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Breath-hold diving (freediving) is an underwater sport that is associated with elevated
hydrostatic pressure, which has a compressive effect on the lungs that can lead to
the development of pulmonary edema. Pulmonary edema reduces oxygen uptake and
thereby the recovery from the hypoxia developed during freediving, and increases
the risk of hypoxic syncope. We aimed to examine the efficacy of SpO2, via pulse-
oximetry, as a tool to detect pulmonary edema by comparing it to lung ultrasound
B-line measurements after deep diving. SpO2 and B-lines were collected in 40 freedivers
participating in an international deep freediving competition. SpO2 was measured within
17 ± 6 min and lung B-lines using ultrasound within 44 ± 15 min after surfacing.
A specific symptoms questionnaire was used during SpO2 measurements. We found a
negative correlation between B-line score and minimum SpO2 (rs = −0.491; p = 0.002)
and mean SpO2 (rs = −0.335; p = 0.046). B-line scores were positively correlated with
depth (rs = 0.408; p = 0.013), confirming that extra-vascular lung water is increased
with deeper dives. Compared to dives that were asymptomatic, symptomatic dives had
a 27% greater B-line score, and both a lower mean and minimum SpO2 (all p < 0.05).
Indeed, a minimum SpO2 ≤ 95% after a deep dive has a positive predictive value of
29% and a negative predictive value of 100% regarding symptoms. We concluded that
elevated B-line scores are associated with reduced SpO2 after dives, suggesting that
SpO2 via pulse oximetry could be a useful screening tool to detect increased extra-
vascular lung water. The practical application is not to diagnose pulmonary edema
based on SpO2 – as pulse oximetry is inexact – rather, to utilize it as a tool to determine
which divers require further evaluation before returning to deep freediving.

Keywords: hypoxia, apnea, hypoxic syncope, blackout, pulmonary edema, barotrauma, injury, extreme
environment
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INTRODUCTION

Breath-hold diving, also known as freediving, ranges from
recreational and professional activities to a competitive sport
with several disciplines for the maximal duration, distance,
or depth performed on a single breath (Fitz-Clarke, 2018).
Within each discipline, a specific combination of physiological
factors determine performance (Schagatay, 2009, 2010, 2011;
Bain et al., 2018).

Breath-hold diving is associated with an increased hydrostatic
pressure that has a compressive effect on the body’s air-filled
cavities. As such, the rise in ambient pressure compresses
the lungs in accordance with Boyle’s law, thus reducing lung
volume as the diver descends. The lungs are indeed compliant,
but being delicate, exceeding the compliant threshold of the
lung may lead to pulmonary edema (Lindholm et al., 2008),
commonly referred to by divers as “lung squeeze.” Pulmonary
edema is associated with the accumulation of fluid in the
alveoli, thus preventing oxygen uptake and causing hypoxemia
(Lindholm and Lundgren, 2009). When affected, divers present
with symptoms of productive cough, dyspnea, chest tightness
(Cialoni et al., 2012), hemoptysis, and exhibit desaturation with
a reduction in pulmonary function tests (Linér and Andersson,
2008). However, it would be just before, or upon surfacing where
divers are most vulnerable because of the risk of hypoxic syncope,
or “blackout” (Lindholm, 2007). The presence of fluid in the lungs
would reduce the diffusion of oxygen from the alveolar space into
the pulmonary circulation, thereby restraining the recovery from
a low arterial oxygen saturation upon surfacing. Deep freediving
additionally requires strenuous effort, and exercise stresses the
pulmonary capillaries (West, 2004) increasing the risk of fluid
leakage and increasing the diffusion barrier. One lethal case is
known from a breath-hold diving competition in 2013, where a
diver surfaced after a deep dive but experienced a “blackout” and
was unable to recover due to severe lung squeeze (Vestin, 2015).

