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ABSTRACT
Background: Loss of consciousness (LOC) is a serious event during diving. The purpose of this study was 
to estimate the prevalence and causes of LOC during diving in former North Sea divers, and the impact 
on health-related quality of life.
Materials and methods: Up to 1990 a total of 373 Norwegian offshore divers worked in the North Sea. 
From 2000 to 2011, 221 of these were referred to the Department of Occupational Medicine at Haukeland 
University Hospital for examination due to health complaints. They filled in a questionnaire for registration 
of diving experience and health complaints, including the SF-36 version 1 for the assessment of quality of 
life. The questionnaire and the hospital records were systematically reviewed by 2 independent observers. 
Episodes of LOC during diving and the causes were registered. All participants underwent a clinical neurolo-
gical examination. Electroencephalogram (EEG) and the event-related brain potential (P300) were recorded. 
Results: One or more episodes of LOC were reported by 58 of 219 divers. LOC due to gas cut was reported 
by 27 of these. Divers having experienced LOC due to gas cut had lower SF-36 sub-scores then the rest of 
the diving population. EEG and P300 recordings did not differ between the groups. 
Conclusions: A high proportion of former Norwegian North Sea divers reported episodes of LOC, for which 
gas cut was the most common cause. Both hypoxia and peritraumatic stress associated with the episode 
could have a long term impact on the quality of life. Neurophysiological functions, however, did not differ 
between the groups.
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INTRODUCTION
Diving operations are technically complex and the under-

water environment may pose an increased risk of accidents. 
The most common causes are equipment failure and super-
visor/tender errors [1]. Human or technical error may lead to 
failure in gas supply, hot water supply, communication, etc. 
A Norwegian report from 2005 demonstrated an increased 
risk of death in divers compared to construction workers 
and electricians [2]. Similar data are reported from United 
Kingdom and Alaska [3, 4].

Non-fatal accidents are fairly common [5]. Several of 
these accidents may cause hypoxia and loss of conscious-
ness (LOC), which in turn is associated with cognitive deficits 
or other neurological sequelae [6, 7]. The risk of anoxia, from 
the inhalation of gases not containing oxygen in commer-
cial diving accidents, is not fully recognised [8]. LOC during 
diving is a serious hazard and the time between LOC and 
death may be no longer than 2.5 min [9]. Several previous 
studies [10–13] have demonstrated cerebral deficits and 
long-term reduction in health-related quality of life (HRQL) 
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after drowning and cardiac arrest, both of which implying 
anoxia or hypoxia. 

The aim of the present study was to investigate the prev-
alence and the causes of LOC during occupational diving in 
the North Sea before 1990 (pioneer diving). Furthermore, 
we wanted to explore the extent to which episodes of LOC 
may have influenced health status later in life.

MATERIALS AND METHODS

SUBjECTS
The present study was a part of a large clinical survey 

of health effects among former North Sea divers. According 
to official records obtained from the Norwegian Ministry of 
Labour and Social Affairs [14], a cohort of 365 Norwegian 
commercial divers worked in The North Sea before 1990. 
At the time of the present study, 46 of these had died. Eight 
additional divers were identified and included in the cohort 
(n = 373). They all had performed mixed gas bounce diving, 
or saturation diving, or both. Two hundred and twenty-one 
divers referred to the Department of Occupational Medi-
cine, Haukeland University Hospital, for health complaints 
during 2000–2011 took part in the present study. All the 
participants were male, aged 35–71 years, and all signed  
a written informed consent. The Regional Ethical Committee 
for Medical Research and The Data Inspectorate approved 
the study (registration number 10721). Two participants 
requested withdrawal of their data from the analysis.  

CLINICAL INTERvIEw AND qUESTIONNAIRES
As a part of the comprehensive clinical evaluation, all 

the divers were interviewed by 1 of the medical doctors. 
The semi-structured interview included medical and work 
history, accidents, mishaps or other events. The divers 

responded to a questionnaire providing data on general 
socio-demographics, general and diving-related medical 
conditions and symptoms, as well as diving education and 
experience (Table 1). 

