to 120 min post-exposure. Scoring: aural grading of intravascular
bubbles using the Kisman-Masurel (K-M) scoring system; 163 exposures were scrutinized in this manner.

Results: 68% of exposures resulted in ‘low’ (K-M Grades 0-1), 22% in ‘intermediate’ (Grade II) and 10% in ‘high’ sub-
clinical decompression stress (Grades III-IV). Female gender and increasing age, weight and exposure frequency showed
trends towards higher bubble grades. There were no cases of clinical decompression sickness.

Conclusions: Our standard 243 kPa table conforms to DCIEM definitions of ‘acceptable’ decompression stress (Grade 11
or fewer bubbles in >50% of the subjects). Significant inter- and intra-individual variability was evident even within this
one, tightly controlled dive profile.

Introduction

Hyperbaric oxygen therapy, when provided in a multiplace
chamber, involves the exposure of at least one attendant,
and a variable number of patients, to increased atmospheric
pressure. During treatment the multiplace chamber is
pressurized with air and patients breathe 100% oxygen
through tightly fitting oronasal ‘aviator-style’ masks or free-
flow oxygen hoods. At the Royal Hobart Hospital (RHH),
attendants breathe air throughout the time at pressure then,
from the start of decompression, breathe 100% oxygen. The
243 kPa (14 metres’ sea water depth, 2.4 ATA) treatment

table currently in use was first implemented in January 1997
at RHH and accounts for the majority of attendant exposures
to pressure at our facility (Figure 1). It provides strict control
of depth and bottom time, with decompression time based
on triple the DCIEM air-diving schedule requirement, to
minimise the risk of clinical decompression sickness (DCS)
in our attendants.! Rates of DCS up to 0.76% have been
reported in hyperbaric attendants exposed to routine 243
kPa treatment tables.>® In today’s occupational health and
safety climate it is not acceptable to expose staff members,
potentially thousands of times in a career, to health risks of
this magnitude.

Figure 1. Royal Hobart Hospital 243 kPa treatment table (RHH 14:90:20)
White = attendant on air. Grey = attendant on oxygen. Patient air-breaks marked to indicate periods of
increased attendant activity in-chamber

5-7 25 5 25

5 25 5 20

101 [~

P (kPa)

2431

90 110

t (min)



64

Important demographic differences may exist between the
hyperbaric attendant population (predominantly female,
30-50 years of age, hospital-based nurses, variable fitness,
seated for much of the treatment) and the population against
whom the safety of commonly used decompression tables is
typically validated: predominantly male, 2040 years of age,
fitness-conscious military or emergency services personnel,
either exercising during ‘wet-chamber’ dives or recumbent
during ‘dry-chamber’ dives, and all self-selected volunteers.*
Accurate assessment of the occupational health risk posed to
in-chamber attendants working at hospital-based hyperbaric
facilities is, therefore, difficult.

Any exposure to compressed air carries with it the risk
of tissue and intra-vascular nitrogen bubble formation
on decompression. Theoretically, when these bubbles
exceed certain thresholds (e.g., number or bubble radius)
the probability of clinical DCS rises sharply.>®* Doppler
ultrasound is a technique that has been extensively used and
refined by organizations such as Defence R&D Canada —
Toronto (DRDC Toronto, formerly the Defence and Civil
Institute of Environmental Medicine, DCIEM) and Duke
University, USA, to assess the decompression stress of new
dive profiles and validate the safety of existing empirical or
theoretically-derived decompression tables.>* Gas bubbles
in the circulatory system occur more frequently than does
symptomatic DCS, can be detected even in known ‘safe’
dive profiles and are able to be graded by readily available
Doppler technology.”® The detection of bubbles in this
way therefore provides more detailed information about the
decompression stress associated with a given dive profile
than does the binary outcome of ‘DCS versus no DCS’ 314

Various publications on DCS-related staff health risks have
kept the issue of “How safe is ‘safe’?” topical in the minds of
personnel and institutions alike.'>'7 In January 2001 it was
therefore decided to attempt to quantify the decompression-
related risks associated with the RHH standard 243 kPa
table; despite 1,570 attendant exposures up to that time
without a case of clinical DCS.

Aims

Primary endpoint: To assess, using Doppler ultrasound, the
extent and significance of decompression stress experienced
by attendants routinely exposed to the standard RHH 243 kPa
treatment table; and compare these results with established
DCIEM tolerances for decompression stress.

Secondary endpoint: To evaluate the demographic
variation within the hyperbaric attendant population and its
relationship to decompression stress.

Methods
STUDY DESIGN

A prospective, observational, cohort study was conducted
using Doppler ultrasound to assess sub-clinical decompression
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stress over 44 months (April 2001 to November 2004). This
project was approved by the Research Ethics Committee of
the RHH Research Foundation and the Human Research
Ethics Committee at DRDC Toronto, Canada.

SUBJECTS

The Royal Hobart Hospital is the major university teaching
hospital and tertiary referral centre for the State of Tasmania,
Australia. The RHH hyperbaric unit accepts approximately
120 new referrals and performs some 2,000 patient
treatments annually. All RHH nursing and medical personnel
working in the hyperbaric environment during the study
period were invited to participate. Personnel undergoing
hyperbaric exposure were all medically certified fit-to-dive
in accordance with the appropriate Australian Standard in
force at the time. Personnel under the age of 40 years are re-
certified biennially, and those 40 years and older annually.

There were no exclusion criteria as this was an observational
study undertaken on personnel in the performance of their
normal duties. Participation was voluntary and informed
consent was gained from all participants. Baseline
demographic data were collected for all eligible personnel,
irrespective of whether they participated in the Doppler
study. These data included age, sex, height, weight and
calculated body mass index (BMI), and the frequency with
which they underwent hyperbaric exposure.