Ultrasound B-lines, also referred to as ultrasound lung comets,
has been found to provide an accurate estimation of extravascular
lung water (Jambrik et al., 2004; Agricola et al., 2005) and are
considered to be a reliable tool to evaluate pulmonary edema
(Lichtenstein, 2014; Chiumello et al., 2016; Wang et al., 2018;
Soldati et al., 2019). B-lines have previously been measured
in breath-hold divers, and depth does indeed appear to be a
potent contributor to increase the B-line score (Frassi et al.,
2008; Boussuges et al., 2011; Lambrechts et al., 2011) and
pulmonary gas exchange impairment (Patrician et al., 2021).
However, ultrasound imaging is not readily available outside of
the research and clinical community. Therefore, it would be ideal
to determine the efficacy of an easier and simpler tool for post-
dive evaluation in freedivers, which provides insight into the
potential of extravascular lung water. Preliminary data collected
from 100 competitive dives have suggested that monitoring
peripheral oxygen saturation (SpO2) in the 20 min following the
dive could be a tool to detect pulmonary edema/lung squeeze,
as it was associated with reported and observed symptoms
(Schagatay et al., 2015).

Our study sought to test the primary hypothesis that the
impairment of SpO2 recovery following deep breath-hold diving

would be associated with elevated B-line score, an accepted
and informative index of extravascular lung water. To examine
this hypothesis, we studied breath-hold divers during a depth
world championship.

MATERIALS AND METHODS

Participants
A total of 40 freedivers, 28 males and 12 females, with a
mean ± SD age of 35 ± 7 years; 177 ± 7 cm height and 70 ± 8 kg
weight and body mass index 22 ± 2 kg/m2 volunteered to be
in the study. All participants provided verbal informed consent,
following written and oral information on the study and protocol.
The study was reviewed by the local research ethics board and
conformed to the Declaration of Helsinki. The study was also
approved by and conducted in conjunction with the competition
organizing committee.

While the measurements during this study likely capture
maximal levels of physiological strain and provide valuable
insight into the limits of the human body during freediving,
the nature of a professional competition unavoidably led to
variability in the timing of assessments. The competition dives
were performed in three different dive disciplines: constant
weight with fins (CWT), constant weight without fins (CNF), and
free immersion (FIM) over 6 days of competition. A review of
these disciplines has been covered elsewhere (Schagatay, 2011).

Procedures
Following each dive, SpO2 and heart rate were recorded in 15-s
intervals for 2 min via pulse oximetry (Nonin Onyx Vantage
9590) within 20 ± 11 min (range:10–45 min) of surfacing. Pulse
oximetry data was collected in a finger, in the upright position,
and only recorded when the oximetry signal was strong, as
indicated by a bright green light signal. If the signal strength
was sub-optimal (e.g., due to cold fingers), divers were given
time to warm up before re-assessing. Ultrasound B-lines were
collected in the supine position [within 45 ± 18 min (range:
18–85 min) of surfacing] and performed using 2-dimensional
ultrasonic imaging, with a convex transducer 2–5 MHz (M-Turbo
ultrasound system, FUJIFILM SonoSite Inc., Bothell, WA,
United States). Bilateral imaging of the hemithorax (parasternal,
mid-clavicular, anterior axillary line, and mid-axillary) from the
second to fourth (fifth on the right side) intercostal spaces
were performed, culminating in 28 zones. A B-line was defined
as an echogenic, coherent, and wedge-shaped signal with a
narrow origin in the near field of the image, spreading from
the pleural line to the further border of the screen, which
moves in concert with lung sliding (Lichtenstein, 2014). The
same investigator (AL-S) performed all B-line measurements.
The total number of B-lines in each zone was counted and
summed to provide a total B-line score. For situations when the
entire zone was full of B-lines (i.e., white-out) a maximum of
20 was assigned. B-lines are an index of extravascular lung fluid,
which has been performed previously with high sensitivity and
intra-patient reliability to fluid visible using radiographic imaging
(Jambrik et al., 2004; Picano et al., 2006; Boussuges et al., 2011;
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Lambrechts et al., 2011). As part of the evaluation, the participant
was also asked for specific symptoms. Symptoms considered
relevant were cough, mild-severe chest discomfort, tightness
and/or irritation along the respiratory tract (i.e., throat to lungs)
and hemoptysis. The participant was considered symptomatic if
one or more of these symptoms was present. Post-dive evaluation
and measurements were performed on the support boat for
the competition.

