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Summary

Hyperbaric oxygen (HBO2) is commonly used to
treat non-healing wounds in diabetic patients. Although
anecdotal evidence from hyperbaric centres suggests that
diabetics are vulnerable to hypoglycaemia when they are
treated with hyperbaric oxygen, there has been little
definitive human or animal research showing the effects of
hyperbaric oxygen on blood sugar and insulin levels. Blood
sugar levelsand insulin levelsin five diabetic and five non-
diabetic subjects were measured both while breathing
normobaric air and hyperbaric oxygen . Mean blood sugar
levels decreased significantly by 3.5 £ 0.7 mmol/l during
hyperbaric oxygen breathing in the five diabetics. Insulin
dosage was not changed in either condition.

Introduction

Apart from treatment for diving related illness,
hyperbaric oxygen (HBOy) treatment has therapeutic value
in many illnesses including non-healing wounds in
diabetics. The use of hyperbaric oxygen treatment for
diabetes (but not wounds) hasits origins in the 1920s with
the American physician Dr Orval J Cunningham, who used
hyperbaric oxygen for the treatment of various illnesses
(syphilis, pernicious anaemia, and cancer) including
diabetes mellitus.! Anecdotal evidence from hyperbaric
centres shows that diabetics are prone to develop
hypoglycaemia when they are exposed to HBO».

Blood sugar levels (BSL) decreased in some? or all3
insulin dependent diabetics after HBO> treatment.
Insulin requirements are reduced during HBO,4 Some
additional evidence from underwater diving indicates that
the long and short-term insulin requirements of diabetics
decreased over aperiod of 7 days of diving.®

Although there is disagreement in the diving
medical fraternity, a majority of experts believe that
diabetes, mainly insulin dependent diabetes mellitus
(IDDM), is a contraindication to recreational and
commercial diving because hypoglycaemic signs and
symptoms may be confused with other diving maladies,
hypoglycaemiacan cause unconscious underwater and there
may beincreased likelihood of decompressionilliness (DCI)
in diabetics.59

The mechanisms of hypoglycaemia during HBO2>
treatment are unknown, but it has been postul ated10.11 that
HBO, might:

1 increasetissue oxygen and increase aerobic metabolic
energy generation (oxidative phosphorylation), driving
up glucose consumption;

2 increase aerobic metabolism in the pancreatic Islets
of Langerhans which may stimulate insulin secretion;

3 inhibit the actions of anti-insulin hormones
(somatotropin and glucagon); or

4 increase tissue sensitivity to insulin.

BSL have not been previously reported for non-
diabetics during HBO» treatment. However, if
hypoglycaemia occurs during HBO> in diabetics but not in
non-diabetics, this may result from failure, in diabetics, of
the normal protective mechanism. For instance in non-
diabeticsduring exercise, BSL ismaintained by decreasein
insulin and risein glucagon and catecholaminelevels. These
mechanisms fail in some diabetics, mainly in IDDM
patients, resulting in hypoglycaemia.12

Thisstudy investigates BSL and insulin in diabetics
and non-diabetics during HBO2 and normobaric air
breathing. The specific hypotheses tested are;

1 HBO> increases insulin in diabetics but not in non-
diabetics and
2 BSL decreaseisaresult of increase in insulin.

M ethod

This study was approved by the Research Ethics
Committee of the Royal Adelaide Hospital and was
conducted in accord with the National Statement on Ethical
Conduct in Research Involving Humans.

Subjects

Five diabetics (3 males and 2 females) gave their
informed consent to participate in this study. Four of them
received HBO, for diabetic foot ulcers and the other for
osteoradionecrosis. Mean age of the diabeticswas 60 years
(range 4686 years). There were 4 IDDM and 1 Non-
insulin Dependent Diabetes Mellitus (NIDDM). The mean
diabetic duration was 22 years (range 7-40 years).
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Diabetic group inclusion criteriawere:

1 diabetes of more than 6 years duration but no
hypoglycaemic events for the last 12 months;

2 no contraindication for venipuncture, lignocaine, or
heparin;

3 no advanced diabetic complications such as
autonomic neuropathy or nephropathy; and no
concomitant liver diseases. Autonomic neuropathy was
an exclusion criterion because it may mask the signs
and symptoms of hypoglycaemia; therefore, patientswith
orthostatic intolerance (faintness or blood pressuredrop
on standing) and gastroparesis (nocturnal diarrhoea/
vomiting) were excluded.

