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Abstract

Purpose Two potentially protective responses to apnea
were studied in obstructive sleep apnea (OSA) patients; the
diving response and the increase in Hb concentration [Hb]
via spleen contraction.

Methods Eight OSA patients and ten healthy controls per-
formed apneas in air (A) and apneas with facial immersion
in 15 °C water (FIA) after inspiration and without prior
hyperventilation. In each condition, subjects performed
three apneas of maximal voluntary duration spaced by
2 min of rest. Cardiorespiratory parameters were measured
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non-invasively, and venous blood samples for [Hb] analysis
were drawn before and after apneas.

Result Mean (SD) apnea durations were similar between
groups (NS). In controls, the heart rate (HR) reduction was
10 £ 10 % at apnea and 19 £ 10 % in FIA (P < 0.05). In
OSA patients, however, the fall in HR was the same in both
conditions, 13 £ 10 and 14 + 8 % for A and FIA, respec-
tively (NS). In controls, the [Hb] increase was the same
in A and FIA (2.2 & 2.9 and 2.1 £ 2.2 %), while in OSA
the [Hb] increase was greater during FIA compared to A
(3.3+2.2and 1.4 + 0.9 %; P <0.05).

Conclusion Apnea induces a diving response and [HDb]
increase in both groups. OSA patients did not show the
typical training effect of the diving response seen in apnea
divers despite their frequent nocturnal apneas. However, they
also deviated from normal controls in response pattern; face
immersion enhanced the cardiovascular diving response in
controls but not in OSA, while the hematological response
was enhanced by face immersion only in OSA patients.

Keywords Training - Spleen contraction - Hypoxia -
Hypercapnia - Hb - Bradycardia - OSA - Hemoglobin

Abbreviations
A Apnea without face immersion
AHI Apnea/hyponea index

AT Apneic time
BMI Body mass index
EP Easy phase

ETCO, Tension for end-tidal carbon dioxide
FIA Apnea with face immersion

[Hb] Blood concentration of hemoglobin
HR Heart rate

IBM Involuntary breathing movements
MAP  Mean arterial blood pressure
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ODI Oxygen desaturation index

OSA Obstructive sleep apnea

PaCO, Partial pressure carbon dioxide

SaO,  Blood hemoglobin oxygen saturation
SD Standard deviation

SkBf  Skin blood flow

Introduction

The human diving response

Patients with obstructive sleep apnea (OSA) are frequently
exposed to involuntary obstructive apneas and hypoxia dur-
ing sleep, which enhances the risk of cardiovascular disease.
An obstructive apnea is typically accompanied by a reduc-
tion in heart rate (HR) (Zwillich et al. 1982). This reac-
tion is most likely triggered by the concomitant hypoxia
following the apnea (Daly and Hazzledine 1963), and is
more pronounced during sleep in comparison to wakeful-
ness (Tolle et al. 1983). During normal breathing, hypoxia
will trigger a tachycardic reaction, but with a simultaneous
breath hold, the opposite reaction in heart rate, a bradycar-
dia, overrides the tachycardic reaction as part of the diving
response (Gooden 1994). During voluntary apnea when
awake, a series of cardiovascular reflexes collectively called
the “diving response” is initiated to prevent hypoxia of oxy-
gen dependent organs. The response is observed in many
air-breathing divers among mammals, reptiles and birds, and
characterized by peripheral vasoconstriction and a reduc-
tion of the HR (Butler and Jones 1997). This is a preven-
tive response developing prior to hypoxia and occurs via a
sympathetic input to peripheral vessels and by parasympa-
thetic input on the heart (Gooden 1994). The response is
also present in healthy humans, where it is induced mainly
by voluntary apnea and fortified by facial chilling, via cold
receptors in the upper part of the face (Schuitema and Holm
1988; Gooden 1994). It is clear that this response, which has
been extensively studied in human apneic diving models, is
protective during voluntary apneas in healthy humans, lead-
ing to prolonged apneas (Schagatay and Andersson 1998) or
less arterial desaturation in a given apneic time (Andersson
and Schagatay 1998a). The mechanisms responsible for oxy-
gen conservation are both the vasoconstriction, directing the
blood mainly to the brain and heart, while other organs may
rely on anaerobic metabolism (Elsner and Gooden 1983) and
the reduced work of the myocardium during bradycardia
with subsequent reduction in its metabolism (Lin 1982).