The Medical Outcome Survey Short-Form 36 version 1  
(SF-36), which is a multi-dimensional construct, was 
used to measure HRQL. Thirty-six items are scored on  
8 scales representing different health dimensions: phys-
ical functioning (PF-scale), role physical (RP-scale), bodily 
pain (BP-scale), social functioning (SF-scale), role emo-
tional (RE-scale), mental health (MH-scale), general health  
(GH-scale) and vitality (VT-scale). For each scale, raw scores 
are transformed to a 0–100 scale, with higher scores 
representing a better outcome [15]. SF-36 normative data 
from the general Norwegian population were used for 
comparison [16].

In the questionnaire, decompression sicknesses (DCS) 
was categorised into neurological, skin, joint or other. The 
data were aggregated into a single variable distinguishing 
between neurological DCS, other DCS or no DCS. Divers 
reporting both neurological and other types of DCS were 
categorised as neurological DCS. 

NEUROPHySIOLOGICAL ASSESSMENT
Electroencephalography (EEG) and event-related brain 

potentials. The EEG was a standard 21-channel recording 
at rest, after hyperventilation and during photo-stimulation 
[17]. All records were obtained by a Nervus EEG recorder 
(Taugagreining, Reykjavik, Iceland) and evaluated by a spe-
cialist in neurophysiology. The EEG records were categorised 
as normal or pathological (spikes, slow wave activity or 
theta activity).

The P300 component of the event-related brain po-
tential was used as a measure of information process-

Table 1. Diving experience among Norwegian North Sea divers having and not having experienced episodes of loss of consciousness (LOC)

All divers
N = 219

No LOC
N = 161

LOC
N = 58

Median Range Median  Range Other causes Gas cut

Median Range Median Range

Age [years] 53 35–71 52 35–71 57 42–66 55 35–66

Years of diving 15 2–38 15 2–34 16.5 6–38 15 4–33

Years since last dive 15 1–34 14 1–34 18 3–32 17 1–23

Number of bounce dives 43 1–1200 28 1–1000 52 1–1200 55 2–600

Days in saturation 283 3–2500 265 3–1750 261 24–900 301 3–2500

Number of air dives 800 2–9000 800 2–9000 1000 150–5000 1001 110–5500

Maximum diving depth [msw] 177 50–504 176 50–504 183 100–500 174 100–450

Skin, joint DCS [%] 68 68 74 59

Neurological DCS [%] 20 19 16 26
DCS — decompression sickness
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Table 2. Causes of loss of consciousness reported in medical 
records of 58 former North Sea divers

Gas cut 27

Wrong gas mixture 19

Polluted breathing gas 5

Hyperventilation 5

Oxygen swimming 3

Low temperature 3

Heavy effort 2

Injuries trauma 1

Decompression sickness II 1

Other* 4

Unknown 5
*Includes current surge, fast compression, loss of diving mask, rapid ascent

ing. Recordings were performed using a standard method 
recommended by the International Federation of Clinical 
Neurophysiology [18, 19]. The equipment (Keypoint, Dan-
tec, Copenhagen, DK) and the setup were the same for 
all the divers. There were 6 recording channels used: 
2 frontal, 2 central and 2 parietal electrodes using the 
oddball paradigm methodology. The P300 amplitude and 
latency, i.e. the time from the signal to the peak response, 
were registered. The mean of the results from 2 electrodes 
in each region were used in the analysis. Motor reaction 
time was measured as the time from the oddball signal 
was given to the time it was identified by pressing a button 
with the dominant hand.

DATA PROCESSING AND STATISTICAL ANALySES
As the study progressed, it became clear that many 

divers reported episodes of LOC during diving opera-
tions. Unfortunately, such information was not specifically 
asked for in the questionnaire or in the structured part 
of the interview. Hence, 2 observers (MG and ES), inde-
pendently of each other, recorded the instances of LOC 
and their causes, through a systematic content analysis 
of the hospital records. The various causes of LOC are 
shown in Table 2. For group comparisons, divers were 
categorised into: no LOC, LOC due to gas cut, and LOC 
due to other causes. We distinguished between LOC due 
to gas cut and due to other causes, as the first one is 
associated with hypoxia. 