In a subgroup of divers (n = 6), baseline B-line measurements
were conducted before the competition, and with at least 12 h
without diving activity.

Given the unavoidable range in measurement times (i.e., time
from surfacing to measurement); a time-specific analysis was
conducted – using pulse oximetry within 30 min as a cut-off.
A total of 50 dives: 10 CNF, 21 CWT, and 19 FIM at a mean
depth of 76 ± 21 m (range: 40–122 m) with pulse oximetry within
18 ± 6 min (range: 6–30 min) and B-lines within 41 ± 15 min
(range: 17–82 min) were included. For correlational analysis (see
section “Statistical analysis”), only the first dive for each diver
were included (i.e., 36 dives), to ensure the independence of cases
since each diver competed over several days.

As part of the competition, supplemental O2 was available for
divers upon surfacing, it was used in 36 dives (72%) and SpO2
was measured 26 ± 11 min (range: 10–50 min) after exposure.

Statistical Analysis
Data was assessed for normality using Kolmogorov-Smirnov
tests (IBM SPSS, Statistics, United States). Differences from
baseline B-line score, the right vs. left lung and symptomatic
vs. asymptomatic dives were evaluated using the Mann-Whitney
test. Effect size (R) was calculated using the Mann-Whitney
Z score, divided by the square root of the sample size (n).
Correlations were evaluated using Spearman’s (rs) correlational
analysis. All data is presented as mean ± SD and significance was
assumed at p < 0.05.

RESULTS

B-Line Score and SpO2
B-line score was negatively correlated with mean SpO2
(rs = −0.335, p = 0.046; Figure 1A) and minimum SpO2
(rs = −0.491, p = 0.002; Figure 1B). Across all zones, there were
on average 35 ± 49 B-lines, with a mean and minimum SpO2 of
96.4 ± 2.8 and 93.7 ± 4.3%, respectively.

Post-dive B-line score was positively correlated with depth
(rs = 0.408, p = 0.013; Figure 2). When intercostal regions II-IV
were evaluated between sides (i.e., given intercostal region V is
confounded by the heart on the left side), the right lung appeared
to have a higher B-line score (19 ± 26 B-lines) following the dive
compared to the left lung (9 ± 18 B-lines; U = 784.5, p = 0.001,
R = 0.322).

Symptoms
When B-line and SpO2 were grouped based on symptoms,
symptomatic dives showed significantly lower SpO2, higher
B-line score and greater depth (Figure 3 and Table 1). Mean

SpO2 also correlated positively with symptoms (rs = −0.421,
p = 0.010), and with depth (rs = −0.381, p = 0.022). Minimum
SpO2 was negatively correlated with both symptoms (rs = −0.468,
p = 0.004) and depth (rs = −0.347, p = 0.038).

Baseline and Post-Dive B-Lines
There was an increase in mean B-line scores from baseline at
5 ± 2 (range: 2–6; n = 6) to post-dive at 33 ± 46 (range:
1–183; n = 50; U = 65.6, p = 0.012, R = 0.308; Figure 4).
Males (35 dives) demonstrated higher B-line scores (41 ± 50
B-lines) compared to females (15 dives; 9 ± 9 B-lines; U = 340.5,
p = 0.01, R = 0.362). However, males had deeper dives
(81 ± 20 m) than females (60 ± 13 m; U = 131.5, p = 0.001,
R = 0.460).