HYPERBARIC PROCEDURES

All exposures took place in the RHH multiplace chamber
(Hydro Electric Commission, Hobart, Tasmania, 1993). The
established RHH 243 kPa table was adhered to throughout
the study. The attendant was active around the chamber
at the beginning of the isobaric phase and for three five-
minute periods during the course of the dive whilst the
patients received their air-breaks (assisting the patients
donning and removing their face masks or oxygen hoods).
For the remainder of the time the attendant was seated and
relatively inactive unless a problem arose with a patient. The
compression phase was generally 5-7 minutes, but could
extend to a maximum of 12 minutes if a patient encountered
difficulties (usually with middle-ear equalization). In the
unlikely event of bottom time exceeding 110 minutes — but
being less than 120 minutes — a five-minute decompression
stop was mandated at 9 metres, otherwise a linear
decompression over 20 minutes was performed.

Personnel were routinely restricted to a maximum of four
hyperbaric exposures per week, with no more than three days
of consecutive pressure exposure. Additionally, because of
Hobart’s mountainous terrain (highest habitation 550 m,
routine attendant travel to >600 m, sealed roads to 1,250 m),
attendants living >300 metres above sea level were required
to remain at sea level for at least four hours before travelling
home. In practice, these personnel were rostered for the
morning treatment, allowing off-gassing in the afternoon. A
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minimum 18-hour break was required between hyperbaric
exposures to ensure attendants had returned to DCIEM
repetitive factor 1.0 (i.e., no residual nitrogen load) prior
to their next dive.'

DATA COLLECTION

Attendant Doppler sampling was undertaken according
to the techniques described by Eatock and Nishi.!® One
Australian author (CVdB) travelled to Canada prior to the
study to receive training in Doppler monitoring at DCIEM.
All measurements were performed by this individual, or
under his direct supervision. Recordings were undertaken
using a 2.5MHz continuous-wave Doppler ultrasound
device (TSI DBM 9008, Techno Scientific Inc., Ontario,
Canada) with a precordial Doppler array probe (TSI-DPA7).
Doppler recordings were taken over the precordium and each
subclavian vein at 20-minute intervals for up to two hours
from the start of decompression (or until any bubbles detected
had peaked and clearly started to decline) and recorded onto
magnetic audio cassettes. The first recording was performed
immediately after the attendant exited the chamber. Each
20-minute recording included the following:
e precordium, at rest — 60 seconds
e precordium, three squats — 30 sec after each
e subclavian veins, at rest — 30 sec
e subclavian veins, three hand clenches — 15 sec after
each.
Subclavian measurements were performed bilaterally.
A standard questionnaire was completed pre- and post-
exposure on days of Doppler scanning. Personnel were also
required to report any symptoms arising within 24 hours
post-exposure.

DATA ANALYSIS

Doppler recordings were graded aurally using the
methodology described by Kisman and Masurel (K-M
code).®” This consists of a three-part assessment that
analyzes (i) frequency, (ii) either percentage [at rest] or
duration [following movement] and (iii) amplitude of
detected bubbles, to yield a single bubble grade (0-1V).
K-M Grades 0-1 may be considered to indicate ‘low’, Grade
IT ‘intermediate’ and Grades III-IV ‘high’ sub-clinical
decompression stress. It was decided in advance that our
243 kPa table would be deemed ‘safe’ if it complied with
DCIEM-defined limits of acceptability (Grade II or fewer
bubbles in 50% or more of the subjects), or in need of
revision if it fell outside these limits.

Aural scoring is known to be observer-dependent; therefore
all Doppler recordings were graded by the single author
who had undergone DCIEM training. A random sample of
10% of recordings was scored independently at DCIEM and
the results compared. No grading discrepancies between
observers occurred in this sample.
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Bubble grades were treated as categorical data for statistical
analysis. The highest K-M bubble grade following each
hyperbaric exposure was tabulated for statistical comparison.
Analysis was completed using GraphPad Prism® version 4.03
for Windows (GraphPad Software, San Diego, California,
USA, 2005). Given the relatively small numbers in this
study, bubble grades were dichotomized into ‘acceptable’
(Grades O-II) versus ‘unacceptable’ (Grades III-IV) and
demographic variables similarly dichotomized to facilitate
subsequent statistical analysis. The thresholds for division
of each demographic variable were as follows: Age < or >
40 years (age when institutional policy mandates change
from biennial to annual medical examination), BMI < or >
25.5 (underweight/normal versus overweight/obese), and sex
(male versus female). The resulting 2 x 2 contingency tables
were subjected to Fisher’s exact test. All tests were two-tailed
and P < 0.05 was considered statistically significant.

Results

Fifty personnel underwent 1,887 attendant exposures to our
14:90:20 profile between April 2001 and November 2004. Of
these, 28 (56%) participated in the Doppler research. These
28 individuals contributed the vast majority of personnel
exposures to pressure, performing 1,743 (92%) of the dives.
Of these 1,743 exposures, 163 were subject to Doppler
analysis (9.4%). Baseline demographic data revealed that
the study participants and non-participants were comparable
in all respects other than frequency of hyperbaric exposure
(Table 1). The reasons for non-participation were invariably
logistic (personnel with other commitments following
completion of exposure).

