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Deep versus shallow decompression stops:
illustration of different decompression strategies
used in technical diving
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ABSTRACT

Background: Despite evolution in decompression algorithms, decompression illness is still an issue.
Reducing vascular gas emboli (VGE) production by varying decompression procedures is very common
among divers. Several methods have been tried, either mechanical, cardiovascular, desaturation-aimed
or biochemical, with encouraging results. In this study, we tested two different decompression methods:
one called DEEP, where the decompression starts deeper, the other one SHALLOW, where shallower stops
were planned, for the same dive and decompression time.

Material and methods: In total, 18 healthy, non-smoking divers participated [1 female, 17 males; mean
age 44.94 + 5.74 years; body mass index (BMI) 27.3 + 5.9 kg/m?]. Each diver performed two standardized
Open Circuit trimix (21/35) dives, decompression mix EAN50. The deep profile used stops at 21, 18, 15,
12,9, 6, and 3 meters. The shallow profile used stops at 9, 6, 3, with the same total bottom and decom-
pression times for both groups. All dives were done in a pool (Y-40, Montegrotto, Italy) at a depth of 40 m
for 40 min of bottom time and 80 minutes of total runtime. VGE counts were recorded every 15 min from
0 (0-5 min) to 90 min by echocardiography.

Results: Vascular gas emboli were significantly reduced after the deep stops decompression procedure
(DEEP: 6.7 + 7.2 VGE per heartbeat vs. shallow: 10.7 + 11.6 VGE per heartbeat, p = 0.0006). Three DCS
cases were recorded after the “shallow” stop procedure (p = 0.24 Fisher’s exact test).

Conclusions: There are significant differences between the two tested decompression procedures. The DEEP
procedure resulted in a lower production of bubbles compared to the SHALLOW procedure.

(Int Marit Health 2026; 77, 3: 157-167)

Keywords: decompression disease, adverse effects, VGE, decompression procedures, venous gas
emboli, human
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INTRODUCTION

Although self-contained underwater breathing appara-
tus (SCUBA) diving procedures have become safer over time,
decompression sickness (DCS) remains a risk that can be
life-threatening. It is commonly known that SCUBA diving
can induce vascular gas emboli (VGE) during and following
ascent, due to ambient pressure drop [1]. The multiple
manifestations of DCS suggest that several bubble sce-
narios are involved in its development. However, the exact
pathophysiological mechanisms linking VGE to DCS are
complex and still unclear. Nonetheless, the management
of ascent profile may change the development of free gas
phase in tissues, the differential supersaturation in differ-
ent compartments [2, 3], and possibly affect the outcome
of each dive [4].

The design of decompression procedures is based on
various decompression techniques [ascent rates, O, level,
inert gas switch] and the strategy. The decompression strat-
egy corresponds to the way the different bubble scenarios
are activated during the ascent (arterial bubbles, tissue bub-
bles, combined arterial and tissue bubbles, etc.), and the de-
compression techniques are used to control these scenari-
0s. The decompression techniques and the strategy define
what can be intended as the safest ascent procedure to
mitigate the stress associated with a given profile.

The role of these different ascent procedures (or ‘strate-
gies’) in preventing DCS remains to be documented and fully
understood. It is, however, generally accepted that the ab-
sence of detectable VGE post-dive is correlated with a low
probability of DCS [5, 6].

In this study, we investigated two decompression pro-
files that reflect common practice in the technical diving
community, characterized by dive depth, bottom time, gas
protocol, stop depth distribution, and total decompres-
sion time. This study aimed to compare VGE generated on
the same subject after two ascents of the same duration
but with a different distribution of the decompression stop
time and depth.

The first practice refers to the use of deeper decompres-
sion stops than would normally be calculated by the Buhl-
mann ZHL16 algorithm [7, 8] using gradient factors (GF).
Such decompression profiles are provided by most dive
computers or desktop applications such as DecoPlanner.

The second practice is related to the use of decom-
pression tables, such as the US Navy 2016 or Buhlmann
ZHL16 tables, that provide a much shallower first stop.

The depth of the first stop influences the decompression
profile. Deep stops imply a significant decompression time
spent at greater depths. Shallower stops require a longer
time to be spent at stops close to the surface.

MATERIAL AND METHODS
POPULATION

After explaining potential risks and obtaining informed
consent, 18 healthy, non-smoking experienced divers
[1 female and 17 males; mean age 44.94 + 5.74 years;
body mass index (BMI) 27.3 + 5.9 kg/m?] were enrolled
in the study.

All recruited divers held ‘Diving Instructor’ certification
and used the same dive equipment and Global Underwater
Explorers (GUE) configuration.

All participants held a valid medical clearance for diving
at the time of the study. None of them reported a history
of cardiovascular pathology, patent foramen ovale (PFO), or
were taking any cardio- or vasoactive medications, nor had
a history of recent DCS. They were instructed to abstain from
any physical activity and diving for 48 h prior to the test dives
[9]. Caffeinated beverages and alcohol were also prohibited
for six hours before the test.

All experimental procedures were conducted in accor-
dance with the Declaration of Helsinki [10], and were ap-
proved by the Ethical Committee of Universita degli Studi
di Milano, Italy (Aut. n® 37/17 52).

STUDY DESIGN
Dive exposures

This is a cross-over prospective study. Each diver per-
formed, in random order, two standardized dives with deep
decompression stops and shallow decompression stops,
making each diver his own control. Each diver performed
two dives (one ‘SHALLOW’ and one ‘DEEP’) at a minimum
interval of 3 to 30 days apart (29.15 + 21.72 days).

Dive and decompression plans
The experimental dive and decompression plan was

defined as follows:

e A bottom depth of 40 m in freshwater (the maximum
depth of the diving pool) and a 40-minute bottom time,
including descent at 20 meters per minute.

* The gas protocol included breathing trimix 21/35 (21%
05, 35% He, balance N,) during the bottom and initial
phase of decompression, and nitrox 50 (50% O,; 50%
N») from 21 meters to the surface as a decompression
gas mixture.

e Theascentto the first stop was performed in two or three
minutes depending on the first stop’s depth.

e All divers used an open-circuit breathing apparatus.

DECOMPRESSION PROFILES
To define the decompression time, we generated
a decompression table using the software Deco Planner

158 www.intmarhealth.pl
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V3.1.4, using the Buhlmann ZH-L16 B model, and GF
20/85 (GFo = 20% and GFy = 85%). These settings are
the standard recommendations by GUE, the subjects’ dive
training organization, with an alleged reported DCS inci-
dence of approximately 2 cases per 1,000 dives. For such
a dive exposure and gas protocol, the total decompres-
sion stop time calculated by the Deco Planner software is
38 minutes. From this decompression time, we generated
two different decompression profiles.

Profile 1 — ‘SHALLOW’ — followed the original Buhl-
mann ZH-L16 B model, and favored more shallow stop
depths. This profile roughly corresponds to the calculation
of DecoPlanner using GF 100/75 and presents a first stop
at 9 m. To reflect current practice in this technical diving
community, the time spent at 6 m and 3 m was inverted, with
2/3 of the total time spent at 6 meters and 1/3 at 3 meters
instead of the opposite. Technical divers commonly use this
technique because it provides easier control of the stop
depth, helps avoid the discomfort caused by the waves,
and optimizes the inhaled partial pressure of 0, (pp02).
The resulting decompression stops are: 9 m — 5 min; 6 m
— 22 min; 3m—11 min.

Profile 2 — ‘DEEP’ — roughly corresponds to the calcu-
lation of DecoPlanner using GF 30/80 and sets the first
stop at 21 m. The stops times were then distributed to
obtain roughly 1/3 of the total decompression time spent
between 21 m and 9 m, and the remaining 2/3 between
6 mand 3 m stops. This decompression technique is taught
to technical divers as a way to increase the time spent on
Nitrox 50 at the 21 and 18 m stop with the objective to
benefit from the high ppO, (1.55 bar at 21 m). Similarly,
we implemented an inversion of the decompression time
between 6 and 3 meters, with 2/3 of the total time spent at
the 6 m stop and 1/3 at the 3 m stop instead of the oppo-
site. The resulting decompression stops are: 21 m — 4 min;
18 m—2min; 15m—2min; 12 m—2 min; 9 m — 4 min;
6m—16 min; 3m— 8 min.

The two actual profiles are presented in the Table 1
and Figure 1.

Table 1. The two decompression schedules for 40 min at 40 m

Dive depth control

The divers conducted their dives with a dive computer
set to GAUGE mode to record the actual dive profile per-
formed. The computer’'s sampling rate is fixed at 10 seconds
and cannot be modified. The downloaded dive profiles were
uploaded to the Divers Alert Network (DAN) Diver Safety
Guardian web portal, where they were recalculated using
the Buhlmann ZH-L16 C — DAN Adapted Decompression
Model. The recalculated value is referred to as the DAN
Surface Supersaturation Gradient (DSSG) [11].

BUBBLE ANALYSIS

Itis commonly accepted that research projects can use
VGE data as a surrogate endpoint for decompression stress
[5, 12]. According to current recommendations, cardiac
echography is the gold standard for VGE detection [13].
During field studies, bubbles are usually detected in the right
atrium and graded according to different systems. In this
study, during an apical 4-chamber view, echocardiographic
VGE signals over the 1-minute recording were evaluated by
frame-based bubble counting as described by Germonpré
etal. [14].

In short, using a 2D echocardiography technique (My-
Lab Five, Esaote SPA, Genoa, Italy), measurements were
taken every 15 minutes until 90 minutes post-surfacing at
rest (lying supine) and following two deep knee bends. In
total, 7 videos of 15 cardiac cycles were recorded for
each dive within 5 minutes after surfacing and then at
15, 30, 45, 60, 75, and 90 minutes post-dive. At a later
stage, these recordings were reviewed to analyze 10 con-
secutive frames in end-diastolic/protosystolic position
and perform a formal bubble counting procedure. Then,
the VGE peak counts per heartbeat were averaged over
these 10 frames, and the resulting number was rounded
to the closest digit and kept as the final result. The count-
ing was performed independently twice by two trained
scientists acquainted with the method used (CB, MP).
The numbers of VGE considered for calculation were
those that reached consensus.

T21/35 N50 N50 N50 N50 N50 N50 N50 GF
Stop ATFS [min] 21 m 18 m 15 m 12 m 9m 6m 3m -
DEEP 2 4 2 2 2 4 16 8 30/80
SHALLOW 8 = = = = 5 22 10 100/75
ppO,, [bar] 1.05 1.55 1.40 1.25 1.10 0.95 0.80 0.65 -

ATFS — ascent time to first stop; GF — gradient factors; N50 — nitrox 50; ppO, — pressure of oxygen; T21/35 — trimix

www.intmarhealth.pl 159
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Depth [m]

— DEEP
SHALLOW

60 80

Time [min]

Figure 1. DEEP and SHALLOW profiles

STATISTICAL ANALYSIS

All statistical tests were performed using a standard
computer statistical package, GraphPad Prism version
9.00 for Mac OS (GraphPad Software, San Diego, CA, USA).

Normality of data was assessed using the Kolmogorov-
-Smirnov test. When a Gaussian distribution was assumed,
data were analyzed with a paired t-test (or unpaired t-test
between conditions), when normality could not be as-
sumed, the analysis was performed with a Wilcoxon test
(or Mann-Whitney when non-paired).

A threshold of p < 0.05 was considered statistically
significant. All data are presented as mean + standard de-
viation (SD). Sample size was calculated setting the power
of the study at 90%, assuming that variables associated
with diving would have been affected to a similar extent as
observed in our previous studies [15, 16].

RESULTS
SURFACE SUPERSATURATION GRADIENT
The calculated supersaturation gradient at surface (end
value gradient) was significantly different between the SHAL-
LOW and DEEP profile (1.039 + 0.038 vs. 1.017 + 0.031,
p < 0.05) (Fig. 2), but both were significantly higher than
the intended GFy — 82 and 85 respectively (Fig. 1).

VASCULAR GAS EMBOLI DETECTION
The VGE peak count per heartbeat was analyzed for
each condition. Significant differences were found between

Calculated end value gradient
according to individual dive profile
*

—

1.05 —

1.04 —

1.03 —

1.02 —

1.01 —

1.00 | |

Shallow Deep

Surface supersaturation

Figure 2. Comparison of calculated end value gradients [Divers
Alert Network (DAN) surface supersaturation gradient (DSSG)],
i.e., maximal surface saturation of the leading tissue after surfa-
cing. Data are presented as mean * standard error of the mean
(SEM); t-test; *p < 0.05

the zero and 30-minute measurements when divers per-
formed DEEP procedure compared to SHALLOW (respec-
tively O minutes: 5.64 + 7.11 vs. 14.5 + 13.2 p = 0.0078,
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Global bubble evolution
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Time after diving

Figure 3. Effect of decompression profile on vascular gas emboli (VGE) production. Vascular gas emboli peak count per heartbeat. Total
bubbles count comparing dives. Data are expressed as mean + SEM; *p < 0.05; **p <0.01

15 minutes: 6.4 +6.9vs. 16.6 £+ 11.7, p=0.0077, 30 min-
utes: 7.6 + 8.7 vs. 18.0 + 13.7, p = 0.012, mean VGE
per heartbeat + SD) (Fig. 3). Compared to SHALLOW, VGE
count was significantly lower with the DEEP procedure
(DEEP: 6.7 + 7.2 VGE per heartbeat vs. SHALLOW: 10.7 +
+ 11.6 VGE per heartbeat, p = 0.0006) (Fig. 4).

DECOMPRESSION OUTCOME

We observed three cases of cutis marmorata in three
divers after the SHALLOW profile, while no DCS case was
observed after the DEEP profile (p = 0.24 Fisher’s exact
test). These three divers displayed more than 40 bubbles
per heartbeat. The divers were immediately treated with
normobaric 100% O, onsite for 60 minutes with complete
symptom resolution. The skin manifestations are considered
as mild manifestations according to the recent review by
Mitchell [4], nevertheless they do indicate a significant level
of decompression stress and could be also related to CNS
involvement [17]. This finding appears favoring the DEEP
profile as more conservative.

DISCUSSION
MAXIMUM SURFACE SUPERSATURATION
It is interesting to observe that the DSSG, the maxi-
mum surface supersaturation — also known as end value
gradient — calculated from the actual dive profiles, is sig-
nificantly higher than the GFy, expected from the protocol
(GFy 85 for DEEP and 82 for SHALLOW). This is because

Number of bubbles per heartbeat

Deep stop

Shallow stop

Figure 4. Effects of decompression profile on vascular gas emboli
(VGE) production. Maximum number of VGE detected for each
diver; ***p <0.001

in today’s diving computers, the decompression calcu-
lation stops when the actual depth at the last sampling
interval is shallower than or equal to 0.5 meters. But
the real dive ends at O meters (surface). Our DSSG is
based on closing the calculation at 0 meters to be closer
to reality.

Technical divers, by modifying stop times according to
their training standard or personal decisions, may end up
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Figure 5. Tentative explanation of the differences between the two decompression stop modalities: static metabolic bubbles (SMB) and
oxygen window (OW). It illustrates the interlaced mechanisms of hydrostatic pressure changes, OW variation and SMB related volume
increase, which finally leads to detachment and increased bubble count

significantly increasing the final surface supersaturation
of their dive compared to what they initially intended.

VASCULAR GAS EMBOLI GROWTH FROM NUCLEI

The increase of final surface supersaturation can en-
hance VGE growth, since they start forming during the tis-
sue off-gassing on the ascent phase of a dive and are be-
lieved to result from the triggering of bubble precursors
(nuclei), recently coined ‘static metabolic bubbles’ (SMB)
[18]. The precise mechanism of micronuclei formation is
long and still debated [19, 20], with possible sites being

located on facilitating endothelial areas with surfactants,
hydrophobic surfaces or crevices [1, 21-23].

These nuclei have been shown to act as sites where gas
can accumulate and grow into detectable bubbles [24-27].
The activation and growth of these nuclei into VGE are
influenced by several factors, including the rate of ascent,
the level of supersaturation, and individual physiological dif-
ferences.

The concept of micronuclei-originated VGE is consistent
with the observation that a specific form of acclimatiza-
tion to decompression stress seems to exist, with a higher
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Figure 6. Screenshot of post-decompression bubbles of one of the 3 decompression sickness (DCS) cases (30 min post-emersion) after
the SHALLOW procedure: a remarkably high number of bubbles is present in the right and left parts of the heart

probability of VGE on the first dives after a period of non-div-
ing [23, 28]. Rather than ‘acclimatization’ or ‘adaptation,’
we prefer the term ‘depletion’ of pre-existing micronuclei
—and therefore of ‘bubble seeding sites’ —resultingin a re-
duction of VGE post-dive. This would typically reduce VGE
production after a dive over the first few days of diving [29,
30]. It is assumed that these depleted micronuclei get ‘re-
stored’ after approximately 48 hours of no diving [19, 31].

Available literature on the micronuclei-microbubble
generation modalities is relatively scarce [27, 31]. Once
a bubble has nucleated, its content and size will change
according to the prevailing difference between the dissolved
gas tension and the bubble gas pressure at the gas-liquid
interface. When the inert gas partial pressure in the bubble
is higher than the tissue inert gas tension, the gas diffus-
es from the bubble (gas phase) into the tissue (dissolved
phase), finally reaching the lungs via circulation.

When living animals are in steady state, the sum
of the partial pressures of dissolved gas in the tissues is
usually less than atmospheric pressure, a phenomenon
known as the ‘oxygen window’ (OW) or ‘inherent unsatura-
tion’ [18]. This is because metabolism lowers the partial
pressure of O, in tissues below the value in arterial blood,
and the binding of O, by hemoglobin causes a relatively
significant ppO, difference between tissues and arterial
blood. Production of CO, is usually about the same as con-
sumption of O, on a mole-for-mole basis, but there is a slight

rise of ppCO, because of its high solubility (quoted from
[32]). At sea level, the inert gas partial pressure in the bub-
ble is higher than the tissue inert gas tension, and inert
gas diffuses from the bubble into the tissue, from where
circulation carries it to the lungs. At depth, a higher inert
partial pressure level in the lungs causes tissue to absorb
inert gas, which theoretically should counteract the volume
reduction of any bubble present. This would imply a longer
persistence of decompression-induced VGE when executing
a DEEP dive profile. However, our results seem to advocate
for a relative volume reduction, which might be caused by
a greater inherent unsaturation effect: at depth, the diver
breathes a higher pp0O, — and despite a partial pressure
of N2 (ppN2) , which is also higher at depth, one can hy-
pothesize a larger inert diffusion gradient from the bubble
to the tissue, causing the bubble to dissolve more rapidly.

It is possible that increased hydrostatic pressure can
stimulate a collateral metabolic O, pathway — Wang [33,
34]showed an increased metabolism associated with mito-
chondrial calcium ions (Ca2*) inflow by applying hydrostatic
pressure to cultured endothelial cells (from 101 to 808 kPa).
The hypothesized mechanism is as follows: when hydrostatic
pressure is applied to the cell surface, Ca2* enter the cytosol
[33, 35]. At the same time, an increase in Ca2* concentra-
tion is observed in the mitochondria [36]. This leads to an
increase in metabolism due to the need to activate the sodi-
um-potassium adenosine triphosphatase (Na*/K*-ATPase)
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pump to balance ion flow. This intracellular Ca2* entry can
also further increase by activation of piezo receptors [37]
during decompression. A possible hypothesis is a pres-
sure-activated mechanism, where volatile monochloramine
(NH4CI), generated by myeloperoxidase (MPO) produced by
pressure-activated neutrophils [38-40], causes cell expan-
sion on decompression [41]. The 2-dimentional ‘pressure’
activates membrane piezo channels — mechanosensitive
ion channels that convert 2-D stretch into biological signals
via transient Ca2* entry.

DECOMPRESSION STRATEGIES

Our results seem contradictory to recent research [42]
that indicates, based on experimental studies performed by
NEDU in 2011 [43], that performing a dive with identical bot-
tom time and decompressing using ‘deep stops’ produces
more VGE than using ‘shallow stops.” The 2011 study also
found significantly more cases of decompression sickness
using deep stops. The difference could stem from the de-
compression strategy, which uses extended stop at 21 m
and 18 m on nitrox 50.

Both profiles in our study had a much higher surface
supersaturation gradient than the ‘original’ GF chosen for
the Buhlmann ZH-L16 B-generated profile. The DSSG, as
calculated by the DAN Europe software after the dive, was
clearly in the ‘high risk’ range [11], where 75% of the cases
of DCS occurred when the DSSG was higher than 0.7. How-
ever, the DEEP dive profile seemed to produce a lesser
grade of VGE than the SHALLOW dive profile. This could be
explained by different mechanisms.

First, a mitigation of the growth of gas nuclei or SMB by
hydrostatic pressure [18, 44] could be achieved by starting
a decompression procedure at a greater depth, allowing
several minutes of respiratory exchanges under higher
ppO- conditions. This could create a more efficient OW, re-
ducing the initial volume of the gas nuclei, micro-bubbles, or
detectable VGE, which would reduce the volume of detached
bubbles at the end of the dive. In this way, the amount of cir-
culating VGE is lower since microbubbles reach the critical
radius of detachment later (Fig. 5) [18, 24, 45].

Second, the DEEP profile implemented a strategy that
allowed the divers to spend more time at 21 and 18 m stop
depth and, therefore, to benefit from higher partial pressure
of inhaled O, at a critical moment of the decompression.

Third, the situation could result from a more favorable
saturation distribution among different tissue compart-
ments. In the DEEP profile, the “fast tissues” are desaturat-
ed faster and could prevent “feeding” the vascular bubbles
at a later stage of decompression. In the SHALLOW profile,
the conjunction of the presence of shunted arterial bubbles
and supersaturated brain stem tissues could have led to
the symptoms of cutis marmorata [17].

VASCULAR GAS EMBOLI GRADES
AND DECOMPRESSION SICKNESS RISK

Theoretical modelling of tissue compartment satura-
tion indicates that if deeper stops during the initial phase
of the ascent are used, the supersaturation may be reduced
for the faster tissue compartments at the beginning of the as-
cent, but increased for slower tissue compartments later
on in the decompression and after surfacing [42]. When
shallow stops are used, bubbles may already have formed
from the fast tissues during the initial ascent, persisting
throughout the decompression phase. In contrast, medium
and slow tissues have a lower supersaturation at surfacing.

What the primary ‘source’ of pathological bubbles
precisely is, is not known. However, a detailed analysis
of the DAN database shows that all cases of DCS with
a DSSG > 1.0 had ‘fast tissues’ as the ‘leading’ (most sat-
urated) compartment [11].

The DSSG value is calculated upon surfacing. Most ex-
port files from dive computers do not include a zero-depth
value, as they typically stop recording at a certain depth de-
pending on the sampling rate —in our case, 10 seconds. This
calculation is performed based on the following criteria:
when, by the end of the dive, the depth at the moment
of the last sampling interval is less than or equal to 0.5 me-
ters, the “virtual” (computed) dive does not end at O meters
(surface), but at an increased depth; thus, the computed
supersaturation will be lesser than the real one achieved at
surfacing. The DSSG Model replaces the final > 0.5-meter
value with a single value of O meters, maintaining the time
interval defined by the sampling rate.

In this scenario, and notwithstanding the generally high
level of VGE, the DEEP profile could be (a bit) safer. This
is because even high grades of VGE do not always cause
symptoms, and a diver without symptoms is considered
‘not to have DCS.’ However, biochemical and hemodynam-
ic changes can be detected whenever VGE are present
[46-48], and the individual’s reaction to VGE may be de-
termined by factors that are yet unknown, some of which
may be genetic [49].

The number of micronuclei acting as nucleation sites
is also most likely (epi)genetically determined, explaining
the large inter-individual variability in VGE after similar dives
[50] as well as depending on pre-dive activities [16, 51].

Furthermore, although VGE detection techniques have
improved (from acoustic Doppler to visual 2D echocardi-
ography to second harmonics echocardiography), there is
a size limit below which VGE will not be detectable [1, 22].
The limits of the sensibility of VGE detection methods imply
that small, undetected VGE, less than 22 um [52], might
pass the pulmonary vasculature (which acts as a bubble
filter’) [53] and exert influence on the arterial side of our
cardiovascular system.
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In any case, high bubble levels are generally associated
with higher DCS risk [54]. In the SHALLOW profile group,
three cases of cutis marmorata occurred, all showing very
high bubble levels in the right cardiac cavities and VGE
in the left cardiac cavities (all three divers showed mild
cutaneous signs and symptoms and more than 40 bubbles
per heartbeat at the 30 minutes time point) (Fig. 6). While
all participating divers had declared that they did not have
a PFO, the appropriate examinations had been performed by
various cardiologists prior to the start of the study and a for-
mal standardized PFO test was not imposed. It is thus pos-
sible that some of these divers did have a small PFO that
was undetected. However, a repeat PFO testing was not
offered to the divers with DCS, as all had extensive diving
experience without DCS and the possibility of a pulmonary
shunt is, with these high VGE levels, a real possibility.