Only well-controlled diabeticswere sel ected because
they were required to be assessed under hyperbaric oxygen
breathing and normobaric air breathing conditions on
separate days whilst diet, insulin or oral hypoglycaemics
dosage and exercise remained unchanged.

Therewere4 maesand 1 femalein the non-diabetic
group and mean agewas 65 years (range 53-75 years). Three
of them received HBO> for sudden onset hearing loss, one
for a poorly healing ulcer and one for osteoradionecrosis.
The same contraindications as for the diabetics applied to
this group. All the patients selected for this study were
“medically fit" for HBO» treatment and underwent a full
course of HBO> treatments.

Study design

This study consisted of four arms. Diabetics during
normobaric air breathing (control) and during hyperbaric
oxygen breathing (HBO») conditions, and non-diabetics
under same control and HBO> conditions. The study
occurred on two days. The HBO» day was the 3rd, 4th or
5th day of HBO> to minimise the other hormonal effectson
BSL and insulin levels that might have occurred when
subjectswere stressed or anxious during first days of HBO.

On the both the control and HBO, day all subjects
had an 18 gauge intravenous cannula (Inwte®, Becton
Dickinson Vascular Access, Sandy, Utah) placed in the
antecubital fossa or a forearm vein. The skin was locally
anaesthetised with 1% lignocaine (Delta West, Perth,
Western Australia) before insertion of cannula. This was
connected to a short extension tube (Connecta®, BOC
OhmedaAB, Helsingborg, Sweden) attached to a 3-way tap
and pre-filled with 10% heparinised saline (Astra, North
Ryde, New South Wales). Five ml of blood was withdrawn
to eliminate cannula dead space and then 1 ml blood
samples were taken and the cannula flushed with 5 ml of
heparinised saline. Samplesweretaken at 0, 15, 30, 45, 60,
75, 90 and 120 minutes.

The control day of the study took place on the day
before the first HBOo treatment. It was performed in the

Hyperbaric Medicine Unit treatment room. Although study
order was not randomised, having the control before HBO>
was thought to exclude any possible long-term effects of
HBO> treatment on BSL and insulin.

The HBO> treatment protocol was compression to
10 msw (202 kPa or 2 bar) where 100% oxygen was
delivered for 90 minutes (with a5 minutes air break at 45
minutes) and followed by 30 minutes decompression while
breathing oxygen. This was the standard daily treatment
regimen for the patients' conditions and occurred in the
multiplace hyperbaric chamber in the Hyperbaric Medicine
Unit, Royal Adelaide Hospital.

On both days each diabetic subject received the same
amount of insulin or oral hypoglycaemic and his or her
exerciseregimen and diet were unchanged. Nofood or drink
was allowed during the two-hour study period. All the
subjects were monitored for hypoglycaemia and oxygen
toxicity during the treatment but no complications were
encountered.

All blood samples were analysed for BSL
(Hexokinase Method) and insulin (Abbott Insulin Kit
Microparticle Enzyme Immuno Assay) at the Institute of
Medical and Veterinary Sciences, Adelaide, South Australia.

Statistical analysis

In statistical analysis, BSL and Insulin data were
treated identically. BSL were compared using 3-way
analysis of variance (ANOVA) with one between groups
factor and two within groups (repeated measures) factors.
The between groups factor (diabetes) had two levels
(diabetic and non-diabetic). The first within groups factor
(oxygen) had two levels (control and HBO») and the other
within groups factor (time) had 8 levels (0, 15, 30, 45, 60,
75, 90, and 120 minutes).

We rejected the null hypothesis if there was a
significant F test (0=0.05) for the main effects of oxygen or
time or any interaction of the main factors with time.
Specific differences were identified by post-hoc anaysis
using Tukey honest significant difference.