Two sub-groups of participants were compared based upon
work patterns: regular (multiple exposures per week) versus
casual personnel (less than two exposures per week). No
significant demographic differences were found between
these groups, except for hyperbaric exposure frequency

Table 1
Demographic data (participants versus
non-participants)

Variable Participants Non-Participants P-value
(n=28) (n=22)
Age (yrs)
Mean (SD) 37.2(7.7) 35.6 (5.3) 0.43
Sex; n (%)
Male 9 (32 7 (32) 1.00
Female 19 (68) 15 (68)
BMI ( kg.m?)
Mean (SD) 25.0 (2.8) 24.3 (4.3) 0.51
No. dives in study period
Range 1-416 1-22
Mean (SD) 62 (103) 6 5) 0.015

Total (%) 1743 (92.4) 144 (7.6)
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Table 2
Demographic data of participants
(casual versus regular attendants)

Variable Casual Regular  P-value
(n=23) (n=5)
Age (yrs)
Mean (SD) 36.8(7.2) 39.0 (7.7) 0.57
Sex; n (%)
Male 8 (34.8) 1 (20.0) 1.00
Female 15 (65.2) 4 (80.0)
BMI (kg.m?)
Mean (SD) 25.2(1.5) 23.9 (2.2) 0.50
No. dives during study period
Range 1-98 37416
Dopplered 1-8 15-26
Mean (SD) 28 (27) 219 (172) <0.0001
Dopplered 2 (1) 21 (5) <0.0001
Total (%) 648 (37.2) 1095 (62.8)
Dopplered; n (%) 57 (35.0) 106 (65.0)

Table 3
Individual attendants’ bubble grades;
BMI - body mass index

Age Sex BMI Monitored Bubble range

yI$ kg.m? dives (n) Median Mode Range
Regular attendants
1 42-46 F 225 26 11 I O-II
2 32-35 F 238 25 I I O-1I
18 25-27 F 205 17 (0] O O-1
21 41 M 26.5 15 (0] O O-II
23 47-50 F 264 23 11 o I-11
Casual attendants
3 28-30 M 225 2 o1 O/ O-1
4 34-35 M 26.1 4 I I I-111
5 41-42 M 275 3 I I O-I1
6 44 F 236 4 11 o I-11
7 25 F 202 1 (0] O O
8 28 F 262 1 11 o 1
9 44-46 F 252 8 I O O-I1I
10 23 F 228 2 (0] O O
11 31 M 21.1 1 (0] O O
12 36 F 337 1 (0] O O
13 35 F 228 2 (0] O O
14 31-32 F 25.1 5 (0] O O
15 37-38 F 233 2 o1 O/ O-1
16 31 M 19.0 2 (0] O O
17 35 F 323 3 (0] O O-1
19 30-31 M 20.7 2 (0] O O
20 52-53 F 242 3 I I O-I1
22 37 F 256 2 (0] O O
24 52 F 287 1 11 o 1
25 42 M 31.0 1 11 o 1
26 33 M 30.2 3 I I O-1
27 38-39 F 284 2 o1 O/ O-1
28 41 F 203 2 O/IV  O/1V O-1V
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Table 4
Relationship of bubble grade to demographic variables

Variable Grade O-I1I Grade III-IV ~ P-value
Age (yrs)
20-39 76 1 0.0004
40-54 71 15
Sex
Male 31 2 0.53
Female 116 14
BMI (kg.m?)
<25.5 93 9 0.59
>25.5 54 7
Exposure
Casual 53 4 0.58
Regular 94 12
Table 5
Times to onset and peak bubble grades
Onset Onset P-value
(precordial at rest) (all sites/states)
Number (%) 50 (31) 98 (60)
Mean (SD) 41 (17) 29 (13) <0.0001
Range (min) 18-80 18-95
Peak Peak P-Value
(precordial at rest) (all sites/states)
Number (%) 50 (31) 98 (60)
Mean (SD) 54 (17) 51 (18) 0.21
Range 18-74 20-95

(Table 2). Individual attendants’ bubble grades are presented
in Table 3. The relationships between bubble grades and
demographic variables are shown in Table 4. No cases of
clinical DCS were identified following any of the 1,887
attendant exposures to this profile during the study period.

Bubbles were first detectable in the circulation an average
of 29 minutes post-decompression and peak grades were
achieved at around the 50-minute mark. There was a
significant delay in onset time of detectable bubbles if
only the precordial readings taken at rest were considered.
The times to onset (non-zero) and peak bubble grades
encountered in our cohort are shown in Table 5.

K-M bubble grades of II or less were encountered in 147
(90%) of the exposures studied when data from all sites/
states (i.e., subclavian or precordial, at rest or following
movement) were included, with 68% of exposures resulting
in ‘low’, 22% in ‘intermediate’ and 10% in ‘high’ sub-
clinical decompression stress (Figure 2). These figures
changed to 94%, 5% and 1% respectively when only the
precordial readings taken at rest were considered — with 161
dives (99%) now having a K-M bubble grade of II or less
(Figure 3). These results were within the DCIEM-defined
limits of acceptability.
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Figure 2
Distribution of maximum bubble grades
(all sites and states)
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Distribution of bubble grades (precordial at rest)
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Increasing age, BMI, female gender and frequency of
hyperbaric exposure were all associated with a trend
towards higher bubble grades (Figure 4). However, only the
relationship between bubble grade and age reached statistical
significance in this cohort (Table 4).

Similarly, a considerable degree of intra-individual
variability became evident as sample numbers on individual
attendants increased. Higher bubble grades than usual for a
given individual were encountered following injury, illness
or exertion; unfortunately the small numbers involved
precluded meaningful statistical analysis. Three individual
cases may illustrate this point.