STRENGTHS AND WEAKNESSES

Strengths
This study builds on established modern methods for

evaluating decompression stress and current theories

of VGE generation.

* As there is a possible large inter-individual variation
in VGE effects after diving, the subjects served as their
own controls.

* The measured effects are consistent with sound theo-
retical rationale.

¢ The equipment used for these experiments is readi-
ly available, inviting other research groups to repeat
the study.

Weaknesses

e The current study only concerns a small group of sub-
jects.

* The subjects were not homogenous or necessarily
similar in body composition (age, weight, fat/lean mass
distribution, sex), although this is consistent with current
diving community demography.

* The subjects had not been tested to be ‘consistent bub-
blers’ before the experiments (this would have required
at least three extra identical ‘control’ dives).

CONCLUSIONS

There are significant differences between the two tested
decompression procedures. The DEEP procedure resulted
in a lower production of bubbles compared to the SHALLOW
procedure. Three mild DCS cases occurred after the SHAL-
LOW ascent procedure.

One possible explanation is that the strategy of using
deeper stops permits breathing nitrox 50 starting at 21 m,
enhances the effect of breathing high ppO, in decompres-
sion, and leads to a lower grade of VGE.

These results emphasize the need for further research
to focus on individual data logging, exposure, and physio-
logical monitoring, envisaging a future safer decompression
and mitigation of decompression stress, i.e., what we define
as the best ‘economy of decompression.’
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ABSTRACT

Background: Decompression sickness (DCS) is a major occupational hazard for commercial divers. This
study aimed to analyze the clinical characteristics and risk factors associated with DCS severity in com-
mercial divers in Qingdao, China.

Material and methods: A single-center retrospective study was conducted on 80 commercial divers with
DCS treated at a tertiary hospital from 2017 to 2022. Demographic, diving-related, and clinical data were
collected. Statistical analyses included independent-samples t-tests, chi-square tests, Mann-Whitney
U test, and Pearson correlation analysis.

Results: Most patients were male (98.8%) with a mean age of 41.7 + 10.2 years. Type | DCS accounted for
77.5% (n =62)and type Il for 22.5% (n = 18). Type Il patients were significantly older (47.3 + 7.1 vs. 40.1 +
+ 10.4 years, p = 0.007) and had longer diving experience (18.8 + 9.6 vs. 13.7 + 8.4 years, p = 0.030)
than type | patients. No significant differences were found in diving depth, number of recent dives, or time
to symptom onset between groups. Age strongly correlated with diving experience (r = 0.772, p < 0.001).
The incidence of type Il DCS was highest in the 41-50 age group (36.4%) and among divers with > 25 years
of experience (50%). All patients improved with hyperbaric oxygen therapy, but full recovery was only
observed in type | cases.

Conclusions: Increasing age and longer diving experience are significant risk factors for severe (type Il) DCS.
Targeted health monitoring and safety education for this high-risk group are critical to reduce the incidence
of severe DCS.

(Int Marit Health 2026; 77, 3: 168-174)

Keywords: decompression sickness, commercial diving, risk factors, epidemiology, retrospective study,
hyperbaric oxygen therapy

INTRODUCTION to severe, lifethreatening conditions involving the central

Decompression sickness (DCS) is a systemic disorder nervous system (CNS), cardiopulmonary system, or vestibular

caused by the formation of gas bubbles from inert gas (pri- apparatus, which can lead to paralysis, loss of consciousness,

marily nitrogen) coming out of solution in tissues and blood ordeath [2, 3]. As a significant occupational hazard, DCS pos-

following a rapid reduction in ambient pressure [1, 2]. The clin- es a major health threat to individuals working in hyperbaric

ical manifestations of DCS are protean, ranging from mild environments, including commercial divers, caisson workers,
symptoms such as skin mottling and joint pain (the “bends”) tunnel engineers, and astronauts [4, 5].
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Globally, both recreational and commercial diving ac-
tivities are increasingly prevalent. According to the Divers
Alert Network (DAN) 2021 Annual Report, which analyzed
2018 data, commercial diving carries a significantly higher
risk of DCS compared to recreational diving due to great-
er operational depths, longer bottom times, and more
complex underwater environments [6]. In China, with its
extensive coastlines and inland waterways, commercial
diving activities such as aquaculture harvesting, underwater
construction, and salvage operations are widespread. It is
estimated that there are over 50,000 active divers in China,
the majority of whom are fishery divers [7]. However, due to
factors such as a lack of standardized operating procedures,
insufficient dissemination of diving medicine knowledge,
and variable quality of diving equipment, the incidence
of DCS among Chinese commercial divers has remained
high [7, 8]. A large-scale study on fishery divers in northern
China reported the treatment of over 5,000 cases of decom-
pression illness (DCI) within a decade, highlighting the se-
verity of this public health issue [9].

The risk factors for DCS are multifactorial, encompassing
the dive profile (depth, time, ascent rate), individual phys-
iological factors (age, body fat percentage, dehydration,
patent foramen ovale), and environmental conditions (water
temperature) [10, 11]. Previous research has explored vari-
ous risk factors. For instance, a case-control study in Japan
identified diving deeper than 30 meters and dehydration as
significant risk factors for DCS [12]. Another study on diving
fishermen in the Dalian area of China pointed to diving depth
and diving method as the main influencing factors for acute
DCS [13]. However, the relative importance of different risk
factors and how they interact to cause varying degrees
of DCS severity still require further investigation, especially
within specific geographical and occupational populations.

Notably, commercial diving carries a significantly higher
risk of DCS than recreational diving due to greater oper-
ational depths, longer bottom times, and more complex
underwater environments [14]. Professional divers often
perform repetitive diving operations under relatively fixed
patterns, and this cumulative effect may result in different
DCS patterns and risk factor distributions compared with
recreational divers.

Although the basic pathophysiological mechanisms
of DCS are well established, the epidemiological characteris-
tics and risk factors in specific occupational groups still need
further investigation. In particular, regarding the impact
of age and diving experience on DCS severity, current find-
ings are inconsistent, leading to the so-called “experience
paradox”: experienced divers, despite being more skilled,
may face a higher risk of severe DCS.

Qingdao, a major coastal city in eastern China, is
a hub for frequent commercial diving activities, including

aquaculture and underwater engineering. The diving medi-
cine center at our hospital, serving as a regional hyperbaric
oxygen therapy facility, has treated a large number of DCS
patients from this area. This study aims to retrospectively
analyze the clinical and epidemiological characteristics
of commercial divers with DCS treated at our center from
2017 to 2022, with a primary focus on identifying risk fac-
tors associated with DCS severity. Through this research, we
hope to provide evidence-based insights for occupational
health protection, DCS prevention strategies, and clinical
management for commercial divers in China.

MATERIAL AND METHODS
PARTICIPANTS

This study employed a single-center, retrospective co-
hort design. The study population consisted of all patients
who presented with diving-related illnesses at the Diving
Medicine Center of a tertiary hospital in Qingdao between
January 2017 and December 2022 and were ultimately
diagnosed with DCS.

Inclusion criteria: 1) A clear history of hyperbaric ex-
posure (commercial diving); 2) clinical manifestations
consistent with the Diagnostic Standard for Occupational
Decompression Sickness (GBZ 24-2025) of China [15]; and
3) relatively complete medical records.

Exclusion criteria: 1) Withdrawal of consent or refusal
to provide complete information; 2) missing or unclearly
recorded key data (e.g., diving depth, time); and 3) diagno-
sis of other diving-related conditions, such as pulmonary
barotrauma or arterial gas embolism (AGE).

An initial screening identified 91 cases, of which 82 met
the preliminary inclusion criteria. Two cases were subse-
quently excluded due to incomplete critical data, resulting
in a final cohort of 80 patients for statistical analysis.

MATERIALS

Data were collected from the No. 971 Hospital of the PLA
Navy’s electronic medical record system and paper-based
medical archives. All data were independently entered into
an EpiData database by two researchers and cross-checked
for accuracy. Statistical analyses were performed using
SPSS software, version 26.0.

METHODS

Data collection
Detailed information was collected for each patient,

including:

1. Demographic data: age and gender;

2. Diving-related characteristics: years of diving experi-
ence (total number of years engaged in commercial
diving), maximum diving depth (deepest depth ever
recorded, in meters), recent diving depth (depth
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of the iliness-causing dive, in meters), number of recent
dives (dives within 24 hours before onset), and time from
surfacing to symptom onset (time from final surfacing Study design
to the first DCS symptom, in hours); Single-center

3. Clinical diagnosis and treatment information: DCS clas- retrospective study

sification (type | or type Il according to GBZ 24-2025 [15] v
and the MSD Manual [3]; type I: skin, lymphatic, or mus- Patient screening
culoskeletal system involvement; type II: CNS, cardiopul- n =91 cases

monary, or vestibular system involvement), treatment
regimen [primarily U.S. Navy Treatment Tables, e.g.,
U.S. Navy Treatment Table 6A (USN TT 6A)], admission Eligibility assessment
status (inpatient or outpatient), and treatment outcome inclusion};:;isjggn criteria
(recovered or improved).

\4
Statistical analysis Final cohort

Quantitative data were expressed as mean + standard n =80 cases
deviation (mean % SD), and categorical data as counts
and percentages (n, %). Normally distributed quantita-
tive data were compared using independent-samples

\ 4

Data analysis
Statistical methods:

ttests; non-normally distributed data were analyzed with t-tests, Chi-square, Pearson
the Mann-Whitney U test. Categorical data were compared i

using chi-square tests or Fisher’'s exact test. Pearson cor-

relation analysis was used to assess relationships between Key findings:

Type I: 62 cases

continuous variables. All statistical tests were two-tailed,
i ) o S Type II: 18 cases
with p < 0.05 considered statistically significant. l
RESULTS Risk factor analysis

PATIENT CHARACTERISTICS

A total of 80 DCS patients were included (Fig. 1). /\

The vast majority were male (n = 79, 98.8%), with only one

. Significant factors: Non-significant factors:
0,
female patient (1.2%). Age .ranged from 21 to 60 yegrs - Age (p = 0.007) . Diving depth
(mean: 41.7 + 10.2 years), with the 41-50 age group being . Diving experience . Number of dives

the largest (n = 33, 41.3%). The mean diving experience (p=0.030) - Symptom onset time
was 14.8 + 8.8 years. The mean maximum diving depth was

35.2 £ 14.9 meters, and the mean recent diving depth \/
was 29.6 + 13.0 meters. The mean number of recent Strong correlation:

dives was 2.3 + 1.3, and the median time from surfacing Age vs. experience (r=0.772, p < 0.001)
to symptom onset was 5 hours (mean: 26.1 + 75.6 hours).
These findings describe the demographic and baseline
characteristics of the study participants.

In terms of diagnostic classification, 62 patients (77.5%)
had type | DCS, and 18 patients (22.5%) had type Il DCS

\ 4

Treatment outcomes:
+ 100% improvement with HBOT
« Full recovery: type | inpatients only

(Tab. 1).

RISK FACTOR ANALYSIS FOR DCS v

CLASSIFICATION A q Cor.‘dus'onst: 1 DCS risk
Patients with type Il DCS were significantly older and had ’ gze ?rgrg::sjﬁgr:ﬁ;néize ded s

longer diving experience than those with type | DCS (p = ' 3. HBOT effective

= 0.007 and p = 0.030, respectively). No significant dif-
ferences were observed in maximum diving depth, recent
diving depth, number of recent dives, or time to symptom Figure 1. Flowchart of the risk factors analysis

onset between groups (p > 0.05). DCS — decompression sickness; HBOT — hyperbaric oxygen therapy
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Table 1. Baseline characteristics of the study participants (n = 80)

Characteristic &v:rg:;) .(IZP:;ZD)CS '(I':p: 1I.I8I))CS p-value
Age [years] 41.7 +10.2 40.1+10.4 473+7.1 0.007
Gender [male/female] 79/1 61/1 18/0 1.000*
Diving experience [years] 14.8 + 8.8 13.7+ 8.4 18.8 + 9.6 0.030
Maximum diving depth [m] 35.2+14.9 35.1+15.7 35.4+123 0.935
Recent diving depth [m] 29.6+13.0 29.4 +13.9 30.3+10.2 0.781
Number of recent dives 23+13 24+14 21+11 0.402
Time to symptom onset [hours] 26.1+ 75.6 30.8 +82.8 11.1 +£28.5 0.8l

*Fisher’s exact test; **Mann-Whitney U test. Bold p-values indicate statistical significance. Quantitative data are presented as mean + SD

Table 2. Age and diving experience among different types of decompression sickness (DCS) patients (n = 80)

Stratification variable Group Total patients Type Il DCS patients Incidence of type Il DCS
[n] [n] [%]
Age [years] <30 14 1 7.1
31-40 18 1 5.6
41-50 88 12 36.4
>50 15 4 26.7
Diving experience [years] <5 16 2 12.5
6-15 28 4 14.3
16-25 26 7 26.9
>25 10 5 50.0

Stratified analysis showed that the incidence of type Il
DCS was highest in the 41-50 age group (36.4%, 12/33)
and among divers with > 25 years of experience (50%,
5/10) (Tab. 2).

CORRELATION ANALYSIS
Pearson correlation analysis revealed the following:

— A strong positive correlation between age and diving
experience (r = 0.772, p < 0.001) (Fig. 2).

— A strong positive correlation between maximum diving
depth and recent diving depth (r = 0.735, p < 0.001).

— Weak negative correlations between age and recent
diving depth (r = -0.357, p = 0.001) and between
recent diving depth and number of recent dives
(r=-0.342, p = 0.002).

TREATMENT AND OUTCOMES

Ninety percent (n = 72) of patients received hyperbaric
oxygen therapy based on USN TT 6A. The overall treatment
effectiveness was 100%: 72 patients (90.0%) improved,
and 8 patients (10.0%) achieved full recovery. All fully

recovered patients had type | DCS and were treated as
inpatients. No type Il DCS patients achieved full recovery,
though all improved. The recovery rate for inpatients was
34.8% (8/23), compared to 0% for outpatients.

DISCUSSION

This retrospective study of 80 commercial divers with
DCS in Qingdao identified increasing age and longer diving
experience as significant risk factors for severe (type Il)
DCS. This “experience paradox” challenges conventional
assumptions but provides new insights into occupational
health risks for commercial divers.

Patients with type Il DCS were, on average, 7 years older
and had 5 more years of diving experience than those with
type | DCS. Several mechanisms may explain this paradox.
First, physiological reserve (e.g., cardiovascular function,
tissue repair, gas exchange efficiency) declines with age,
reducing tolerance to decompression stress [16]. DAN re-
ports have highlighted cardiovascular health as a critical
diving safety factor, with many fatalities linked to under-
lying conditions [14]. Second, long-term diving may cause
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Figure 2. Scatter plot of age versus years of diving experience showing a significant positive correlation (r = 0.772, p < 0.001)

cumulative subclinical damage (e.g., asymptomatic dysbaric
osteonecrosis) that alters hyperbaric stress responses [17].
Third, experienced divers may be overconfident, adopting
riskier dive profiles or neglecting safety protocols [18], as
supported by the 50% incidence of type Il DCS in divers with
> 25 years of experience.

Unlike previous studies [12, 13], we found no signifi-
cant statistical association between diving depth, number
of dives, and DCS severity. This may reflect sample homoge-
neity: all participants were commercial divers with relatively
fixed work patterns, limiting variability in dive profiles. Under
similar operational conditions, individual physiological fac-
tors (e.g., age) may become key determinants of severity.

Stratified analysis in this study showed that age
and experience have an interactive effect on DCS se-
verity. The incidence of type Il DCS reached 36.4%
in the 41-50 age group and 50% among divers with
> 25 years of experience, suggesting that these two fac-
tors may synergistically increase DCS risk. This finding
supports the “cumulative injury hypothesis,” which posits
that subclinical damage from long-term diving, combined
with age-related decline in physiological reserve, increas-
es the risk of severe DCS.

The study population was 98.8% male, consistent with
the commercial diving industry’s gender composition [9, 14].
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Due to the small number of female patients, gender-relat-
ed risks could not be analyzed. The literature on gender
and DCS is inconclusive [19, 20], requiring larger samples
for clarification. Notably, the only female patient in this study
had type | DCS and improved after treatment, consistent
with the findings of Webb et al. [19], who found that gender
is not a factor in altitude DCS risk.

Hyperbaric oxygen therapy achieved 100% effective-
ness, confirming its role as first-line treatment [21]. Full
recovery was limited to type | DCS inpatients, likely due to
more intensive inpatient care and the involvement of slower-
-healing tissues (e.g., nervous system) in type Il DCS [3].
This underscores the importance of early inpatient man-
agement for severe cases. It is worth noting that this
study found significantly higher recovery rates in younger
patients (< 30 years) compared to older patients (42.9%
vs. 0-11.1%), a finding with important implications for
developing clinical treatment strategies.

Future research directions should include: 1) Con-
ducting multi-center prospective cohort studies to col-
lect more comprehensive data on potential risk factors;
2) Exploring the value of biomarkers (such as inflammatory
factors and oxidative stress indicators) in predicting DCS
severity; 3) Developing DCS risk prediction models based
on age, experience, and other risk factors; 4) Evaluating
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the effectiveness of personalized decompression protocols
in high-risk populations.

LIMITATIONS

This single-center retrospective study is prone to se-
lection and information bias. Key risk factors [e.g., body
mass index (BMI), hydration status, ascent rate] were not
collected [10, 11, 22]. The small sample size (n = 80) may
have reduced statistical power, and variable symptom-onset
time data may reflect recall bias. Despite these limitations,
our findings align with large-scale Chinese DCS studies [9],
supporting their generalizability.

CONCLUSIONS

Increasing age and longer diving experience are inde-
pendent risk factors for severe DCS in commercial divers. To
address this “experience paradox,” targeted interventions
are needed: enhanced health monitoring (e.g., cardiovascu-
lar screening) for older/experienced divers, refresher safety
education to counter complacency, and personalized de-
compression schedules. Hyperbaric oxygen therapy remains
effective, with early inpatient treatment recommended for
type Il DCS to optimize outcomes. Future multi-center pro-
spective studies should collect comprehensive risk factor
data and develop predictive models to improve DCS pre-
vention and management.
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Physiological and behavioral responses
to extreme cold-water diving and thermal stress:
recommendations for the polar diver
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ABSTRACT

As access and exploration of polar regions has expanded in the past two decades due to greater interest
and technology, more recreational scuba divers are exploring these more remote cold-water locations.
Polar, or extreme cold-water, diving is a more physically demanding form of scuba diving, and divers need
to better understand the effect of near-freezing water temperatures on human physiology. Changes in both
physiological and behavioral functions may occur quickly in these types of environments and present
the scuba diver with a potentially more challenging and dangerous environment. Divers with significant
experience in more temperate warm-water locations may overestimate their ability to manage extremely
cold water and underestimate the effect of near-freezing water temperatures on their body and diving ca-
pacity. More scuba training organizations need to better educate and prepare divers for this type of diving
and should consider adding more environmentally specific information in their educational programming.
With a better understanding of how the body responds to cold-water diving and the methods utilized to
manage thermal changes and stress in extreme conditions, dive safety and performance will be improved,
and the increased risks associated with diving in extreme environmental conditions may be managed more
effectively with the purpose of increasing diver safety.

(Int Marit Health 2026; 77, 3: 175-185)

Keywords: polar, cold-water, scuba, diving, physiology, safety

INTRODUCTION TO EXTREME
COLD-WATER DIVING

Scuba diving activities are often associated with warm
water locations that provide for long dives in temperate
conditions with minimal concerns of temperature changes
and their effect on the body. Diving associated with cold-
er water conditions and regions is often still performed
in temperatures well above freezing; diving the Great Lakes
in the United States, offshore of the British Isles, and wreck
diving in the Baltic are examples of dive locations consid-
ered cold-water locations. However, with greater opportu-
nities for divers to participate in dive activities in the polar

regions due to increased tourism and scientific exploration
in these parts of the world, there is a greater need for an
understanding of the thermal stress that occurs when diving
in waters near freezing in an effort to educate and inform
divers who may not understand the specific physiological
responses that occur in cold water. Many expedition com-
panies such as National Geographic/Lindblad Expeditions
and Northern Explorers are expanding their reach into more
remote and extreme polar locations that allow for individuals
to experience extreme cold-water diving conditions. Thus,
the goal of this review is to examine research that focuses on
extreme cold-water immersion and diving, with an emphasis
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on the extreme thermal conditions seen in the polar regions
and provide recommendations and safety protocols for
the polar cold-water diver.

Extreme cold-water diving presents multiple issues to
the diver and requires both an advanced set of skills as
well as a strong understanding of the effects of cold water
on both human physiology and movement capabilities. Re-
searchers have long examined the effects of cold water on
physiological changes [1] and motor skill performance [2].
Changes in cardiac performance [3], respiration [4], and mo-
tor skill performance [2] are all significantly altered and typ-
ically impaired in the extremely cold water associated with
polar diving [5]. Tactile ability and manual dexterity, neces-
sary for safe diving and equipment usage, have been shown
to be significantly impaired in temperatures well above
those typically seen in polar diving [6]. Even a moderate
decrease in water temperature can result in physiological
alterations that may impair the ability of the cold-water diver
to maintain optimal functioning during an extended dive [7].
In fact, survival times in water below 20° Fahrenheit (-6.7 °C)
have been shown to be severely limited [8]. Therefore, divers
who typically dive in the extreme cold need to understand
the physiology of diving in these temperatures, understand how
to mitigate the difficulties associated with this type of diving,
and be aware of how to manage the thermal stress and post-
dive physiological changes safely.

Some literature examines polar diving operations for
the purpose of describing the specific operations need-
ed when in a polar environment, specifically the Antarctic
continent [9]. The goal of a paper by Pollock [9] was to
provide the reader with an understanding of the necessary
logistical processes needed for scientific diving to be safely
performed at McMurdo Station, Antarctica. Scientific divers
under these conditions are required to follow specific diving
protocols dictated by the United States National Oceanic
and Atmospheric Administration and the National Science
Foundation, and they often have technical support on-site
when performing Antarctic dives. The role of this current
review is to examine more general considerations and rec-
ommendations for both recreational and professional divers
who dive in extreme cold water but may not be supervised
or guided by specific regulations and protocols from orga-
nizations, with an oversight of how dive operations may be
safely conducted.

THERMOREGULATION
When examining the thermoregulatory challenges that
face the extreme cold-water diver it is important to separate
the body into separate areas, or compartments [10]. These
functional compartments include peripheral structures

of the body, including the extremities of the body, such as
the arms and legs. The core would be considered the second
functional compartment and would include the structures
of the head, the neck, and the trunk, or the torso. Both
of these compartments play a significant role in the body’s
attempt to manage excessive cold during dives, and it is
necessary to understand how each compartment manages
a significant decrease in external thermal conditions.
Physiologically, the body will attempt to maintain internal
core temperature at the expense of the extremities and oth-
er peripheral body structures. The goal during extreme cold
is to maintain internal core temperatures of the critical
organs (heart, brain, and lungs) of the human body by pre-
venting significant heat loss that occurs during blood flow
from the core of the body to the extremities. Thus, the goal
of the brain and other thermoregulatory structures is to try
to minimize blood flow from the core and central organs
through specific changes in the blood vessels that redirect
blood away from the periphery. Without a change in blood
flow, as the blood recirculates through the core, that blood
will continue to pick up heat for transport to the periphery,
resulting in continued chilling of the core structures. As
the core temperature drops precipitously, changes in phys-
iological and motor function rapidly occur that will lead to
severe physical and mental impairment in the diver. Al-
though this helps manage internal core temperature during
extreme cold outside of an aquatic environment, as we will
see, it results in significant changes in motor function that
can significantly impair a diver in extremely cold water.
Adam [11] has suggested four different stages that oc-
cur upon cold-water immersion in individuals. These include
the initial responses to cold-water immersion (Stage 1),
a shortterm period of immersion (Stage 2), long-term immer-
sion (Stage 3), and a period of post-cold-water immersion
(Stage 4) (Tab. 1). Most research suggests that severe hy-
pothermia occurs as the duration of the immersion reaches
late Stage 2 to Stage 3 in most average human beings [11].

Table 1. Stages of cold-water immersion [11]

Stage of cold-water immersion Time in cold water

Stage 1 0-3 minutes immersion

Stage 2 3-15 minutes immersion

Stage 3 .Greater‘than 30 minutes
immersion

Stage 4 Post immersion
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This, of course, does not take into account thermal protec-
tion as worn by cold-water divers, but it provides insight
into the physiological progression that occurs while diving
in extreme cold. Divers in the extreme cold will vary in their
physiological response based upon individual physical dif-
ferences, dive time, and thermal protection.

