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THE RCN WELCOME LETTER

While the diving industry has settled down after a
few turbulent years, we are seeing interesting
changes in terms of diver treatment centers. More
and more hyperbaric chambers are opening up in
previously underserved regions. Many of these
have a focus on hyperbaric medicine, but most
are still prepared to treat injured divers.

In general, this is a very good trend, as
performing regular HBO treatments makes the
facility far more economically sustainable, and
also ensures that staff remain employed and
retain their skills for longer.

Sadly, the continuation of 24/7 hyperbaric facilities
in the USA is not following the same trend, and
these are disappearing at a rate of more than 10
facilities a year. This is very challenging for divers
here, as well as us at DAN, as generally injured
divers are sent for recompression treatments
much later in the day when facilities are close for
the day.

We have to be grateful, however, that many
chambers in busy but more remote or newer
regions are prepared to remain available at all
hours.

The Caribbean diving regions are busy, and
several of the facilities have been modernized and
new chambers installed. DAN has been engaging
with these facilities to assist with training, as well
as safety and technical issues.

Something of possible interest to you is that we
currently have 1,139 operational chambers in our

database, located in 108 countries around the
world. So, you have many colleagues out there,
often facing the same challenges as you do.

An exciting new region for us as the RCN team,
and in which we have been very active since
September 2022, is Indonesia. We have added
many new facilities to the chamber database,
and Dr Nochetto and I actually visited 9 different
chambers during an extensive fact-finding trip.

In 2023 we attended the Asian Diving and
Hyperbaric Medicine (AHDMA) annual scientific
meeting in Malaysia, where there was an
excellent turn-out and where we met many
hyperbaric center staff from all over the region.
In August we hosted the first Academy of Diving
Medicine in Bali, Indonesia. Again, the turn-out
was fantastic, and our network is growing fast.

This edition contains a raft of interesting case
studies for you to read about and consider for
yourselves where such symptoms may present.
As we frequently get asked questions about
emergency action plans, we have included a few
examples for you to review. You do get your
usual dose of technical matters to digest too.

Enjoy reading your newsletter, and as always,
we ask for you to share your thoughts and ideas
with us, or send us questions that you believe
could be of interest to other facilities. You can
email us directly at rcn@dan.org.

- Francois Burman, PE, MSC and the DAN
RCN Team
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Navigating the
Challenges of DCS: A
Case Study in
Recreational Scuba
Diving Safety

DR. EDUARDO VINHAES

Recreational scuba diving is a very safe activity
when basic safety and control procedures are
followed. Even when carefully and attentively
following all procedures, however, there is a
possibility, that the diver will present with some
postdive signs and symptoms that may be difficult
for most physicians to interpret. Because
knowledge of diving medicine is still not part of most
medical training around the world, situations can
arise that will be real medical challenges in terms of
diagnosis and treatment.

Furthermore, even when decompression sickness
is strongly suspected, hyperbaric treatment is not
always readily available. We present below a real
case in which these factors were evident.

A 40-year-old female recreational diver was on
vacation, performing an average of two daily dives,
using air and nitrox, to a maximum depth of 115
feet. In the first two days of diving everything went
normally. On the third day, however, after
completing the second dive of the day, the diver
began to complain of abdominal pain. Initially she
believed the pain was due to menstrual cramps,
and it lessened in intensity after she took an
analgesic and a short nap.

Following this apparent improvement, the diver
decided to do a third dive that day, with air, to 75
feet deep. However, shortly after leaving the water
after this dive, which she performed without any
problems, she again felt the pain that now started in

her back and spread to her abdomen and one of
her legs. Still on the boat, she began to also
experience nausea, vomiting, and loss of sensation
in her lower limbs. She was promptly assisted by
the diving team, receiving supplemental oxygen
during the entire return trip. Upon arrival on shore,
she was referred to an emergency medical service.
As she was in a well-developed city with over a
good hospital.

Despite the available facilities, however, the
emergency physicians were not aware of
decompression sickness, and considering that the
main complaint was pain in the abdomen, they
initially suspected an abdominal medical problem.
Even with the report of the dives performed, they
practically ignored the possibility of there being a
problem due to decompression. Keeping the
patient under observation, they requested that a
computed tomography (CT) of the abdomen be
performed, an image exam frequently used in
cases of abdominal emergencies. Although the
equipment was readily available, CT can take a
little time to be performed and evaluated.

While waiting for the result of the tomography, the
diver began to complain of dizziness and also
started to present a decrease in her blood
pressure. She was transferred to an intensive care
unit. When they saw the results of the abdominal
tomography, the emergency physicians were
surprised by signs of gaseous content in lower
abdominal veins and even inside the liver. With this
result they finally began to consider the possibility
of decompression sickness.

At this point, the emergency service doctors began
to look for a hyperbaric service that could attend to
the diver despite the fact that it was late. After all,
they were in a big city and knew that there was a
local hyperbaric service that could receive and treat
this patient. What they didn't know, however, was
that the hyperbaric service was not immediately
available because the hyperbaric physician in
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charge of the unit was out of town on a trip to
resolve a family issue and could only assess and
treat this patient the following morning.

After almost 12 hours waiting in the intensive care
unit and receiving intravenous fluids to maintain
blood pressure within normal values, the diver was
finally referred to the hyperbaric service where she
received recompression treatment. Undergoing two
days of hyperbaric treatment, the diver ended up
recovering and was discharged from the hospital
on the third day of hospitalization.