CASE A

Attendant 21 (41-year-old male — studied on 15 occasions)
scored Grade 0 bubbles on the first 11 occasions. Following
a gym-related groin strain he scored Grade II-III bubbles for
more than three weeks post-event without further recognized
injury (four further sets of Doppler recordings). His injury
remained symptomatic throughout this time. This individual
stopped working as an attendant because of this unusual and
prolonged elevation in bubble grades and subsequently left
the service. Follow-up data are not available.
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Figure 4
Relationship of bubble grade to demographic variables
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CASE B

Attendant 1 (female aged 42-46 years — studied on 26
occasions) sustained multiple musculoskeletal injuries
playing netball during the course of the study — including a
fractured finger, bilateral ankle sprains, hamstring injuries
and numerous contusions. Elevated bubble grades were
apparent when pre- and post-injury results were compared.
These injuries occurred with such frequency that her true
‘baseline’ (totally uninjured) level of bubbling was difficult to
establish. The majority of bubbles post-injury were detected
coming from the affected limb (precordial for lower limb,
precordial plus subclavian on affected side for upper limb
injuries) with a smaller but more generalized elevation in
bubble grades apparent in readings from uninjured limbs.

CASE C

The only Grade IV bubbles in this study occurred on the
first occasion that Doppler was performed on Attendant 28
(41-year-old female — studied twice). Review of her pre-
exposure questionnaire revealed chronic neck/back pain,
a ‘slight cold’ (but able to equalize middle-ear pressures
easily) and performance of 40 minutes of moderately
strenuous gym exercise prior to the hyperbaric exposure.
Follow-up Doppler 18 hours later gave Grade O bubbles.
After her next hyperbaric exposure six days later, she had a
Grade 0 bubble score. Within the next week she discovered
that she was pregnant and ceased work at the chamber.
The chronic neck/back ache and upper respiratory tract
symptoms remained unchanged throughout.

Smaller fluctuations around an individual’s mode were
also seen, often not obviously associated with any specific
identifiable event but appearing to reflect a ‘normal’ day-
to-day variation.

Discussion

The maintenance of a safe working environment in hyperbaric
medicine is of paramount importance to employers and
employees worldwide. Most attention has been paid to the
incidence of decompression sickness (DCS), and a ten-
fold variation in incidence rates (0.076%—-0.76%) has been
reported from various hyperbaric units.>*® No episodes of
clinical DCS occurred in over 4,000 exposures to our 243
kPa treatment table during the first fourteen years of chamber
operations (January 1992 to December 2005), (95% C10.00,
0.09% incidence of DCS).2! Nearly 10% of the hyperbaric
exposures during the study period were subjected to Doppler
analysis and demonstrated a bubble grade distribution within
DCIEM ‘safe’ decompression recommendations (Grade II
or fewer bubbles in 50% or more of the subjects).

Despite the increasing complexity of techniques used to
model dive profiles, to date no theoretical model has been
able to offer more than an approximation to the profound
physiological subtleties encountered in real life. Hence,
the need to develop experimental and investigational
techniques to complement the modelling processes has
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long been recognized.***!® No ‘gold standard’ test is yet
available, however, that can be said unequivocally to measure
decompression stress throughout the body.

Of the techniques developed so far, Doppler detection of
intra-vascular bubbles has arguably the greatest utility
and most extensive evidence base.*** The technology is
relatively inexpensive, portable, robust and readily available
and the skills necessary for standardized data acquisition are
easily learned. Bubble detection provides significantly more
information about the relative severity of a given exposure
than does the simple incidence of clinical DCS. Despite these
advantages, Doppler is not without its critics and certain
limitations to the technique must be acknowledged.

e Itis time consuming and labour intensive.

e Itdetects moving bubbles within the vascular tree only,
which may not be representative of events in other
tissues.

e Dataanalysis is dependent upon aural grading, requires
more training to perform reproducibly than does simple
data acquisition and is still potentially subject to inter-
observer variability.

e The data collected are only semi-quantitative — with
a non-linear correlation between grades assigned and
bubble size or number.

e Bubble grades are ranked (non-parametric) data and
the intervals between the ranks cannot be assumed to
be uniform.

e The relationship between bubble grade and risk of DCS
is non-linear and dependent on, amongst other things,
gas mix breathed (e.g., Heliox versus air).®

e Intermittent data acquisition raises the possibility of
missing the highest bubble grade.

The issues of where and when to obtain Doppler data post-
exposure also remain open to debate. Some authorities
contend that, since the final common pathway for venous
bubbles is the right heart, precordial readings alone should
be adequate. However, the difference noted between our
all-sites readings and precordial readings alone of 60%
versus 47% suggest a considerable reduction in sensitivity if
this approach is adopted, possibly because of the increased
complexity of identifying and classifying bubbles in the
high-noise environment of the precordium.>’#

A further potential confounding variable also exists. The
administration of oxygen during decompression may, by
preferentially enhancing denitrogenation of the fast tissues,
introduce a lead-time bias into the evolution of maximum
bubble grades.”® This delay in onset and time to peak may
cause Doppler sampling to be ceased prematurely and with
a false sense of security. Given the relatively short time to
onset of Doppler-detectable bubbles encountered in this
group (Table 5), and our policy of ensuring that sampling
was continued for two hours or until any bubbles detected
had peaked and clearly started to decline, we believe this
risk to be minimized.
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If these limitations are understood and accepted, then
the Doppler detection of intra-vascular bubbles remains
a useful tool in the assessment of sub-clinical degrees of
decompression stress. To date, no other technology has
demonstrated superiority over Doppler in the evaluation of
decompression stress.