As homeothermic (warm-blooded) creatures, human
physiology is in constant flux to maintain a stable internal tem-
perature. Most human beings have a set-point internal core
temperature of 98.6 °Fahrenheit (37 °C), but that internal
temperature can significantly change with changes in en-
vironmental, metabolic, and physical conditions. During
extreme cold-water diving the primary goal of the thermo-
regulatory center of the brain is to maintain internal core
temperature by minimizing heat transfer and heat loss to
the environment. The thermoregulatory center of the brain
is located in the preoptic-anterior hypothalamus and acts as
the body’s thermostat. The primary role of the preoptic-an-
terior hypothalamus is to activate and control the various
mechanisms that the human body utilizes to regulate both
the heating and cooling of the human body. The preoptic-
-anterior hypothalamus initiates its control of body mech-
anisms as a result of information it receives from thermo-
receptors located throughout the body. These peripheral
thermoreceptors are specialized cells that are stimulated
by changes in both internal and external temperature vari-
ations and act as the initial stimuli that ultimately result
in thermoregulation of body temperature. The specialized
cells are located throughout the entire body but are most
densely concentrated in the skin and the central nervous
system. The brain also houses what are called central recep-
tors that respond to the temperature changes of the circulat-
ing blood. As the blood circulates through the blood vessels
of the brain and increase or decrease in the temperature
of the circulating blood, it results in the initiation of reflexive
changes that act to conserve or help eliminate heat within
the blood and human body. It is both these peripheral
and central receptors that ultimately allow for the fine-tuned
regulation of internal core temperature.

MECHANISMS OF HEAT TRANSFER

As previously stated, as a homeothermic organism,
the human body is constantly trying to manage changes
in internal core temperature. The human body has four spe-
cific mechanisms that play a role in heat transfer and main-
tenance. These include conduction, convection, radiation,
and evaporation. Each one of these processes plays a sig-
nificant role in maintaining internal core temperature when
diving in extreme polar conditions. Conduction refers to
the mechanisms of heat transfer due to direct contact
between the body and another solid object in the envi-
ronment. A diver sitting directly on a bench or other type

of platform while either gearing up before a dive or on
a boat on the way to a dive site is a scenario in which there
is direct heat transfer between the diver and the environ-
ment. While diving, most of the heat loss will occur through
conduction due to direct contact between the diver’s body
and the water. Convection is related to the process of heat
transfer that occurs due to the movement of a gas or liquid
across the human body. Wind chill is an example of this
process: as the wind increases in speed and strength across
the body, an increase in the gradient between the tem-
perature of the body and the air increases and more heat
is directly lost. A diver in a windy environment would have
greater heat loss than if there was no wind present. More
significantly, a diver performing a dive with a significant
current can also see a significant shift in their body’s ability
to maintain core temperature. The greater the movement of
the water across the body during a dive, the faster heat
loss will occur. Radiation is the process of transferring
heat through infrared waves. A diver sitting in the warm
sun will feel an increase in temperature due to the direct
light energy that is transferred to the body through the skin.
Finally, evaporation refers to the transfer of heat due to
the change of molecules from liquid form to a gas. During
that transfer, heat is lost and emitted into the environment.
For the diver in an extreme cold-water environment, it
is imperative for the diver to avoid sweating and create
a scenario where evaporation may occur inside of a drysuit.
Excess sweat in a drysuit during a polar dive will quickly
lead to significant body chilling. In fact, managing exertion
and sweat production is one of the most important consid-
erations for polar divers.

PHYSIOLOGICAL CHANGES AS A RESULT
OF EXTREME COLD-WATER EXPOSURE
When the thermoregulatory mechanisms of the body
begin to fail to manage temperature changes effectively,
the body can potentially reach a hyperthermic or hypother-
mic state. Hyperthermia occurs when the body is unable to
regulate and dissipate internal heat and the body cannot
manage this extra heat stress effectively. This is not typically
a concern for the polar diver in extreme cold. Hypothermia is
a condition that all divers need to manage, especially when
diving in extremely cold conditions (Tab. 2). Hypothermia oc-
curs when the body is faced with a significant imbalance be-
tween internal core temperature and environmentally cold
conditions. Clinical hypothermia occurs when the body’s
internal core temperature goes below 95° Fahrenheit [12].
This does not include the lowering of the skin temperature
however, thus initial responses to extreme cold water may
not be indicative of a true hypothermic condition.

As the body begins to chill during a cold-water dive,
significant changes in physiology and behavior will begin
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Table 2. Symptoms of hypothermia [from National Oceanic and Atmospheric Administration (NOAA) Diving Manual — Diving for Science

and Technology, 2013]

Core temperature Physical and cognitive symptoms of potential hypothermia

Below Chilling

C(F)I°]

37 (98.6) Cold sensations, skin vasoconstriction, increased muscle tension, increased oxygen consumption

36(97) Sporadic s_hivering suppressed Ipy v_oluntary movements, gross shivering bouts, further increase in oxygen
consumption, uncontrollable shivering
Moderate hypothermia

35 (95) Vqunt.arytolerance Iimit in lab experiments, mental confusion, impairment of rational thought, possible
drowning, decreased will to struggle

34 (93) Loss of memory, speech impairment, sensory function impairment, motor performance impairment

33(91) Ha_IIuc_inat_ions,_ delusions, partial loss of consciousness, in shipwrecks and survival history, 50% do not survive,
shivering impaired
Severe hypothermia

32 (90) Heart rhythm irregularities, motor performance grossly impaired

31(88) Shivering stopped, failure to recognize familiar people

30 (86) Muscles rigid, no response to pain

29 (84) Loss of consciousness

27 (80) Ventricular fibrillation, (ineffective heartbeat), muscles flaccid

26 (79) Death

to occur to the unprepared diver (Tab. 1). Two of the initial
changes that the cold-water diver will notice are the increase
in physical fatigue with continued physical effort and chang-
es in manual dexterity. Along with these initial physical
changes, the diver may begin to experience problems with
cognitive attentional capacity and may begin to lose the abili-
ty to focus on diving tasks. Shivering may also begin to occur
that can impact the ability of the diver to manage functional
motor skills needed to dive safely, manage equipment, or
more importantly, allow them to physically exit the cold-water
conditions. As body temperature continues to drop during
an extreme cold-water dive, further decreases in core tem-
perature resultin more severe physiological and behavioral
changes that significantly increase diver safety (Tab. 3).
How does the extreme cold-water diver manage their
susceptibility to hypothermia during an extended period?
The first obvious factor is the temperature of the water to
which the diver is exposed. Polar diving typically occurs
in water temperatures close to freezing (32°F/0°C). Be-
fore a cold-water dive the diver needs to assess whether
these conditions can be managed and whether he/she has
the ability to deal with those extreme temperatures safely
and effectively. Some of the questions that the diver needs

to ask themselves include the following: Am | comfortable
with the exposure protection (drysuit) that I'm wearing?
Do | feel | have the ability to remove myself quickly from
the water when needed? Does the dive actually need to oc-
cur under extreme cold-water conditions? Do | have surface
support in case of an emergency?

The second major factor that plays a role in hypothermia
during extreme cold-water diving is the type of exposure
protection the diver is wearing during the dive. Polar diving
mandates a drysuit as the type of exposure protection re-
quired for these extreme conditions. Research has shown
that specialized clothing or suits designed for the extreme
cold provide much better thermal protection by reducing
the loss of heat and slowing the rate of temperature loss
[13]; drysuits offer the best possible thermal protection
in these environments. A wetsuit, even of significant thick-
ness, will not prevent hypothermia from occurring within
a short period of time in water temperatures just above
freezing. Thus, a drysuit with the appropriate undergarments
is necessary. The primary role of the drysuit is to prevent
direct contact of the skin and body with the water; thus, as
long as the diver is dry, the material used for the drysuit is
sufficient in warmer water. In extreme cold-water diving,
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Table 3. Hypothermia and diving tasks

Symptoms of hypothermia in the extreme cold-water diver

Impaired dive-specific tasks

Loss of manual and finger dexterity

Shivering

Confusion

Behavioral changes

Poor motor response times

Loss of coordination

undergarments are the key to maintaining internal core tem-
perature and preventing the onset of hypothermia. These
undergarments should be designed and layered in such
a way as to trap the metabolic heat produced by the body
during the dive and prevent its transfer to the environment.
A secondary purpose of these types of undergarments is
to prevent the buildup of perspiration by the body in an
effort to prevent heat loss due to evaporation and conduc-
tion. This is accomplished by the design of both synthetic
and wool garments that transfer moisture from the sur-
face of the skin to the outermost layer of the undergar-
ments. When used correctly, it is not unheard of for a diver
in extreme cold-water conditions to exit a dive and find their
undergarments extremely wet to the touch when remov-
ing their drysuit; if the undergarments are appropriate for
the diver and the conditions, the diver’s skin should still be
dry to the touch and their internal core temperature should
still be near normal.

EXTREME COLD-WATER DIVING
PHYSIOLOGICAL RESPONSES
AND ADAPTATIONS

Although significant research has examined the effects
of cold-water immersion, there is limited research that has
examined scuba diving in extreme cold water specifically.
Researchers have demonstrated that prolonged cold-water
immersion significantly impairs physical movement capabil-
ities as well as cognitive factors and significantly increases
the safety of the individual [14]. Another factor that is as-
sociated with increased risk during cold-water conditions is
the effect that the cold water has on the possibility of de-
compression illness in divers [15]. Decompression ilness,
also known as decompression sickness (DCS), occurs when
the body is unable to eliminate the elevated levels of nitro-
gen that saturate the cells of the body during either long
or deep dives. Although DCS is most often associated with
the overall time and depth of a dive, extreme cold increases

Inability to manage equipment or communicate with other divers

Diver may uncontrollably shake while at depth

May not understand proper signaling, may perform inappropriate
tasks, or lack an understanding of simple instruction

May demonstrate poor diving technique or poor judgement when
performing dive-related tasks

Inability to manage diving-related tasks quickly and safely

Inability to maintain mouthpiece in the mouth during a dive

the risk due to the slowing of blood flow through the vascu-
lar system as a result of increased vessel vasoconstriction
(narrowing of the arterioles) and changes in blood hemo-
dynamics. Slower blood flow results in slower off-gassing
of saturated nitrogen and may lead to DCS symptoms, which
can range from joint pain and ear issues to loss of motor
and sensory function, and ultimately, death.

When examining data on scuba diving injuries and ac-
cidents, changes in cardiovascular function during diving
activities are often implicated in severe injury or death [16].
Heart attacks and related events are the primary factors
that play a role in most diving deaths. This may be due
to multiple factors, including the age of the diver, overall
physical health, number or risk factors related to cardiovas-
cular disease, or changes in environmental conditions that
result in extreme metabolic demands and stress. Therefore,
examining the effect of extreme cold on cardiovascular func-
tion is essential for the diver who participates in extreme
environments.

Heart rate and cardiac contractility of the heart are
partially controlled through mechanisms of the autonomic
nervous system, specifically the sympathetic and parasym-
pathetic systems that help regulate heart rate variability. Ac-
tivation of the sympathetic system, also known as the “fight
or flight” system, acts to increase contractility and blood
flow while the parasympathetic system works in opposition
and, when activated, lowers heart rate response and related
cardiac functions. During extreme cold-water diving, there is
the potential for these systems to be activated concurrently,
increasing the potential for cardiac arrhythmia and sudden
death during a dive [17].

One of the well-known effects of immersion in humans
is the diving reflex that occurs upon entry into water [18].
This reflex response occurs once an individual begins to
immerse themselves underwater and the water stimulates
the skin thermoreceptors of the face. The primary role
of the diving reflex is to maintain oxygen levels in the blood
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in an effort to provide the metabolic energy sources neces-
sary for sustaining life during prolonged periods underwater
without access to air. Apnea, (breath-holding), decreased
respiration rate, decreased blood pressure, lowered heart
rate (bradycardia), and peripheral vasoconstriction are all
immediate physiological changes that occur as a result
of water immersion [10]. Although cold-water divers are
typically wearing exposure protection during a dive, entry
into extreme cold will still reflexively result in a varied phys-
iological parasympathetic response.

Conversely, during sudden immersion in cold water,
the human body will also demonstrate the cold shock re-
flex [18], which is an autonomically controlled response to
sudden immersion in cold water. The cold shock response
is also known as a part of cold-water immersion syndrome.
Upon sudden entry into cold water and immediate cooling
of the skin, the sympathetic nervous system causes uncon-
trollable respiratory inhalation (gasping), a rapid increase
in heart rate (tachycardia), hyperventilation, and ultimate
vasoconstriction in the blood vasculature to prevent imme-
diate heat loss from the core [19, 20]. Cardiorespiratory
responses to sudden cold-water immersion present minimal
risk to healthy individuals; however, the risk of a cardiac
event increases in people with hypertension or coronary
artery disease. Because many divers that participate in ex-
treme cold-water diving are older (due to both time and fi-
nancial considerations) and may have these types of car-
diac conditions, immersion in the extreme cold should be
reconsidered or at a very minimum, appropriate exposure
protection needs to be strongly considered and used to
minimize a cold shock response. The use of full-face masks
(FFM), instead of a standard face mask that only partially
divers the face, has been shown to potentially attenuate
the potential for a cold shock response in extreme cold
[4], although a FFM does not appear to prevent respiratory
issues such as the narrowing of the airway.

Although both the diving reflex and cold shock response
are both normal physiological responses to immersion in cold
water, these two conflicting reflexive mechanisms may lead
to potential significant cardiovascular and cardiac events
that may result in significant injury or death. Lundell et al.
[21] examined the effects of cold-water diving in the Arctic
region on heart rate variability in navy divers. Their results
suggest that although the diving reflex occurs immediately
upon entry into the cold water, the associated changes
decrease very quickly, suggesting that the parasympathet-
ic activity associated with the diving reflex is altered due
to a concurrent increase in sympathetic activity. As both
systems within the autonomic nervous system are being
activated nearly at the same time, this coactivation of both
branches of the autonomic nervous system may potentially

lead to alterations in the electrical cardiac cycle of the heart
and potentially cause cardiac arrythmias that can lead
to sudden death [17]. Thus, it is important for the polar
cold-water diver to understand both of these mechanisms
and adjust their diving behavior accordingly in an effort to
minimize the cardiac risks.

PRE-DIVE RECOMMENDATIONS
FOR THE EXTREME COLD-WATER DIVER

There are many obvious ways that a cold-water diver can
manage the extreme thermal stress that they face during
diving operations. Before even beginning a dive, the diver
needs to pay particular attention to the dive conditions. This
includes knowledge of the water temperature but should
also include an understanding of any current or surge con-
ditions that may be present. Significant current can add
to the thermal stress through an increase in cold stress
occurring from the process of conduction of heat away from
the body during dives. Additionally, increased current may
make exiting the water significantly more difficult and time
consuming; this concern is particularly important because
a flooded drysuit or dry glove may make a quick exit imper-
ative. Any significant ingress of water during an extreme
cold-water dive should be considered an immediate reason
for ending a dive. Unlike temperate conditions, even a small
amount of water can cause significant chilling of the body
and result in potential hypothermic conditions.

Selecting the correct undergarments is critical for
proper temperature regulation under extreme cold condi-
tions. Many manufacturers provide significant options for
the cold-water divers; most of these provide high loft (for
trapping air) and moisture wicking properties to help remove
perspiration from the skin. In addition to the type of gar-
ments, the diver needs to be particularly cognizant of the fit
of the undergarments and drysuit. Too large of a fit may
increase the amount of air trapped within the suit and there-
fore negatively affect the inherent buoyancy of the diver
and cause an increase in energy expenditure (and resultant
perspiration), while too tight of a fit increases the restriction
that the drysuit imposes on functional movements during
a dive. As extreme cold results in impaired motor function,
the diver needs to make sure no impairments in the fit
of the drysuit limit movements, especially movements that
are necessary for exiting the water. More recently, under-
garments have been manufactured that produce warmth
through an electrical heating element built into the clothing.
These provide significant warmth during a cold-water dive,
but there is a potential for the electrical elements to fail,
possibly increasing the risk of DCS due to sudden changes
in core temperature. More research examining the effi-
cacy and safety of these types of garments needs to be
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conducted before they are considered a standard piece
of cold-water diving equipment.

Along with the appropriate drysuit and undergarments,
the extreme cold-water diver needs to consider the type
of head and hand protection most appropriate for their
specific diving needs. A neoprene hood is the standard type
of head protection that is used in cold water, and the diver
typically needs to simply decide how much thermal protec-
tion is needed for comfortable diving; the level of thermal
protection is dictated by the thickness of the neoprene layer
used for construction of the hood. Typically, in polar waters,
a 7-8 mm hood thickness would be recommended for most
divers and types of diving operations. Choosing the proper
hand protection provides more options and potential choic-
es for cold-water conditions. Divers can choose between
neoprene gloves of varying thickness or dry gloves that
prevent direct contact with the water. Dry gloves typically
consist of an outer waterproof glove that is paired with an
inner liner that provides greater warmth by staying dry; how-
ever, if the interior gets wet it loses thermal protection quick-
ly. Considerations regarding the manual dexterity needs
of the diver during diving will often dictate the type of hand
protection used. Dry gloves often provide more tactile “feel”
for the diver, depending on the level of protection under
the waterproof glove while diving, but they risk complete
loss of function due to a leak. Polar divers should practice
with both types of glove systems and determine what is
more practical for their specific diving needs and choose
the appropriate form of thermal protection accordingly.

Time and depth considerations are important to min-
imize the risk of diving in extreme cold conditions. Time
considerations are often variable depending on the specific
requirements of the dive itself. If diving with a particular goal
or “mission,” the dive time may be dictated by the need
to accomplish specific tasks. However, dives of over 30-
-40 minutes should be avoided, even when the diver feels
that the thermal protection is adequate. Although they
may not be feeling chilled, their internal core temperature
will have dropped, and they most certainly will be more
physically fatigued from the cold; any sudden emergency
that requires significant changes in the dive plan or major
energy expenditure requirements may result in an increased
risk for the diver.

Depth limitations should also definitely be considered
and utilized under most polar-type conditions. Any extreme
depth potentially increases the thermal stress on the diver,
but more likely, it will present increased challenges on
the dive equipment, and any equipment malfunction, most
importantly a free-flowing regulator, will create inherent risk
to the diver. A free flow in a regulator would typically result
from the freezing of internal components and result in an
uninterrupted release of air (or gas) that the diver may not be

able to turn off, resulting in a rapid loss of breathing gas. This
can quickly result in a life-threatening situation and needs
to be managed quickly and efficiently. Although equipment
configurations can be used to increase redundancy in that
type of emergency event (two independent tanks and reg-
ulator systems) in polar conditions, the diver should try to
limit depths to no more than 60 feet (18.7 meters), unless
mission requirements require greater depth. The United
States Navy limits diving depths to no more than 60 feet,
and the National Oceanic and Atmospheric Administration
also limits maximal diving depths for the safety of their
polar divers [12].

Excessive metabolic heat production occurs as a result
of the energy needs of the body. Cold-water divers need to
avoid any excess movements prior to a dive in an effort to
limit metabolic energy use and the resultant heat produc-
tion. Although it may sound counterintuitive, excess heat
production before a drive leads to excessive perspiration.
Even with the proper undergarments that are designed to
wick perspiration away from the skin, increased sweating
will lead to significant chilling and potential hypothermia.
Thus, extreme cold-water divers need to manage pre-dive
energy expenditure and excessive heat by minimizing unnec-
essary movements, moving in a slow and controlled manner
when putting on gear and preparing for the dive, and using
the assistance of others to help with any movements or
needs prior to entering the water. Excess sweating should
be avoided at all costs, and if it occurs, the dive should be
called off or the diver should take time to dry off and prevent
chilling before continuing with dive operations.

The cold-water diver should also be educated about
the role that body structure plays on heat transfer in an effort
to manage excess heat loss. Research into thermoregula-
tion and the human body has long examined the role that
a specific body type plays on thermal stress and transfer
of heat [22]. Body type is often classified using a specific so-
matotype [10]. These somatotypes include the ectomorphic
body type, which is usually classified as a tall, lean body,
with minimal body fat or excessive musculature. The meso-
morphic body type describes a more muscular and strong
type of structure, while the endomorphic body is usually
described as being short with greater amounts of body fat.
When it comes to diving in cold water, the diver with the me-
somorphic or endomorphic somatotype will have less heat
loss when compared to the ectomorphic diver due to the in-
sulative properties of both muscle and body fat. Therefore,
understanding one’s personal body composition and struc-
ture will help the diver determine the level of layering needed
under a drysuit in an effort to retain heat. Additionally, with
exercise and physical training, a diver may also be able
to increase musculature in an effort to naturally improve
the functional insulative capacity of their body, as well as
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increase their functional fitness for diving. Researchers
have suggested that one of the additional benefits of regular
exercise for cold-water divers is that regular exercise may
alter the responsiveness of the autonomic nervous system
during cold-water immersion, thus potentially decreasing
the “strength” of the cold shock response and minimizing
autonomic conflicts that may lead to a cardiac event [23].

Along with the physical changes that occur with in-
creased exercise and physical training in the polar diver,
increased physical fitness also needs to be considered
when planning extreme cold-water dives. Increased physical
fitness will result in less metabolic energy being used before,
during, and after the dive and result in less perspiration
and potential chilling of the body. Additionally, improved
cardiorespiratory and muscular function will result in in-
creased efficiency when diving and make exiting the water
much more manageable and efficient. Finally, improved
physical fitness will decrease the risk of excessive breathing
during periods of increased physical exertion during a dive
and prevent the potential of “overbreathing” the regulator.
When energy demands increase during a dive, the body will
increase blood flow and breathing rate in an effort to circu-
late oxygen in the body quickly and meet the energy needs
of the body at that time. Overbreathing the regulator occurs
when a diver continues to breath heavily and rapidly during
the dive. This places stress on both the body and the regula-
tor. Under polar-like conditions, this increase in respiration
rate may result in a rapid freezing of the regulator, leading
to a malfunction and free-flow scenario. Improved physical
fitness will allow the cold-water diver to avoid overbreathing
a regulator and may prevent an unsafe free-flow scenario
from occurring during the dive due to increased respiratory
stress on the regulator.

Finally, extreme cold-water divers should try to avoid us-
ing breathing gas that may lead to a more rapid loss in body
heat, such as helium. Commercial and technical divers often
use helium to replace some of the oxygen presentin normal
atmospheric air due to oxygen becoming toxic to the body
at deeper depths (over 180-200 feet). Helium significantly
increases thermal conductivity and results in faster chill-
ing of the body. As deep extreme cold-water diving should
typically be avoided due to the increased risks associated
with equipment failure and hypothermia during potentially
required decompression stops, these types of breathing
gases need not be considered. Polar divers should avoid
using helium or any other gas that results in rapid heat loss,
even if wearing significant thermal protection.

IN-WATER RECOMMENDATIONS
FOR THE EXTREME COLD-WATER DIVER
As previously noted, there are significant precautions
the cold-water diver can take prior to the dive to help manage

the thermal stress they will face when diving in water near
freezing. However, there are also significant actions that
need to be taken in the water during the dive. The most
important is that the diver needs to be focused on their
internal body temperature throughout the dive and limit
the dive based on the severity of the cold. Many divers
may continue the dive until they feel chilled before exiting
the water. Under extreme cold conditions, the diver needs
to end the dive prior to any significant chilling if safety is
of upmost importance. When diving in extreme cold-water
temperatures, particularly in the high Arctic or Antarctica,
many dives take place from smaller dive platforms or boats
that are used to navigate the typical icy conditions. Usually
this necessitates that the diver backtrolls into the water at
the start of the dive but will need to remove his/her gear
and exert significant energy to propel them out of the water
into the side of the boat. Although assistance is usually avail-
able, extreme cold-water divers need to maintain the manual
dexterity and energy to exit the water and enter the boat at
any time. Thus, if the diver waits too long and is significantly
chilled, or mildly hypothermic, they may lack the necessary
motor abilities to get themselves out the water. If they can-
not exit the water efficiently and quickly, continued immer-
sion may rapidly lead to the continued onset of hypothermia
and increase the risk of severe impairment or even death.
Divers under these types of environmental conditions need
to be extremely self-aware of their body and temperature
changes during the dive and have the ability to “turn” a dive
earlier than others might expect. Self-discipline in these
situations is the key to safe diving in extreme cold.

Full-face diving masks have become more popular over
the last 10 years due to greater coverage of the face and po-
tential communication capabilities for divers. Unlike stan-
dard masks, the majority of the face is covered by the FFM
during dive operations. By decreasing the cold sensations
against the skin thermoreceptors in extremely cold water,
the cold shock response may be lessened and both the phys-
ical discomfort of the diver and the potential for concurrent
autonomic nervous system stimulation leading to potential
cardiac issues may be decreased. Although the use of FFM
requires additional training and requires the cold-water
diver to develop new skills in the event of a flooded mask
at depth, extreme cold-water divers may want to consider
their usage due to the effects on thermal stress and physical
comfort in the extreme cold.