Cases like this can occur even in places where
there is a good medical structure. The diagnosis of
decompression sickness, which must be carried
out with a good clinical evaluation, and which
usually does not require imaging exams, can be a
significant medical challenge. Most physicians,
including those in emergency departments, have
never seen a case of decompression sickness, and
even in well-developed medical centres there is no
guarantee that it will be quickly identified and
treated. In addition, the local presence of a
hyperbaric medical service, generally intended for
the treatment of other diseases that can be treated
with  hyperbaric oxygen therapy, does not
guarantee that the treatment of cases of
decompression illness will be carried out quickly
and effectively.

Surely this case could have been attended to more
quickly if there had been better communication
between the doctors, the emergency room, and the
hyperbaric service, but this communication is not
always straightforward. And precisely to bridge this
communication gap, the DAN Emergency Hotline is
always available. Not only can we advise, via the
DAN hotline, what an injured diver should do
initially in the event of suspected decompression
illness, but we also often discuss the case with

physicians who in an emergency medical
department are faced with patients like this — real
challenges to diagnose and treat.

In the case of suspected decompression illness, in

addition to initial care (normobaric oxygen,
hydration, etc.) often the best option is to refer the
injured diver for evaluation at an emergency
medical service and not directly to a hyperbaric
chamber. Although most of these doctors have
never come into contact with a case of
decompression sickness, even in an emergency
medical service with few resources there is always
a doctor, oxygen, fluids for intravenous hydration,
and a telephone. And experience with these sorts
of situations shows that being in contact with DAN
diving medical experts through this phone, the
emergency physician will feel much safer to assist
the patient with more effective medical procedures.
In addition, the referral of the injured diver to the
hyperbaric service may also be faster and safer,
since the DAN Emergency Hotline staff will be able
to inform the hyperbaric doctor in advance about
the situation that is occurring. All of this can make
the hyperbaric treatment more effective, preparing
the hyperbaric unit to receive the case, which is
fundamental for a good recovery of the injured
diver.

To be prepared in the event of a suspected diving
accident, always have an emergency plan in
advance. It should at least include the care that
must be taken while still at the dive site, a
reference emergency medical service to receive
the diver, and the number of the DAN Emergency
Hotline, by which DAN staff will be able to direct
the case to a hyperbaric physician and guide the
emergency physician with up-to-date and clear
information about how to act in these cases,
resulting in faster, safer, and more effective
medical care.
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CAW Vestibular
Bends Case

DR. IAN MILLAR

A 26-year-old tunnel worker was engaged in
“compressed air work,” which required him to work
shifts of 3-4 hours under pressure in support of
tunnel boring operations to construct a new main
sewer pipe system. The sewer path ran below the
water table such that pressures in the tunnel boring
machines needed to be in the 2.0 bar range to
keep water and mud from flooding the machines.
This required tunnel workers to be periodically
compressed in the front face area of the machine
to perform maintenance and repairs on the cutter
head at pressures equivalent to a depth of 20
metres in sea water. Decompression was
undertaken in the tunnel boring machine’s
personnel lock, with oxygen breathing in
accordance with the applicable schedule of the
French MT92 tunnelling decompression tables.

This type of compressed air work nearly always
involves significant “decompression diving,” and
workers normally spend a “bends watch” period of
1-2 hours on the construction site after finishing
decompression and prior to departing home
following a compressed air work shift. Hot showers
were available on site, and workers would usually
take a shower during their bends watch. The
thinking was that this would trigger early
recognition of mild joint pain symptoms if
decompression illness was to occur, thus enabling
early treatment in the tunnel project's on-site
recompression chamber.

On this occasion, the worker had completed an
evening shift at around 11:00 p.m. Although he
normally showered on site, he was planning to join
friends for social activities and therefore left early,
drove home, and took a hot shower there before

changing clothes and travelling to an inner-city
nightclub.

While standing outdoors in the nightclub entry
gueue, he experienced a sudden onset of severe
vertigo, making him collapse onto his hands and
knees and vomit onto the street. While such
behaviour normally elicits no sympathy from others
in night club queues, a friend who knew he had not
been drinking alcohol or taking drugs called
emergency services, and paramedics attended
promptly. Their routine patient survey discovered a
“hyperbaric tunnel worker” bracelet on the worker’'s
wrist. He was therefore urgently transported to the
nearby hospital-based hyperbaric facility where a
diagnosis of acute vestibular decompression illness
was made, with treatment provided using the U.S.
Navy Table 6 schedule. This was fortunately
successful, giving rapid relief of symptoms, and the
patient had made a complete recovery by the
following day.

Inner ear decompression illness does not always
respond well to treatment, with very early treatment
providing the best chance of a good response. In
this case, recompression was initiated in less than
an hour after symptom onset.

Identification of hyperbaric exposure as a potential
cause of acute disability is as critical for divers as
for other hyperbaric workers who might become
incapacitated by decompression illness. The
traditional tunnel workers’ “dog tags” or medic alert
bracelets have historically worked well and were
critical to the good outcome in this case. For divers,
especially for those undertaking deep or mixed-gas
dives with significant decompression stress, it is
worth considering an extension of the principle of
buddies looking after each other during the first few
hours after surfacing. This is certainly preferable to
risking incapacitation when alone or in a crowded
place where others may be unaware that one has
been diving.
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Is this Decompression
Sickness? Case
Studies on Repetitive
Diving

DR. MATIAS NOCHETTO

The dives

A diver did a series of four dives on a small tropical
island 230 nautical miles from the mainland. Dive
exposures were as follows:

Morning dives
# 1: 20m (66 fsw) for 35 minutes on air
# 2:16m (52 fsw) for 60 minutes on air

Afternoon dives

# 3: 57m (187 fsw) for 20 minutes on air +
deco on EAN 50

# 4:12m (40 fsw) for 60 minutes on air

Manifestations

About one-hour post dive, the diver manifested
shoulder pain with a subjective intensity of 5/10.
Within an hour of symptom onset, the diver self-
treated with surface-level oxygen via demand
valve. With marginal improvement of symptoms
after four hours of oxygen, he decided to seek
medical evaluation at the local clinic.