This was a single-centre study designed primarily to
assess the safety of one, highly conservative, hyperbaric
exposure profile. This end was achieved and a number
of demographic variables were identified as predisposing
attendants to increased sub-clinical decompression stress.
Of these variables, in this series, older age appears to
be the most important criterion to differentiate between
individuals’ decompression risks. Within a given attendant,
injury, illness and peri-exposure exertion also appear to
increase decompression stress. A generalized increase in
bubble grade (i.e., not just arising from the affected limb)
supports the presence of both systemic and local effects
in the increased predisposition to bubble formation seen
post-injury. The difference between Grade IV and Grade 0
bubbles in Attendant 28 appears due to her vigorous pre-dive
physical work-out — although hormonal changes over this
six-day period of very early pregnancy (i.e., surrounding
blastocyst implantation) may have contributed.

The main limitation of this study was the percentage
(56%) of eligible attendants studied. Despite the fact that
these participants performed 92% of the dives on this table
during the study period, a larger cohort undergoing Doppler
monitoring would have enhanced the strength of the study.
No attendant actually declined to participate in the study,
but other duties frequently prevented casual personnel
from remaining in the unit for the requisite two hours post-
exposure. Likewise, other demands on technical personnel
prevented more exposures being captured with Doppler.

Conclusions

This is the largest Doppler series of a single hyperbaric
profile yet published and, we believe, demonstrates that
maintenance of a safe workplace for in-chamber attendants
does not pose an insurmountable problem. Our institutional
policies and procedures appear to provide an acceptably safe
working environment and will therefore remain unchanged.
Differences between decompression strategies are likely to
be the reason for our improved outcomes when compared
with previously published series. More research and larger
numbers will be needed to resolve issues such as optimal
retirement age from in-chamber duties, appropriate stand-
down times following injury and restrictions on pre- and
post-dive exercise.
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News item

Explosion in Florida monoplace chamber

On Friday 1 May 2009, at the Ocean Hyperbaric Neurologic
Center in Lauderdale-by-the-Sea, Florida, a free-standing
facility established by the late Dr Richard Neubauer, an
explosion and fire occurred. Initial reports indicate a failure
of one of the Vickers clam-shell monoplace chambers,
leading to a flash fire. A 61-year-old woman and her four-
year-old grandson in the chamber at the time were both
critically injured including severe burns, from which the
grandmother has subsequently died. No other injuries
occurred from the blast, and there is no apparent damage to
the exterior of the building.

The facility operated both Sechrist front-loading and Vickers
clam-shell monoplace chambers. The cause of the explosion
and origin of the ensuing fire are currently unknown, and it
is too early to report any further details. This is the first fire
or explosion-related injury reported anywhere in the United
States in either a monoplace or multiplace therapeutic facility
during several decades of hyperbaric use.
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Hyperbaric chamber attendant safety Il: 14-year health review of
multiplace chamber attendants
P David Cooper, Corry Van den Broek, David R Smart
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Abstract

(Cooper PD, Van den Broek C, Smart DR. Hyperbaric chamber attendant safety II: 14-year staff health review of multiplace
chamber attendants. Diving and Hyperbaric Medicine. 2009;39(2):71-6.)

Introduction: The multiplace hyperbaric chamber provides a unique working environment for health-care personnel. The
major foci of concern regarding staff health under these conditions have tended to be decompression sickness (DCS) and
barotrauma. Incidences of DCS as high as 1.3% have been reported in hyperbaric attendants exposed to routine treatment
tables. Occupational health risks of this magnitude are not acceptable in routine clinical practice. Significant variations in
procedures exist between institutions in an attempt to enhance staff safety. In extreme cases the use of multiplace chambers
has been abandoned.

Aim: To determine the actual incidence of work-related health issues amongst attendants at a full-time clinical hyperbaric
unit.

Methods: Design: retrospective staff health survey. Facility: university teaching hospital. Subjects: 155 medical, nursing
and technical staff routinely exposed to hyperbaric conditions.

Results: There were no cases of DCS encountered in 6,062 attendant exposures, across all hyperbaric profiles, during this
14-year period (95% CI 0, 0.06%). Twenty-eight work-related injuries occurred during this time (0.46%), of which 25

(0.41%) were hyperbaric-specific.

Conclusion: A multiplace hyperbaric chamber can be viewed as a relatively safe working environment.

Introduction

The multiplace hyperbaric chamber provides a unique
working environment for health-care personnel. The exposure
of attendant staff to environmental conditions of increased
ambient pressure and various inhaled gas mixtures during the
performance of their duties is unmatched elsewhere in the
health-care industry. Traditionally the most prominent focus
of concern regarding staff health under these conditions
has been decompression sickness (DCS), with barotrauma
coming a distant second. Rates of DCS up to 0.76% have
been reported in hyperbaric attendants exposed to routine
243 kPa (14 metres’ of sea water (msw), 2.4 ATA) treatment
tables, with higher rates reported for deeper tables.!~* This
level of injury is not acceptable in today’s workplace and
significant variation in procedures, therefore, may be found
between institutions in an attempt to enhance staff safety. As
an example, within Australian and New Zealand hyperbaric
units, bottom times for 243 kPa hyperbaric treatment tables,
vary from 90 to 105 minutes and decompression times from
10 to 30 minutes; with both linear and staged decompression
profiles being used (Figure 1).

The 243 kPa treatment table currently in use at the
Royal Hobart Hospital (RHH) was first implemented in
January 1997. Conservative decompression procedures
were empirically chosen to ensure more than triple the
recommended DCIEM Air Diving Tables’ decompression
time.* Oxygen breathing by the attendants was added for
the duration of the decompression phase as an additional
aid to nitrogen off-gassing. Doppler ultrasound evaluation

of attendants exposed to this institution-specific table has
demonstrated low levels of decompression stress.” With a
zero incidence of clinical DCS and low levels of sub-clinical
decompression stress evident from that study, we decided to
review other health issues potentially attributable to working
in the hyperbaric environment.