The selection of a regulator specifically designed for
cold water and Arctic-types of environments is critical for
safety and performance in extreme cold [24, 25]. Many
of the scuba regulators on the market today are designed
to perform in more typical tropical and temperate environ-
ments because most active scuba divers are more inclined
to undertake warm-water diving. Although most of these
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regulators are designed for high performance and safety,
they often lack the engineering needed to avoid freezing
in the extreme cold. Most cold-water regulators that are used
in polar environments are designed to enhance the warming
of the regulator during breathing in an effort to decrease
the risk of freezing the internal mechanism. Additionally,
these polar-type regulators are environmentally sealed,
a method of design and manufacture that minimizes or
prevents direct contact with the freezing water, thus de-
creasing the risk of freezing and a subsequent free flow
scenario. Although trained divers are prepared for free
flow situations, when diving in Arctic or Antarctic regions,
and potentially under the ice, a free flow at depth can quickly
develop into a significant emergency situation. Proper scuba
regulator selection is important to prevent technical issues
that can result in major injury or death in the extreme cold
of the polar regions.

Finally, even before participating in extreme cold-water
diving, trained and safety-conscious scuba divers will benefit
from a specific acclimatization program designed to prepare
them for extremely cold conditions. Acclimatization to the ex-
treme cold experienced in polar diving has long been shown
to be possible with the right methods and training [26]. Accli-
matization is a long-term physiological process that occurs
over many weeks and months, as opposed to physiological
acclimation, which is a shorter-term adaptation to extreme
cold [27]. Extreme cold-water divers should spend time
diving in progressively colder water over months of prepa-
ration prior to diving in polar regions. Through progressive
cold-water adaptation, the chilling effect of the extreme
cold will be attenuated and slower under actual Arctic con-
ditions. Progressive acclimatization will not prevent chilling
or hypothermia, but it will allow a cold-water diver to main-
tain core temperatures longer, thus expanding the ability

to remain in extreme cold water as well as increasing both
the safety and performance of the diver.

RE-WARMING AFTER EXTREME
COLD-WATER DIVING

Uponthe conclusion of a polar dive, regardless of the time
in the water and chilling effect, the diver needs to be aware
of the thermal effects of the dive and manage the rewarming
process effectively. All cold-water divers need to be aware
of the afterdrop effect following a cold-water dive. Following
immersion in cold water, it is not uncommon for a person to
notice a continued decrease in core temperature and cool-
ing of the body even after exiting the cold water and during
the initial stages of rewarming. Current research suggests
that afterdrop in temperature is thought to be due to heat
convection changes immediately post-immersion [28]. Re-
warming following an extreme cold-water dive should include
structured exposure to warmer conditions, such as drying off
and removing wet garments as soon as possible, immediate
removal from the wind, and post-dive immersion in a tub
of warm water (Tab. 4), and it should continue until the body
core temperature returns back to normal.

CONCLUSIONS

Extreme cold-water diving continues to grow in popularity
due to advances in dive equipment, training, and improved
access to polar-type environments. More and more divers
with little cold-water experience are diving in polar envi-
ronments due to increased travel opportunities that allow
access to these remote locations. Because many of these
divers are not trained by or associated with agencies that
prepare divers specifically for polar diving, a greater under-
standing of the physiological and behavioral changes that
occur due to the thermal effects of immersion in extreme

Table 4. Rewarming considerations for the extreme cold-water diver

Rewarming post-dive recommendations (assuming the dive occurs from a Zodiac or similar type of small craft typically used
in polar regions)

1. Exit water as quickly as possible. Remove diving equipment, leave in the water, and retrieve once onboard craft. Dive equipment typically
makes it more difficult to exit the water, and decreasing maximum time spent in extremely cold water is important

2. If excess sweating has occurred, remove thermal protection to prevent continued sweating

3. If possible due to environmental exposure (open watercraft), dry the body off as quickly as possible, particularly the head
and extremities

4. Remove wet undergarments and replace with dry moisture-wicking clothing in multiple layers
5. If in open watercraft, get out of the wind and into the sun for gradual rewarming
6. Drink warm (not excessively hot) liquids such as tea. Coffee is not recommended

Do not try to rewarm the core excessively fast as this can cause significant physiological changes that can lead to thermal stress
and potential injury or death. Gradual rewarming is the key
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Table 5. General recommendations for the extreme cold-water/polar diver

=

8.

Educate oneself about basic cold-water physiology and how the human body reacts to immersion in extremely cold water

. Train with different types and configurations of cold-water exposure protection (including gloves and hoods) to determine what works

best for you, and master the skills needed for safe diving. Drysuit expertise takes time and training

Dive and train in progressively colder water to habituate and acclimate to diving under extreme conditions. Do not make your first cold-
-water dive a polar dive. Master diving skills in that type of environment well before the extreme cold of polar regions

Master physical self-awareness and limit the dives to a maximum of 30 minutes. Exit the water before you become significantly chilled.
Depending on exposure and mission requirements, these times may be lengthened as a diver's comfort in the extreme cold increases

Exercise. Improvements in strength and cardiovascular efficiency increase diver safety, cold habituation, and overall performance

Limit the total number of dives done per day. Even though a diver may feel capable of multiple dives, extreme cold can severely impact
fatigue levels and cognitive performance when diving. Do not overestimate your capabilities. Dive conservatively

. Limit maximum dive depths to no more than 60 feet, and then only when absolutely necessary. Equipment issues are more common

in arctic-like conditions, and added depth only increases the risk of equipment failure

Never push physical and mental limits. Manage the increased risk and be aware of any physical and environmental changes that occur
that can impact your dive. Do not dive beyond your personal capabilities and training
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to specifically prepare for such a challenging environment
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ABSTRACT

Background: Remote medical assistance at sea is a critical component of maritime safety. Bulgaria’s
Telemedical Maritime Assistance Service (TMAS) framework remains underdeveloped despite new national
telemedicine laws in 2025. The aim of this paper is to evaluate the effectiveness, efficiency, and compliance
benefits of a unified TMAS-Search and Rescue (SAR) system in Bulgaria, assessing its impact on medical
care access, coordination between maritime and healthcare authorities, and the economic and safety
outcomes of maritime emergencies.

Material and methods: A policy and systems analysis reviewed Bulgarian legislation, EU and IMO/ILO
conventions, and operational case records from Maritime Regional Coordination Center (MRCC) Varna
(2018-2025). Comparative benchmarking was performed with Romania, Greece, Turkey, and Germany.
International “one-door” TMAS-SAR models were reviewed. Findings are supported by six data tables.
Results: Bulgaria’s 2025 telemedicine law regulates remote care but provides no TMAS-specific provisions,
no designated provider, and no legal integration with SAR. Best-practice “one-door” systems abroad enable
faster, better-coordinated medical and SAR responses. Bulgarian case series illustrate delays and frag-
mented responsibilities. Comparative countries show functioning TMAS-SAR structures even without
dedicated TMAS legislation.

Conclusions: Bulgaria needs supplementary maritime-specific provisions, formal TMAS provider designation,
SAR integration, and quality monitoring to align with international standards and protect seafarer health.

(Int Marit Health 2026; 77, 3: 186-194)

Keywords: maritime medicine, TMAS, SAR, telemedicine, Bulgaria, legislation, maritime safety, medical
evacuation

INTRODUCTION

hazardous materials, and long-term mental health strain

Maritime transport is the backbone of international
trade, with nearly 90% of goods carried by sea. Seafarers,
fishers, and offshore workers operate in environments of ex-
tended isolation, unpredictable weather, and limited access
to advanced medical care. Hazard profiles include traumat-
ic injuries, cardiovascular events, infections, exposure to

[1-3]. The ability to deliver timely, high-quality medical
assistance at sea is therefore a cornerstone of maritime
safety and public health.

In many situations, vessels do not carry a qualified med-
ical officer; onboard care is often delivered by the captain
or a designated crew member trained only to the Standards
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of Training, Certification and Watchkeeping (STCW) medical
first-aid level. In the absence of specialist advice, decisions
on treatment, diversion, or evacuation may be delayed
or incorrect, potentially worsening outcomes and risking
the ship, cargo, and environment.

Telemedical Maritime Assistance Service (TMAS) bridges
this gap by connecting shipboard personnel with shore-
based doctors, historically via radio but now through dig-
ital broadband, satellite, and multimedia channels. TMAS
physicians can remotely guide diagnosis, stabilization,
and treatment, and determine the need for medical evac-
uation. In many maritime nations, TMAS is integrated with
search and rescue (SAR) coordination, enabling concurrent
initiation of rescue resources and medical consultation via
a “one-door” system [4-13]. This integrated model reduces
communication delays, improves accuracy of information
transfer, and matches the operational rhythm of mari-
time emergencies.

The importance of TMAS has grown alongside chang-
ing maritime patterns: larger crew complements on cruise
and passenger ships, greater public scrutiny of seafarers’
welfare, and lessons from the COVID-19 pandemic, when
vessels were forced to manage outbreaks without port
access. TMAS also plays a role in humanitarian SAR oper-
ations, including responding to medical needs on migrant
vessels in distress [1-3].

Bulgaria, as a Black Sea coastal state, EU Member
State, and party to key International Maritime Organization
(IMO) and International Labor Organization (ILO) conven-
tions [International Convention for the Safety of Life at Sea
(SOLAS), STCW, Maritime Labor Convention (MLC) 2006], is
obligated to ensure that vessels under its flag have 24,/7 ac-
cess to adequate medical advice and assistance. In April
2025, amendments to the Healthcare Facilities Act (Article
6b) officially recognized telemedicine for diagnosis, treat-
ment, rehabilitation, and prevention [14]. Related Public
Health Act updates improved the legal framework for digital
health records, scheduling, and sharing — all relevant for
TMAS [15]. These reforms align national law with EU health
and data standards, notably the General Data Protection
Regulation (GDPR) [16]. Despite Bulgaria’s compliance obli-
gations under IMO and ILO conventions, there is no targeted
national policy or legislative framework explicitly integrating
TMAS into the country’s regulated telemedicine system. This
absence creates a policy vacuum and a compliance risk:
Bulgaria may not fully meet its treaty obligations regarding
service quality, availability, and accessibility.

Bulgaria still lacks an explicit statutory definition
of TMAS, a designated national provider, formal SAR inte-
gration, minimum equipment and connectivity standards, or
mandated quality-assurance procedures. Current TMAS-re-
lated activities are handled informally between Maritime

Regional Coordination Center (MRCC) and medical units,
which leads to variability in response times, unclear account-
ability, and unregulated monitoring [17-19].

By contrast, Romania and Greece have implemented
telemedicine laws and operate TMAS functions integrated
with MRCC-coordinated SAR [20-22]. Turkey maintains
a long-running radio-medical service in cooperation with
the Coast Guard [23], and Germany’s Medico Cuxhaven
provides a mature, hospital-based TMAS to ships worldwide
[24]. These show that even without TMAS-specific laws,
strong operational embedding and clear protocols deliver
effective services.

Given Bulgaria’s legislative reforms of 2025 and its
strategic maritime role along Black Sea routes, there is
a timely opportunity to formally integrate TMAS into SAR
operations, improving health outcomes, operational effi-
ciency, and compliance with international maritime health
obligations. The aim of the study is to evaluate how a unified
TMAS-SAR system in Bulgaria could improve emergency
medical care, enhance interagency coordination, and deliver
measurable safety and economic benefits — and to identify
current legislative and operational gaps.

MATERIAL AND METHODS

Bulgarian legislation — including recent amendments to
the Healthcare Facilities Act and Public Health Act — was sys-
tematically reviewed, with an emphasis on regulations rele-
vant to telemedicine and maritime health services. A compar-
ative review of international legal frameworks and maritime
conventions was undertaken to contextualize Bulgaria’'s
position within the global landscape. Operational data from
the MRCC in Varna were examined, with emergency case
records from 2018 to 2025 analyzed to identify response
patterns, timelines, and interagency coordination practic-
es. Benchmarking included detailed assessments of policies
and operational models from selected countries — Romania,
Greece, Turkey, and Germany — to understand their legal
structures, TMAS provider designations, and integration
approaches with SAR systems. Scholarly articles, industry
reports, and published best-practice guidelines on TMAS
and SAR integration were also analyzed, with a focus on their
effects on response efficiency and safety outcomes. The syn-
thesis of these data prioritized the identification of gaps
and strengths in legal frameworks, operational coordination,
and technical infrastructure, with the aim of formulating
evidence-based recommendations for Bulgaria to establish
an effective, integrated TMAS-SAR system.

RESULTS
LEGISLATIVE AND REGULATORY STATUS
Bulgaria formally recognized telemedicine in April
2025 through amendments to the Healthcare Facilities
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Act (Article 6b), creating a legal basis for remote care de-
livery. Related Public Health Act amendments introduced
provisions for provider licensing, platform registration,
and GDPR-compliant data management. However, TMAS
is neither defined nor mandated in national law; no pro-
vider is designated, and there is no legal mechanism link-
ing TMAS to SAR operations. Current obligations are met
solely via adherence to international conventions such as
SOLAS, STCW, and MLC 2006, without specific national
implementing rules. This reliance on external frameworks
leaves both compliance and operational gaps, limiting Bul-
garia’s ability to deliver consistent maritime medical assis-
tance. Table 1 summarizes the national legal provisions
and TMAS-specific deficiencies.

EVIDENCE BASE AND LITERATURE REVIEW

The literature synthesis indicates that structured
TMAS systems consistently improve maritime healthcare
outcomes. Studies demonstrate faster decision-making,
fewer unnecessary evacuations, and measurable cost sav-
ings for the shipping sector. Technological evolution has
transformed TMAS from basic radio advice to multimedia
digital platforms capable of transmitting images, video,
and electronic health record (EHR) data in real time. During
the COVID-19 pandemic, TMAS played a critical role in en-
abling onboard treatment without costly diversions. Emerg-
ing expert-system tools, such as “M Doc”, offer enhanced

data capture and decision support, although integration with
maritime communications remains uneven. These thematic
insights are summarized in Table 2.

STRATEGIC SECTORAL IMPORTANCE

Telemedical Maritime Assistance Service has cross-sec-
toral importance for Bulgaria’s maritime domain. The in-
tegration of TMAS into Bulgaria’s national maritime safe-
ty framework offers multifaceted benefits. From a safety
perspective, reliable, realtime medical support can sig-
nificantly reduce morbidity and mortality among seafar-
ers. In terms of legal compliance, embedding TMAS within
national legislation would ensure stronger adherence to
IMO and ILO requirements. System efficiency would be
enhanced by linking TMAS with SAR operations, enabling
interoperability of EHRs and faster mobilization of rescue
resources. The economic benefits are substantial, with
reduced vessel diversion and evacuation costs improving
the competitiveness of the maritime sector. Finally, from
a policy leadership standpoint, implementing a robust TMAS
framework could position Bulgaria as a regional leader
in maritime telemedicine within the Black Sea area. Table
3 outlines these sectoral benefits.

COMPARATIVE COUNTRY MODELS
Benchmarking against Romania, Greece, Turkey,
and Germany shows that all four operate functional TMAS

Table 1. Bulgaria’'s telemedicine law context and telemedical assistance service (TMAS)-specific gaps

Category Situation in Bulgaria

National telemedicine law
Draft telemedicine bill
Licensing and data rules

TMAS-specific rules

GDPR — General Data Protection Regulation

Article 6b amendments effective from April 2025 regulate remote care broadly
Proposed but not yet adopted; covers provider registration, consent, oversight
Physicians must be licensed; platforms must register; GDPR standards apply

None explicitly; TMAS obligations are enforced via international treaties

Table 2. Summary of reviewed telemedical assistance service (TMAS) sources and thematic insights

Source/theme Key insights

Economic returns of investments
and efficiency

Realtime case evidence
Technological evolution
Structured vs. standard TMAS
Pandemic telemedicine role

Expert systems development

Rapid payback and significant industry cost savings

Limited but impactful case studies show life-saving outcomes
Transition from radio-based to digital, multimedia-assisted care
Better recovery, fewer evacuations with structured systems
TMAS enabled effective onboard COVID-19 management

Platforms like “M Doc” enhance data capture but face tech constraints
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Table 3. Sectoral importance of telemedical assistance service (TMAS) implementation in Bulgaria

Sector

Key importance

Maritime safety and public health

Legal compliance
System efficiency
Economic impact

Policy innovation

EHR — electronic health record; ILO — International Labour Organization; IMO — International Maritime Organization; SAR — search and rescue

Reliable medical support reduces morbidity, mortality, and unnecessary diversions

TMAS in national law strengthens Bulgaria’s IMO/ILO compliance

TMAS links national telemedicine/SAR, improves EHR interoperability

Cuts ship diversion/evacuation costs, boosts sector reputation

Bulgaria could be Black Sea leader via TMAS framework

Table 4. Cross-country comparison of telemedical assistance service (TMAS) legislation, operations, and integration

Country National TMAS-specific Designated TMAS Integration Data protection/
telemedicine law/formal providers/practice  /with SAR /EHR integration
law/status mandate and oversight

Bulgaria New telemedicine No TMAS-specific No named national SAR managed by GDPR applies;
provisions (Article 6b) law; obligations via TMAS operator; ad maritime authorities;  national EHR
— regulated nationally international treaties  hoc practices unclear no formal TMAS initiatives active [16]
(2025) [25] (gap) [17] [18, 19] integration (gap)

[17, 19]

Romania Telemedicine TMAS via Maritime authorities ~ SAR via MRCC; TMAS ~ Telemedicine
framework (Gov. maritime/SAR coordinate TMAS coordinates with law implies data
Emergency Ordinance arrangements; calls; medical contact MRCC/SAR [17, 21] protections; GDPR
No0.196/2020) [20] centers per national points [21] applies [20]

arrangements [21]

Greece Public health TMAS via Public-sector Operational SAR GDPR; EHR
networks; Law health/maritime telemedicine; integration (maritime  integration and public
5129/2024 authorities — Greek maritime functions prefects/MRCCs NHIS infrastructure
expanding digital National Network via hospital/SAR coordinate) [22] [22]
health [22] (EDIT) [22] networks [22]

Turkey Telemedicine services TMAS as established  Turkish Radio Coast Guard is SAR National data
operate; Turkish TMAS service (Radio Medical/Coast authority; TMAS protection;
has long operational ~ Medical/Coast Guard Guard provide TMAS; coordinates with SAR  telemedicine subject
history [23] collaboration) [23] substantial volumes  [23] to healthcare

[23] regulations [23]

Germany Telemedicine via TMAS embedded Medico Cuxhaven Strong operational GDPR; established

(EU model) health law; TMAS well- in health/maritime (Helios) documented  integration medical data
established (Medico  arrangements; clear  national TMAS TMAS/MRCCs/SAR; processes; EHR
Cuxhaven) [24] organization [24] provider worldwide IMO guidance adopted linkage [24]

[24] [24]

EDIT — Greek National Telemedicine Network; EHR — electronic health record; EU — European Union; GDPR — General Data Protection Regulation; IMO — International
Maritime Organization; ILO — International Labour Organization; MRCC — Maritime Rescue Coordination Centre; NHIS — National Health Information System; SAR — search

and rescue

systems integrated with SAR through legislation, procedural
arrangements, or both. These systems have designated
TMAS providers, established operational protocols with SAR
authorities, and consistent data-protection measures. Bul-
garia is the only comparator with telemedicine legislation
but no designated TMAS provider, no formal SAR integration,
and unclear operational practices. This misalignment re-
duces readiness and hampers interoperability with regional
and EU partners. Full details are provided in Table 4.

www.intmarhealth.pl

BULGARIAN MARITIME MEDICAL
INCIDENT CASES

Case reviews from MRCC Varna (2018-2025) confirm
that serious maritime medical emergencies almost always
require both SAR deployment and specialist medical input.
Several incidents highlighted delays, multiple agency hando-
vers, and incomplete communication chains — particularly
in multi-casualty or severe trauma situations, emphasizing

the operational value of a unified TMAS-SAR approach.
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MEDEVAC cases, 2018-2025

2018 2019 2020 2021

2022 2023 2024 2025

Figure 1. Cases of medical evacuation (MEDEVAC) in Bulgarian territorial waters within the period 2018-2025

Table 5. Case series of Bulgarian maritime medical emergencies, 2018-2025

Time Vessel Position Case description
2018, 14 July, MV “Karadeniz 5”, 44°09'38"N Severe burns, helicopter evacuation requested;
1945 UTC c/s TCAY9, 028°38'59"E crew member died, evacuation cancelled

MMSI 271002106

2019, 06 March, 0315 UTC MV “Star Hyperion”

2021, 03 November, MV “Simona”,
0238 UTC c/s 9HA2127
2023, 14 January, 1510 UTC MV “Scout”,

¢/s TIMO012
2023, 03 July, MV “Milford”
1945 UTC

42°55'N 029°30’E

Medical assistance call; Maritime administration/
Navy rescue boat with medical team evacuated
patient

Varna anchorage area Man overboard at anchor; MRCC sent rescue boat

“Rescue-1" with medical team and prosecutor

Varna anchorage area Crew member broken leg; MRCC organized medical

evacuation with rescue boat “Rescue-1”

Varna anchorage area Two crew injured in waste pipe; onboard treatment

impossible, MRCC organized medical/fire teams
at dock

¢/s — call sign; MMSI — Maritime Mobile Service Identity; MRCC — Maritime Rescue Coordination Centre; MV — motor vessel; UTC — Coordinated Universal Time

Medical evacuation (MEDEVAC) trend analysis (Fig. 1)
shows fluctuating annual activity, with a peak in 2024 of eight
evacuations — the highest in the period — compared to two
to five cases in earlier years. The lowest figures were re-
corded in 2020 (two cases) and 2025 to date (one case,
partial year). The 2024 spike may reflect increased maritime
traffic, more severe incident profiles, or changes in reporting
and coordination. It also exposed systemic weaknesses:
in several high-profile 2024 cases, coordination between
agencies required multiple steps before SAR or medical re-
sources were dispatched, lengthening response times. With-
out a centralized “one-door” entry point, simultaneous
mobilization of medical and SAR assets was inconsistent,
potentially affecting outcomes. Table 5 details selected
cases, and Figure 1 presents annual MEDEVAC volumes.

INTERNATIONAL ,,ONE-DOOR” BEST PRACTICES

Six EU or European Economic Area (EEA) nations
—the Netherlands, UK, Norway, Italy, Finland, and France
— operate integrated “one-door” TMAS-SAR systems,
where the same initial contact point manages both rescue
coordination and medical advice. These models enable
immediate triage, simultaneous mobilization of resourc-
es, and minimize communication errors. Their design is
embedded in EU-compliant legal and institutional frame-
works, making them directly relevant to Bulgaria’s obli-
gations and operational context. Adopting such a model
would align national practice with IMO/ILO guidance,
improve speed and coordination, and enhance patient
outcomes. Examples of these systems are provided
in Table 6.
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Table 6. Examples of unified Telemedical Maritime Assistance Service-Search and Rescue (TMAS-SAR) operational models from six

maritime states

Country Unified contact point

Function and protocols

The Netherlands Netherlands Coastguard (JRCC Den Helder)

United Kingdom HM Coastguard MRCC network

Norway Joint Rescue Coordination Centers
(JRCC Stavanger/JRCC Northern Norway)

Italy MRCC Rome (Guardia Costiera)

Finland MRCC Turku (or national maritime emergency
number 0204 1000)

France CROSS network (French MRCCs)

All emergency calls (VHF Ch. 16, phone +31 88 958 44 00) go
to Coastguard; connect to Radio Medical Service and launch
SAR units [5]

MGN 225 instructs vessels to call HM Coastguard on SAR
channels; watch-keeper patches to designated radio-medical
doctors [4, 6, 7]

SAR Cooperation Plan: “Contact CRS/JRCC and request
MEDICO. If doctor orders evacuation, JRCC provides
helicopter” [8]

MRCC Rome coordinates SAR and is access point to national
TMAS (C.I.R.M.); vessels contact CIRM via any MRCC/MRSC [9]

NGA medical-advice list: “TMAS contacts via MRCC Turku
or MRSC”; identical number for ordinary maritime distress calls
[10, 11]

Ships dial 196 or call CROSS on VHF for distress; CROSS links
vessel with Toulouse CCMM TMAS while coordinating SAR reso-
urces [12, 13]

CCMM — Centre de Consultation Médicale Maritime; CIRM — Centro Internazionale Radio Medico; CRS — coast radio station; CROSS — Centre Régional Opérationnel de
Surveillance et de Sauvetage; JRCC — Joint Rescue Coordination Centre; MGN — Marine Guidance Note; MRCC — Maritime Rescue Coordination Centre; MRSC — Maritime
Rescue Sub-Centre; NGA — National Geospatial-Intelligence Agency; VHF — very high frequency

DISCUSSION

This study identifies a persistent gap between Bulgaria’'s
recent telemedicine legislation and the operational require-
ments for delivering effective TMAS integrated with SAR.
The April 2025 amendments to the Healthcare Facilities Act
formally recognized telemedicine (Article 6b) [14], and re-
lated Public Health Act changes enhanced the regulatory
environment for digital health systems [15]. However, no
statutory definition of TMAS exists, no national provider is
designated, and there is no legal framework mandating SAR
integration. Consequently, TMAS functions are provided on
an informal, case-by-case basis through ad hoc cooperation
between MRCC and medical units, without standardized
procedures or quality-assurance mechanisms [17-19].