Medical evaluation

The island is equipped with a small clinic staffed by
a doctor and a nurse. The clinic houses a recently
refurbished recompression chamber, but due to
longstanding  administrative and  operational
shortcomings, the chamber had never been
operational. The doctor has no training in diving
medicine but is a dive instructor himself.
Acknowledging his limitations, he called DAN for
consultation with his patient. This was not the first
time this doctor called the DAN hotline for
consultation, so he presented this case in a very
organized fashion.

The diver is a 32-year-old male instructor who
declares no past medical history of relevance;
average-sized and appearing reasonably fit. All
dives were uneventful. The first two dives were
planned and part of his regular daily dives guiding
tourists. His afternoon dives were unplanned; he
volunteered to guide a deep wreck that sits at 62
meters. Upon examination the diver manifests a
5/10 right shoulder pain that does not change with
motion and has no history of recent or previous
trauma. Pain is dull, persistent, and deep. No skin
discoloration, and no abnormal neurological findings
other than a history of some mild tinging in a patchy
area on his forearm that resolved during self-
administered oxygen. At present time (six hours
after surfacing, and five from symptom onset) the
patient presents no other abnormalities.

The doctor is seeking advice on best course of
action, as the closest chamber is on the mainland,
and treatment cannot be guaranteed until next
morning at best.

The dilemma

Decompression sickness (DCS) is a clinical
diagnosis. The exercise consists of trying to
establish a plausible cause and effect relation
between a somewhat provocative dive exposure
and signs and symptoms compatible with DCS.
Once all other diagnoses have been ruled out, one
could assume the case is probably due to a
decompression insult, and if it responds to treatment
as expected, it probably was due to a
decompression insult. This is as close as we ever
get to a definitive diagnosis.

Upon discussing the case with the local doctor, the
DAN representative agreed this was probably
decompression sickness. Unfortunately, the diver
was not a DAN member, so DAN could not cover
the costs of an emergency medical evacuation, and
the diver did not have the financial means to afford
one.
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General wisdom recommends timely and efficient
treatment for all decompression insults. The risk of
delayed treatment resulting in permanent disability
or poor long-term outcomes persists today.
However, in 2005 DAN and the UHMS (Undersea
and Hyperbaric Medical Society) convened a
workshop intended to establish the best course of
action to deal with mild or marginal decompression
illness in remote locations. The proceedings of this
fantastic workshop were published and can be
found here [insert reference and hyperlink]. The
workshop resulted in a series of five final
consensus statements:

The first statement intended to define what
constitutes “mild” symptoms of the bends.

Consensus Statement 1
With respect to decompression illness (DCI), the
workshop defines "mild" symptoms and signs as
follows:

. limb pain 1,2

. constitutional symptoms

«  some cutaneous sensory changes 3

. rash
where these manifestations are static or remitting

4,5 and associated objective neurological
dysfunction has been excluded by medical
examination.
Footnotes

« The workshop agrees that severity of pain has
little prognostic significance but acknowledges
that severity of pain may influence
management decisions independent of the
classification of pain as a "mild" symptom.

« Classical girdle pain syndromes are suggestive
of spinal involvement and do not fall under the
classification of "limb pain."

« The intent of "some cutaneous sensory
changes" is to embrace subjective cutaneous
sensory phenomena such as paraesthesiae
that are present in patchy or non-dermatomal
distributions suggestive of non-spinal, non-

specific, and benign processes. Subjective
sensory changes in clear dermatomal
distributions or in certain characteristic patterns
such as in both feet, may predict evolution of
spinal symptoms and should not be considered
"mild."

« The proclamation of "mild" cannot be made
where symptoms are progressive.

« If the presentation initially qualifies as mild and
then begins to progress, it is no longer
classified as "mild" (see also Footnote 5).

« The possibility of delayed progression is
recognized, such that the "mild" designation
must be repeatedly reviewed over at least the
first 24 hours following diving or the most recent
decompression, the latter applying if there has
been an ascent to altitude. Management plans
should include provisions for such progression.

The second statement focused on the prognosis of
untreated mild symptoms.

Consensus Statement 2

The workshop accepts that untreated mild
symptoms and signs 1 due to DCI are unlikely to
progress after 24 hours from the end of diving.2

Footnote
« Mild symptoms and signs are strictly limited to
those defined in Statement 1 and its footnotes.
« This statement does not hold where there is a
further decompression, such as further diving or
ascent to altitude, in the presence of mild
symptoms.

The third statement intended to cover the prognosis
of these cases upon treatment delays.

Consensus Statement 3

Level B epidemiological' evidence indicates that a
delay prior to recompression for a patient with mild
DCI is unlikely to be associated with any worsening
of long-term outcome.
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Footnotes

« Levels of evidence in American Family
Physician [Internet]. [Leawood (KS)]: American
Academy of Family Physicians; 2004 [Cited
2004 Dec 6]. Available at:
http://www.aafp.org/x17444 . xml

« "Mild DCI" is limited to those presentations
exhibiting only "mild symptoms and signs"
strictly as defined in Statement 1 and footnotes.