For each scale of SF-36, divers who had reported LOC 
due to gas cut were compared to the group of divers with 
LOC due to other causes, and to the divers with no LOC. 
Differences in SF-36 scores, P300 amplitude and latency as 
well as motor reaction time were tested by General Linear 
Models Univariate Analysis, crude and adjusted for age and 
DCS.  Risk of pathological EEG in divers who reported LOC 
due to gas cut was tested by exact odds ratio from 2 by  
2 tables relative to no LOC and relative to LOC due to other 
causes. Differences in potential confounders were tested 
by non-parametric methods. Both descriptive analysis and 
statistical testing were performed by the IBM SPSS statis-
tical software PASW version 18.0 [20].

RESULTS
Fifty-eight of 219 (27%) divers reported 1 or more 

episodes of LOC. A total of 75 episodes were reported. 
One episode was reported by 42 divers, 15 reported  
2 episodes and 1 reported 3 episodes. LOC due to gas 
cut was reported by 27 (12%) divers (Table 1), while  
31 (14%) divers had experienced LOC due to other caus-
es. Number of episodes of LOC per year of active service 
had a mean of 0.11 ± 0.08 and 0.08 ± 0.04, respectively 
in these 2 groups.

Exposure variables did not differ between divers with 
LOC due to gas cut and divers with no LOC, or between 
divers with LOC due to gas cut and divers with LOC due 
to other causes (Table 1). The prevalence of neurological 
DCS was: 4.3% in divers with LOC due to gas cut, 7.1% in 
divers with unconscious due to other causes, and 6.4% in 
those with no LOC. 

The divers who experienced LOC due to gas cut had nu-
merically lower scores on all SF-36 subscales compared to 
the divers who had been unconscious due to other causes, 
and to divers without LOC (Fig. 1). The differences were 
significant for the subscales: physical function (PF), bodily 
pain (BP), general health (GH) and vitality (VT) (Table 3).  
Divers who had been unconscious due to other causes 
had higher scores on all SF-36 scales compared to those 
not reporting episodes of LOC. There were no differences 
between groups on EEG or P300 variables, as shown in 
Table 3. Only results of the central electrode of P300 
recordings are shown. 

DISCUSSION
One or more episodes of LOC during diving operations 

were reported by 58 out of 219 professional divers in this 
study. LOC was most commonly caused by faulty gas supply. 
Those having experienced episodes of LOC due to gas cut 
reported lower quality of life, as assessed by SF-36. There 
were no differences between groups on neurophysiological 
measures, no differences in cumulative diving exposure, 
and no differences in reported DCS.

Two thirds of the official number of former Norwegian di-
vers, having performed offshore diving in the North Sea before 
1990, have been examined and included in this study. It is  
a well-defined population and the divers have been examined 
in a standardised program. The study sample was, however, 
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Table 3. Evoked related potential P300 and electroencephalogram (EEG) by groups of divers having experienced loss of conscious-
ness (LOC) due to gas cut, due to other causes and not having experienced unconsciousness during diving

Cause of LOC Mean  
measurement 

Mean measurement 
difference

Crude (p) Adjusted (p)*

P300 central, latency [ms] Gas cut 362 4.5 0.69 0.74

Other causes 366

Gas cut 362 3.6 0.71 0.68

No LOC 365

P300 central, amplitude [µV] Gas cut 10.7 1.6 0.32 0.37

Other causes 12.3

Gas cut 10.7 2.1 0.16 0.17

No LOC 12.8

Motor reaction time [ms] Gas cut 537 –63 0.15 0.24

Other causes 474

Gas cut 537 –31 0.32 0.31

No LOC 505

Pathological EEG N (%) Crude OR** 95% CI

Gas cut 4 (14.8) 2.25 0.42–15

Other causes 2 (6.5) 1

Gas cut 4 (14.8) 1.25 0.39–4.0

No LOC 19 (12.2) 1
*Adjusted for age and decompression sickness; **Exact from 2 by 2 tables; None: divers reporting no episodes of LOC; OR — odds ratio; CI — confidence interval