COMPARATIVE LEGISLATIVE
AND OPERATIONAL CONTEXT

The comparative analysis with Romania, Greece, Turkey,
and Germany shows that legislative structures vary, but
effective TMAS provision consistently relies on institution-
al clarity, operational protocols, and formal links to SAR
[20-24]. Romania’s Government Emergency Ordinance No.
196/2020 embeds TMAS in MRCC operations [20], Greece’s
Law 5129/2024 extends digital health to maritime contexts
[22], Turkey's long-standing Radio Medical Service operates
directly through the Coast Guard [23], and Germany’s Med-
ico Cuxhaven integrates TMAS with MRCC networks [24].
These cases illustrate that success does not depend solely
on dedicated legislation, but on governance models that
define responsibilities and ensure procedural integration.

BENEFITS OF THE ,,ONE-DOOR” MODEL

Evidence from leading maritime nations — the Nether-
lands, United Kingdom, Norway, Italy, Finland, and France
—demonstrates that the “one-door” model, where distress
and medical calls are received by a single operational
hub, yields measurable improvements in emergency re-
sponse [4, 13-15]. Such systems reduce communication
delays, eliminate handovers, and enable simultaneous
deployment of SAR and medical resources. Time-mo-
tion studies report 15-30-minute reductions in initial
response times and 20-40% decreases in adverse out-
comes linked to delayed interventions [5-13]. This model
also improves situational awareness, optimizes asset
allocation, and ensures that medical and operational
decision-making are coordinated from the first point
of contact.

BULGARIAN OPERATIONAL GAPS
AND REFORM NEEDS

Analysis of MRCC incident data from 2018-2025 con-
firms that Bulgaria’s current arrangement often involves
sequential agency involvement and unclear lines of re-
sponsibility, creating avoidable delays [1-3]. These inef-
ficiencies underscore the need for a unified system that
connects TMAS and SAR from the outset of an emergency
call. The absence of technical interoperability, standardized
communication protocols, and formalized triage procedures
hinders timely medical assessment and coordinated evac-
uations [17-19].
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PROPOSED INTEGRATED OPERATIONAL
WORKFLOW FOR TMAS-SAR RESPONSE

To address these deficiencies, this study proposes an
integrated operational workflow for TMAS-SAR response
in Bulgaria (Fig. 2). Under this model, the vessel's master
or officer conducts an initial assessment and contacts a le-
gally designated national TMAS provider via a dedicated
24/7 communication channel. The TMAS provider —licensed
under Article 6b [14] and staffed by maritime-trained physi-
cians — delivers immediate teleconsultation, accesses EHR
data where available [16], and determines the need for

Medical emergency at sea

\ 4

Ship’s Master/Officer assesses the situation

Y

Contact TMAS via dedicated 24/7 channel

« Legally designated Bulgarian TMAS provider
- Licensed under Healthcare Facilities Act (Art. 6b)
- Staffed by maritime-trained physicians

Y

Immediate medical teleconsultation

+ Symptom assessment & treatment advice
« Access to patient EHR if available
- Integration with ship’s telemedicine equipment

l

Coordinated decision-making

« TMAS physician + MRCC + Master jointly assess
« Decide: treat on board/medevac/diversion

\ 4

Follow-up and documentation

- Case recorded in national telemedicine database
« Quality control & incident review mechanisms
- Data supports statistics, training, and policy updates

Figure 2. Proposed integrated operational workflow for Teleme-
dical Maritime Assistance Service-Search and Rescue (TMAS-
-SAR) response in Bulgaria

EHR —electronic health record; MEDEVAC — medical evacuation;
MRCC — Maritime Rescue Coordination Centre

onboard treatment, MEDEVAC, or diversion in direct coordi-
nation with the MRCC. All incidents are logged in the national
telemedicine database, enabling systematic quality review,
statistical monitoring, and feedback into training and policy
development. This structure mirrors international “one-door”
best practices [4-13], ensuring that SAR and TMAS operate
as a single, coordinated system.

LEGAL, TECHNICAL, AND QUALITY
CONSIDERATIONS

Implementation requires secondary legislation to define
TMAS as a distinct service within maritime law [17], desig-
nate a national provider [18, 19], and mandate technical
and procedural integration with MRCC/SAR operations. Crit-
ical enablers include redundant communication channels
(satellite, VHF digital, broadband) for resilience in all mar-
itime zones [15, 16], interoperable systems linking TMAS
logs to national EHRs, and mandatory training for MRCC
operators, ship Masters, and medical personnel, aligned
with IMO and Centro Internazionale Radio Medico (CIRM)
guidelines [4, 17]. Quality assurance should be embedded
from inception, with key performance indicators for time to
first medical contact, evacuation decision-making, and pa-
tient outcomes, alongside regular benchmarking against
international standards [5-13].

STRATEGIC AND ECONOMIC RATIONALE

Beyond the safety and compliance benefits, integrating
TMAS with SAR offers substantial economic gains. Compar-
ator nation data suggest potential annual savings of several
million euros through reduced unnecessary diversions, few-
er helicopter evacuations, and optimized use of maritime
safety assets [20-24]. Strategically, such a system would
strengthen Bulgaria’s compliance with IMO, ILO, and CIRM
conventions, improve its maritime safety profile, and rein-
force its leadership potential within the Black Sea region.

In sum, the evidence supports the implementation
of a unified TMAS-SAR framework in Bulgaria as both
an operational necessity and a strategic opportunity. By
adopting proven international models and tailoring them
to national legislative and technical contexts, Bulgaria can
modernize its maritime emergency response, safeguard
seafarer welfare, and enhance its standing as a responsible
maritime nation in line with EU and international standards.

Limitations and future research directions

The present study has several limitations that should
be addressed in future work. First, the MRCC case series is
derived from publicly available summaries, which may omit
operational details and medical data relevant to system
performance [1, 3, 26]. Access to full incident reports could
provide a more comprehensive evidence base. Second,
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quantitative analysis is required to measure the economic
and health impacts of a unified TMAS-SAR framework in Bul-
garia, ideally through pilot implementation and simulation
modeling. Third, systematic assessment of emerging TMAS
technologies — including connectivity solutions, Al-assisted
diagnostics, and integration with maritime communication
systems — would inform technical design choices. Fourth,
qualitative research exploring the perspectives of seafarers,
ship operators, medical practitioners, and SAR personnel
could ensure that system architecture meets operational
needs. Finally, the potential for Black Sea regional cooper-
ation in TMAS provision warrants investigation, as shared
infrastructure and coordinated protocols may enhance cost
efficiency, interoperability, and compliance with interna-
tional standards.

CONCLUSIONS

Bulgaria’s April 2025 telemedicine reforms established
a legal foundation for remote healthcare but left critical
operational, institutional, and technical gaps preventing ef-
fective integration of TMAS with SAR operations. The present
framework lacks a statutory TMAS definition, designated
provider, formal SAR integration, unified communication
protocols, minimum connectivity standards, and embedded
quality assurance. Evidence from operational case analysis
confirms that fragmented, sequential agency responses
delay decision-making and risk adverse outcomes, while
international best-practice models demonstrate the bene-
fits of unified “one-door” TMAS-SAR systems in reducing
response times, improving coordination, and enhancing
patient safety. Implementing such a system in Bulgaria
would enable parallel mobilization of medical and rescue
resources, optimize asset use, improve survival rates,
and deliver measurable cost savings through reduced di-
versions and evacuations. Achieving this requires secondary
legislation to operationalize TMAS-SAR integration, inter-
agency governance mechanisms, investment in redundant
communication infrastructure, integration with national
EHR systems, and continuous performance monitoring
aligned with international standards. With recent legislative
momentum, advancing digital health capabilities, and its
strategic position in the Black Sea, Bulgaria is well-placed
to implement a modern, compliant, and regionally leading
TMAS-SAR system — strengthening maritime safety, safe-
guarding seafarer welfare, and reinforcing its standing as
an innovative and responsible maritime nation.
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Understanding fatigue in the fishing industry:
a case study of biodata collected at-home
and at sea
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ABSTRACT

Measurement of fatigue in the marine industry is a critical aspect of safe operations on water. Countless
incidents have been linked to fatigue, particularly those involving navigation. This paper focuses on a case
study to explore the impact of fatigue on bridge operations onboard a fishing trawler. The data was selected
from a larger project used to develop an interactive fatigue risk identification application involving several
other crew positions. The specific focus on this case includes 56 days of data collection occurring over
a period that spanned time both at sea and at home. The collected data includes objective (heart rate
and reaction time) and subjective (fatigue rating, sleep quality, and activity logs) data as well as vessel
environmental and movement data. Results indicated that there was a noticeable difference between
at-sea versus at-home heart rate, and ratings of mental fatigue. Visual analyses of the data reveals that
there was minimal change in nearly all of the variables collected during the at sea time blocks. Collecting
data in a dynamic environment poses a number of challenges; however, it also provides the opportunity to
contextualize the data from a macroenvironmental perspective and allows for an identification of factors
which contribute to a change in fatigue. Future studies should strive to include vessel/workspace environ-

mental data whenever possible.

Keywords: fatigue, heart rate, sleep quality

INTRODUCTION

Fatigue in healthy populations has been described as
a feeling of weariness, exhaustion, tiredness, weakness,
and lack of energy related to both physical and mental
capacity [1-3]. However, given its connection to physiolog-
ical, psychological, and behavioral manifestations, a uni-
versal definition of fatigue has proven difficult [1]. Fatigue
is considered a multifactorial construct that affects a per-
son’s ability to perform even some of the simplest tasks
and impacts health-related quality of life [3]. To incorporate
the many facets of fatigue, Aaronson et al. [1] propose
the following definition: “The awareness of a decreased

(Int Marit Health 2026; 77, 3: 195-205)

capacity for physical and/or mental activity due to an im-
balance in the availability, utilization, and/or restoration
of resources needed to perform activity” (p. 46). Unfortu-
nately, it has been shown that individuals are not always
aware that fatigue has begun to impair performance until
it is too late [4].

A more recent definition proposed by The International
Civil Aviation Organization [5] defines fatigue as “a physio-
logical state of reduced mental or physical performance
capability resulting from sleep loss or extended wakeful-
ness, circadian phase, or workload (mental and/or phys-
ical activity) that can impair a crew member’s alertness
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and ability to safely operate an aircraft or perform safety
related duties” (p. 32). More broadly, Chong and Baldwin [2]
define fatigue as “an adaptive state of stress that occurs
due to the interaction between an individual and their en-
vironment” (p. 1). Finally, and more relevant to the current
review, the International Maritime Organization [6] defines
fatigue as “a reduction in physical and/or mental capability
as the result of physical, mental or emotional exertion, which
may impair nearly all physical abilities including: strength;
speed; reaction time; decision making; or balance” (p. 4).

As with the definition proposed by Aaronson et al. [1],
these additional conceptualizations do not necessarily pro-
vide direction on how to detect the onset of fatigue. Under-
standing deficits in performance is important; however,
early detection of degradation in performance is critical
(both from the individual’'s and from an industrial safety
point of view) to identifying strategies that address and/or
mitigate fatigue risk. Detection is particularly important,
as fatigue has been shown to reduce vigilance, attention,
situation awareness, decision making ability, and increase
reaction time [7]. Based on similar findings across multiple
domains, Jepsen, Zhao, and van Leeuwen [8] recommend
that fatigue research should focus on the development
of predictive tools and mitigation management systems
for seafarers.

Therefore, this case study is specifically focused on
fatigue in the marine industry. Specifically, commercial
fishers are known to work extremely long hours and engage
in highly demanding physical activities for extended periods
of time. As evidence of this, Sdnchez-Beaskoetxea et al. [9]
note that of 33 fishing vessel related accidents reported by
US National Transportation Safety Board (NTSB) between
1975 and 2017, 15 (45%) were directly related to fatigue
due to lack of sleep and/or excessive workload. It was also
reported that of all the NTSB marine accidents examined
during that time frame (127 ships), fishing vessel events
were more likely to be related to fatigue than to any other
cause [9].

Interestingly, citing fatigue as a contributing factor fol-
lowing an accident investigation is based on subjective
interpretations of work schedules, physical and mental
requirements, and the duration of the voyage. It is purport-
ed that longer exposure to detrimental factors increases
fatigue [10]. Physiological measures specifically related
to fatigue are not normally taken during a voyage, thus,
the accident investigators rely on factors and environmen-
tal conditions which are known to increase the likelihood
of being fatigued. In the absence of these measures, it is not
currently possible to definitively identify the level of fatigue
or how much it contributed to the accident.

Past research suggests that fatigue plays a critical
role in decision making and physical performance while at

sea [7, 9]. Unfortunately, little is reported on the periods
of time just prior to or following an accident. It is unclear
whether marine personnel are more, or less fatigued when
they are at sea when compared to onshore periods. For
example, when arriving home after a prolonged period at
sea, itis possible that crew members feel obligated to make
up for their absence by taking on a large portion of familial
tasks (e.g., food preparation, cooking, cleaning, childcare,
fixing items around the house). This may also be the case
just prior to their departure, which may reduce the amount
of sleep obtained before arriving onboard. It should be noted
that while at sea, many of these tasks are completed by
other crew members.

Given past findings related to fatigue in the marine
industry [7-9], and the fact that no objective measures are
typically gathered during actual marine operations so that
it can be compared to those data with “normal” everyday
life experiences (i.e., pre-, or post-voyage), it is important to
collect and report on differences to ensure a more holistic
understanding of fatigue. To better explore the differences
between at sea and at-home measures, this paper focuses
on a case study to identify the impact (if any) of fatigue on
bridge operations onboard a commercial fishing trawler.
Data was purposefully selected from a larger project focused
on fatigue risk identification involving several other crew
positions; however, the specific focus on this case includes
56 days of data collection occurring over a period spanning
both time at sea and at-home. Collected data includes ob-
jective (heart rate and reaction time), and subjective (fatigue
rating, sleep quality, and activity logs) measures. Combina-
tion of these data provides the opportunity to contextualize
the findings from a macroenvironmental perspective.

MATERIAL AND METHODS

The data was collected from one senior crewmember
with over a decade of experience working a 6 hour on/6 hour
off schedule onboard a fishing trawler. Ethical approval for
the study was granted from Veritas REB (Protocol #2022-
3062-1191-1), and the crewmember provided informed
written consent prior to participating.

Data included heart rate captured at ~0.5 Hz (i.e.,
~40 recordings per minute) from an armband positioned
below the bicep (Scosche Rhythm 24, Oxnard, CA) and aver-
aged every 60 seconds, ratings of fatigue [3], sleep quality
(O = awful, excellent = 5) and duration (in hours of con-
secutive sleep), and a digitized ultra-short psychomotor
vigilance test [11] completed at least twice each day (once
inthe morning and once in the evening). The at-sea schedule
consisted of 6-hours of work from 00:00 to 06:00, 6-hours
of off-shift time from 06:00 to 12:00, 6-hours of work from
12:00 to 18:00, and another 6-hour off-shift period from
18:00 to 23:59. During off-shift periods, the crewmember
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also completed tasks such as eating, showering, laundry,
and personal correspondence which needed to be complet-
ed before going to sleep. Thus, the chance of obtaining six
consecutive hours of sleep was minimal. The crewmember
was also expected to arrive for a shift 15 minutes prior to
the its start to ensure a handover briefing could be carried
out for the outgoing crewmember.

Data was to be captured for the first 10 days of the fish-
ing trip (Block 1), 10 days in the middle part of a trip
(Block 2), the last 10 days of the fishing trip (Block 3),
and the first 10 days at home immediately following arrival
back in homeport (Block 4). Based on past research [12],
the schedule of 6 hours on shift and 6 hours off shift was
believed to represent (a priori) periods of time that would
best show a gradual increase in reported/measured levels
of fatigue and a re-set back to baseline values once at-home.
The crewmember was asked to capture as much heart
rate data (by wearing the armband) as possible throughout
each block. Given the dynamic nature of offshore fishing
[13], the crewmember was unable to collect data on all
of the days but was successful in providing information
for a total of 56 days across all of the time blocks (9 days
in Block 1, 27 days in Block 2, 6 days in Block 3, and 14 days
in Block 4). The additional data provided in the middle part
of the trip as well as that while the crewmember was at
home was used in the analyses.

DATA COLLECTION

To capture the data from the various inputs, a pur-
pose-built application (Skilltinuous, Training Works, St.
John’s, NL) was developed and loaded onto a ruggedized
iPad (Apple, Cupertino, CA) connected to the vessel’s Inter-
net. Environmental data (vessel movement) was captured
with two independent sensors (2JCIE-BUO1, Omron) located
at various sites onboard the vessel (e.g., bridge, galley,
fish processing plant, accommodation area). The sensor
hub recorded 3-axis acceleration for 6 degrees of free-
dom (pitch/gyrox [dps], yaw/gyroz [dps], roll/gyroy [dps],
heave/accelz [g], sway/accelx [g], and surge/accely [g]),
temperature [°C], relative humidity [%], light [lux], noise
[dB], barometric pressure [hPa], estimated total concen-
tration of volatile organic compounds in parts per billion
(eTVOCppb), estimated carbon dioxide in parts per million
(eCO2ppm), and vibration through three sensors [number
of earth quakes, number of vibrations, and spectral in-
tensity (SI)].

The crewmember received instructions on how to
use the iPad application (Skilltinuous) and the armband.
A baseline measure of five minutes was collected as an
initial benchmark for the remainder of the data collection
process. After logging into the iPad, the crewmember was

asked to provide daily ratings, activities, and complete
the psychomotor vigilance test (PVT). Use of the ultra-short
version of the PVT was based on its reported ability to detect
fatigue, the ease of use, and minimal time requirements for
the crewmember [11]. The fatigue log scales were based
on mental, physical, perceived, and overall ratings of fa-
tigue as outlined in previous research [3]. These ratings
were captured with a visual analog scale with three anchor
points. The use of a slider was designed to record a value
(in the background) from 1 to 10 in increments of 0.5 that
corresponds to the position where the crewmember slid
the toggle (Fig. 1). The position selected on the slider corre-
sponds to the distance along a 150 mm line and represents
qualitative text-based anchors. Daily activity logs consisted
of text-based inputs and dropdown menu options that were
recoded into numerical values. The option to add text-based
information was used to explore activities that might not be
available in the dropdown menu.

The use of the visual analog scale accomplished two
goals [14]. First, it did not limit the use of the scale by
providing an anchored number to a written term. For exam-
ple, had the user selected a 2 on a Likert scale and then
worked for 12 hours, it would likely introduce a bias when
selecting a value following the shift, because, from a cogni-
tive perspective, it would be unlikely for a person to report
being less fatigued than before completing the work. In this
example, the scale would be reduced to a possible selec-
tion of 3 to 10, rather than 1 to 10, leading to a situation
in which the crew member would select a higher value after
performing some amount of work, even if they do not feel
more tired. Second, the use of a slider limited the likelihood
of a central tendency bias [15].

The presentation of the scale also provided a free range
of values and was not biased toward reporting more fatigue
as the time at sea progresses. For example, if a crew mem-
ber recalled that a value of 1 or 2 was selected on the first
day of the voyage after a 4-hour sleep, it would be unlikely
that they would select the same or a lesser value after
50 days of working 6 hours on/6 hours off, even if they did
not feel more tired.

Heart rate data

Heart rate (HR) data was separated into several varia-
bles thought to reflect important markers during the anal-
ysis. For example, maximum HR (HR,ax) Was a reflection
of how much physical and/or cognitive effort had been
exerted in the previous 24-hours. As it was possible that
this value could be influenced by environmental conditions
(e.g., rough seas, high levels of carbon dioxide, ambient
temperature) HRax data was examined for correlations
to other variables. Similarly, as it has been anecdotally
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reported that vessel motion interrupted sleep, sleeping HR
was also explored for factors that may have caused a change
from day to day. Given the work environment and schedule
of the crewmember, it was not possible to collect a tradi-
tional resting HR value (i.e., supine for 5 minutes in a quiet
space); therefore, baseline HR (HRg,) values were identified
from the raw data immediately after waking and filtered for
clear indications of movement (e.g., increase of more than
10 beats per minute from the previous 60 seconds).

Psychomotor vigilance test data

To capture a psychomotor response time, the crew-
member was presented with 16 randomly generated
prompts. The maximum period between the end of one
prompt and the next was set at 1 second with a minimum pe-
riod of 500 ms. The maximum allowable time lapse between
a prompt and a response was set at 3500 ms. The total
time to complete the test was set at 60 seconds. As this
PVT version was considered ultra-short in comparison to
the 10-minute version [16], the data needed to be inter-
preted within several thresholds [11]. For example, in an
ultra-short version, a response time of over 350 ms was
classified as a lapse. A false start was identified if the crew
member response was less than 50 ms.

RESULTS

All data were visually analyzed, and descriptive sta-
tistics have been provided. The data were divided into
quantitative and qualitative categories and then combined
in mixed analyses. It should be noted that a priori it was
hypothesized that at-home data would be different from
the other three time blocks which occurred at sea [17, 18].
This assumption was based on previous research purport-
ing that fatigue is increased while at sea [19-21], par-
ticularly for extended periods and while working a 6-hour
on/6-hour off schedule [8].

Table 1. Heart rate (HR) descriptive information

QUANTITATIVE DATA
Heart rate data

After filtration of the error code (noted as 255 in the data),
all HR data (collected at ~0.5 Hz) were averaged into 60-sec-
ond epochs. These 60 second blocks were then used to
determine several specific attributes related to possible
changes that were influenced by variables noted during
discussions with the crewmember. Data were tested for in-
dependent variables of time block (O = at-home, 1 = at-sea).
Data collection occurred as often as possible, however,
there were periods were the armband battery needed to
be charged, or the device onboard memory needed to be
transferred to an external database. During these random
periods, data collection was not possible.

To identify potential changes associated with inde-
pendent variables, the HR data was subdivided into seven
distinct categories: 1) HRgy, 2) daily average HR (HRgaiy),
3) HRmax, 4) work HR (HRyor), ) off-shift HR (HRtshift),
6) sleep HR (HRgjeep), and 7), and sleep dip HR (HRgjp). HRwork
and HRygshist during the at-home period were calculated
when specific times allocated for chores around the house
were noted in a daily log. The HR categories were used
to determine whether there were any noticeable changes
in the biodata related to the four time blocks. The daily activi-
ty logs were also used to identify any specific instances of in-
creased activity (none were noted in the data). Table 1 in-
cludes the descriptive information for the seven categories.

A visual examination of HRg(, HRgaily, HRmax, HRoftshifts
and HRgi, data did not appear to reveal any major differences
across the different time blocks. However, HRy,o« appeared
to be considerably different, particularly between the first
10 days, the mid-trip block at sea, and the at-home data
(Fig. 2A). Similarly, HRgjeep also appeared to be different be-
tween the first 10 days, the mid-trip block at sea, and the at-
home period (Fig. 2B). It was further noticed that the variability
in HR data appeared to be higher while at-home.

Heart rate variable (SD)

Time block HRg, HRgaily HRumax HRyork HRGt.ohitt HRqjeep HRygp

First 10 days 86.83(4.39) 87.98(1.97) 132.33(5.39) 94.90(5.91) 91.57(5.09) 80.69(3.60) -6.74(8.21)
Mid-trip 85.81(3.74) 90.27 (4.43) 142.93(18.63) 96.37(6.73) 93.14(3.69) 80.61(3.72) -5.53(6.24)
Last 10 days 86.34(2.59) 88.20(1.31)  140.00(15.47) 97.01(4.60) 92.63(4.23) 80.12(4.52) -7.21(4.39)

At-home

80.75(24.21) 96.54 (16.54) 148.93(16.50) 107.67 (12.20) 93.57 (13.71) 73.66 (6.27)

-3.65 (10.44)

HRgL — baseline heart rate; HRyaiy — daily average heart rate; HRyj, — sleep dip heart rate; HRyax — maximal heart rate; HRoesnire — Off-shift heart rate; HRgjeep — Sleep heart

rate; HRyorx — work heart rate
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Figure 2. Mean work heart rate (HRyor) (A) and sleep heart rate (HRgjeep) (B) based on time block. Error bars represent standard error

Table 2. Psychomotor vigilance test (PVT) descriptive information

Time block Mean (SD) False starts (SD) Lapses (SD)
First 10 days 275.39 (16.54) 0.44 (0.73) 0.67 (0.87)
Mid-trip days 280.05 (11.52) 0.31(0.47) 1.03 (1.15)
Last 10 days 286.33 (15.12) 0.00 (0.00) 1.50 (1.29)
At-home 303.22 (19.49) 1.33(1.12) 1.78 (1.20)

A comparison between at-home and at-sea data revealed
that there were no noticeable differences for the HRg(, HRgail,
HRmaxs HRoff_shiﬁ, and HRdip data. HRyo and HR5|eep ap-
peared to be considerably different between the at-sea
and at-home data. The mean HRyo« While at-home was
107.67 and 96.15 while at sea. The mean at-home HRgjeep
was 73.66 bpm while the at-sea mean was 80.65 bpm.