The fourth statement focused on treating these
cases when recompression is not an option.

Consensus Statement 4

The workshop acknowledges that some patients
with mild symptoms and signs after diving 1 can be
treated adequately without recompression. For
those with DCI, recovery may be slower in the
absence of recompression.

Footnote

« The non-specific reference to "mild symptoms
and signs after diving" is intentional. It reflects
the fact that the manifestations may or may not
be the consequence of DCI. The statement
suggests that even if they are the result of DCI,
full recovery is anticipated irrespective of the
use of recompression although resolution may
take longer. Importantly, "mild symptoms and
signs" are strictly limited to those defined in
Statement 1 and footnotes. Where symptoms
and signs fall outside the spectrum of
manifestations herein defined as "mild,"
standard management and therapy is indicated.

The fifth and final statement was regarding air
evacuation of these untreated cases.

Consensus Statement 5

The workshop acknowledges that some divers with
mild symptoms or signs 1 after diving may be
evacuated by commercial airliner to obtain
treatment after a surface interval of at least 24
hours, and this is unlikely to be associated with
worsening of outcome.2,3,4.

Footnotes

« "Mild symptoms and signs" are strictly as
defined in Statement 1 and footnotes.

« It should be noted that most favorable
experience with commercial airliner
evacuations comes from short haul flights of
between 1 and 2 hours duration. There is much
less experience with longer flights.

- It was agreed that provision of oxygen in as
high an inspired fraction as possible is optimal
practice for such evacuations. In addition, the
risk of such evacuation will be reduced by pre-
flight oxygen breathing.

« It was emphasized that contact must be
established with a receiving unit at the
commercial flight destination before the
evacuation is initiated.

The dilemma about the best course of action for
this case was then resolved with the help of these
practical statements.

Recommendations

Professional medical evaluation revealed we were
indeed facing a case that fit the description of mild
DCI. As noted on the fifth footnote of the first
statement, one has to recognize that six hours of
evolution was still a short time to make any
definitive determination. The recommendation was
then to continue with high FiO2 and serial
neurological examination to ensure the symptoms
remained static or remitting. The history of a patchy
area of numbness on the diver's forearm was not
deemed concerning, as it had already been
resolved at the time of evaluation, and it did not
seem to follow a dermatomal distribution.

Conclusion

This case illustrates how it is important to focus on
the diver’s clinical examination and not overreact in
a given case by judging the aggressiveness of the
dive exposure. Diagnosing a decompression insult
without a thorough anamnesis becomes a guess.
We treat signs and symptoms, not dive exposures.
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DAN'’s 6 tenets of diagnosis
1. Chief complaint
o Often subjective, imprecise; must be
interpreted through interrogation

2. Time of symptom onset
o The sooner the symptom onset, the worse
prognosis for DCI
o The longer the delay, the lower the
likelihood of DCS; and/or the less serious
3. Dive exposure
o Often unreliable (unless dive computer data
provided)
o More valuable on extremes; to rule it out on 3
the very shallow, or to still consider it on the Ma“é gemﬂ.“t
very aggressive . -
4. Evolution of symptoms ut Mlld or Mﬂlglﬂﬂl
o Remitting or static vs. progressing | DEnumprSSiﬂ“ I““ESS
5. Neurological status i“ REII'II]'tE lﬂﬂﬂtiﬂﬂs

o Not always available unless the diver seeks
medical evaluation

o Unarguably the most valuable and readily
available clinical exam

o Exceptional value when gauging evolution
and treatment efficacy

6. Source of information

o Professional  medical evaluation s
paramount. Regardless of any dive
medicine training, DAN is happy to assist Management of Mild or Marginal DCI in Remote Locations
the local medical professionals evaluating a
symptomatic diver.
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In-Chamber Medical
Emergencies: Oxygen
Toxicity During
Treatment

SHERYL SHEA RN, CHT

Here are three different scenarios of interest. The
first is a 34-year-old male scuba diver who is being
treated for DCS becomes suddenly irritable about
having to be in the chamber. A few minutes later,
he develops a twitch in his right forearm, and a few
seconds after that, he develops a full-blown
seizure. The second is a female diver who
suddenly complains of nausea and feels as if she
will vomit during her hyperbaric oxygen treatment,
then a few seconds later, she begins to convulse.
The third is a 47-year-old ex-Navy diver being
treated in the chamber for a CAGE, has a
generalized tonic-clonic seizure during the last hour
of treatment. All were being treated with an initial
USN TT6. In each case, the chamber staff had
been trained in managing oxygen toxicity, reacted
appropriately, and the patients had no injuries or
lasting adverse effects.

Central nervous system (CNS) oxygen toxicity may
develop on any oxygen treatment table. With
repeated USN TT6, especially with extensions,
pulmonary oxygen toxicity may also develop.
Unlike chamber emergencies such as fire and
cardiac arrest, which are rare, oxygen toxicity can
occur with greater frequency. Every recompression
chamber should establish emergency procedures
for oxygen toxicity and include them in staff
training, so that the involved staff know what to do
to ensure the situation is managed appropriately.
Chamber attendants must be alert for early
symptoms of CNS oxygen toxicity. Once the
symptoms present, they usually progress rapidly,
possibly even before the attendant has time to
react. Unfortunately, oxygen toxicity seizure may
also occur without noticeable early warning signs. It
iS not always as obvious as it seems, especially if

the patient already had symptoms such as nausea,
dizziness or apprehension at the beginning of their
treatment.