Hb elevation via spleen contraction

The amount of circulating red blood cells in many diving
mammals changes between diving and non-diving states
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due to contraction of the large, compliant spleen, which
serves as an “external” blood storage (Qvist et al. 1986).
The release of erythrocytes into the blood, as a result of
spleen contraction during apneic diving, is also found in
humans (Hurford et al. 1990) and may be a key factor in
prolonging apneas with repetition (Schagatay et al. 2001;
Bakovic et al. 2003). Simulated diving by apnea with face
immersion, but also apnea alone, will trigger contraction
of the spleen in humans, with the full response develop-
ing across three to four serial apneas (Bakovic et al. 2003;
Schagatay et al. 2005). While hypoxia has been identified
as an important input (Richardson et al. 2009), other fac-
tors such as hypercapnia related to the apneic event may
also modify the response (Lodin-Sundstrom and Schagatay
2010).

Voluntary and involuntary apnea

When a voluntary apnea is initiated, it begins with a phase
without respiratory movements and with no subjective urge
to breathe, the “easy going phase” (EP); but when partial
pressure for carbon dioxide (PaCO,) rises, involuntary res-
piratory movements will be triggered at the physiological
breaking point (Lin et al. 1974). Voluntary continuation of
the apnea is often possible during the “struggle phase” fol-
lowing onset of involuntary breathing movements (IBM;
Dejours 1965) until an individual breaking point, when the
urge to breathe can no longer be voluntarily resisted (Lin
et al. 1974). While the initial phase may resemble involun-
tary central apneas during sleep, the second phase involv-
ing progressively increasing thoracic movements (with
pressure shifts due to inspiratory activity against a closed
glottis) is more similar to OSAs. However, the diving brad-
ycardia develops across the apnea with little influence from
this phase shift (Andersson and Schagatay 1998b), or with
a possible increased fall in HR toward the end of the apnea
(Palada et al. 2008). Small lung volume may have some
influence on the diving response via lung-stretch receptor
input and possibly also by the magnitude of oxygen stores
being smaller with a smaller lung volume, leading to faster
desaturation (Andersson and Schagatay 1998b).

Training of protective responses

The general pattern of adaptations to apneic diving can
be summarized in three main categories aiming to: (1)
increase oxygen stores, (2) increase resistance to asphyxia,
and (3) reduce metabolism (Schagatay 2009). Training-
induced enhancements of any of these factors would likely
be protective in a variety of asphyxic situations. The div-
ing response has been shown to be more pronounced in
trained apnea divers (Schagatay and Andersson 1998), and
long-term training studies have revealed a training effect
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(Schagatay et al. 2000; Engan et al. 2013). An increase
in blood hemoglobin concentration ([Hb]) during apnea,
as well as spleen volume changes, has been reported to
be greater in elite apnea divers than in non-divers, possi-
bly suggesting training-induced changes (Richardson et al.
2005; Schagatay et al. 2007). However, such inter-group
differences could also be derived from pre-selection. A lon-
gitudinal study involving 2 weeks of apnea training did not
demonstrate training effect on the spleen or [Hb] elevation
(Engan et al. 2013), while a recent study on 2 months of
high altitude hypoxia during a climb of Mt Everest did find
an enhanced spleen contraction (Engan et al. 2014), sug-
gesting that training effects may arise only after a long-
time exposure to hypoxia. Therefore, the central aim was
to study the Hb response development and consequences in
voluntary apneas in OSA patients, as they have been fre-
quently exposed to nocturnal apneas for a long period of
time.

The main aim was to study the apnea-induced “diving
response” and the spleen-derived [Hb] elevation in patients
with OSA, and to clarify if these patients have enhanced
responses compared to control non-divers. The questions
addressed were if there are differences between groups
with respect to apneic duration, onset of involuntary breath-
ing movements, diving response (heart rate, blood pressure,
and skin blood flow changes), effect of facial immersion on
diving response parameters, arterial oxygen saturation after
apneas, and hematological response to apneas.