Aim

To determine the incidence and severity of work-related
health issues amongst personnel exposed to increased
pressure at a full-time clinical hyperbaric unit.

Methods
STUDY DESIGN

A comprehensive review of the on-site medical records
of all hyperbaric attendants to have worked in this facility
since the year prior to its commissioning (together,
where appropriate, with individual interviews and cross-
referencing against other sources of medical information)
was performed. These records covered a 14-year period from
January 1992 to December 2005. The chamber dive-log
and computer database (in which the hyperbaric technical
officers independently record any variances to standard
pathways) were also searched for evidence of incidents that
might not have resulted in an entry in the medical records.
The project was approved by the relevant institutional ethics
committee.
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SUBJECTS

The records of all nursing, technical and medical staff
working in the hyperbaric environment at RHH during
the study period were reviewed. There were no exclusion
criteria. Staff members undergoing hyperbaric exposure
were all medically certified fit-to-dive in accordance with
the appropriate Australian Standard in force at the time. Staff
under the age of 40 years are re-certified biennially and those
40 years and over are re-certified annually. These obligatory
medical examinations are performed in-house by hyperbaric
physicians and the records retained on-site indefinitely. It is
departmental policy for all general health-related issues to
be reported and included in this record, together with any
symptoms arising within 24 hours of hyperbaric exposure.

Baseline demographic data were collected for all eligible
staff. These data included age, sex, height, weight and
calculated body mass index (BMI), and the frequency with
which they underwent hyperbaric exposure (Table 1).

HYPERBARIC PROCEDURES

All exposures took place in the RHH multiplace chamber
(Hydro Electric Commission, Hobart, Tasmania, 1993)
— a 28-cubic metre, double-lock, cylindrical facility with
a maximum operating pressure of 608 kPa. Established
treatment tables (e.g., the ‘RHH 14:90:20°, Royal Navy
treatment table 62 (RN 62) / US Navy treatment table 6
(USN 6), ‘Comex 30’, etc) accounted for the majority of
hyperbaric exposures. Any non-standard exposure profiles
(e.g., for training purposes) were conducted in accordance
with DCIEM Air Diving Tables.* Oxygen (O,) was used
by attendants for the duration of all decompressions. If a
patient required extensions on RN 62/USN 6, the attendant’s
O, breathing was extended to include the duration of the
patient’s final O, period at 182 kPa (i.e., the attendant
received 90 minutes on O,).

Personnel were routinely restricted to a maximum of four
hyperbaric exposures per week, with no more than three
consecutive days of pressure exposure. For most treatment
tables a minimum 18-hour break was required between
hyperbaric exposures to ensure attendants had returned
to DCIEM repetitive factor 1.0 (i.e., no residual nitrogen
load) prior to their next dive.* Following longer or deeper
tables (e.g., RN 62/USN 6, Comex 30) this was extended
to 48 hours.

Flying was forbidden for 24 hours after the attendant’s
last hyperbaric exposure. Additionally because of Hobart’s
mountainous terrain (highest habitation 550 m, routine
attendant travel to >600 m, sealed roads to 1,250 m),
attendants living >300 metres above sea level were required
to remain at sea level for a minimum of four hours before
travelling home. In practice, these staff were rostered for the
morning treatment, allowing off-gassing in the afternoon.
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Figure 1
Australasian 243 kPa (14 msw) chamber attendant
tables — valid at November 2008
White = attendant on air. Grey = attendant on oxygen;
patient air-breaks marked to indicate periods of
increased chamber attendant activity in-chamber
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Results

A total of 155 nursing, medical and technical staff underwent
6,062 hyperbaric exposures during 5,821 chamber
pressurizations between January 1992 and December 2005.
Medical records were available for 142 (92%) of these
individuals. The chamber was under pressure for 10,895
hours during this time. Hyperbaric exposure profiles are
summarized in Table 2.
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There were no recorded cases of DCS amongst the chamber
attendants over this 14-year period (95% CI 0.00, 0.06%
incidence of DCS).

Review of the medical and technical records during this
period revealed 28 potentially work-related health incidents
(0.46%), of which 25 (0.41%) were hyperbaric-specific
(Table 3). The most common complaints were of a minor
ENT nature, with fifteen (1 in 400 compressions) minor
to moderate middle-ear barotrauma episodes involving
eighteen ears (nine Teed-Edmonds Grade O, five Grade
I and four Grade II), one external ear barotrauma related
to a plug of cerumen and three episodes of sinus squeeze
on descent. One episode of sinus squeeze and eleven of
middle-ear barotrauma were associated with recent upper
respiratory tract infections (URTI). Five of these episodes
of middle-ear barotrauma resulted in the attendant aborting
the dive during pressurization (at 110-200 kPa).

Three episodes of odontalgia and one of obvious dental
barotrauma (all associated with old dental work) occurred.
Restorative dental work was paid for by the hyperbaric
unit in the case of obvious dental barotrauma, with the
attendant self-funding extensive simultaneous dental work
on neighbouring carious teeth. One individual with recurrent
gastrointestinal bloating following routine hyperbaric
exposures (sometimes associated with vomiting or explosive
diarrhoea after exiting the chamber) retired from in-chamber
service when it became apparent that her tendency to air-
swallow could not be overcome.

One attendant failed to divulge in her pre-employment
medical examination that she had previously been diagnosed
with ‘benign fasciculation syndrome’ after seeking
investigation for multiple sclerosis from a neurologist.
She reported symptom exacerbation (fatigue and increased
fasciculations in her back and arms) lasting up to 24 hours
post-dive; symptoms becoming continuous if she dived
twice or more per week. A clear temporal relationship was
established between symptom deterioration and hyperbaric
exposure and, when her background medical condition was
clarified, she was stood down from hyperbaric work and
declared unfit for recreational diving.