Symptoms can be remembered by using the
mnemonic VENTID-C:

V — Vision — blurry, tunnel vision

E — Ears — tinnitus - ringing in the ears), auditory
hallucinations

N — Nausea

T — Twitching/Tingling — especially of lips and
face, but can occur anywhere

| — Irritability, restlessness, apprehension

D — Dizziness or vertigo

C — Convulsion

At the first sign of CNS Oxygen Toxicity, the patient
should be removed from oxygen and allowed to
breathe chamber air. 15 min after all symptoms
have subsided, oxygen breathing may be resumed.
For USN TT5,6,and 6A, the treatment is resumed
at the point of interruption. With seizures, the
chamber attendant must protect the patient from
physical injury. Repetitive, convulsive movements
against a metal edge can result in significant soft
tissue injuries if not prevented. Inserting an airway
device or bite block is not recommended while the
patient is convulsing. It is difficult and may cause
harm if attempted.

If symptoms of CNS Oxygen Toxicity develop
again, or if the first symptom is a convulsion, the
patient should be removed from oxygen again and
allowed to breathe chamber air. After all symptoms
have completely subsided, decompress 10 feet at a
rate of 1 foot/minute. With a convulsion, begin
decompression when when the patient is fully
relaxed and breathing normally. Then resume
oxygen breathing at the point of interruption.

If another oxygen toxicity symptom occurs after
ascending 10 feet, contact the diving medical
officer to recommend further modification to the
treatment table.
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The risk of CNS oxygen toxicity is much less likely
at shallower depths and lower oxygen partial
pressures, and physical activity increases the risk
of CNS oxygen toxicity. Patients with severe CNS
injuries may be prone to seizures and possibly
more sensitive to CNS oxygen toxicity. Patients
with an unknown or undisclosed history of seizures
may be more prone to oxygen toxicity seizures, as
are febrile and dehydrated patients, or those who
take CNS stimulants such as amphetamines.

Pulmonary oxygen toxicity can develop in those
utilizing elevated levels of oxygen diving, receiving
surface oxygen and then HBOT especially with
repeated USN TT5, 6 or 6A, extensions. The
prolonged exposure to oxygen may result in end-
inspiratory discomfort, progressing to sub-sternal
burning or severe pain on inspiration. If a patient in
the chamber develops substernal burning, dry,
hacking cough, chest tightness or dyspnea, bring
this immediately to the attention of the attending
diving medical officer. If significant neurological
deficit remains and improvement is continuing, or if
the patient deteriorates off oxygen, the diving
medical officer may make the decision to continue
oxygen breathing as long as considered beneficial,
or until pain limits inspiration. If oxygen breathing
must be continued beyond the period of substernal
burning, the diving medical officer may decide to
extend air breaks to 10 minutes or , elect to provide
lower treatment oxygen partial pressures or even
tailor the treatment table to suit individual response
to treatment.

In the examples above, the first patient was unable
to tolerate further oxygen in spite of modifications
to the treatment table, and the treatment was
aborted. The second had no further oxygen toxicity
symptoms after the treatment table was modified.
The third patient turned out to have an undisclosed
seizure history and was advised to discontinue
diving.

Chamber medical emergencies which can be
related to convulsions occurring during HBOT
include lung barotrauma that can include
pneumothorax. All chambers should have written

procedures for these, and other medical and operational
emergencies. The staff should be trained in them, have
scheduled periodic reviews or refresher training.

Mausen

Twitching

irrltabllity

Dizziness

Convulsion

Photo Credit: Shearwater Research
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Emergency Action
Plans (EAPs)

FRANCOIS BURMAN, PE, MSC

It is perhaps risky to share emergency action plans
(EAPs) with others in case they are tempted to
assume that they will work in their own environment
or that they have all the necessary skills, training,
and equipment.

However, the core steps in most emergencies will
be similar.

In Newsletter Number 3, issued in March 2020, we
discussed the essential attributes of effective
EAPs. Since then, DAN published a fillable form
that provides a solid basis for drafting plans or, at
the very least, provides sufficient prompts to the
hyperbaric team.

This form is on our website and can be freely
accessed here.

In addition, those of you who have taken DAN'’s
online Recompression Chamber Course (available
for free upon request) have access to the full range
of EAPs for both technical and medical
emergencies, contained in tables in the Chamber
Operator and Chamber Tender manuals.

To illustrate a few different emergency situations,
we have included these as drafted for specific
facilities. You are welcome to use these for
guidance, but we strongly encourage you to follow
the process yourselves and to customize plans to
suit your facility. Most important is that your team is
competent to follow your plans.

You may also need to consider additional training
and equipment.

The following diagrams cover some typical
emergency situations encountered at facilities we
have assisted or that we drafted EAPs for at
facilities we have worked with in the past.

To review what we discussed in Newsletter #3,
here is a full list of potentially expected emergency
situations:

Chamber emergencies:

« Loss of primary air and/or oxygen supply — see
example provided

« Loss of backup air and/or oxygen supply — see
examples (combined with above)

« Contamination of air or oxygen — see example
provided

« Rapid increase or
pressure

« Fire inside or outside the chamber — see
example of smoke in the room

« Fire inside or outside of the compressor or gas
storage facilities

» Loss of electrical power

« Failure of any chamber systems (lighting,
communications, etc.)