Methods
Subjects

The study population consisted of seven men and one
woman who had been referred to the Department of Clini-
cal Physiology, Sundsvall Hospital, for investigation of
snoring and daytime sleepiness. They were all diagnosed
as having OSA by an ambulatory sleep apnea recording
method (Embletta Portable Diagnostic System, Embla Sys-
tems, Bromfield, CO, USA) identifying an apnea/hypopnea
index (AHI) exceeding 10 per hour (Dingli et al. 2003).
In addition, a control group consisting of ten healthy vol-
unteers matched for age, height, weight, and body mass
index (BMI) were studied (Table 1). The volunteers were
recruited among friends and colleagues at Mid Sweden
University, Sweden. All subjects in the control group also
underwent a nocturnal registration of apneas and desatura-
tions during one night in their homes, ensuring they were
free of OSA. None of the OSA patients had received treat-
ment for OSA, reported a history of cardiovascular disease
or were undergoing treatment with beta blockers. The study
complied with the Helsinki Declaration, Swedish laws and

Table 1 Subject characteristics

Controls (n = 10) OSA (n=28)
Age (years) 51.0+6.3 53.0+9.9
Sex ratio (M/F) 6/4 7/1
Height (cm) 176.0 £ 5.4 1754 +£8.2
Body weight (kg) 89.6 £ 10.1 90.3 £ 15.5
BMI (kg/m?) 29.0£3.2 292 +£4.0
Vital capacity (1) 44+0.38 42+09
AHI*** 33+£23 477+ 16.2
ODI*** 37+£28 455 +£23.7
Physical activity (h/week) 3.1+24 1.3+24

Values are group mean + SD

BMI body mass index, AHI apnea/hypopnea index, ODI oxygen
desaturation index

% P < 0.001

ethical standards and had been approved by the regional
human ethics committee at Umea University, Ume3,
Sweden.

Procedures

Subjects arrived at the laboratory after 1 h free of food,
tobacco, and caffeine. After receiving thorough information
about the methods and signing an informed consent form,
subjects underwent the following procedures. A catheter was
inserted in a ante-cubital vein and the vital capacity was meas-
ured in the standing position with a spirometer (Vitalograph,
Compact II, Buckingham, England) using the highest value of
3 measurements. The subjects then rested in horizontal posi-
tion for 30 min. The last 10 min were always in the prone posi-
tion, and vital capacity was measured again in this position.

Apnea protocol

All subjects performed two series of three apneas at indi-
vidual maximal duration: one series with the face immersed
in water of 15 °C (£0.2) (FIA) and the other in air (A).
The subject’s face was dried between immersions. The
serial apneas were spaced by 2 min of quiet rest and nor-
mal breathing and the two series were separated by 20 min
of rest in the prone position (Fig. 1). The order of the two
different types of apneas was weighed. After application
of a nose clip at 30 s prior to the apnea, a count down of
10 s was performed during which the subject was breathing
through a mouthpiece connected to the gas analyzer. The
subject was instructed to exhale fully through the mouth-
piece and then to take a deep but not maximal breath before
starting the apnea. This has previously been found to lead
to a lung volume of approximately 85 % of vital capacity
(Schagatay 1996). At the end of voluntary maximal apnea
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Fig. 1 Apnea protocol and blood sample timing during the experiment. The numbers above the figures indicate at what time, in reference to the
apnea series, the blood samples were drawn. Two minutes before (—2) and minutes after the apneas

duration, the subject exhaled through the mouthpiece and
continued breathing at normal rate until next apnea started
after countdown.

Measurements

Measurements were registered non-invasively from 2 min
before until 2 min after the last apnea of each series. The
following probes were attached to the subject’s hand of
the arm without the venous catheter; a cuff on the mid-
dle finger located at heart level was used for HR and
mean arterial blood pressure (MAP) registration by pho-
toplethysmography (Finapress, Ohmeda 2300, Ohmeda,
Madison, WI, USA), a probe on the thumb for skin blood
flow (SkBf) registration using laser Doppler technique
(Laser Flowmeter 21, Advance, Tokyo, Japan), and capil-
lary blood hemoglobin saturation (SaO,) was measured
using pulse oximetry on the forefinger (Pulsoxymeter
2800, Dansjo6 Medical, Bromma, Sweden). Respiratory
movements were measured using a laboratory-developed
pneumatic chest bellows connected to an amplifier. End-
tidal CO, (FTCO,) in breaths just prior to and directly after
apnea was measured with a CO,/O, analyzer (Normocap
Oxy, Datex Ohmeda, Helsinki, Finland) connected to the
mouthpiece of the spirometer. Cardiovascular data were
stored via a Biopac system (Biopac Systems, Goleta, CA)
using the computer program AcqKnowledge and analyzed
in Microsoft Excel.