Psychomotor vigilance test data

Psychomotor vigilance test data contains three distinct
components: overall average time to response, number
of lapses, and number of false starts. PVT data was also
visually analyzed for possible differences between at-home
and at-sea periods. As with the other data and due to opera-
tional tempo and other requirements, the crew member did
not provide information every day throughout the collection
period. Table 2 provides the mean response times (ms),
false starts, and lapses for the PVT based on time blocks.

Based on a visual examination of the PVT average data,
there appears to be a steady increase in the time required to
respond to the test. The largest differences appear to occur

200

between the first 10 days, the mid-trip period, and the at-
home block (Fig. 3A). There also appears to be a considera-
ble difference in the number of false starts when comparing
the four time blocks (Fig. 3B).

Sleep

Table 3 provides descriptive information for the self-
-reported duration and quality of sleep. Based on a visual
examination of the sleep duration reports, there appears to
be a considerable difference between the number of consec-
utive hours of sleep while at-home compared to those during
the period while at sea (Fig. 4). The data also suggests that
sleep duration progressively decreased throughout the time
atsea. There did not appear to be any noticeable difference
in the rating of sleep quality across the different time blocks.

Fatigue rating

A rating of fatigue was given for four different compo-
nents: mental, physical, perceived, and overall. Table 4 pro-
vides descriptive data for each time blocks. Again, the crew
member did not provide a rating of fatigue during each
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Figure 3. Mean psychomotor vigilance test (PVT) average (A) and mean PVT false starts (B) based on time blocks

Table 3. Sleep rating descriptive information.

Time block :-'Is(:)u)rs of sleep ?sI:)a)"ty of sleep
First 10 days 4.11(0.38) 3.94 (0.64)
Mid-trip days 3.63 (0.45) 4.03 (0.52)
Last 10 days 3.13 (0.88) 3.38 (1.03)
At-home 7.78 (0.25) 3.77 (0.56)

of the data collection time blocks. Perceived fatigue was
a rating based on the previous day (better than the previ-
ous day).

No noticeable differences were identified for physical,
perceived, or overall fatigue ratings across time blocks or
when comparing at-home versus at-sea data. Based on
the available data, there appeared to be a considerable
difference in mental fatigue rating across the different time
blocks. A visual examination suggests that the last 10 days
at sea were rated as having been less mentally fatiguing
than all other time blocks (Fig. 5). When combining the data
from at-sea and comparing that to the at-home ratings,
there appeared to be a noticeable difference. The mean
at-sea mental fatigue rating was 1.71 while the at-home
rating was 2.11.

VESSEL DATA
Environmental data

A visual examination of the environmental conditions
(Tab. 5) data recorded from the bridge of the vessel was

Mean sleep duration [hours]

il 2 3 4

Time block

Figure 4. Mean sleep duration based on time blocks

carried out for the three time blocks while at sea. The data
of the last 10 days were not always available due to con-
nectivity issues with the Internet. It was noted that noise
levels were noticeably lower in the first 10 days at sea when
compared to the other two time blocks. Despite differences
in the environmental data across the individual time blocks,
these changes did not appear to noticeably influence any
of the other variable.

Vessel movement
The bridge sensor hub data appeared to indicate that
no noticeable differences occurred in vessel pitch across
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Table 4. Fatigue rating (from 1 to 10) descriptive information

Perceived Overall

4.67 (1.23) 2.22(0.67)
4.76 (0.51) 1.90 (0.42)
5.00 (0.00) 2.00 (0.00)
5.11 (0.33) 2.11 (0.60)

Fatigue ratings (SD)
Time block
Mental Physical
First 10 days 1.78 (0.44) 2.22(0.67)
Mid-trip 1.79 (0.41) 1.97 (0.42)
Last 10 days 1.00 (0.00) 2.00 (0.00)
At-home 2.11(0.33) 2.33(0.50)
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Figure 5. Mental fatigue rating based on time block

the three time blocks. Table 6 provides mean values
across the three time blocks. Based on an examination
of the data, there did not appear to be a noticeable differ-
ence in the amount of roll, yaw, heave, or sway for the ves-
sel based on the different time blocks. Vessel movement
data suggest that there was considerably more pitch dur-
ing the first 10 days at sea. Vessel surge data suggests
that there were considerably more fore and aft movement
between the first 10 days and the last 10 days at sea.
Day-to-day variability was not analyzed in this case study;
however, in cases were the crewmember noted a particular
environmental event (rough seas) in the daily log, biodata
and reaction time did not appear to be negatively influenced.
It was noted, based on the available data, that vessel roll
impacted both sleep quality ratings and sleep duration.

DISCUSSION
This case study is the first known project to contextualize
both qualitative and quantitative data from a fishing crew

member with environmental data and vessel movements
across at-sea and at-home periods. It was expected (based
on past research and personal communications with other
marine crew) that the at-sea data would show a distinctly
different picture of biodata and self-reporting of fatigue [8,
11, 22, 23]. This assumption was based on past research
related to the nature of shift work onboard a working fishing
vessel [10, 21, 24, 25], and particularly for those working
a 6 on/6 off schedule [12]. Specifically, it was expected that
as the crewmember spent more time at sea, performance
on the PVT would have decreased, HR values would have
increased, ratings of sleep quality would have decreased,
and that ratings of fatigue would have increase after com-
pleting over 30 days of a 6 on/6 off work schedule [3, 12,
26, 27].

It could be argued that because this crewmember spent
the majority of time on the bridge, fatigue levels may have
not been influenced by more physically demanding tasks
experienced by crew working on the deck or during fish
processing. For example, the differences in crew position
would likely have influenced all derived HR values, while
environmental conditions may have increased ratings of fa-
tigue and decreased sleep quality. To better contextualize
the data, future marine related fatigue risk research should
consider the crewmember’s work environment and tasks.

The data do not appear to support the assumption
that fatigue rating or biodata (heart rate in this case) are
higher while at sea, particularly for completing bridge du-
ties. In fact, the data suggest that the crew member had
higher HRyork, Slower reaction times and increased errors
on the PVT as well as higher mental fatigue rating while at
home. These differences were noticeable despite the crew
member having more sleep and a lower HRgjeep. The data
also suggest that neither environmental conditions nor
vessel movements negatively influenced the biodata or
self-reported levels of fatigue while at sea. It is possi-
ble that this crewmember was chronically fatigued, thus
there would be no noticeable difference across the var-
ious time blocks or while at home. As noted by Thomas
and Smith [4], individuals are not always aware that they
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Table 5. Environmental data from one Data Acquisition Unit located on the bridge of the vessel

First 23.7 (3.36) 26,56 (5.12) 2.22(0.67) 78.65 126.17 101451  0.07 (0.09) 68.40 1.49
10 days (2.24)  (128.10)  (437.99) (99.94)  (2.08)
Midtrip  24.70(2.19)  25.97(3.03) 1.90(0.42) 89.31 464.74 1708.92  0.06(0.11) 53.95 1.92

(8.10)  (360.64)  (364.28) (81.35)  (2.29)
Last 26.20(0.99)  24.00(0.85) 2.00(0.00) 9455  105.50 109850  N/A N/A N/A
10 days (10.11) (26.16) (171.83)

Measurements of temperature in degrees Celsius (°C), atmospheric pressure in hectopascal (hPa), noise in decibels (dB), air quality estimated by the concentration
of total volatile organic compounds (eTVOC) in parts per billion (ppb), estimated carbon dioxide (€C02) in parts per million (ppm), spectral intensity (SI) value measured in kine

(cm/s) for vibration (number of earth quakes, peak ground acceleration (PGA) measured in galileo (gal), and number of vibrations)

Table 6. Vessel movement data based on time blocks

First 10 days 3.66 (2.68) 26.56 (5.12) 0.24 (0.06) 78.65 (2.24) 126.17 (128.10)  0.24 (0.06)
Mid-trip 0.10 (1.58) 25.97 (3.03) 0.19 (0.08) 89.31(8.10) 464.74 (360.64) 0.19 (0.08)
Last 10 days 0.08 (1.08) 24.00 (0.85) 0.13 (0.06) 9455(10.11) 10550 (26.16)  0.13 (0.06)

are fatigued, particularly if their level of performance has
become the “norm” and is not compared against a period
of time where they are well rested. As fatigue is not directly
measured prior, during, or following a marine accident,
and no other known studies have explored this possibility,
it is currently unknown whether other crewmembers could
also be chronically fatigued.

LIMITATIONS

The primary limitation of this case study is the incon-
sistence of data collection. The HR data collection device
(armband) was limited to recording BPM for a maximum
of 8 hours due to onboard storage and battery capaci-
ties. This limitation required the crew member to remove
the device for data transfer and charging the battery. During
these periods, it is possible that other work activities were
occurring which may have influenced HRor« values. The data
collection device was selected as it met certain criteria,
which addressed snagging hazard avoidance, provided on-
board data storage, was comfortable to wear for extended
periods of time, and most importantly, the data was consid-
ered valid and reliable across the dynamic environments
in which it was deployed. However, the device was limited
in its ability to capture more than one variable (memory
limitation) over a long period (battery limitation). This study is

also limited in its ability to generalize to the other crewmem-
bers and other marine settings. However, this case study
provides a unique perspective on data collected across
multiple periods at sea as well as at home. A final limitation
is related to the vessel environmental and movement data,
as it was only reported for the bridge of the vessel. Sensor
placed in other workspaces not frequented by this seafarer
may have resulted in different results. In this case study,
the crewmember spent the majority of time on the bridge
(shifts and handover as well as completing paperwork);
therefore, environmental conditions in other locations were
not deemed to influence the biodata or fatigue ratings for
this individual.

CONCLUSIONS AND RECOMMENDATIONS
Given the findings from this case study and based on
past research, the following conclusion and recommenda-
tion are made:

* Data collection across all aspects of a voyage as well as
at home provides an increased level of understanding
fatigue risk in a marine setting.

¢ Asno off-the-shelf operationally acceptable (e.g., intrinsi-
cally safe, non-snagging) data collection device currently
captures long-term biodata and environmental condi-
tions, there is a need to develop such a system/device.
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e Although not found to be of significant influence in this
case study, the inclusion of environmental data such as
ambient temperature, noise levels, and vessel move-
ment are important factors when contextualizing biodata
in a marine setting.

e Further longterm data collection in real-world settings
is required to ensure fatigue risk prediction and miti-
gation strategies provide benefit to industry workers
in harsh environments.

* More sensitive biodata measures such as heart rate
variability should be included in future marine related
fatigue risk studies.

* Machine learning models and algorithms will need to
be developed for data analytics and predictive insights
related to long-term fatigue risk data.

KEY MESSAGE

Based on the findings from this case study and a review
of past literature, it is important to consider not just the data
collected while completing at-sea operations, but also fac-
tors influencing fatigue which occur while at-home. Com-
bined, these sources of information aid in contextualizing
subjective and objective measures of fatigue in the maritime
domain. This combination will provide a better framework
to develop fatigue risk identification, prediction and man-
agement strategjes.
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Job demands and burnout among Chinese seafarers
— the chain mediating effects of work engagement

and depression
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ABSTRACT

Background: This study aimed to investigate the mediating effects of work engagement and depression
on the relationship between job demands and burnout among Chinese seafarers.

Material and methods: The study used Harman'’s single-factor test, descriptive analysis, correlation analysis,
and mediation analysis. A total of 1,084 Chinese seafarers participated in this study, completing the Job
Demands subscale of the Job Content Questionnaire (JCQ), the Utrecht Work Engagement Scale (UWES),
the Depression subscale of the Depression Anxiety Stress Scales (DASS), and the Maslach Burnout Inven-
tory-General Survey (MBI-GS). Data were collected from July 2025 to August 2025.

Results: The results indicated that, among Chinese seafarers: 1) job demands significantly and negatively
predicted burnout; 2) work engagement mediated the relationship between job demands and burnout;
3) depression mediated the relationship between job demands and burnout; and 4) work engagement and
depression exerted a chain mediating effect between job demands and burnout.

Conclusions: The findings have important practical implications for understanding the factors influencing
burnout among Chinese seafarers and offer new insights for mental health interventions and maritime

safety management.

(Int Marit Health 2026; 77, 3: 206-213)

Keywords: seafarers, job demands, burnout, work engagement, depression

INTRODUCTION

Burnout refers to a prolonged negative response expe-
rienced by individuals who are unable to effectively cope
with persistent workplace stressors [1]. Among seafarers,
the prevalence of burnout is 10.8% [2]. Burnout not only
leads to physical and psychological distress among seafar-
ers but also compromises the safe operation of the entire
maritime industry [3], highlighting the critical importance
of addressing this issue.

Burnout is primarily associated with work-related fac-
tors, such as job demands. Job demands refer to physical,

psychological, social, or organizational aspects of work that
require sustained physical, cognitive, or emotional exertion
and can lead to varying degrees of physical or psychologi-
cal exhaustion [4]. According to the classic Job Demands-
-Resources (JD-R) theory, the work environment consists of
two components, job demands and job resources, and occu-
pational health is shaped through two processes — health
impairment and motivation activation. However, individuals
may perceive job demands differently. Some researchers
have categorized them as either challenging or hindering [5].
Challenging job demands require effort but also facilitate
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personal development and rewards [6], for example, work-
load and time pressure [5]. Although such demands con-
sume resources, when aligned with individual needs, they
can stimulate motivation, buffer against negative effects
such as stress, and enhance mental health by increasing
engagement and self-efficacy. In contrast, hindering job
demands primarily contribute to burnout through resource
depletion [6]. This distinction moves beyond the traditional
single-dimensional view of job demands, clarifying that not
all demands are detrimental; some can serve as “positive
stressors” when aligned with individual growth needs.

As noted, the relationship between job demands and
burnout has been widely studied, yet findings remain incon-
sistent. Furthermore, relatively few studies have focused
specifically on seafarers, particularly in the Chinese context.
Most research has found a positive correlation between job
demands and burnout, suggesting that higher job demands
increase the risk of burnout [7, 8]. However, some studies
report that when employees perceive job demands as highly
challenging, their negative impact on burnout is attenuated
[9]. Conversely, other research indicates a positive relation-
ship between challenging job demands and burnout [10].
Based on these mixed findings, we propose Hypothesis
H1:Job demands among Chinese seafarers directly predict
their burnout.

In addition to examining the direct relationship between
job demands and burnout, it is important to investigate the
underlying mechanisms linking them. According to the JD-R
theory, long-term exposure to hindering job demands de-
pletes individual resources and reduces work engagement
through the health impairment process [11, 12]. Conversely,
work engagement is viewed as a product of “resource activa-
tion” [13], defined as a positive, fulfilling psychological state
associated with work, characterized by vigor, dedication,
and absorption [14]. Challenging job demands, in particular,
stimulate achievement motivation, encouraging individuals
to invest energy and maintain focus, thereby reducing burn-
out. Numerous studies have confirmed a positive correlation
between challenging job demands and work engagement
[6, 10, 15-17], while work engagement itself is negatively
correlated with burnout [3, 18]. In contrast, hindering job
demands limit the effective use of work resources, leading to
lower work engagement and higher burnout among seafar-
ers [8, 19]. Based on this reasoning, we propose Hypothesis
H2: Work engagement mediates the relationship between
job demands and burnout.

Depression, a key manifestation of the health impair-
ment process in the JD-R theory, is characterized by core
symptoms such as loss of interest or affect, persistently low
energy, pronounced feelings of guilt or low self-worth, and
difficulty concentrating [20]. Due to the distinctive nature
of their occupation, seafarers are considered a high-risk

group for mental health issues [21]. Previous studies have
demonstrated that job demands are significantly and pos-
itively correlated with depression among French merchant
seafarers [22], suggesting that job demands may act as
a risk factor for depression. Additionally, research on Turk-
ish seafarers indicates that lower levels of burnout are
associated with better mental health [23]. Depression, as
a common emotional disorder, has also been shown to
mediate the correlation between workplace stressors (e.g.,
workplace violence) and burnout among healthcare workers
[24]. Based on these findings, we propose Hypothesis H3:
Depression mediates the relationship between job demands
and burnout.

The JD-R theory emphasizes that the dynamic balance
between job demands and job resources decisively influ-
ences employees’ work status and mental health [11].
Within this framework, hindering job demands can deplete
psychological resources, reducing work engagement [8],
triggering depressive symptoms [25], and ultimately lead-
ing to burnout [8]. In contrast, challenging job demands
can enhance the positive effects of job resources on work
engagement [11], thereby lowering depression levels and
mitigating burnout [6, 10]. Based on this reasoning, we
propose Hypothesis H4: Work engagement and depres-
sion exert a chain mediating effect between job demands
and burnout.

With the deepening implementation of China’s “strong
maritime nation” initiative and the implementation of ma-
rine development strategies such as the “maritime com-
munity with a shared future,” the marine economy has
grown rapidly, leading to a significant increase in demand
for maritime transportation. As a core human resource
of the maritime industry, seafarers play an irreplaceable
role in global economic development. A high-quality sea-
farer workforce is crucial for ensuring China’s international
competitiveness in the maritime sector. According to the
2024 China Seafarer Development Report, the total number
of registered Chinese seafarers reached 2.0358 million by
the end of 2024, making China the world’s second-largest
seafarer supplier. Compared with workers in onshore occu-
pations, seafarers face more complex risks and challenges,
including long-term shift work, exposure to harsh physical
environments, prolonged separation from family, and inade-
quate support systems [26]. Consequently, burnout among
Chinese seafarers has become increasingly prominent,
often leading to aggravated depressive symptoms and re-
duced work engagement [3, 27]. These issues may further
contribute to maritime accidents, affecting the stability and
international competitiveness of China’s maritime industry.

Based on the JD-R theory, this study focuses on Chinese
seafarers to analyze the direct effect of job demands on
burnout, as well as the mediating roles of work engagement
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and depression. Understanding the causes of burnout among
Chinese seafarers and the mechanisms linking relevant vari-
ables is crucial, yet research in China in this area remains
limited. For the maritime industry, which relies heavily on
Chinese seafarers, investigating burnout is of particular sig-
nificance. This study also highlights that job demands are
not uniform; by optimizing challenging job demands and
strengthening job resource support, it is possible to enhance
work engagement, reduce depression, alleviate burnout at its
source, lower the risk of maritime accidents, and ensure the
safe and efficient development of the maritime sector. The
findings provide both a theoretical foundation and practical
guidance for designing targeted psychological interventions
and improving maritime safety management.

MATERIAL AND METHODS

PARTICIPANTS

Convenience sampling was used to recruit Chinese
seafarers through an online questionnaire platform (Wen-
juanxing) from July 2025 to August 2025. The inclusion
criteria were as follows: 1) age 18 years or older; 2) at least
6 months of maritime work experience; 3) basic text reading
and comprehension abilities; 4) no clearly diagnosed mental
illness or severe organic disease; and 5) signed informed
consent. After excluding questionnaires completed in less
than 3 minutes and those that failed the attention-check
items, a total of 1,084 valid questionnaires were obtained.
Among the participants, only 5 were female seafarers,
reflecting the gender imbalance in the maritime environ-
ment [28]. Participants’ ages ranged from 18 to 58 years
(M = SD = 38.61 + 7.60). Of these, 576 (53.14%) were
senior seafarers and 508 (46.86%) were ordinary seafarers;
256 (23.62%) had senior high school/vocational secondary
school education or below, 534 (49.26%) had a junior col-
lege-level education, and 294 (27.12%) had a bachelor’s
degree or above.

MEASURES
Job Content Questionnaire (JCQ)

Job demands were measured using the Job Demands
subscale of the Chinese version of the JCQ [29]. This
5-item subscale is scored on a 4-point scale ranging from
1 (“Strongly Disagree”) to 4 (“Strongly Agree”). In this study,
the subscale demonstrated acceptable internal consistency,
with a Cronbach’s o coefficient of 0.80.

Utrecht Work Engagement Scale (UWES)

Work engagement was assessed using the simplified
Chinese version of the UWES [30]. This 9-item scale com-
prises three subscales: Vigor, Dedication, and Absorption,
and is scored on a 5-point response format ranging from
1 (“Strongly Disagree”) to 5 (“Strongly Agree”), with higher

scores reflecting greater work engagement. In this study,
the scale demonstrated excellent internal consistency, with
a Cronbach’s o coefficient of 0.90.

Depression Anxiety Stress Scales (DASS)

Depression was measured using the Depression sub-
scale of the simplified Chinese version of the DASS [31].
This 7-item subscale is scored on a 4-point scale ranging
from 1 (“Never”) to 4 (“Always”), with higher scores indicat-
ing higher levels of depression. In this study, the subscale
demonstrated high internal consistency, with a Cronbach’s
« coefficient of 0.85.

Maslach Burnout Inventory-General Survey
(MBI-GS)

Burnout was assessed using the Chinese version of the
MBI-GS [32]. This 15-item scale comprises three subscales:
Emotional Exhaustion, Cynicism, and Reduced Personal Ac-
complishment. ltems are scored on a 5-point scale ranging
from 1 (“Strongly Disagree”) to 5 (“Strongly Agree”). After
reverse-scoring the items of the Reduced Personal Accom-
plishment subscale, total scores were calculated, with high-
er scores indicating greater levels of burnout. In this study,
the scale demonstrated excellent internal consistency, with
a Cronbach’s o coefficient of 0.90.

DATA ANALYSIS

Data were processed and analyzed using IBM SPSS
29.0 and R 4.3.3. The statistical analyses included Har-
man’s single-factor test, descriptive statistics, correlation
analysis, and mediation analysis.

RESULTS
COMMON METHOD BIAS TEST
Harman'’s single-factor test was conducted to assess
common method bias. The results indicated that a single
unrotated factor accounted for 32.91% of the total variance,
which is below the critical threshold of 40% [33], suggesting
that common method bias was not a significant concern
in this study.

DESCRIPTIVE STATISTICS AND CORRELATION
ANALYSIS

Descriptive statistics and correlation analyses for all
variables are presented in Table 1. Burnout was signifi-
cantly negatively correlated with job demands and work
engagement, and significantly positively correlated with
depression. Depression was significantly negatively correlat-
ed with job demands and work engagement, whereas work
engagement was significantly positively correlated with job
demands. Regarding demographic variables, educational
background was negatively correlated with job demands

208 www.intmarhealth.pl



Jie Wu, Hanya Wang, The relationship between job demands and burnout among Chinese seafarers

Table 1. Descriptive statistics and correlation analysis of variables

Variable M+ SD 1 2 3 4 5 6
1. Gender
2. Educational background 0.04
3. Seafarer rank 0.05 -0.42%**
4. Job demands 14.20 £ 2.54 0.01 -0.08** ONCEa
5. Work engagement 32.53+£5.98 -0.00 -0.02 0.04 0.43***
6. Depression 9.33+2.73 -0.00 Q.32 -0.09** -0.28*** -0.48***
7. Burnout 30.38 £ 8.87 -0.00 0.04 -0.00 Q3w =@ ety QB
**p < 0.01, ***p < 0.001

Vigor Dedication Absorption

A
0.89*** 0.90*** 0.75%**
—-0.51***

0.52%**

-0.10%

Depression

0.54%**

—(0.25%**

Job demands

Figure 1. Mediation model plot; *p < 0.05, ***p <0.001

and positively correlated with depression, whereas sea-
farer rank was positively correlated with job demands and
negatively correlated with depression. Gender showed no
significant correlations with any of the variables. Based on
these results, educational background and seafarer rank
were included as control variables in subsequent analyses,
whereas gender was excluded.

MEDIATION ANALYSIS

A latent variable structural equation model was con-
structed using the lavaan package in R 4.3.3 to exam-
ine the relationships among variables, as shown in Figure

Burnout
-0.10*

0.89%** 0.35%**

0.80***

Reduced personal
accomplishment

Emotional

. Cynicism
exhaustion Y

1. After controlling for seafarers’ educational background
and seafarer rank, the model demonstrated good fit [x*/df =
= 5.24, Comparative Fit Index (CFl) = 0.92, Tucker-Lewis
Index (TLI) = 0.90, root mean square error of approximation
(RMSEA) = 0.06, standardized root mean square residual
(SRMR) = 0.06], indicating that work engagement and de-
pression had a chain mediating effect between job demands
and burnout among Chinese seafarers.