« Activation of deluge system (either accidental
or intentional)

« Abandonment,
chamber

- External threats (weather, unrest, crime)

decrease in chamber

being trapped inside the

Patient or attendant medical situations:

« Oxygen toxicity — see example provided

« Arrhythmias, cardiac arrest (& defibrillation)

« Pneumothorax

« Barotrauma (middle ears, sinuses, teeth, lungs,
intestinal)

« Emergency myringotomy

« Arterial gas embolism

« Respiratory distress or bronchospasm

« Suspected hypoglycemia

« Vomiting

« Loss of consciousness

« Claustrophobia

« Uncooperative or aggressive patient

If you are looking for specific guidance, please read
the chamber operator and attendant manuals in the
recompression chamber course, and then feel free
to contact us and share your drafted plans.
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Examples of Emergency Action Plans

FRANCOIS BURMAN, PE, MSC

EAP: Contamination of gas

Accident/incident

(®] Contamination of gas

Ceocupants o BIBS

Locabe Source

e B

. Shut off all pressurizaton vahses

. ASSESS occupants for any symploms
Ri-assess on surlacing
. Went all contarmnated ar Supplies

Clean system as needed

Physician:
Diperations cenber:
ERY response team
EMS:

Fire brigade:
Police/securnity:
D - hotline
Insurance:

Legal Advisor,

1. Evacuate ococupants o hospital
2. Monitor other eccupanis for symploms
3. Retain air for forensic analysis

Drate created EAP ref. no
| stapr2e | | panearia |

¥
g R L Monsor
B ncy? Situatan \
Yau
DI, E—
= Terminate BIBS devices
Ireatmdan E }
100 e e
123 Emergency
au [~ coMacts
811
811 T
811
+1 919-684-9111 ’\i—l
Resolved? Ve o Belurniresume
¥
""1 Advanced medical care ] 1
v Follow-up: post incident
Resalved
1 Reparidocumentalion (=]
Complete forms
Update detaits O
Follow-up: Post incident Assess plan effectiveness
investigation/analyss *| Prevention plan
Traing
Resiockireplace O
Cher

Aur quality test cerificale
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EAP: Loss of oxygen

1. Gccupants off BIBS

2. Chesch reguiated oxygen pressune
3. Swatch orver bank ar

4. Altach another cyfinder

5. Pabent on BIBS

6. Adjust reatment time

7. Continue treatment

Phasician: 104

Opsrations cenmler 143
ERMresponse leam; a8ii

EMS; a11

Fire: brigade: g11
Policelsacurity: 0 |

Patient Admin; +1 919-684-9111
Insurance:

Legal advisor:

1. Call physician for advice, could be:
a, Long air table (AGE), or
b, Termanate treabment
2. Monitor patient for symploms
3. Assess attendant exposure, Monios
4. Occupants on surface oxygen,
5. Determine nearast HBO facility, or
6. Send to advanced care facility

- -[_Dn-gning BMMEanpeEncy 1

Follow-up: Post-incident
investigation/anahy s

— =

Accid Date crealed EAP ref. no.
| s1apr2a | | oanesris |
(X Loss of oxygen
T
Eiergeiciy? i ||-| Response |
ez
—
| Activate / _ .
- Bk Ilr Back-up ha.nhl'l.'.g.-'l-lnder/
E—
= Emergency
contacts
I._"
Resohed? s | REturniresume
]
Y L

‘ Follow-up. post-incideni

Repon/documentacion
Camplete Torms

Update detaits

Azsess plan effectiveness
Prévéntion plan

Training

Resiockireplace

Other

O®

O80E0

Consider back-up supphy
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EAP: Smoke in the room

1. Inform ocoupanis (Script)

2. B1art rapid decomprasson

3. Don smoke hood

4_Sound the alarm

5. Assess smoke in room - damp towels?
6. Evacuale room

Preysacian: 100
Operations cenber: 123
ERiresponse team: 811
EMS: 811
Fare brigacde: o11
Polec e SacLmly. 81l
Maintenance: a99
imsurance:

Legal advisor

1. ARemaiive escape route (Wndows?)

2. Contain room

3. Gl into chambeer and slightly pressunze
4. Wait for fine department

Accident/incident

(] Smoka in the room

Date crealed EAP ref. mo.

| sraprza | | Danearis |

o Hesponse l

Terminale

Erearme

1
Emergency

cortacts

Resoled?

Smoke hood
Alarm

| RElurndresume

Evacuale J

Fellow-up: Post-incident
mEshgaloranalyss

T

Follow-up: post-incident

Repot'documentacion
Camplete fomms

Update details

Assess plan effectiveness
Presveniion plan

Tradning

Resiockireplace

Caher

Chamber inspecton report

OR00E=0E
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EAP: Oxygen Toxicity

-Operaio

Call docigr, BIBS 1o alr, nobe time off O,
=Chacior:

Supenase, moddy tablefock-in f nesded
=Tierdar,

Remowe BIBS, nolity oparalor, fallow
dactor's orders

Physician: 160
Operations cender: G0a
ERfresponse team: o11
EMS: on
Fire bragade: MiA,
Police/securiny: NiA,
Patient Admin: 410
Insurance B
Legal advisor, Ml
~Ciperalon

Surface siowly per tender, natily ER
-Drpctor:

Supervise, lock-in il neaded
-Tender:

Monitor breathing, reassure patient
Evacuate to ER

Accident/incident

(0 Oxygen toxicity

Date created EAP ref. mo.

| 31apr24a | | panEsP20 |

Emergency

k(-
——

flanntasn
depth

e

Emergancy
CORLaCTs

Resohed?