Blood sampling

Blood samples were drawn at 30, 20, 10 and 2 min
prior to starting the apnea protocol, directly after the
first and directly after the third apnea and then 3, 10,
and 20 min post apnea in both the series (Fig. 1). The
total amount of blood drawn from each subject, includ-
ing waste samples, was approximately 30 ml and
approximately 10 ml of saline was inserted to rinse the
catheter.
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Analysis

Apnea duration and the duration of EP were determined,
the latter by identifying the onset of IBM from the reg-
istration of thoracic movements; the first clear inspira-
tory effort was used as the EP breaking point. Subjects
served as their own controls for changes obtained during
apneas. Reference values for HR, SkBF, Sa0O,, and MAP
were sampled as mean values during the last 30 s prior
to the start of the first apnea in the series, and reference
values for ETCO, were obtained from the last expiration
before each apnea. The apnea values for MAP and SkBf
used for comparing conditions and groups were mean
values during the whole apnea. Heart rate values dur-
ing the last 5 s of the apnea were used to avoid the ini-
tial tachycardia and HR decline. The SaO, values used
were the nadirs found in the period from apnea onset
to 30 s post apnea. The blood samples were analyzed
in triplicates for [Hb] with automated analysis equip-
ment (Micros 60 Analyzer, ABX Diagnostics, Montpel-
lier, France). Samples drawn 2 min prior to apneas were
assigned as reference values.

The data are presented as mean + standard deviation
(SD). All data were analyzed as group means, originat-
ing from individual means for the three attempts. Paired
Student’s ¢ test was used within groups and, for compari-
son between groups, unpaired Student’s ¢ test was used.
P < 0.05 was considered to be statistically significant.

Results
Apneic duration and involuntary breathing movements

Both types of apneas produced apneic time (AT) and EP of
the same durations between groups and there was no sig-
nificant difference when types of apneas were compared
within groups. In controls, AT (69 & 35 s for A, 50 &= 24 s
for FIA) was longer than EP (60 & 23 s for A, 54 £ 21 s
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Table 2 Respiratory parameters for pre and post apnea

Pre-apnea ETCOZ (%)

Post-apnea ETCOZ (%)

Pre-apnea SaO, (%) Post-apnea SaO, (%)

Controls A (n =9) 43+£0.6 6.0 & 0.7%** aa 96.8 £ 1.5 94.5 £ 2.1%*
Controls FIA (n = 9) 43+£0.6 5.9 + 0.6%** {f 959+23 94.8 £ 0.9%*
OSAA(n=28) 47+0.6 5.7 £ 0.4%** 962+ 1.4 94.6 + 1.5%*
OSA FIA (n =38) 4.7+£0.6 5.5 £ 0.6%** 96.4+14 94.1 £ 2.3%*
Values are group mean + SD
* P <0.05 % P <0.01 *** P <0.001
aa indicating difference between controls A compared to OSA; P < 0.01
ff indicating difference between controls FIA compared to OSA FIA; P < 0.01
for FIA), thus a struggle phase was seen in both types of *
apneas (P < 0.05). OSA patients, however, often termi- 30 -
nated their apnea at the end of EP, at a mean duration of
49 £ 35 s for A. In FIA, however, AT was slightly longer =
than EP in OSA patients (AT 45 &+ 27 s, EP 38 & 20 s for L 204
FIA, P < 0.05) indicating that a short struggle phase was E [
present. g 151

=

2 10 sk
Respiratory parameters £ S . * ok
Respiratory calculations are based on nine control sub- 0 . . . \

Controls A Controls FIA OSA A OSA FIA

jects, due to one measurement failure. Baseline ETCO2 did
not differ between the groups or types of apneas (Table 2).
All apneas caused ETCO2 to rise (P < 0.001). In controls,
FIA led to a smaller increase in ETCO2 than A (P < 0.01).
This was not seen in the OSA group. In both types of
apneas, controls increased their *TCO, more than did the
OSA patients (P < 0.01; Table 2). Baseline SaO, was the
same in both groups. All apneas led to a decrease in SaO,
(P < 0.01). There was no significant difference in desatu-
ration between A and FIA neither within any group nor
between groups in any of the two conditions (A and FIA;
Table 2).