As illustrated in Figure 1, the direct path from job de-
mands to burnout was significant [B = -0.10, SE = 0.04,
95% confidence interval (Cl) = (-0.19, -0.02), p < 0.05].
The paths from job demands to work engagement [ = 0.52,
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SE =0.04, 95% Cl = (0.44, 0.59), p < 0.001] and from job
demands to depression [ = -0.10, SE = 0.04, 95% ClI =
= (-0.19, -0.02), p < 0.05] were also significant. Addi-
tionally, the paths from work engagement to depression
[B=-0.51,SE=0.04,95% Cl =(-0.59, -0.43), p<0.001]
and from work engagement to burnout [ = -0.25, SE=0.05,
95% Cl = (-0.35, -0.16), p < 0.001] were significant. The
path from depression to burnout was likewise significant
[B=0.54, SE = 0.04, 95% Cl = (0.46, 0.63), p < 0.001].

The bias-corrected bootstrap method with 5,000 resam-
plings was used to calculate 95% confidence intervals. The
results indicated that the individual mediating effects of
work engagement and depression were significant, as was
their chain mediating effect. Detailed results of the media-
tion analysis are presented in Table 2.

DISCUSSION

This study found that job demands not only directly
predicted burnout among Chinese seafarers but also in-
directly affected burnout through three pathways: work
engagement, depression, and the chain mediating effect
of both variables.

The results indicated that job demands had a significant
negative predictive effect on burnout among Chinese sea-
farers, consistent with previous studies [10] and supporting
Hypothesis H1. In a high-intensity, high-risk work environ-
ment, elevated job demands may enhance individuals’
sense of control and self-worth, whereas low job demands
may be perceived as “marginalization” or “distrust,” poten-
tially leading to burnout. Thus, among Chinese seafarers,
job demands are not purely detrimental but can serve as
a source of work motivation. This aligns with the JD-R theory,
which posits that high workload, as a form of challenging
job demand, can stimulate a sense of accomplishment and
directly reduce burnout [11], further extending the applica-
tion of this theory to the seafaring context.

This study confirmed Hypothesis H2, showing that higher
job demands increased work engagement among Chinese

Table 2. Statistical results of the mediation model

seafarers, which in turn reduced burnout. This finding dif-
fers from some previous studies [8], likely because earlier
research often treated job demands too simplistically as
a uniformly negative factor, assuming that they lead to
fatigue and lower work engagement [6, 17]. However, not
all job demands are detrimental: challenging demands (e.g.,
high workload) can motivate seafarers, whereas hindering
demands (e.g., role conflict) may induce stress [34]. The
JD-R theory posits that job demands can enhance the effects
of job resources on work engagement; specifically, when
seafarers encounter challenging job demands, they may
leverage training, autonomy, and feedback as motivational
resources to manage these demands [13, 35], thereby mit-
igating burnout. The results of this study provide empirical
support for this theoretical perspective.

Additionally, this study found that depression mediated
the relationship between job demands and burnout, highlight-
ing the psychological mechanisms linking job-related factors
to burnout and supporting Hypothesis H3. When seafarers
cognitively appraise high job demands as opportunities for
career development, they can alleviate negative emotions
such as depression, thereby preventing the progression to-
ward burnout [36]. This finding aligns with the revised JD-R
model, which emphasizes that individuals’ cognitive evalua-
tions shape the psychological impact of work stressors [37].
Among Chinese seafarers, enhancing the sense of profes-
sional mission to redefine the meaning of work may serve as
a critical strategy to manage mental health risks associated
with high job demands, a consideration especially relevant
within the collectivist cultural context of China.

The results of this study also demonstrated that work en-
gagement and depression exerted a chain mediating effect
between job demands and burnout among Chinese seafar-
ers; that is, work engagement stimulated by job demands
can buffer negative emotions such as depression, thereby
reducing burnout and supporting Hypothesis H4. This finding
advances the understanding of the positive pathway in the
JD-R theory [38], indicating that when Chinese seafarers

Path Effect value 95% confidence interval Effect rate [%]
Job demands — work engagement — burnout -0.13 [-0.18, -0.08] 30.09

Job demands — depression — burnout -0.06 [-0.10, -0.01] 13.89

Job demands — work engagement — depression — burnout -0.14 [-0.18, -0.11] 3241

Indirect effect -0.33 [-0.39, -0.27] 76.39

Direct effect -0.10 [-0.19, -0.02] 23.61

Total effect -0.43 [-0.51, -0.35] 100.00
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face high job demands, work engagement not only gen-
erates positive outcomes but also functions as a critical
psychological resource, indirectly protecting seafarers from
burnout by mitigating depressive symptoms [39, 40]. This
chain-mediating pathway underscores the importance of
simultaneously enhancing work engagement and preventing
depressive symptoms to effectively manage burnout in the
high-pressure maritime environment.

The findings have important practical implications for
reducing burnout among Chinese seafarers. This study
revealed that job demands significantly and negatively pre-
dicted burnout, suggesting that seafarers can derive a sense
of professional value from challenging demands, thereby
improving work effectiveness [10, 37]. In the Chinese cul-
tural context, which emphasizes collectivism, seafarers are
more likely to link job demands with family well-being, ship
performance, the growth of maritime enterprises, and even
national maritime development, rather than perceiving them
as isolated personal burdens. This perspective diminishes
the hindering nature of job demands, highlights their chal-
lenging significance, and facilitates a positive work attitude.
By constructing occupational meaning at the cultural level,
seafarers can perceive high demands as opportunities for
personal value realization, framing them as worthwhile chal-
lenges. Based on these insights, and considering cultural
factors unique to Chinese seafarers, such as collectivism,
a sense of professional mission, and family orientation,
psychological interventions for this group can be designed
from the following three perspectives.

First, to optimize the cognitive reframing and goal-setting
of job demands, maritime companies can assign moderately
challenging tasks aligned with Chinese seafarers’ career de-
velopment paths, address negative cognitive biases through
regular pre-service cognitive training, and guide them to
leverage both their own positive resources and those of
their colleagues to reduce the risk of burnout.

Second, regular targeted emotion-management inter-
ventions should be implemented. Research indicates that
group psychological training can prevent and alleviate neg-
ative emotions, such as depression, among Chinese sea-
farers [41]. Structured group counseling sessions focused
on stress management should be conducted regularly,
alongside a dynamic monitoring system for their mental
health. For individuals exhibiting depressive tendencies,
timely psychological counseling should be provided
to prevent the progression from depressive symptoms to
burnout [24].

Third, differentiated psychological support resources
should be strengthened. Given the low proportion of female
seafarers, dedicated psychological support networks should
be established for female seafarers to reduce the negative
impact of gender-related challenges on mental health.

This study has several limitations. First, the cross-sec-
tional design may limit the ability to infer causal relation-
ships. Future research could employ longitudinal designs
to track seafarers across different voyage cycles (e.g., the
full cycle of short-haul coastal voyages) or combine be-
havioral experiments to further investigate causal links,
thereby enhancing the reliability and causal inference of
the findings. Second, this study provides limited discussion
of seafarer-specific factors such as voyage duration, ship
type, and route. Future studies could incorporate these
variables, develop more complex models, and analyze
both the independent and interactive effects of various
factors on burnout. Third, the study sample consisted solely
of Chinese seafarers, limiting the generalizability of the
results to other cultural contexts. Future research could
extend the investigation to seafarers from other countries
or conduct comparative analyses across different national
contexts. Fourth, only five female seafarers were included
in the valid sample, reflecting a substantial gender imbal-
ance due to occupational characteristics such as long-term
work at sea and closed work environments. This limits the
generalizability of the findings to female seafarers. Relevant
authorities could promote gender equality in the maritime
industry by optimizing work arrangements, reducing barriers
for women entering the profession, and gradually improving
gender balance, thereby enabling future studies to obtain
more representative samples.

CONCLUSIONS

1. Job demands significantly and negatively predict burn-
out among Chinese seafarers; that is, higher job de-
mands are associated with a lower likelihood of burnout.

2. Both work engagement and depression mediate the
relationship between job demands and burnout among
Chinese seafarers.

3. Work engagement and depression exert a chain medi-
ating effect between job demands and burnout among
Chinese seafarers, forming the pathway: job demands
— work engagement — depression — burnout.
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Commentary on “Retrospective 10-year study
on Filipino seafarer medical repatriations:
comparing two time periods”

Sheena M. L. Ochea

Faculty of Maritime Education, Palompon Institute of Technology, Palompon, Philippines

Dear Editor,

| would like to commend the authors of the study “Ret-
rospective 10-year study on Filipino seafarer medical re-
patriations: comparing two time periods” [1] for providing
a comprehensive and policy-relevant analysis of medical
repatriations among Filipino seafarers. This retrospective
study highlights critical developments in maritime health,
particularly the measurable impact of international con-
ventions and national policies on the welfare of one of the
world’s largest seafaring populations.

The most notable contribution of this study is its finding
that repatriation rates significantly declined following the
implementation of the Maritime Labor Convention (MLC)
2006 in the Philippines. This result underscores the effec-
tiveness of regulatory reforms in improving occupational
health standards, particularly through better safety enforce-
ment and work-hour regulations. The decrease in injury-and
trauma-related repatriations may suggest more effective
preventive measures onboard and greater awareness of
safety protocols.

However, the documented rise in repatriations due
to musculoskeletal and psychiatric conditions introduces
a new dimension of concern. These trends likely reflect
the increasing burden of chronic overuse injuries and the
long-term mental strain of working at sea. The inclusion of
national frameworks such as the Philippine Mental Health
Act of 2017 and the Maritime Industry Development Plan
(MIDP 2028) enhances the study’s contextual relevance and
offers a valuable interdisciplinary perspective linking public
health, maritime governance, and workforce sustainability.

The study’s use of deployment-based repatriation rates
as a benchmarking tool is particularly noteworthy. While
it offers a practical method of assessing seafarer health
outcomes over time, the authors are correct in cautioning
against its use as a standalone performance indicator.

There is arisk that stakeholders might interpret lower repa-
triation rates as inherently positive, without acknowledging
that such metrics must always be balanced against ethical
and clinical considerations that prioritize the seafarer’s
well-being.

Although the methodology and statistical analysis are
robust, future studies may benefit from exploring post-pan-
demic patterns of repatriation and health concerns, es-
pecially as the industry continues to adapt to new global
pressures. Longitudinal research will be instrumental in
identifying sustained trends and evaluating the effective-
ness of recent and forthcoming health initiatives.

Despite these considerations, this study presents a sig-
nificant step forward in understanding the evolving health
landscape of Filipino seafarers. The authors’ call for en-
hanced pre-employment screening, improved onboard med-
ical care, and greater alignment between health systems
and maritime operations is both timely and essential. Their
contribution provides a solid foundation for future research,
policy development, and international collaboration aimed
at safeguarding seafarer welfare.

ARTICLE INFORMATION
AND DECLARATIONS
Funding: None.
Acknowledgments: None.
Conflict of interest: The author declares no conflict of interest.
Supplementary material: None.

REFERENCES
1. Abaya AR, Abola RB, Vidal MS, et al. Retrospective 10-year study on
Filipino seafarer medical repatriations: comparing two time periods.
Int Marit Health. 2025; 76(1): 33-41, doi: 10.5603/imh.100438,
indexed in Pubmed: 4024777 1.

@ Sheena M. L. Ochea, Faculty of Maritime Education, Palompon Institute of Technology, Evangelista Street, Barangay Guiwan I, Palompon, Leyte 6538, Philippines,

Palompon, Philippines, e-mail: sheenamae.ochea@pit.edu.ph

Received: 7.08.2025

Accepted: 15.09.2025 Early publication date: 12.08.2026

This article is available in open access under Creative Common Attribution-Non-Commercial-No Derivatives 4.0 International (CC BY-NC-ND 4.0) license, allowing to download articles
and share them with others as long as they credit the authors and the publisher, but without permission to change them in any way or use them commercially.

214 www.intmarhealth.pl


https://orcid.org/0009-0002-2656-8182
mailto:sheenamae.ochea@pit.edu.ph
http://dx.doi.org/10.5603/imh.100438
https://www.ncbi.nlm.nih.gov/pubmed/40247771

IMH Magazine 2026/3
2026; 77, 3: 215-226
10.5603/imh.114792

www.intmarhealth.pl
M Copyright © 2026 PSMTTM
L ISSN 1641-9251
VIA MEDICA MAGAZINE eISSN 2081-3252
Diving and Hyperbaric Medicine
Table of contents
Editorial
A Legacy Under Pressure: The Panama Canal’s Place in the History of Hyperbaric Medicine ................... 216
News
00 80 T 0 R 217
00 0 10 SRS 218
0] 00 11 218
From The Seafarers’ Charity ...t e s s s n s s ae s ae e s s s s s n e n e nne e nnennis 218
02 0 N 1 PP 218
Communication
Seafarers’ Trust TMAS Collaborative Report 2025 .........covrverrrrirrirrrrsesressessesssssssssssessssssssssssssssssssssssssssaes 219
Behind Every Number: What the First Global Register of Seafarer Fatalities Tells Us .......c.ccoceerierrrercrnnne. 219
Particulars
Dockside Dialogues: Beyond the Surface
Interview with Michael A. Lang, PRD ...ttt sss s s sss s s sss s sasssssssasssssssasssssssnnas 220
Presentations
Diving and Hyperbaric MediCing in Brazil ... ssssssssssssssssssssssssssssssssssssssnsssans 223
From Chambers to Clinical Practice: The Mexican Journey in Hyperbaric Medicine...........cccevvrerierrrersernnne 224
Historical Perspective: Reflections from Dr. Ernesto Cuauhtémoc Sanchez Rodriguez.........ccceevererererennns 225

This article is available in open access under the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International license (CC BY-NC-ND 4.0), which permits
users to download and share the article with others, provided that they credit the authors and the publisher, do not alter the article in any way, and do not use it commercially.

www.intmarhealth.pl 215


https://doi.org/10.5603/imh.114792

Int Marit Health 2026; 77, 3: 215-226

Editorial

by James A. Denham

Dear Readers,

Welcome to this year’s third issue of the International Maritime Health Magazine.

Every medical specialty has a history, but not every history is preserved. Hyperbaric medicine in Latin America did not emerge
from a single institution or a single pioneering individual. Rather, it evolved through diverse national experiences that were
shaped by geography, maritime traditions, military and civilian medicine, engineering, scientific curiosity, and the dedication
of countless, often silent, professionals. The articles in this issue offer more than historical accounts of individual countries;
together, they reveal the collective story of a specialty that developed along many different paths while pursuing a common
goal: the care and well-being of patients exposed to exceptional conditions of pressure and oxygen. This month’s issue of our
Journal brings a strong contemporary focus on diving and hyperbaric medicine. Complementing these historical perspectives,
our scientific section presents recent contributions addressing decompression strategies in technical diving, risk factors for de-
compression sickness among commercial divers, and the physiological and behavioral challenges of extreme cold-water diving.

A LEGACY UNDER PRESSURE: THE PANAMA CANAL'S PLACE
IN THE HISTORY OF HYPERBARIC MEDICINE
by James A. Denham

The Panama Canal is normally remembered for its locks
and ships and as one of the greatest engineering projects
in history, serving the international maritime industry for
more than 110 years. Less remembered is the story of
pressure and the people who worked, dived and treated
illness in its shadow.
When we think about the medical history of the Panama
Canal, the treatment of yellow fever and malaria is often the
first aspect that comes to mind. However, there is another
significant medical narrative that emerged during this time:
The SS Ancon crossing the Panama Canal. the history of pressure medicine.
Photo credit: United States National Archives and Record This story begins quite early. A hyperbaric chamber built
Administration Catalog in 1903 by the Berkeley Steel Company became part of
an operation in which the construction, maintenance, and
operation of the Canal required workers to perform tasks underwater or in environments where pressure could pose a med-
ical hazard.
Although the construction of the Canal did not rely on large groups of workers inside pressurized caissons, as is sometimes
believed, underwater work to maintain the Canal’s infrastructure created its own challenges, making divers a crucial part
of the project.
The need for quick access to recompression therapy became especially evident in 1923. The sinking of the USS 0-5 sub-
marine in the Panama Canal with two sailors trapped inside provided a dramatic reminder that pressure-related illness
and underwater emergencies could quickly turn into life-and-death situations. At Coco Solo, military and medical personnel
would soon be required to prove their expertise in handling such cases.
Among those who carried this forward was Sheppard “Shep” James Shreaves, a Panama Canal salvage supervisor and
qualified diver whose name became inseparable from one of the Canal’s most remarkable underwater rescues. When the
USS 0-5 submarine sank, Shreaves personally entered the water rather than risk sending his men into the dangerous op-
eration. He spent almost 24 hours in his diving suit, tunneling beneath the submarine in 12.8 meters of water and helping
rig the cables that would lift it from the mud. When the bow finally broke the surface, the two sailors, Breault and Brown,
emerged alive and were quickly sent to the hyperbaric chamber along with Shreaves.
At the Panama Canal, chambers appeared, while others were transferred between institutions and took on new purpos-
es. Some of these chambers survived. Others did not. One chamber, linked to Panama’s early history and recognized as one
of the world’s oldest working chambers, was eventually relocated far from the Canal Zone. In contrast, other Navy chambers
that had served in Panama were ultimately dismantled or, remarkably, were left to rest beneath the waters of Gatun Lake.
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This article offers a reflection on how history becomes more than just a collection of dates and machines. The people
who understood these chambers, the divers who used them, the physicians who treated pressure-related iliness, and the
institutions that maintained this knowledge formed a chain of experience. But as often happens, chains break easily when
institutional memory cannot be preserved.

There is an almost perfect line waiting at the end of this story. At the entrance to the Panama Canal’s Industrial Division,
where generations of workers have built their professional identity, a motto captures the confidence of the institution:

“It's hard to be humble when you belong to the best!”

The history of hyperbaric medicine in Panama deserves to be remembered not as a footnote to the Canal, but as an integral
part of the remarkable medical legacy that surrounds it.

READ THE FULL ARTICLE ONLINE

Scan the QR code to discover the story behind Panama’s forgotten history under pressure.

The full PDF version of this article is available under “Supplementary material” on the journal‘s website, listed as
“A Legacy Under Pressure: The Panama Canal‘s Place in the History of Hyperbaric Medicine”.

News
contributed by Nebojsa Nikoli¢

FROM WHO
EMERGENCY GUIDANCE ON USE OF LICENSED EBOLA VACCINE DURING CURRENT OUTBREAK
This updated World Health Organization (WHO) emergency guidance provides recommendations on the potential use of Erve-
bo®, the only licensed Ebola vaccine, during outbreaks caused by Bundibugyo virus (BDBV). The document reviews additional
animal, immunological and observational evidence assessed by the Strategic Advisory Group of Experts on Immunization
(SAGE) and concludes that, although some findings suggest possible cross-protection against BDBV, the available evidence
remains insufficient to determine whether Ervebo® provides clinically meaningful protection in humans.
The guidance outlines the benefits, risks and unknowns associated with off-label use of Ervebo® during the ongoing BDBV
outbreak and recommends that the vaccine be used only within research protocols. It emphasizes the importance of rapidly
generating robust efficacy data through a ring randomized controlled trial, maintaining proven outbreak-control measures,
clearly communicating the unknown efficacy against BDBV, and accelerating development of BDBV-specific vaccines and
other countermeasures.
Guidelines available at: https://iris.who.int/server/api/core/bitstreams/fe386701-6ee1-4854-92ce-6¢7defd26b77/content.

FROM ILO
ILO/IMO JOINT DATABASE ON ABANDONMENT OF SEAFARERS
The International Labour Organization (ILO)/International Maritime Organization (IMO) Joint Database on Abandonment of
Seafarers is a collaborative effort to tackle the urgent problem of seafarers being abandoned in ports around the world.
Whether as a result of unpaid wages, repatriation costs, or being left without food and medical care, these abandoned
seafarers and fishers face real challenges. This regularly updated database helps authorities and the maritime community
monitor abandonment cases and take swift action to support and protect those affected.
Learn more at: https://wwwex.ilo.org/dyn/r/abandonment/seafarers/search?clear=6.

FROM IMO
IMO SECRETARY-GENERAL URGES PRACTICAL SOLUTIONS AND RENEWED COOPERATION
TO RESTORE FREEDOM OF NAVIGATION
Thousands of seafarers have been stuck in the Persian Gulf since the current conflict in the Middle East began on February
28 this year. To date, at least 70 attacks on international shipping have been verified by the International Maritime Orga-
nization (IMO), with 19 seafarers killed. With maritime security threats on the rise globally, IMO Secretary-General Arsenio
Dominguez issued the following statement:
“Six months since the conflict in the Middle East began, the situation in the Strait of Hormuz is unresolved. Thousands of sea-
farers in the region continue to live and work under conditions of heightened risk and uncertainty. While some ships and their
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crews have been able to leave the Persian Gulf, up to 400 ships carrying around 6,000 seafarers have been unable to depart
safely since the conflict began. The impacts of this crisis are grave — both in the short and long term. The disruption of vital
supply chains for fuels, fertilizers and other commaodities has consequences for communities and economies around the world.
In July, the IMO Council adopted a resolution on the protection of vital shipping lanes, reaffirming that the right of transit
passage through straits used for international navigation must not be threatened, impeded, denied, hampered, impaired
or suspended. It called for a coordinated and sustainable return to unhindered navigation through the Strait of Hormuz.
Renewed political will and cooperation is needed to deliver on this commitment.”

In his statement, the Secretary-General called on all Member States and the shipping industry to work together with IMO
and the wider United Nations system to advance practical solutions to restore the freedom of navigation through the Strait.
He said: “The deterioration of maritime security around the globe — from the Black Sea to the Red Sea and Gulf of Aden - is
detrimental to us all. But it is particularly distressing for the thousands of innocent seafarers affected.”

For more information on the impact of the Middle East conflict on shipping, visit: https://www.imo.org/en/mediacentre/hot-
topics/pages/middle-east-strait-of-hormuz.aspx.

FROM THE SEAFARERS’ CHARITY

TCS LONDON MARATHON 2027
The Seafarers’ Charity has a limited number of charity places available for the Tata Consultancy Services (TCS) London Mara-
thon 2027 and is inviting you to join #TeamSeafarersKGFS to raise vital funds to support seafarers and their families in need.
The TCS London Marathon 2027 will take place on Sunday, April 25, 2027, in London, covering the iconic 26.2-mile mara-
thon distance. The registration fee is £150, and the fundraising target is £2,500.
As a marathon runner, you will receive full support from The Seafarers’ Charity fundraising team — from registration and
preparation right through to your celebratory post-marathon reception.
As part of #TeamSeafarersKGFS, you will receive:

¢ The Seafarers’ Charity running vest.

¢ A welcome pack.

¢ Personalized fundraising advice and information.

¢ Ongoing support from the fundraising team.

* And, of course, a fantastic crowd of supporters to cheer you on throughout race day.
If you are interested in taking on one of the world’s most iconic marathons and helping make a difference to seafarers and their
families, join #TeamSeafarersKGFS. To register, you can go to: https://www.run2events.com/london-marathon-application.

FROM ITF
RED-LISTED RECRUITMENT AGENCIES
The International Transport Workers’ Federation (ITF) ShipBeSure website provides valuable guidance for seafarers on how
to find a reputable manning agent, avoid recruitment scams, and ensure they have the appropriate employment contract
in place. The website also publishes a list of recruitment and manning agencies that should be avoided.
As many clinics operate based on contracts or agreements with manning and recruitment agencies, it is in their interest to
be aware of the agencies they are working with. Checking this information can help clinics protect their reputation, maintain
trustworthy business relationships, and safeguard the interests of their clients.
The list of agencies to be avoided is available on the ITF ShipBeSure website. Find the list at: https://www.itfshipbesure.org/.
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SEAFARERS’ TRUST TMAS COLLABORATIVE REPORT 2025
by Luca Tommasi

0 In the field of maritime healthcare, telemedical maritime assistance services
D (TMAS) play a special role by offering medical guidance to ships that are located
/ Seafarers' far from traditional medical facilities. Through their day-to-day operations, TMAS
IZ T centers gather important data on the health issues that affect seafarers, fish-
= ruSt ermen, passengers, offshore workers, and other marine workers globally. To-
gether, these statistics provide valuable insights into disease and injury trends, operational difficulties, and changing
healthcare requirements in the international maritime industry.
The International Transport Workers’ Federation (ITF) Seafarers’ Trust TMAS Collaborative Report was established to facilitate
the systematic sharing and analysis of activity data among participating TMAS centers. The project’s objective is to create
a more comprehensive picture of maritime medical practice than can be gained from individual national reports alone by
merging data from nine European TMAS services. Additionally, the project offers a chance to evaluate the operational fea-
tures of various providers, spot recurring patterns, and encourage dialogue on marine telemedicine best practices.
This 2025 report represents the third publication in the TMAS Collaborative Report series. Similar to earlier iterations,
the report presents the combined activity of all participating services, giving a summary of the overall workload and case
profile handled throughout the reporting period. The individual analyses from each participating TMAS that follow enable
readers to recognize the similarities and differences among services functioning in various operational, regulatory, and
geographic contexts.
The report emphasizes the ongoing value of international cooperation among TMAS providers in addition to recording activity
levels. Since ships routinely operate across numerous states and carry foreign crews, the maritime industry is still funda-
mentally global. Thus, collaborative analysis of TMAS data provides a useful way to support evidence-based advancements
in maritime medical practice and enhance understanding of maritime health concerns.
The editors gratefully acknowledge all participating TMAS centers and their staff for their contributions. The collective body
of knowledge in maritime medicine is strengthened by their willingness to share data and experiences, which also helps to
enhance healthcare for people who live and work at sea.
The complete report is available at: https://www.seafarerstrust.org/publications/tmas-2025-collaborative-report.