Several workplace medical problems unrelated to hyperbaric

exposure occurred.

e A trainee nurse attendant who put her foot through
an open access panel in the floor during mopping-up
operations following an in-chamber fire drill sustained
a soft-tissue neck injury and a spiral fracture of the
right fibula.

e A technician whose hand slipped whilst working on a
valve/pipeline stabbed himself in the left first web-space
with a screwdriver (no neurovascular damage).

* A nurse developed right neck/trapezius pain and
tenderness after attending to a patient’s dressing in an
awkward position (outside chamber, no dives for >48
hours prior to injury).
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Table 1
Demographic data for 155 chamber attendants
exposed to pressure January 1992 to December 2005

Variable Female Male Combined

Number (%) 108 (70) 47 (30) 155 (100)

Age, yrs 36.0(8.5) 35.8(7.1) 359(8.1)
Mean (SD)

BMI, kg.m 23.5(3.1) 26.0(3.5) 24.4(3.3)
Mean (SD)

Exposures during study period

Range 1-601 1-107 1-601
Mean (SD) 64 (117) 19 (38) 47 (95)

Total 5,153 909 6,062

% 85 15 100

Table 2

Hyperbaric chamber runs 1992 to 2005
msw — metres’ sea water depth
T pressure (msw):time at pressure (min):
decompression time (min)
I binomial 95% confidence intervals for
actual zero incidence of DCS

Treatment tables Number DCS 95% ClIi%
Comex 30 1

30 msw (misc.) 4

RN 62/USN 6 169 0.00, 2.16
RN 61/USN 5 8 0.00, 36.94
‘18:60:30’F 561 0.00, 0.66
18 msw (misc.) 39

>14<18 msw (misc.) 1

‘14:90:20°F 4,079 0.00, 0.09
‘14:60:15’F (obsolete) 815 0.00, 0.45
>10<14 msw (misc.) 81

10 msw (misc.) 45

<10 msw (misc.) 18

Total 5,821 0.00, 0.06

One individual passed his initial pre-employment dive
medical but encountered difficulties with recurrent sinus pain
during training, with three training dives being aborted. No
symptoms or signs other than pain (fully reversed on return
to surface) were encountered. He discontinued training as
a hyperbaric attendant.

Three instances of pre-existing acute illness (not work-
related) were recorded as impacting on chamber operations.
One attendant reported for work following a febrile illness
the previous night (not disclosed prior to pressurization)
and had to be replaced during a patient treatment when she
spiked a fever at depth. Another attendant was replaced
during a treatment when discomfort from an ocular foreign
body acquired on the way to work became intolerable. One
episode of non-hyperbaric-related middle-ear barotrauma
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Table 3
Work-related hyperbaric personnel injuries
from January 1992 to December 2005
URTT - upper respiratory tract infection

Condition Number Associated
with URTI
Decompression sickness 0
Gas toxicity incidents 0
Barotrauma
Inner ear 0
Middle ear (15 episodes, 3 bilateral)
Grade O 9 3
Grade I 5 5
Grade I1 4 3
Grade IIT 0
Grade IV/V 0
External ear 1
Sinus 3 1
Dental/Odontalgia 4
Gastrointestinal 1
Worsening of pre-existing
neurological condition 1

Unrelated to hyperbaric exposure 3

Total 31 (28 episodes)

was noted in a nurse who reported for work with a URTT and
remained outside the chamber but was subsequently unable
to return home to >500 metres above sea level (hospital at
sea level) at the end of the day. Review following her attempt
to get home demonstrated bilateral Grade III middle-ear
barotrauma. She was obliged to stay with friends at sea
level for several days before being physically able to return
to her own home.

Four individuals failed their pre-employment dive
medicals; one for severe hypertension, two for profound
unilateral sensorineural deafness and one for mild bilateral
sensorineural deafness combined with difficulty equalizing
middle-ear pressures during the attendant training course.

In summary, during a 14-year period, 18,124 patient
treatments were performed, requiring 6,062 attendant
exposures in a multiplace chamber. No cases of DCS
occurred (95% CI 0.00, 0.06%). The incidence of work-
related staff health problems was 28 per 6,062 exposures
(0.46%), with 25 per 6,062 (0.41%) being pressure-related,
the vast majority of which were of a minor or trivial nature.
No hyperbaric-specific injuries resulted in formal injury
compensation claims, though restorative dental work was
paid for in one case of obvious dental barotrauma.

Discussion

Workplace injuries pose a major concern to the healthcare
industry. Registered nurses in Australia are reported to
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have an incidence rate of compensated injuries of 14.34 per
million hours worked.® Given that it is widely acknowledged
that over half of the injuries or illnesses sustained by this
group at work are not reported, and only a small proportion
of those reported result in compensation, the true incidence
of workplace injury is likely to be considerably higher.®
It is against this backdrop that the risks of employment
as a multiplace hyperbaric chamber attendant must be
measured.

Registered nurses constitute the majority of in-chamber
attendant exposures to hyperbaric conditions (98.4% in
this series). In its general (i.e., non-hyperbaric) duties this
professional group is second only to truck drivers and
manual labourers in its incidence of musculoskeletal injuries
resulting in lost work days.” These injuries primarily involve
the back and are generally related to the manual handling
of patients. Low back problems are reported to have a
point prevalence of 17%, an annual incidence of 40-50%
and a lifetime incidence of 35-80% amongst nurses.!°
In our study, this type of injury was not encountered as
a result of work within the hyperbaric environment. The
traditional concern regarding DCS risk within the hyperbaric
community means that personnel maintain a high index of
suspicion for musculoskeletal symptoms and are obliged to
report any such symptoms arising during their employment
with us.