{Emergencyewpmmuf

Retwmifresume

L

- | Terminate treatmant
|

Fodiow-up: Post-inciden
mvweshgaton/analysis

Folow-up, post-incident

Reporidocumentacion
Complete forms

Update detalls

Asgzess plan efectiveness
Prgveniegn plan

Training

Restockireplace

Oither

O000EEEE
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EAP: Loss of primary air supply

Loss of Primary Air Supply

'

Dperator: mfarm tender
&% alent staff assistant

v

ASSISLAN Oeralos

secondary supply valwes

Close primary & open [

Crperator: chose charmbs-er
pressurization & vent
(exhaust) valeas

Determine TT
required

L]

Manage pthender;
redes (o all Tacility

e ]

i supen b
&ir SUpp
restored?

Sufficient
air resenves (o
complete
Tx?

Mo
X

Consult D8O far
insirsction

Can TT be
modifed?

ko
L

Infarm tendear

Terminate Tx as
instructed

DMO assess Pt & mndm]

Determine cause &

reclity primary air supply; =
document

R

I e

S

Tender: note
chamber pressure
for any varnalions

Complete Tx

Complete Tx

Conclude Tx

Conclude Tx

™
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FREQUENTLY ASKED QUESTIONS

Q: What lubricants and sealants are appropriate for use in a hyperbaric facility?

A: All sliding or rotating surfaces, and including
threaded joints, require a lubricant — whether to
simply reduce friction, or to reduce the amount of
heat generated by friction. Worn threaded joints,
or where there are small leaks that develop over
time, can be mitigated using a suitable sealant.

Oxygen is not a flammable gas, but when
combined with a volatilized fuel and an ignition
source ignition, the potentially devastating results
are well publicized. In a hyperbaric environment
we have all of these elements: oxygen, heat
sources and materials that burn much more
easily, especially where oxygen is above 21%.

Hydrocarbon-based cylinder valve fire

We therefore need to take great care when
selecting materials, components, instruments,
machinery, and gas control equipment, all of
which may need some form of lubricant or sealant
at some stage.

To ensure that we remain safe regardless of what
sort of equipment, lubricant or sealant may be
needed, it is best to limit the types of products

used to avoid confusion, and especially to
maintain control over what may come into contact
with oxygen-enriched environments.

At the very minimum, no hydrocarbon-based
products (greases, oils, sealants) should be
allowed into a hyperbaric facility, and especially
where surfaces are in contact with oxygen — even
in small amounts.

Compatible Lubricants

Available information, pricing and availability are
often limiting factors when it comes to what can be
procured by a facility. Compressors and other
rotating machinery outside the actual hyperbaric
chamber may well be lubricated using products
that we do not want to come into contact with
oxygen.

In this discussion we will focus on pressure control
equipment, seals, threaded joints, and any sliding
surface likely to come into contact with elevated
levels of oxygen, including inside the chamber.

We will also use the term grease to indicate a
lubricant used on sliding, mating, or sealing
surfaces.

The primary purpose of a grease is to reduce
friction. When tightening two threaded surfaces,
we have two hard surfaces in close contact. A
grease will ensure that the tightening effort is used
to achieve the required seal compression or
tightness, rather than being used to overcome
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friction between the perhaps slightly damaged
threads.

It can be used to ensure sliding surfaces, like the
interlock mechanism, to retract smoothly and
effective.

There are a few additional advantages to a grease
that effect choice, such as:

e Acting as a barrier between two surfaces of
different metals or materials, to protect them
from sticking together, or seizing.

» Providing a minor degree of protection against
surface corrosion caused by the environment.

» Preserving materials, such as seals (flat and o-
ring type), and keeping them flexible.

» Assisting with affixing seals and minor parts
during assembly, and

e Allowing a small amount of movement in
repositioning of seals during assembly, as well
as while in operation.

However, greases have no strength properties, and
while they offer some temporary ability to stop very
small leaks, they are not sealants. Eventually the
grease will be forced out.

There are many greases that are stable in oxygen
at atmospheric pressure and up to at least 10 bar
(145 psi). These include products used to lubricate
door seals, hinges, interlocking and locking
mechanisms. Where regular lubrication is needed,
one would prefer to use a less expensive product.
Silicone-based products are a good example of
inexpensive and readily available greases.

Oxygen adds another dimension to the selection,
as clearly any product used needs to remain stable
in oxygen, and more importantly, not produce
flammable vapours at low temperatures. If a
chamber occupant touches a door seal before
entering the chamber, and the grease is then left
on a surface in the chamber, in elevated levels of
oxygen, this could potentially present a problem.

Then finally, operating, or environmental pressure

needs to be considered. This is especially
important with regard to seats and seals in high
pressure control equipment.

Product specification sheets, technical data sheets
or application instructions do not always provide
the answers needed. Some additional homework
may be needed, especially when examining
products that are affordable and available.

The first column in the table below shows greases
that can be used for general purpose applications
in oxygen-enriched environments up to 100 bar
(1450 psi) — be diligent in checking the actual
pressure ratings. The second column shows
greases compatible with oxygen up to the stated
pressures.

To the best or the author's knowledge, all of these
products have been used in either hyperbaric or
diving applications where oxygen is of concern.
However, this does not automatically apply any
endorsement of any listed product. One still needs
to do some additional checking to ensure the
grease is appropriate and also that it is compatible
with the relevant materials — metals and synthetic
or rubber-based products.