Diving response

Baseline HR was the same in OSA and control subjects
(NS). Both groups showed significant bradycardia during
both types of apneas (P < 0.05; Fig. 2). In controls, the
mean HR reduction by the end of apnea was greater in FIA
(19 + 10 %) than in A (10 & 10 %; P < 0.05) while among
OSA it was similar in A and FIA (13 £ 10 and 14 & 8 %;
NS; Fig. 2). The more powerful response to FIA becomes
evident in controls after approximately 25 s of apnea and
continues in the early recovery. After apnea, both controls
and OSA showed an increase in HR compared to baseline
within 30 s in both types of apneas (Fig. 3). In this graph,
the subjects who had the longest apneas were included.
Baseline SkBf differed between groups with a higher
mean value for OSA patients (P < 0.05). In the OSA group,

Fig. 2 Mean (£SD) heart rate (HR) reduction in control subjects
(n = 10) and OSA patients (n = 8) during apnea (A) and apnea with
face immersion (FIA). A significantly greater reduction in HR was
noted in control subjects during FIA in comparison to apnea without
face immersion. *P < 0.05, **P< 0.01, ***P< 0.001

SkBf was reduced by 15 £ 14 % (P < 0.05) during A and
by 29 + 23 % (P < 0.05) during FIA. No significant change
from baseline was seen in controls. Baseline MAP was the
same for both groups, and did not change significantly dur-
ing apnea in any group or condition (NS).

Hemoglobin concentration

Hemoglobin values are based on nine control subjects and
seven OSA patients, due to coagulation in two blood sam-
ples. There was no difference in baseline [Hb] between
OSA and controls (13.7 & 0.6 vs. 13.3 + 1.0 g/dL; NS)
or between A and FIA (NS). An increase in [Hb] was seen
at 3 min after the apnea series in both groups during both
A and FIA (Fig. 4). In controls, a tendency to an increase
from baseline was seen in [Hb] by 2.2 4+ 2.9 % after A
(P = 0.056) and by 2.1 £ 2.2 % after FIA (P < 0.05), with
no difference between values (NS). In the OSA group, A
caused an increase from baseline of 1.4 0.9 % (P < 0.01)
and FIA caused a 3.3 £+ 2.2 % increase (P < 0.01), thus
a more pronounced hematological response resulted when
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Fig. 3 Development of heart rate (HR) during apnea and the recov-
ery phase in OSA patients (n = 5) and control subjects (n = 8) with
apneas of at least 40 s duration. Values represent the mean value.
Standard deviation is left out for clarity. A significant difference
between A and FIA was seen in controls, both during apnea and dur-
ing the recovery period. *P < 0.05

the face was immersed (P < 0.05). All increases were fully
reversed within 20 min of recovery (Fig. 4).

Discussion

Both controls and OSA patients responded to apnea with
a cardiovascular “diving response”, in accordance with
previous studies in healthy subjects (Elsner and Gooden
1983; Gooden 1994). In controls, the diving bradycardia
was fortified by facial chilling, which has been reported in
several previous studies (Andersson and Schagatay 1998a;
de Bruijn et al. 2009). However, this typical fortification
of the bradycardia was not seen in the OSA patients, who
responded with a similar bradycardia in both conditions.
Instead, in the FIA condition for the OSA group, the
elevation of [Hb] associated with the contraction of the
spleen (Schagatay et al. 2001, 2005; Bakovic et al. 2003)

@ Springer
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Fig.4 Mean (£SD) hemoglobin concentration in percent of rest-
ing value pre- and postapnea in OSA patients (n = 7) and in control
subjects (n = 9). Resting value set as 100 % in figure. Change from
reference for A respective FIA at P < 0.05 is indicated by a and f.
Change from reference for A at P < 0.01 is indicated by aa and for
FIA by ff. Difference between A and FIA is indicated by asterisk for
P <0.05

was more pronounced than during apnea alone. A fortified
[Hb] response in trained apnea divers compared to healthy
non-divers and elite skiers during apnea with face immer-
sion has previously been reported (Richardson et al. 2005),
and OSA patients did show a similar elevation of the [Hb]
response with face immersion. The reason for this differ-
ence between conditions is unclear.