DISCUSSION

Our main finding is that SpO2 measured within 30 min
of surfacing correlates inversely to the prevalence of B-lines.
This shows that impairments in the recovery of SpO2 during
this period could reflect an excess of extra-pulmonary lung
water. This relationship becomes further apparent as lower
SpO2 was associated with respiratory symptoms. Aligning
with our hypothesis, the measurement of pulse oximetry
shortly after a dive is a simple and valuable tool for breath-
hold divers for identifying possible lung harm. Indeed, many
athletes, coaches, and organizers have begun incorporating
pulse oximetry monitoring; however, this is the first study
to establish its correlation with extravascular lung water
during an actual competition, along with a specific time
for measurement.

The positive correlation between depth and B-lines score
aligns with earlier studies (Frassi et al., 2008; Lambrechts et al.,
2011), and those demonstrating an increase in the incidence of
pulmonary edema, via reduced spirometric performance (Linér
and Andersson, 2008). Depth is also associated with an increase
in pulmonary edema-related symptoms (Lindholm et al., 2008;
Cialoni et al., 2012). However, as also shown in our data, some
susceptible individuals may present symptoms after relatively
shallow dives (Cialoni et al., 2012).

Aligning with Linér and colleagues, our data shows a negative
correlation between depth and SpO2 (Linér and Andersson,
2008). While persistent post-dive hypoxemia may have multiple
causes: (1) ventilation/perfusion mismatch due to atelectasis
(Fahlman et al., 2009; Schipke et al., 2019). (2) increased right-
to-left shunt; via increased strain on the right ventricle (Scherhag
et al., 2005) and/or chronic pulmonary hypertension (Vestin,
2015), so if right atrial pressure becomes higher than left atrial
pressure right-to-left shunting can occur (Layoun et al., 2017).
A third cause could be diffusion limitation due to increased
extravascular lung water (Picano et al., 2006; Boussuges et al.,
2011; Picano and Pellikka, 2016). Finally, additional causes could
be hypoventilation due to reduction in vital capacity, related
to alveolar hemorrhage (Kiyan et al., 2001; Gouzi et al., 2007)
or pulmonary barotrauma (Kiyan et al., 2001; Chung et al.,
2010; Banham and Lippmann, 2019). Accordingly, persistent
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FIGURE 1 | (A) Correlation plot of B-lines and mean SpO2 following deep breath-hold diving (rs = −0.335, p = 0.046) for n = 36. Use of supplemental oxygen at the
end of the dive is indicated by used (O2; open circles) and not used (No O2, closed circles). (B) B-lines and minimum (Min) SpO2 following deep breath-hold diving
(rs = −0.491, p = 0.002) for n = 36. Linear regression (solid line) with 90% confidence intervals (dotted line).

FIGURE 2 | Correlation plot of B-lines and diving depth (rs = 0.408, p = 0.013) for n = 36. Use of supplemental oxygen at the end of the dive is indicated by used
(O2; open circles) and not used (No O2, closed circles). Linear regression (solid line) with 90% confidence intervals (dotted line).

hypoxemia after diving, in a freediver, warrants a more in-
depth analysis.

In addition, we found a clear difference in minimum SpO2
between divers with or without pulmonary symptoms. Indeed, all
symptomatic dives had SpO2 below 95%, which further supports
our main hypothesis that SpO2 could be useful to detect cases.
B-line prevalence has a high range of reporting, varying from
14 to 31% (Frassi et al., 2008; Linér and Andersson, 2008;
Cialoni et al., 2012) that can be explained by different approach

(prospective or retrospective) and in our group, it was 15%. If
we use the value of minimum SpO2 ≤ 95% after a deep dive, the
positive predictive value is 29% and the negative predictive value
is 100%. In terms of safety, it is better to have false positives that
can be discarded with further investigation, than to let divers with
pulmonary edema resume diving too early.