Ouygen-enriched gases
£ 100 bar/1450 psi

High pressure gas
> 100 bar/1450 psi

Castrol Brayoote 601 EF & 803 EP
Dow Comming 111 & 112

Doy Carning bolykole 55, P-1900
Gleftmo {Fuchs) %33 OX (80 bar)
Loctite Krylox {Henkel) AFE grease
CsC-7 [MAPT Induistries] (100 bar]
0=C-9 [MPT Industries] (100 bar)
Farker Super O-Lube

rhodorsil Paste 408

Turmotermp 11/400-0X { 100 bar]

| Carbaflo 0X-250 [Fuchs] (240 bar)

_ll'hrl:-'.-:-l-.ll.'-:.'-.-'-LIE 111 (LTI (6T bar)

| Do Pt Kiytom MAT S90E [ 350 bar)

| Fluorolube GR 362 {aka Tribolube 71}

| Fo mbilin [Saheay| BT £5 (245 bar)

| Gleitma 5948 (400 bar}

| Hadocarbon MT-30 {65 bar|
Kluberalfa v 93-30F [360 bar)

:I,:':I-R grease (Fluoramics) o 200 bar

Turmexygen LOO 2%, 27 (300 = 450 bar)

Acceptable lubricants for use in hyperbaric systems

There are two take away messages here:

« It is easier to use only one grease in a facility
for all applications. This avoids any potential for
confusion. If the argument against this is cost,
review your use of the grease, as it is a
common mistake to use far too much to
achieve the same result. One should be very
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sparing with the use of greases; it only requires a
thin layer to reduce friction.

Compatible Thread Sealants

This part of the discussion mirrors what we
described above, with the primary difference being
the function and application of sealants.

The primary purpose of a sealant is to ensure a
seal where mating surfaces are not ideal — perhaps
caused by a degree of movement required during
temperature changes, perhaps minor thread wear
especially on tapered threads, perhaps just small
surface aberrations. However, these products are
only intended to seal minor leaks.

There are a few additional advantages to a sealant
that may affect choice, such as:

» Preventing threaded joints from loosening.

» Providing some friction reduction between
threaded surfaces during assembly.

» Acting as a barrier between two surfaces of
different metals or materials, to protect them
from sticking together, or seizing.

» Providing a minor degree of protection against
surface corrosion caused by the environment
and where the sealant covers these surfaces.

There are three important notes here:

e Threads must be clean and free of burrs or
other imperfections that can cause damage
during assembly,

e Thread sealants have no load bearing
(strength) capability — they cannot replace a
damaged thread.

e They should not be used together with a

Thread sealants are available in a variety of forms:

e Lead seal capsules and ‘tinned’ threads, used
for heavier duty tapered thread applications.

e PTFE (Teflon) cones, wused for clean
applications where tapered threads are used.

e Thread sealants (liquid or paste).

e Ta.

r'-

e

Lead-dipped sealant Teflon cone

Once again, products are selected based on price
and availability, technical compliance, compatibility
with the sealing surfaces, and stability in oxygen.

The table below includes a range of oxygen-
compatible sealants and their respective
environmental pressure ratings.

To the best or the author's knowledge, all of these
products have been used in either hyperbaric or
diving applications where oxygen is of concern.
However, this does not automatically apply any
endorsement of any listed product.

Product

Rating

Formula-8 (Fluoramics) 690 bar (10,000 psi)

Oxy-Tite (La-Co Industries)
Loctite sealant for O; systems

|180 bar (2,600 psi)
< 30 bar (435 psi)

OC-3 (MPT Industries) 150 bar

OC-5 (MPT Industries) 690 bar (10,000 psi)

Sealants acceptable for use in hyperbaric systems

The final, important notes to this section include:

 All previous sealant product must be effectively

lubricant.
removed — clean surfaces are needed for
effective bonding.
 Careful note must be taken of drying time.
e Sealants.... Seal! They are not intended to
serve as primary lubricants.
What then about PTFE (Teflon)_Tape?
The most universally used product for both
Damaged threads lubricating and sealing actions is PTFE. In fact,
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PTFE is used as a base product in most lubricants
and sealants we use.

However, when it comes to tape form, is PTFE a
lubricant or a sealant?

To answer this, we need to consider the primary
functions of PTFE tape, and that is to reduce
friction, and thereby to enable an effective seal,
using an additional seal such as an o-ring or flat
elastomeric washer.

« It does appear to resolve very minor leaks,
although in reality all it does is hide them
temporarily.

o It does serve as a barrier between two
dissimilar metals to reduce corrosion or
materials, to protect them from sticking
together, or seizing.

« It does serve to reduce friction in tapered joints,
enabling deeper engagement and effecting a
better thread surface to surface seal.

« Itis available in oxygen-compatible form.

« It does not serve as a sealant for parallel
threads that require an o-ring or other soft
material to make the seal.

« It has no strength or repair properties for
damaged threads.

[E1TI R RTT
RAARAARE!

(1)

Tapered Thread

Parallel Thread

Teflon is therefore primarily a lubricant and not a
sealant. Its primary function is to reduce friction and
ensure that the primary seal can do its job
effectively.

SDAN
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Contact Information

Divers Alert NetWOrK ssssssssssssssssssssssssssssssssstsssstsssstssssssssssssssssssssss +1-919-684-2948
Recompression Chamber Network technical and operational assistanCe......c.cecewuecuaass rcn@dan.org
DAN Recompression Chamber Assistance Program .. .......eceeeeceeciscsnsscsnssssnnnns rcap@dan.org
Recompression chamber and mediCine enqUIri€Sececcseccscsccsscsscsscssssssssssss Mmedic@dan.org
General diving safety eNQUIMNES csssssesssnsassasssssssassnsanssssssssssassssasnns riskmitigation@dan.org

Chamber Operation Safety WeEDSitEeeeeccceccceccccccccccccccccccccne Chamber-operational-safety
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