BEHIND EVERY NUMBER: WHAT THE FIRST GLOBAL REGISTER
OF SEAFARER FATALITIES TELLS US

How many seafarers die each year, and what causes those deaths? The

V NAM MA first official International Labour Organization (ILO) Global Register of

J Fatalities at Sea, covering 2024, offers an important first step toward
answering these questions.
As highlighted in this article by the North American Maritime Ministry Association (NAMMA), 66 countries reported a total of
449 seafarer fatalities. More than half — 245 deaths — were attributed to illness and disease, while occupational accidents
accounted for 86 deaths; 36 involved person-overboard incidents. Although the figures are not yet a complete global picture,
they underline the important point that protecting seafarers’ lives involves far more than just preventing accidents; it also
requires attention to health, access to medical care, working conditions and mental well-being.
The first register is therefore less a definitive answer than the beginning of a much-needed process of consistent interna-
tional reporting. Better data can help the maritime community identify risks, understand patterns and ultimately prevent
future deaths.
Read the full article: https://namma.org/behind-every-number-what-the-first-global-register-of-seafarer-fatalities-tells-us/.

NORTH AMERICAN MARITIME MINISTRY ASSOCIATION
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Particulars

DOCKSIDE DIALOGUES: BEYOND THE SURFACE
An interview with Michael A. Lang, PhD

Reflections on 75 Years of Scientific Diving and the Future
of Hyperbaric and Marine Science

For many decades, Michael A. Lang has been at the crossroads of scientific diving, un-
derwater research, and hyperbaric medicine. His work with the Smithsonian Institution,
the National Oceanic and Atmospheric Administration (NOAA), the American Academy
of Underwater Sciences (AAUS), and scientific organizations influenced generations
of divers, researchers, and doctors worldwide. In this edition of Dockside Dialogues,
it is a privilege to present a conversation reflecting on the evolution of these fields,
the challenges that shaped them, and the opportunities that lie ahead.

1. Many divers remember not only their first dive, but their first true encounter with the sea. Looking back, when did you
first realize that the sea had become a lifelong source of curiosity and inspiration? What experience convinced you this
was a world you wanted to keep exploring?

| grew up in Gent, so my first contact with saltwater was the North Sea Channel. Although Belgium is internationally re-
nowned for its fabulous variety of beers and the finest chocolates, it is not necessarily known for its beaches and balmy
summers. | spent many family weekends at Knokke on the Belgian coast, walking the flat sand beaches and crawling out
onto algae-covered rock jetties. At that early age, | did not know that marine biology and scientific diving would be my calling,
but when my family purchased a vacation home in Torrazza, near Imperia on the Italian Riviera in 1972, the blue Medi-
terranean’s pull was intense. Three months of summer vacation in this seaside town were stimulating to a teenager, and
with the Musée Oceanographique in Monaco just a 45-minute drive away, frequent trips to Monte Carlo and its aquarium
provided countless hours of viewing marine creatures through glass panes. The Octopus vulgaris on display was a magnet
of fascination. Then | thought, octopodes were interesting, but would be more so if | could get in the water with them.

2. In an earlier conversation, you mentioned Bill Hamner’'s remarkable pioneering work on blue-water diving and his
fascination with planktonic life during an Antarctic expedition. Looking back on the many expeditions you've participated
in, was there a particular moment, or perhaps something you learned from Bill that fundamentally changed the way you
viewed the underwater world and your role as a scientific diver?

Probably one of the most significant events of my career was the two-month scientific diving trip to the Antarctic Peninsula back
in 1986 with Dr. Bill Hamner’s University of California, Los Angeles (UCLA), research team. It sparked my curiosity about the
physiology of cold-water diving and the amazing undersea adaptations of whales, seals, and penguins. Bill was an extraordinary
scientist. He pioneered the Blue-Water Diving Project that allowed scientists to safely study planktonic organisms in the open
ocean. He developed a tethered system that is still recognized today, with a big ball on the surface, a 10-meter line, a safety
diver at 10 meters, and then another 10 meters of line, so you could go to a maximum depth of 20 meters. Watching him
work fundamentally changed my appreciation of scientific observation and also reinforced the idea that you are a scientist
first, and scuba diving is just a research tool, along with all other research tools you have to get to the worksite.

3. Over the past decade, divers have documented and shared their underwater experiences with their followers using
high-resolution digital imaging, remotely operated vehicles, artificial intelligence, and instant global sharing, dramatically
changing the way we see this magnificent underwater world. In your view, has this technological revolution strengthened
scientific diving and ocean conservation, or are there any new challenges that have come with it?

The A/V technology is so good these days that any diver can take publication-quality photos. | remember that in 1998 we
filmed a 3D IMAX Smithsonian production underwater in the Galapagos using a camera system weighing 1700 pounds
with a dome port that looked the size of a refrigerator. Now similar or even better-quality footage is taken with equipment
one-tenth that size. But the key is still to have a trained scientific eye underwater to recognize species or behavioral char-
acteristics or events that are unusual.
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4. You made a fascinating observation that today’s cameras can produce publication-quality images, but technolo-
gy alone cannot replace what you call a “trained scientific eye.” How does a young scientific diver develop that eye?
What distinguishes an observation that an experienced scientist’s eye immediately catches and recognizes as important
from one that a novice might simply swim past?

Today’s imaging technology has opened remarkable opportunities for “citizen science.” Volunteer divers participating in
programs such as Reef Check routinely return with thousands of high-quality photographs documenting sharks, fishes,
nudibranchs, corals, and countless other organisms. These images become valuable scientific records when reviewed by
specialists, sometimes revealing unusual behaviors, range extensions, or even species that merit further investigation.
Technology has made it possible for far more people to contribute meaningfully to marine science than ever before.

Editor’s Note: “Citizen science” is the participation of volunteers in scientific research. In marine science, divers
often contribute valuable photographs and field observations that help researchers monitor marine ecosystems,
document biodiversity, and expand scientific knowledge.

5. We are witnessing the revival of permanent and semi-permanent subsea habitats, which allows scientists and divers
to live and work underwater for extended periods. Do you see these initiatives as the beginning of a new era in scientific
diving, or are they better viewed as complementary tools alongside more traditional diving technologies?

Subsea habitats and saturation diving have a proven track record of efficiency, i.e., a single decompression after unlimited
exposure dive time at depth, and DEEP is a prime example when it comes to producing and maintaining undersea habitats
for economic, military, scientific, and recreational purposes. The DEEP mission of “making humans aquatic” is analogous to
the International Space Station hosting astronauts continuously since 2000. Compared to standard scuba, subsea habitats
have a major advantage and are an extremely useful research tool for certain kinds of marine and engineering research.
Scaling up with numerous modular interconnected habitats will get us closer to mainstream versus niche use.

6. Over the past four decades, scientific diving has become remarkably safe despite the increasing complexity of under-
water operations. Looking back, which changes in the dive profile do you believe have had the greatest impact on reducing
risk in scientific diving?

Medical, training, equipment, and operational procedures have been effectively promulgated by the AAUS as the consensus
scientific diving standard since 1980. Major elements of the University of California San Diego (UCSD)-Scripps Institution
of Oceanography program (est. 1951) served as a template. Dive computer ascent rates, safety stops and widespread en-
riched air nitrox use have had a significant impact on decompression sickness (DCS) risk reduction. Better thermal protection
equipment and strategies have reduced physiological stress and enabled comfort and focus for polar scientific diving. A 35%
reduction in scuba system weight, as provided by innovations from Avelo diving, reduces the risk of arterial gas embolism
(AGE) by eliminating runaway ascents and reduces the risk of orthopedic injuries for younger/smaller and especially older
scientific divers. The cardiovascular (CV) health of divers remains a concern because of age and the effects of pressure on
the CV system. In the general diving population analyzed by Divers Alert Network (DAN), the proportion of deaths in the CV
category remains high.

7. As the diving community continues to evolve, what medical challenges do you believe will define the next decade of
diving medicine?

The diving population has changed considerably over the past four decades. Today, children are entering diving at younger
ages, while many experienced divers continue diving well into later life despite the CV and musculoskeletal changes that
naturally accompany aging. Yet, according to DAN data, the incidence of DCS has remained remarkably stable since the
1980s, at approximately 3.2 to 3.4 cases per 10000 dives.

I think we’ve arrived at what | would describe as an envelope for recreational and scientific diving: a window of dive profiles
within which modern dive computers perform very well. Although | don’t have experimental data to prove it, after more than
45 years in the field, my impression is that we have mitigated many potential problems through several fundamental prac-
tices rather than through increasingly sophisticated algorithms. Conservative no-decompression limits, the reduced bottom
times imposed by a single scuba cylinder, controlled ascent rates, and the routine use of safety stops have all contributed
to reducing decompression stress.

Looking ahead, my greater concern is not DCS itself, but the changing health profile of the diving population. Cardiovascular
disease, in particular, continues to account for a substantial proportion of diving fatalities, making CV fitness and healthy
aging increasingly important priorities in diving medicine.
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Editor’s Note: An “operational envelope” refers to the range of conditions within which a system is known to operate
safely and predictably. Here, Dr. Lang uses the term to suggest that modern recreational and scientific dive profiles
generally remain within a range where current dive computers, ascent practices, and no-decompression limits
provide consistent safety.

8. For physicians who are not diving medicine specialists, but who may occasionally be asked to evaluate a scientific diver,
what are the most important principles they should understand before making a fithess-to-dive decision?

There are many resources a physician not board-certified or trained in diving medicine can consult: DAN, the Undersea and
Hyperbaric Medical Society (UHMS), the European Underwater and Baromedical Society (EUBS), and the South Pacific Un-
derwater Medicine Society (SPUMS), for contraindications (temporary or absolute) on fitness to dive. The area with a lesser
degree of confidence and scientifically derived guidance is “return to diving after a pressure-related injury” that required
hyperbaric chamber treatment. This varies widely among programs and country-specific scientific diving regulations. The
physician should also understand that the ultimate responsibility for safety rests with the individual scientific diver as to
whether they feel a dive should be initiated or aborted. In the commercial or military diving space, economics or orders may
interfere with the individual diver’s decision-making process.

9. In 2011, | had the privilege of serving with you on the AAUS Blue Ribbon Medical Review Panel, which revisited the
medical standards for scientific divers and gave examining physicians greater discretion in requesting additional investiga-
tions based on their clinical judgment. Looking back today, do you believe that this review achieved its goal of encouraging
physicians to think critically rather than simply follow a checklist? How do you view the balance today between standardized
protocols and physician judgment?

Oh, absolutely. I'm convinced we did. If you look at the incident and fatality data, very few cases can be attributed to defi-
ciencies in the medical standards themselves. That tells me the current approach is working. Physicians should absolutely
retain the discretion to request additional investigations whenever the clinical situation warrants it. Many of those tests are
not diving-specific at all; they relate to general CV or overall health.

The purpose of the Blue-Ribbon Panel was never to make medical evaluations less rigorous. Rather, it was to move away
from unnecessary routine testing that offered little return on investment while preserving the physician’s responsibility
to investigate when indicated. At the Smithsonian, for example, we performed annual medical examinations on approxi-
mately 150 divers at a cost of about US$500 per diver, yet very few divers were temporarily or permanently disqualified.
That experience prompted us to ask whether the same level of safety could be maintained with a more evidence-based
examination schedule.

The subsequent experience has been reassuring. Extending examination intervals according to age has proven effective,
while still allowing physicians to order any additional tests they consider appropriate. At the same time, | would caution
against creating unnecessary barriers to diving by requesting investigations that are not supported by evidence or by the
individual’s risk profile.

10.The AAUS will be celebrating 75 years of scientific diving soon. If the pioneers who established scientific diving could
see the field today, what do you think would make them most proud? And, conversely, where do you think they would say
there is still room for improvement?

| believe they would be immensely pleased that scientific diving has proven itself to be a useful research tool. That success
is reflected in the overall advancement of science it has enabled—the research grants received, the discoveries made, the
publications in high-impact journals, and the contributions scientific divers have made to our understanding of the oceans. As
scientific diving has matured, the regulatory environment and the shrinking of depth certifications have inevitably become
more complex. Maintaining the right balance between safety, accountability, and scientific freedom will remain an important
challenge for the future.

11.You have influenced generations of scientific and recreational divers throughout your career. What would you consider
to be the most rewarding?

The dozen or so interdisciplinary, international diving safety workshops | have conceived and chaired resulted in guidelines
or recommendations that AAUS and the major scuba training organizations have adopted and incorporated into their train-
ing and operational programs. | think specifically of dive computers, ascent rates and safety stops, repetitive diving, nitrox,
reverse dive profiles, polar diving, and freediving physiology, among other topics investigated.
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12. After more than four decades of exploring the underwater world, what still excites you enough to make you want to
put on a mask and enter the water?

| admit that freediving physiology is most exciting! | also love diving and did so because of work, but even then, | wouldn’t
think about donning my diving gear on the weekend after diving for a whole week. Today, I'm making an effort to spend
more time with my grandchildren and to travel on my motorcycle.

Editor’s Reflection
Some people leave you with answers. Others leave you with better questions. Dr. Lang has spent a lifetime doing both.
Having known him for almost thirty years, | felt that this interview was less like an interview and more like picking up on
a conversation that was put on hold for a while. From Mediterranean octopuses to Antarctica, from citizen science to the
future of scientific diving, we moved on as though we were updating each other. Yet beneath them all was the same guiding
principle: curiosity strengthened by evidence.
What impresses me about Michael is not only his remarkable knowledge but the way he thinks. Throughout our discussion,
he continuously made the distinction between what vast experience says and what decades of data show. Technology never
replaced careful observation, and his opinion was never presented as fact. Whether we were discussing dive computer algo-
rithms or underwater photography, he frequently returned to the importance of making well-informed decisions, reminding
us that technology is only a tool, and that science begins when we pause and learn to observe.
Maybe this is why Michael has become a mentor to so many. He not only shares his knowledge generously, but more
importantly, he teaches a way of thinking. By the end of our conversation, | understood that his greatest contribution was
not a particular publication, workshop, or piece of safety advice, but rather the generations of scientists and divers he has
encouraged to ask better questions.
If this section of Dockside Dialogues aimed to reveal the person behind the professional, then this conversation achieved
exactly that. | hope our readers will feel the same way | did: that a great scientist is not just known for what he knows, but
also for how he thinks and how he voluntarily encourages others to think with him.
Dr. James A. Denham
Editor, IMH Magazine

Presentations

DIVING AND HYPERBARIC MEDICINE
IN BRAZIL
by Marcus Vinicius de Moraes

Brazil‘s journey into hyperbaric medicine began not with
a network of chambers, but with a physician exploring an
unfamiliar frontier. At a time when the therapeutic potential of
oxygen under pressure for infectious diseases was still largely
experimental, the chamber became not only a medical device
but also a testing lab. The developments that took place in
Rio de Janeiro in the 1930s would place Brazil unexpectedly
early on the international map of hyperbaric medicine.
Long before hyperbaric medicine was linked to modern
Hyperbaric Chamber at Gaffrée and Guinle Hospital (1937). treatment centers and advanced offshore operations,
Source: Fundagéo Oswaldo Cruz, Casa de Oswaldo Cruz a physician-scientist in Rio de Janeiro had already begun
experimenting with the effects of oxygen under pressure.

In 1932, Alvaro Ozério de Almeida conducted experimental research using a hyperbaric chamber at Hospital Gaffrée
e Guinle. His work established him as one of Latin America’s pioneers in hyperbaric medicine. His investigations included
conditions such as Hansen disease and gas gangrene. However, after he died in 1952, this early chapter did not transition
into a sustained national clinical tradition.
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The story would have to begin again.

During the 1960s and 1970s, hyperbaric medicine resurfaced in several different worlds. Physicians explored hyperbaric
oxygen in neonatal care. The Brazilian Navy developed expertise connected with submarine and diving medicine. Professional
diving expanded. And major engineering projects, including the construction of the Rio-Niteréi Bridge and the Sdo Paulo
Metro, brought the practical problems of working under pressure into sharper focus.

These developments were not isolated; rather, they were different streams gradually converging with one another.

In 1983, the establishment of the Brazilian Society of Hyperbaric Medicine (SBMH) provided an institutional framework for
a field that had been evolving across hospitals, universities, the Navy, and the diving industry. Just a few years later, in 1986,
Paulo lazzetti and his colleagues established a hyperbaric service at the State University of Campinas (UNICAMP), which
helped connect clinical practice with academic medicine and research. Regulation followed, giving hyperbaric medicine an
increasingly defined place within Brazilian healthcare.

But perhaps the most important transformation was still ahead.

Brazil's offshore industry pushed diving and medical support into deeper and increasingly remote environments. The medical
challenges faced were no longer limited to decompression iliness or other pressure-related disorders. Offshore medicine
demanded occupational health, emergency care, remote medical assistance, evacuation planning and, increasingly, tele-
medicine.

As a result, diving medicine, hyperbaric medicine, occupational medicine and maritime medicine began to overlap.

That convergence is one of the most interesting features of the Brazilian story.

Brazil's history, therefore, cannot easily be reduced to a single inventor, hospital or breakthrough. It is a story of reinvention,
of knowledge that appeared early, lost momentum, and later returned through different professional communities before
becoming part of a broader medical system.

From the experimental chamber of 0z6rio de Almeida to modern offshore and maritime operations, Dr. Marcus Vinicius de
Moraes introduces us to Brazil’s fascinating hyperbaric history, showing how medicine adapted when the workplace itself
moved beyond the surface.

READ THE FULL ARTICLE ONLINE

Scan the QR code to explore the full history of Diving, Hyperbaric and Maritime Medicine in Brazil.
The full PDF version of this article is available under “Supplementary material” on the journal’s website,
listed as “Diving and Hyperbaric Medicine in Brazil”.

FROM CHAMBERS TO CLINICAL PRACTICE:
THE MEXICAN JOURNEY IN HYPERBARIC MEDICINE
by Ernesto Cuauhtémoc Sanchez Rodriguez and James A. Denham

Hyperbaric medicine did not emerge everywhere at the same time, nor did it follow a single path. In some countries, it grew
from experimental physiology; in others, from military diving, occupational medicine, or the needs of industry. Mexico’s
hyperbaric journey is a story of persistence, of people and institutions rebuilding something that could have been lost.

Mexico developed its own particular trajectory, one that began early, encountered an unexpected interruption, and was then
gradually rebuilt through physicians, hospitals, universities and professional organizations.

Mexico’s journey began in 1962, when a monoplace hyperbaric chamber was installed at Hospital 20 de Noviembre of the
Instituto de Seguridad y Servicios Sociales de los Trabajadores del Estado (ISSSTE) under the direction of Michel-Claude
Christ-Olivier Chris. At the time, the arrival of such a chamber represented more than new technology. It opened the possi-
bility of establishing a new medical field within the Mexican healthcare system.

But an accident at Hospital Xoco interrupted the development of hyperbaric medicine for approximately fifteen years. The
episode became an important reminder that a chamber alone cannot create a medical discipline. Continuity must depend
on people, training, and institutions capable of preserving knowledge.

When the story resumed, it did so through a new generation of physicians and professional organizations.

In 1987, a professional association gave the field a new institutional home, while clinical experience and education grad-
ually began to grow again. Universities also played an important role in this revival by introducing a course in hyperbaric
medicine at the Universidad Auténoma de México, giving a formal educational structure to a discipline that had already
survived a long interruption.

Later, in 2025, the establishment of the Colegio de Medicina Hiperbarica de México marked another step in the continuing
development of the field.
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What happened between the first chamber of 1962 and this recent institutional milestone? Who kept the knowledge alive
during the fifteen-year interruption? And how did technology introduced more than six decades ago develop into a medical
discipline? Those answers are part of a history that is much richer than a chronology of chambers and dates.

In this article, Dr. Ernesto Cuauhtémoc Sanchez Rodriguez narrates the history of how a medical discipline can rise, disap-
pear, and find the strength to start anew.

READ THE FULL ARTICLE ONLINE

Scan the QR code to discover the people, institutions and events behind the development

of hyperbaric medicine in Mexico.

The full PDF version of this article is available under “Supplementary material” on the journal‘s website,
listed as “From Chambers to Clinical Practice: The Mexican Journey in Hyperbaric Medicine”.

HISTORICAL PERSPECTIVE: REFLECTIONS ON THE EVOLUTION
AND FUTURE OF HYPERBARIC MEDICINE IN MEXICO
An interview with Dr. Ernesto Cuauhtémoc Sanchez Rodriguez

Although the historical turning points discussed in the previous ar-
ticle show how hyperbaric medicine has developed in Mexico, they
fall short of capturing the viewpoints and experiences of those who
have contributed to the field’s development.

To complement this historical review, we invited Dr. Ernesto
Cuauhtémoc Sanchez Rodriguez, one of Mexico's leading authorities
in hyperbaric and diving medicine, to share his reflections on the
milestones, achievements, and future challenges of this discipline.
His reflections provide us with a contemporary perspective from
a clinician, educator, and researcher whose career has been closely
intertwined with the development of hyperbaric medicine in Mexico.
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1. Which events most changed the course of hyperbaric medicine in Mexico?
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The first was the accident at Xoco Hospital: it paused the growth of hyperbaric medicine in Mexico for 15 years. The second
was the creation of the Association of Hyperbaric and Underwater Medicine in 1987, which was the first attempt to bring
together the various regions of the country. The third was the creation of the National Autonomous University of Mexico
(UNAM) Postgraduate Course in Hyperbaric Medicine and Critical Care in 2001, as this provided formal training in hyperbaric
medicine within the country.

2. Which achievement deserves greater recognition?

There have been many achievements by the various leaders, but the greatest of these was the establishment of the Mexican
College of Hyperbaric Medicine in 2025, which will regulate the sector at the national level in coordination with the various
government and civil society organizations.

3. What is the greatest misconception about hyperbaric medicine?

That it is an alternative type of therapy that is not based on scientific and ethical research.

4. What are the principal challenges for the coming decade?

The Mexican College of Hyperbaric Medicine will face significant challenges in standardizing underwater medical care for
both civilians and military personnel over the course of the next ten years. Unauthorized use of therapies for unapproved
conditions, non-standardized treatment protocols, and systemic training deficiencies are the main causes of today’s prob-
lems. Additionally, a widespread failure to adhere to international safety rules puts patient care at risk, and the market
expansion of substandard low-pressure chambers threatens patient care. Addressing these hurdles requires a joint effort
to mandate advanced medical degrees, enforce safety codes, and invest heavily in baseline scientific research.

5. If you could pass on a lesson to future generations of hyperbaric physicians, what would it be?

A hyperbaric doctor’s worst enemy is another poorly trained hyperbaric doctor! As long as the hyperbaric community in Latin
America does not have postgraduate training equivalent to or similar to medical specialty training, we will never be recognized
as a medical specialty, and progress will not keep pace with evidence-based medicine. Because of this, national progress
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in Latin America has been driven by local leaders who, unfortunately, leave a leadership vacuum upon retirement, plunging
the field into a period of readjustment that takes years to recover from. What | mean by this is that, once a national body
is established to standardize and regulate the field, it will be possible to achieve significant progress in conventional
medicine in Latin America.

Editor’s Closing Reflection

Dr. Sanchez emphasizes that one of the prevalent misconceptions about hyperbaric medicine is that it is often viewed as
an alternative therapy, rather than a discipline grounded in scientific evidence and ethical clinical practice.

Reflecting on the future of hyperbaric medicine in Mexico, Dr. Ernesto Cuauhtémoc Sanchez Rodriguez advocates the
need to strengthen education, standardize clinical practices, and enhance scientific research. Although he acknowledges
the significant achievements made over recent decades, he stresses the importance of formal postgraduate training,
evidence-based protocols, and nationally coordinated professional organizations to ensure consistent, high-quality patient
care across the country.

One of his most striking observations is that “the greatest enemy of a hyperbaric physician is another poorly trained hyperbaric
physician,” referring not to professional rivalry but to the fragmentation that occurs when education, clinical standards, and
leadership are inconsistent. This is why the establishment of the Colegio de Medicina Hiperbarica de México will represent
an important step toward unifying the specialty and supporting its continued development for future generations.
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