The unique finding that the right lung demonstrated an
increased B-line score compared to the left lung (when matched
for zones), is difficult to discern. However, there are some reports
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FIGURE 3 | (A) Correlation plot of respiratory symptoms and the relationship between B-lines and mean SpO2. Symptomatic (open circles) and asymptomatic
(closed circles). Linear regression (solid line) with 90% confidence intervals (dotted line). (B) Dot plot of minimum SpO2 in symptomatic divers, versus asymptomatic
divers. Horizontal line represents the means at 89.9 ± 5.4% for symptomatic and 95.2 ± 2.3% for asymptomatic divers. * Indicates p < 0.05 between groups.

of unilateral swimming-induced pulmonary edema (Mahon et al.,
2002; Lund et al., 2003), which could be related to increased
perfusion on dependent zones of the lung. In terms of the
biomechanics of propulsion, important differences exist between
each discipline (Schagatay, 2011), but we did not find differences
among disciplines. When freedivers reach the bottom plate,
they have to make a change of direction to start swimming
upward, this turn requires some thoracic torsion. This movement
produces a change in thoracic compliance which can lead to a
heterogeneous distribution of transpulmonary pressure (Cortes-
Puentes et al., 2015). While we did not record which arm the
divers turned with, if our cohort was primarily right-handed, it
is intriguing to postulate that this might account for the uneven
distribution of B-lines between right and left lung.

Our study thus confirms previous studies documenting an
increase in B-lines after breath-hold diving (Frassi et al., 2008;
Lambrechts et al., 2011). A relevant discussion revolves around
how many B-lines are meaningful in diagnosing pulmonary
edema in freedivers. Usually, they are not pronounced in
the normal lung (Dietrich et al., 2016) and can be seen in

TABLE 1 | Symptomatology on post-dive measurements when pulse oximetry
was collected within 30 min.

Asymptomatic Symptomatic U p-value Effect size

Dives (count) 35 15

B-lines (total count) 18 ± 27 67 ± 63* 118 0.002 0.433

TAS-B-lines (min) 43.2 ± 15.6 45.4 ± 14.7 239.5 0.624 0.069

Mean SpO2 96.7 ± 1.7 93.8 ± 3.5* 133 0.006 0.388

Min. SpO2 95.2 ± 2.3 89.9 ± 5.4* 108 0.001 0.467

HR (bpm) 92 ± 12 98 ± 12 193 0.141 0.208

TAS-P.Ox (min) 16.1 ± 6.1 20.0 ± 5.4* 169 0.047 0.281

Depth (m) 71 ± 20 88 ± 18* 135 0.007 0.382

Mean ± SD.
TAS, time after surfacing (i.e., the time between surfacing and measurement of
B-lines and pulse oximetry [P.Ox], respectively).
*p < 0.05.

other conditions, such as atelectasis (Dietrich et al., 2016),
pneumonitis, and fibrosis that are unrelated to pulmonary edema
(Volpicelli et al., 2012; Soldati et al., 2016). However, an increase
in B-lines does not always coincide with pulmonary edema-
related symptoms (Linér and Andersson, 2008). But, the notion
that B-lines increase after diving and usually disappear in 24 h
(Frassi et al., 2008) reinforces that it is an indirect measure of
extra-vascular lung water which has been confirmed on other
causes of pulmonary edema (Dietrich et al., 2016; Picano and
Pellikka, 2016; Assaad et al., 2018).

With males diving deeper than females in the current study, it
was not possible to evaluate whether there is a difference between
sexes in B-line prevalence. However, with sex-related structural
and functional differences of the lungs (Dominelli et al., 2019),
different stroke volume during apnea (Magnani et al., 2018),
and the unique hormonal role of estrogen on the pulmonary
vasculature (Lahm et al., 2008), this is a valuable question and
warrants further investigation.