Statistical calculations were performed using the
general linear model module of Statisticafor WindowsV5.5
(Statsoft Inc., TuslaOK., USA)

Results

The 3-way ANOVA returned significant F tests for
the main effects of diabetics and time and the interaction of
diabetics and time. Post-hoc analysis showed there were
no significant difference in BSL in the non-diabetics (see
Figure 1). For diabeticstherewasno significant difference



18 South Pacific Underwater Medicine Society (SPUMS) Journal Volume 31 No.1 March 2001

between mean BSL before HBO> and the normobaric
control measurementsat time 0. AscanbeseeninFigure2,
BSL declined over the two-hour measurement period under
both normobaric (control) and HBO> conditions in
diabetics, but more rapidly in the latter. Post-hoc analysis
showed that this decline was significant for HBO> but not
for normobaric air breathing. For instance, mean BSLs at
all times beyond 45 minutes were significantly lower than
mean BSL at time O during HBO». The mean decline in
BSL inthe5 diabetics over the 2 hourswas 3.5+ 0.7 mmol/
I. However, there was no significant difference between
any time points in the normobaric group.
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Figure 1. Mean BSL in non-diabetics, mmol/l plasma on

the y-axis against duration in minutes of HBO> or air

breathing on the x-axis. Error barsare one standard error of
the mean.
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Figure 2. Mean BSL in diabetics, mmol/l plasma on the
y-axisagainst duration in minutes of HBO> or air breathing
onthex-axis. Error barsare one standard error of the mean.
Circlesindicate significant difference (2-tailed p<0.05) from
time O for the HBO> group.

Insulin

Significant F tests were found for the main effect
time and interaction of diabetes x HBO,. However no

consistent pattern emerged from post-hoc analysis as can
be seen in Figure 3 and 4 indicating no changeininsulinin
any group.
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Figure 3. Mean insulin levels in non-diabetics, mU/I
serum on the y-axis against duration in minutes HBO> or
air breathing on the x-axis. Error bars are one standard
error of the mean.
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Figure 4. Mean insulin levels in diabetics, mU/I on the
y-axis against duration in minutes of HBO» or air breathing
onthex-axis. Error barsare one standard error of the mean.

One patient had hyperinsulinaemiaand thisaccounts
for thelarge error barsin Figure4. However excluding this
patient resulted in similar statistical conclusions.

Discussion

The decline in BSL in diabetics but not non-
diabeticsin the present study supportsthe anecdotal reports
of hypoglycaemia in diabetics when they receive HBO»>
treatment.

This study confirms the previous brief reports of
decrease BSL. These reported that whole blood glucose
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concentration decreased by an average of 2.8 mmol/l in 25
IDDM patients3 and BSL dropped below 100 mg/dl in 26.4%
patients after HBO, treatment,2 decreases similar to the
present study. However, in astudy of diabetic underwater
divers, although no hypoglycaemic episodes were
encountered due to high BSL maintenance before the dive,
insulin requirement dropped significantly with repeated
dives.®

The high partial pressure of oxygen encountered in
diving apparently does not lower serum glucose levels
significantly in diabetic divers.13 However there is a
considerable difference in partial pressure of oxygen
encountered by underwater divers and HBO» patients. In
the present study subjects breathed almost 202 kPa (2 bar)
oxygen partial pressure in contrast to 74 kPa partial
pressure oxygen in the compressed air divers. Also, HBO»
patients in the present study were at 202 kPa (2 bar)
ambient pressure while the compressed gas divers were at
375 kPa (3.7 bar or 27 m) ambient pressure. This
comparison confirms that it is the partial pressure of
oxygen and not the ambient pressure that is responsible for
hypoglycaemiain diabetics.

In the present study the declinein BSL wasinitially
progressive during treatment but reached a plateau towards
the end of treatment. This suggests that diabetics may be
more vulnerable to hypoglycaemia in the second half of
longer HBO», treatment protocols. An additional capillary
BSL measurement in the middle of treatment might allow
intervention to prevent hypoglycaemia in diabetics.
However, one must be cautious about the accuracy of in-
chamber glucometer testing. 14,15

The average BSL drop in the five diabetics was 3.5
+ 0.7 mmol/l over 2 hours in this study indicating that
patients with BSL 6 mmol/| or less before treatment would
be at the greatest risk of hypoglycaemia during HBO>
treatment since hypoglycaemic symptoms usually begin at
aBSL of lessthan 2.5 mmol/l. Whether pre-HBO» glucose
supplementation in such patients might reduce the risk of
hypoglycaemiais an area for further study.