DCS, although potentially serious if it occurs, is an injury
the incidence of which can be reduced to acceptable
(near-zero) levels by the adoption of suitably conservative
decompression strategies and the addition of O, breathing.
Published data for USN 6 quotes a 6.2% probability of
DCS in attendants, rising to 11.1% if the table is extended
at 284 kPa, if the attendant breathes air throughout.!! These
rates are halved if the attendant breathes oxygen for the
30-minute decompression to the surface, and diminished to
nearly zero if the attendant’s O -breathing time is extended
to coincide with the patient’s final 60-minute oxygen period
at 182 kPa.

A ten-fold variation in the incidence of DCS in chamber
attendants has been reported to date. Dunford reported a
0.31% incidence in 8,424 hyperbaric exposures over 14 years
and Dietz a 0.076% incidence in 25,164 exposures over 23
years.'>!* Both of these authors report a correlation between
increasing pressure and DCS incidence. Klossner described
a 1.3% DCS incidence over 232 exposures on a 284 kPa
table derived from Finnish amateur diving tables.? The risk
of DCS was reduced to 0.14% over the next 713 exposures
by a combination of reducing the treatment pressure to 253
kPa, extending decompression times and adding oxygen
breathing by the attendant both during decompression and
for 10 minutes at the start of the table.

The highest incidence of DCS reported on a 240 kPa table
(100-minute isobaric phase, seven-minute decompression)
is 0.76%. Those authors attempted to reduce this incidence
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by modification of their attendants’ breathing gases.!?
Unfortunately they were unable to establish a procedure
that met institutional acceptance criteria.> Using DCIEM
tables, their profile would have required a five-minute
decompression stop at 3 msw gauge pressure and their
routine seven-minute linear decompression from 240
kPa may not have been adequate to compensate for this.
The University Hospital to which they were affiliated
subsequently discontinued elective hyperbaric treatments
in the multiplace chamber to eliminate the inherent risk to
their staff. This contrasts strongly with the zero incidence of
clinical DCS in our study. Had these reported DCS incidence
rates held true for our table, 46—-60 cases of clinical DCS
would have occurred during our first 14 years of operation
and the three most prolific regular attendants (with between
369 and 601 dives each) could have expected to be ‘bent’
three to six times each. This was fortunately not the case.

With no DCS amongst our chamber attendants, our focus
turned to other staff health concerns. Minor ENT barotrauma
was the most common hyperbaric-specific injury evident
in this study. If injuries unrelated to pressurization (e.g.,
incurred during patient dressings, equipment maintenance
and cleaning) are discounted, what proportion of the
remaining hyperbaric-specific injuries was potentially
preventable? Grade 0 middle-ear barotrauma (symptoms
but no signs) may be legitimately thought of as a warning
of impending harm rather than an injury per se. If Grade 0
middle-ear barotrauma, together with the situation where
an individual deliberately withheld pertinent medical
information at the time of employment (a pre-existing
neurological condition), were excluded, we were left with
18 barotraumatic injuries (1 per 337 exposures) — half of
which occurred in conjunction with a recent URTI. Existing
unit guidelines require attendants not to dive following
URTT until free movement of their tympanic membranes
is verified by the duty doctor. More rigorous enforcement
of these guidelines may therefore reduce this problem.
Likewise the incidence of odontalgia or dental barotrauma
may be amenable to modification by insisting on regular
dental review for all personnel.

This leaves a 0.08% incidence (5 per 6,062) of potentially
non-preventable hyperbaric-specific events: one episode of
unilateral Grade II middle-ear barotrauma (in an experienced
attendant); two episodes of sinus pain, not associated with
obvious recent URTT; one episode of external ear barotrauma
associated with unsuspected cerumen plugging; and one
idiosyncratic case of gastrointestinal bloating due to air
swallowing, not amenable to remediation. A multiplace
hyperbaric chamber can, therefore, be viewed as a potentially
safe working environment, especially when compared to
the known incidence of back injury associated with general
ward nursing duties.

Although the respective merits and disadvantages of
multiplace versus monoplace facilities have caused
considerable debate — with strong proponents for both views
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— it is our opinion that there will always be some patients
for whom the immediate, hands-on attendance of a trained
nurse (+/- a physician) will be mandatory. If these patients
are not to be disadvantaged by either being denied access
to HBOT or subject to it under conditions which separate
them from immediate direct contact with the staff caring for
them, then multiplace chambers (and the associated exposure
of attendants to pressure) will remain a necessary part of
hyperbaric medicine. Likewise, if multiplace chambers
remain in service at any level, it would seem obligatory
to ensure that personnel exposed to this environment are
sufficiently comfortable and proficient at functioning in-
chamber that there is no reduction in the response time to
potential crises. We believe that regular exposure to this
environment during routine treatments plays an essential
role in the maintenance of a safe workplace.

Conclusion

This 14-year review of multiplace hyperbaric attendant
health demonstrates that maintenance of a safe workplace
for in-chamber attendants does not pose a serious
problem. Conservative decompression strategies on our
most frequently used (institution-specific) 243 kPa table
and routine use of oxygen are likely to account for our
low DCS risk when compared with previously published
series. Minor degrees of ENT barotrauma were the most
commonly encountered hyperbaric-specific injury. Overall
injury rates compare favourably with those encountered
by the nursing profession in other areas of practice. Our
institutional policies and procedures appear to provide an
acceptably safe working environment and therefore, will
remain unchanged.
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