Interestingly, not all deep dives lead to a substantial increase
in B-lines and there is considerable variation in B-line score
between divers. For example, some dives over 100 m had B-line
scores ≤20, which is comparable to most of the 60-m dives.
Many inter-individual differences could influence the incidence
of B-lines. On one hand, there could be possible modifiable
factors as a pre-dive warm-up, discipline, ascent/descent speed,
use of glossopharyngeal insufflation (Chung et al., 2010), depth
training (Cialoni et al., 2012), involuntary breathing movements
at depth (Kiyan et al., 2001; Koehle et al., 2005; Lambrechts
et al., 2011) and rib cage compliance. On the other hand,
unmodifiable factors could be psychological stress, cold water
(Koehle et al., 2005), lung volumes (Lindholm et al., 2008),
residual volume to total lung capacity ratio (Ferretti et al., 2012),
previous acute lung injuries (Carter et al., 2014), comorbidities
and medications (Koehle et al., 2005), and genetic predisposition
(Cialoni et al., 2015).

Safety is crucial in freediving, and there are no guidelines
for safe return-to-dive practices regarding pulmonary edema.
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FIGURE 4 | Individual (circles) and mean (bar) B-line scores at baseline and
following the competitive dives. Solid lines connect baseline with post-dive
values in participants with a baseline score (n = 6). ∗p < 0.05.

The overarching goal of the current study was to evaluate if
pulse oximetry can act as a reliable marker of potential damage,
to provide divers with information to enable them to evaluate
their symptoms, and competition safety team to detect possibly
affected divers. A pulse oximeter is an easy to use low-cost option
for divers to be able to self-evaluate their condition post-dive.
Efficient recovery of SpO2 is reliant upon efficient pulmonary
gas exchange, which when impaired by fluid, prevents normal
oxygenation, which is particularly dangerous for divers as they
are severely hypoxic upon surfacing. Blood gas measurements
of SaO2 and PaO2 in elite trained divers have been reported
to drop well below 60% and 30 mmHg, respectively, during
static apnea (Willie et al., 2015; Bain et al., 2017). Recently,
the use of underwater near-infrared spectroscopy (NIRS) and
pulse-oximetry reveals that even lower values develop after deep
freediving (McKnight et al., 2021; Mulder and Schagatay, 2021).
At such low levels of circulation oxygen, syncope can occur
and the hypoxic blackout is not an uncommon occurrence
(Pearn et al., 2015). Given the competitive progression of the
sport of breath-hold diving, tools and guidelines aiming to
improve diver safety are essential and important in keeping
pace with the sport.

It is important to remark that there lacks a standardized
definition of this type of pulmonary edema, induced by deep
breath-hold diving. In the literature, there are a variety of terms in
use, including squeeze (Lindholm and Lundgren, 2009; Schipke

et al., 2019), pulmonary barotrauma, and immersion pulmonary
edema (Moon et al., 2016; Kumar and Thompson, 2019). It
has been suggested that a pathophysiological link exists between
the pulmonary edema occurring during immersion and at high
altitude. For example, high-resolution computed tomography
imaging, albeit in a small cohort of patients (n = 4), suggests
the heterogenetic blood flow response to hypoxia that occurs
in high altitude pulmonary edema, may also be shared by
those susceptible to immersion pulmonary edema (Lindholm
et al., 2018). Furthermore, differences in lung structure and
pulmonary lymphatics may also support a shared mechanism,
especially in those susceptible to both high altitude pulmonary
edema and immersion pulmonary edema (Carter et al., 2014).
However, deep breath-hold diving imparts unique stress upon the
pulmonary vasculature, since it is characterized by an increasing
hydrostatic pressure that compresses both lung and thoracic cage
(Fitz-Clarke, 2007). Due to differences in geometry and strain
response (Plataki and Hubmayr, 2010; Andrikakou et al., 2016),
the reduction in lung volume occurs at a quicker rate than the
thoracic cage, and this interaction reduces intra-pleural pressure
(Lai-Fook and Rodarte, 1991); thereby exaggerating the negative
pleural pressure and increasing the hydrostatic pressure gradient.
As the hydrostatic pressure gradient increases, any increase in the
pulmonary artery pressure, due to the blood shift and hypoxic
pulmonary vasoconstriction (Sylvester et al., 2012), could elevate
pulmonary capillary pressure to the point of capillary stress
failure (West et al., 1991). Together, this could lend support to
distinct terminology of pulmonary edema because of breath-hold
diving as a “depth-induced pulmonary edema.”