Figure 1. Mean scores on the SF-36 scales for the Norwegian normative sample, for divers without episodes of loss of consciousness 
(LOC), for divers with LOC due to gas cut and for divers with LOC due to other causes. The asterisks indicate subscales that are signi-
ficantly different (p < 0.05) between divers having experienced LOC due to gas cut and divers not having experienced LOC

not randomised. A governmental, financial compensation to 
injured North Sea divers was an issue at the time of the study. 
The divers involved in our study must have been aware of 

this and, accordingly, open to unwitting influences regarding 
their own state of health. These influences cannot, however, 
explain the differences within the group of divers. 
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The questions related to LOC were not included in the 
questionnaire or structured part of the interview. The divers 
told about their experiences while they were interviewed. 
The investigators were not blinded and an observer bias 
might lead to underreporting of the episodes. The recall 
bias must be considered as well, since the time elapsed 
between the episodes and the interview, being at least  
15 years on average. Experiencing breathing problems 
under water is, on the other hand, quite dramatic and likely 
to be remembered and reported. 

Todnem et al. [21] reported that 14% of the North sea 
divers in their sample had been unconscious during diving. 
The occurrence in our sample was 26%. The Norwegian 
divers in Todnem’s sample belong to the same cohort as 
ours do, but were younger and professionally active during 
the investigation. At the time of our study most of the divers 
were retired, and our participants were referred for health 
complaints. Assuming that all the divers not included in 
our sample (108 out of 327) had no episodes of LOC, the 
prevalence is 18%. At the time of Todnem’s study, reporting 
health complaints and episodes of LOC might jeopardise 
the divers’ professional career. Hence the divers had more 
incentive for underreporting than for overreporting events 
at that time.

The reduction in HRQL compared to the Norwegian norm 
for SF-36 scores, may in part be explained by other factors, 
including additional factors associated with diving. Many 
divers (30–50%) do not fully recover after DCS [22]. In an 
earlier study we found that  DCS,  and neurological DCS in 
particular, was significantly associated with lower HRQL 
scores [23]. In the present study we adjusted for age and 
DCS in the statistical analyses. 

Several studies have demonstrated long-term reduc-
tion in quality of life after episodes of hypoxia/anoxia due 
to drowning and cardiac arrest [10–13]. Except for Mou-
laert et al. [10], these studies have employed instruments  
other than SF-36 for assessing HRQL. When comparing to 
Moulaert et al.’s [10] patients with cardiac arrest, divers 
having experienced gas cut had lower scores on the SF-36. 
In divers breathing hyperoxic gas mixture, time from event 
to LOC is most likely longer because of the higher oxygen 
reserve in body. This oxygen reserve may have protected 
against serious brain injury. On the other hand, the lasting 
experience of not being able to breathe may have caused 
serious peritraumatic fear, which in turn may have a signifi-
cant impact on long term HRQL. HRQL is a highly subjective 
measure and correlation to objective measures of disease 
severity is generally low. 

The evoked related potential P300 is a measure of 
information processing and is sensitive to cerebral dys-
function [18]. Motor reaction time reflects the duration of 
at least 2 distinct stages. Stimulus evaluation and response 
occur serially, and the integrated response is dependent on  

adequate functioning in different regions of the brain. There 
were no differences between groups in P300, motor reaction 
time or EEG. Thus, the lower SF-36 scores are probably not 
related to cerebral dysfunction. 

The present study demonstrates an unacceptably high 
prevalence of LOC during diving in this cohort of former 
North Sea divers who started diving before 1990. These 
results are important in understanding the different hazards 
and health risks among divers in general. LOC during diving 
is preventable, contingent upon the diving industry’s focus 
on health and safety issues. Even though there were no 
differences in neurophysiological functioning between those 
unconscious during diving and those not, the quality of life 
issue is of concern and further studies should address the 
reasons for the lower scores. 
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