There was a non-statistically significant drop in
serum insulin levels in diabetics during HBO2 which may
have been secondary to the hypoglycaemia. The fact that
insulin levels did not rise excludes of some of the
postul ated mechanisms for HBO» induced hypoglycaemia.
First, in Figure 4, the lack of increase in insulin levels in
diabetics during HBO> indicates there was probably not a
stimulation of insulin secretion. Secondly, since insulin
levels did not change with HBO> in non-diabetics, insulin
is not amechanism of protection against hypoglycaemiain
this group as it is in exercise; hypoglycaemiain diabetics
cannot be afailure of this mechanism.

However, this study provides no evidence for the
other postulated mechanisms of hypoglycaemia during

HBOy: increase aerobic metabolism or inhibition of anti-
insulin hormones (somatotropin and glucagon).

It could be argued that BSL would be influenced by
stress related to the HBO». However, it would be expected
that stress hormones (catecholamines, cortisol, growth
hormones etc.) would elevate BSL. In the present study,
therewasno risein BSL. This suggests that there were no
stress-related hormonal effectsin either group under HBO>
or normobaric conditions. However, direct measurement
of stress hormones should be the subject of another study.

Conclusions

HBO> reduces BSL in diabetics by a mechanism
other than insulin. Control of BSL is extremely important
during HBO> treatment since signs and symptoms of
hypoglycaemia mimic oxygen toxicity and can lead to
convulsions or even unconsciousness in the chamber.
Furthermore, patients with diabetic autonomic neuropathy
with inadequate somatotropin response to hypoglycaemia
may not manifest the warning autonomic symptoms, which
normally precede those of central nervous system
dysfunction (sweating, shaking, palpitation, paraesthesia,
numbness etc).

Pre-HBO> glucose supplementation in any diabetic
with preeHBO2 BSL of 6 mmol/l or lower and capillary
BSL testing at the middle of HBO> treatment in diabetics
may reduce the in-chamber risk of hypoglycaemia in
diabetics.
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Abstract

The neuropsychological functions of healthy
recreational divers with varied cumulative diving

experience and across repetitive dives have not been

investigated. This preliminary study was conducted:

1 to determine attentional and concentrational levels
in agroup of healthy recreational divers,

2 to investigate the effects of years of diving
experienceon attentional and concentrational skills, and

3 to test the effects of repetitive recreational dives on
atentional and concentrational levels.

The subjects consisted of 22 individuals aged
between 16 to 71. The mean years of diving experience
was eight years. A battery of Digit Span Forward, Digit
Span Backward, and the Stroop Test was administered
before and after thefirst and second dive on sport dive boats.
Our results revealed that attentional and concentrational
skills of healthy recreationa divers generaly fell within
normal limits, were unrelated to years of cumulative diving
experience, and were not compromised across repetitive
recreational dives.

Introduction

Previous studies have not investigated attentional and
concentrational skills in healthy recreational divers. In
addition, there have been no studies examining effects of
years of cumulative diving experience and repetitive dives
on neuropsychological functioning levels.

Most diving studies have focused on diverswho have
suffered from decompression sickness (DCS). Results of
these studies have been contradictory. Specifically,
selective neuropsychological deficits have been identified
in professional diverswith focal neurological manifestations
of DCS.1-3 On the other hand, Andrews et al.4 found no
evidence of cognitive impairment in abalone divers who
showed evidence of DCS. While measures assessing
attentional and concentrational skills were not directly
administered, these functions areimportant to examinesince
they underlie al cognitive skills. Intact attentional and
concentrational skills are necessary for safe self-
monitoring of diving protocols. Andrews et al. suggested
that professional and recreational divers who follow the
appropriate safety protocols should not be at risk for
progressive brain damage resulting from diving.

Neuropsychological functioning has not been
thoroughly investigated in recreational divers. For
example, Levin et a.> reported on two divers who were
administered limited neuropsychological tests and
neuroradiological examinations within the first month of
sustaining DCS. These patients had negative medical and
psychiatric histories before their episodes of DCS.
Magnetic resonance imaging (MRI) results revealed
paraventricular and subcortical white matter lesionsin both
patients. The neuropsychological screening indicated
compromises across measures sensitive to information
processing skills, visual-motor skills and selective verbal