Limitations
While our study is the first to correlate SpO2 with the number of
lung ultrasound B-lines, it is important to note some limitations.

The small cohort of baseline lung b-line scores in the majority
of participants does not allow us to conclude with certainty
that the elevation in the B-line score correlates directly with the
dive. However, our data aligns with baseline B-line scores in
other breath-hold diving cohorts (Frassi et al., 2008; Boussuges
et al., 2011; Lambrechts et al., 2011; Patrician et al., 2021).
Additionally, given the study was non-interventional and all
measures were collected alongside the competition, variability in
timing was unavoidable. However, competition diving provides
valuable insight into the current limits of physiology, since divers
are highly motivated and performing single dives of maximal
(or even supra-maximal) effort. By excluding values too far from
the intended timing, we believe the measurements were within
acceptable time limits for these circumstances. Furthermore, the
nature of lung B-lines (extravascular lung water), and how they
affect SpO2, would not disappear in one hour. Previous studies
had shown that lung B-lines take around 24 h to disappear (Frassi
et al., 2008; Cortellaro et al., 2017) and its reduction takes a
few hours to occur (Picano et al., 2006). In that regard we will
not expect substantial changes after 41 ± 15 min of surfacing,
especially without any specific treatment (Dietrich et al., 2016),
even oxygen inhalation does not seem to affect extra-vascular
lung water (Pratali et al., 2012). Due to the lack of standardization
of the dives (regarding warm-up, depth, and discipline), all
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correlations have to be seen with caution and our findings require
confirmation in a more controlled setting.

Regarding SpO2, it is known that readings can be inaccurate
when compared with SaO2 from blood gases (Wilson et al.,
2010; Nitzan et al., 2014). For example, the used device has
reported inaccuracy of 3.29% (95% CI 2.39–4.20%) during
moderate hypoxic conditions (Ross et al., 2013). Additionally,
vasoconstriction can also affect the readings (Wilson et al., 2010),
but its effects last only 60 s on simulated dives (Heistad et al.,
1968); on the other hand, sympathetic nerve activity returns
to normal values within seconds after resuming breathing and
arterial blood pressure returns rapidly to normal values once
respiration is resumed (Ferrigno et al., 1997). As we measured
SpO2 within 18 ± 6 min after surfacing and avoided recording
from cold fingers/hands, we are confident in mediating the
confounding influence of peripheral vasoconstriction. Therefore,
we believe that persistent desaturation within 30 min will show
real cases instead of false positives. However, as SpO2 is a
surrogate for SaO2 and can be limited immediately post-dive,
confirmation of these findings with arterial blood gas sampling
is an important next step.

CONCLUSION

SpO2 after dives was associated with ultrasound lung B-lines
score, suggesting that SpO2 via pulse oximetry could be a useful
tool, when measured within 30 min after surfacing, taking into
account the intrinsic inaccuracy of the device. Ultrasound lung
B-lines correlates with diving depth, confirming that extra-
vascular lung water increases with deeper dives. Our findings
can be important to increase freediving safety, by identifying
injured divers to prevent them from continuing without proper
recovery. Our data support the use of a SpO2 < 95% to identify
possibly injured divers for further medical evaluation. Failure to
identify these divers increases the risk of hypoxic syncope. This
proof of concept study requires further research to evaluate its
practical application.
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