The facial immersion induces a more powerful diving
response via facial cold receptors in the ophthalmic region
(Schuitema and Holm 1988), but it is unclear why this stim-
ulation did not have any effect in the OSA group. Studies
have found an increased sympathetic tone in OSA patients
(Somers et al. 1995; Narkiewicz and Somers 2003). Diving
bradycardia occurs as parasympathetic activity increases,
affecting the cardiac pacemaker, and it is also likely that
apnea induced reduction in sympathetic drive on the SA
node is partly responsible for the diving bradycardia (Scha-
gatay and Holm 1996; Paton et al. 2005). The increased
resting sympathetic tone seen in OSA patients could pos-
sibly attenuate the reduction in heart rate normally seen
when voluntary apneas are performed, and the reduction
achieved in A could be the maximum achievable. The
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diving response has been shown to diminish in strength
with increasing age, possibly due to structural changes in
blood vessels (Kawasaki et al. 1987; Holm et al. 1998).
Thus, even though our OSA patients were considered free
from cardiovascular disease, this factor could be involved,
since an increased incidence of vascular disease has been
reported previously in this group (Wolf et al. 2007).

Arterial oxygen desaturation was seen in both groups
after apneas, with and without face immersion. Previous
studies on subjects performing 2 min breath-holds have
shown an oxygen conserving effect of FIA associated
with a stronger diving response (Andersson and Schagatay
1998a). This enhancement was present but did not reach
significance in our study, probably due to the shorter apneic
duration and subsequently lower degree of desaturation.
It is likely that the more powerful diving response in FIA
in the control group in the present study tended to reduce
arterial desaturation, thereby diminishing an important
stimulus for inducing spleen contraction and [Hb] elevation
(Quist et al. 1986; Richardson et al. 2009). This enhance-
ment of the diving response was not seen in the OSA
group, which could possibly explain their enhanced [Hb]
response during FIA.

The magnitude of bradycardia is an easy and well-
established measure of the magnitude of the overall div-
ing response (Schagatay 1996; Schagatay and Andersson
1998; Andersson and Schagatay 1998a), but SkBF and
MAP were also measured in this study. We found changes
in SkBF between A and FIA in OSA but not in controls,
and no changes in MAP in any group, thus the increase
in total peripheral resistance apparently just matched the
reduction in cardiac output in both groups. An increase of
the MAP is often seen toward the end of the apnea, at least
in studies involving longer apneas (Lin 1982), but in this
study apneas were likely of to short duration for significant
changes in MAP to develop.

In the present study, an elevation of [Hb] after apnea
was found for both groups and the response was fortified
after FIA in the OSA group suggesting a training effect, by
frequent apneas, on spleen contraction in line with other
studies involving long-term apnea training (Richardson
et al. 2005; Engan et al. 2014). Diving bradycardia on the
contrary, seemed to be somewhat attenuated in the OSA
patients, with a slower onset and no augmentation from
face immersion. A cause for this difference between the
two responses may be that the increased resting sympa-
thetic tone in the OSA group attenuates the cardiovascular
response (i.e. the bradycardia) to apnea by not allowing a
full sympathetic reduction to the beta receptors, while not
affecting the spleen response which is mainly induced by a
sympathetically derived release of catecholamines (Stewart
and McKenzie 2002).

During apnea, rising CO, and subsequent acidosis are
likely the main ventilatory stimuli, but the sensitivity of the
respiratory center to carbon dioxide is typically reduced in
divers (Masuda et al. 1981; Davis et al. 1987; Lilly 1964).
Some of the subjects in the OSA group performed short
breath holding times and many terminated their apnea
without a struggle phase, while in the control group a sig-
nificant struggle phase was often seen (AT longer than EP)
as a part of the total apnea time. This indicates a tendency
to shorter breath holding time due to increased rather than
decreased ventilatory drive in patients with OSA, as shown
previously (Taskar et al. 1995; Appelberg and Sundstrom
1997) despite their frequent exposure to apneas.

Limitations of the study were the short apneic duration
achieved in this group of elderly untrained subjects, the low
number of subjects, and the unequal inclusion of males and
females. However, in previous studies we have not found
that the diving response differs between men and women,
thus we expect no sex-linked influence on these parameters.

Conclusions

The response pattern during apnea was different in OSA
patients compared to controls, but also different from the
responses previously observed in trained apnea divers. Face
immersion enhanced the apnea-induced diving response
only in controls, while in the OSA group, the hemotologi-
cal response was stronger when face-immersed apneas
were performed. We concluded that OSA patients do not
show a training-induced enhancement of the bradycardic
response as a result of their nocturnal apneas but the [Hb]
elevation, present during FIA, appears to be enhanced in
the OSA subjects.
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