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Editorial
Decompression sickness, fatness
and active hydrophobic spots
Since decompression sickness (DCS) in humans was first
described,1 mankind has embarked on an odyssey to prevent
it. The demonstration that decompression releases bubbles,
which mainly contain inert gas (nitrogen, helium),2 into
the circulation and that the slower the decompression rate
the lesser the incidence of DCS, resulted in 1908 in the
publication of the first, reasonably safe diving tables.3
Besides the development of proper diving tables, the
selection of divers is also of importance. A relationship
between body composition and DCS was observed in dogs as
long ago as the nineteenth century,2 an observation supported
early in the twentieth century: “Really fat men should never
be allowed to work in compressed air, and plump men should
be excluded from high pressure caissons…or in diving to
more than about 10 fathoms, and at this depth the time of
their exposure should be curtailed. If deep diving is to be
undertaken…. skinny men should be selected.”4
Alas, nothing is that simple! From my own experience it
was not always the fat diver who ended up in the treatment
chamber with DCS. Therefore, other factors must be at
play; gender,5,6 age,5,7 physical fitness,7 and the existence
of a persistent foramen ovale (PFO)8 have all been studied
as possible factors for the development of vascular gas
bubbles and, therefore, for DCS. However, none of these
factors, alone or in combination, explain why there are
intra-individual or intra-cohort differences in bubble grades
(BG). In other words, why does a dive I did today led to a
high BG but the same dive next week lead to a low one?
Or, why is there such a difference in BG amongst divers of
more or less the same age, gender, body composition and
physical fitness? In a letter in this issue, a novel hypothesis
is postulated that may fill in these gaps; active hydrophobic
spots (AHS).9
These AHS can be found at the luminal side of capillary,
venous and arterial walls and have an oligolamellar lining.
In an in vitro experiment, nanobubbles developed on AHS
after a ‘dive’ to 1,000 kPa (90 msw).10 It appears that AHS
consist of dipalmitoylphosphatidylcholine (DPPC), which is
the main component of surfactant.11 It is proposed that DPPC
may leak from the alveoli into the alveolar capillary and be
transported to veins and arteries where it precipitates and
forms AHS.11 Based on these ideas, it is hypothesized that
AHS generate nanobubbles that can grow into microbubbles.
When these microbubbles detach from the AHS they might
also take along pieces of the AHS membrane making the
AHS smaller or even disappear.10 This phenomenon could
explain some of the earlier findings regarding the formation
of microbubbles in divers. The fact that the presence of

microbubbles differs between younger and older divers,
after repetitive dives, and between experienced divers and
novice divers can be explained by this model,10 and AHS
may be the missing link we are looking for in our quest to
understand and treat DCS.
However, some reservations must be made. Firstly,
these observations are derived from in vitro and animal
experiments and whether or not they reflect a similar process
in man remains unclear. Secondly, it appears that female
divers have lower bubble grades after similar dives compared
to male divers, suggesting lower decompression stress.5,6 If
AHS is the main generator for microbubbles, there should
be a difference in the presence of AHS between men and
women. We do not know from these animal experiments
whether there is a gender difference, neither does a literature
search in PubMed provide us with an answer.
Thirdly, as said before, DPPC is the main component of
surfactant. All alveolar surfactant phospholipids, such as
DPPC, are secreted to the alveolar space via exocystosis of
the lamellar bodies (LB) from alveolar type II (ATII) cells.12
To form a functional air-blood barrier, alveolar type I and
ATII cells are connected to each other by tight junctions.
These tight junctions constitute the seal of the intercellular
cleft and in that way form a true barrier between the alveolus
and the capillary.13 Only small molecules like oxygen,
carbon dioxide, etc. can penetrate through this barrier by
themselves due to passive diffusion. All other (macro)
molecules, including DPPC, need intermediate processes
such as ion transport proteins,14 channels,12 metabolic
pumps,14 etc. to gain access to the pulmonary capillary
lumen. To my knowledge, no such mechanisms for DPPC
or LB are known.
A theoretical explanation might be the fact that the
production of DPPC and the exocytosis of DPPCcontaining LBs into the alveolar space can be stimulated
by stretch.12,15 Stretch of the alveoli can switch on Ca2+
entry by either mechanosensitive channels, store-operated
channels or second messenger-operated channels, which
induces LB exocystosis.12 Furthermore, an ATP-release
mechanism might also be responsible for the pulmonary
alveolar mechanotransduction of LB.12 During diving,
transpulmonary pressure changes 16 occur which might
induce additional alveolar stretch and thus, theoretically,
an extra release of LB. However, whether or not such
exocystosis of LB is vascularly orientated remains unclear.
Besides which, the leakage of DPPC from the alveolus to the
pulmonary capillary might also be as simple as a malfunction
of the tight junction due to epithelial membrane damage as
a result of diving. Finally, it is also possible that DPPC is
produced in other non-ATII cells in our body of which we
are currently unaware.
To conclude, this is an interesting hypothesis regarding the
origin of microbubbles. Whether or not DPPC and LB are
the main reason for individual sensitivity to DCS remains
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unclear. Further research will hopefully identify if DPPC
and LB are indeed the missing link or just another branch
on the big tree of the genesis of decompression sickness.

12

References
1

Triger M. Note de M. Triger, tiree d’une lettre a M. Arago.
Comptes rendus l’académie des Sci. 1845;50;445–9.
2 Bert P. Barometric pressure. Columbus, Ohio: College Book
Company; 1943.
3 Boycott AE, Damant GC, Haldane JS. The prevention of
compressed-air illness. J Hyg (Lond). 1908;8:342–443. PMID:
20474365. PMCID: PMC2167126.
4 Boycott AE, Damant GC. Experiments on the influence of
fatness on susceptibility to caisson disease. J Hyg. (Lond).
1908;8:445–56. PMID: 20474366. PMCID: PMC2167151.
5 Dunford RG, Vann RD, Gerth WA, Pieper CF, Huggins K,
Wacholtz C, Bennett PB. The incidence of venous gas emboli
in recreational diving. Undersea Hyperb Med. 2002;29:247–
59. PMID: 12797666.
6 Brebeck A-K, Deussen A, Range U, Balestra C, Cleveland S,
Schipke JD. Beneficial effect of enriched air nitrox on bubble
formation during scuba diving. An open-water study. J Sports
Sci. 2018;36:605–12. doi: 10.1080/02640414.2017.1326617.
PMID: 28531363.
7 Schellart NAM, van Rees Vellinga TP, van Hulst RA. Body
fat does not affect venous bubble formation after air dives of
moderate severity: theory and experiment. J Appl Physiol.
2013;114:602–10. doi: 10.1152/japplphysiol.00949.2012.
PMID: 23305985.
8 Wilmshurst PT. The role of persistent foramen ovale and
other shunts in decompression illness. Diving Hyperb Med.
2015;45:98–104. PMID: 26165532.
9 Arieli R. Fatty diet, active hydrophobic spots, and
decompression sickness. [Letter]. Diving Hyperb Med.
2018;48:197. doi: 10 28920/dhm48.3.197. PMID: 30199893.
10 Arieli R. Nanobubbles form at active hydrophobic spots
on the luminal aspect of blood vessels: consequences for
decompression illness in diving and possible implications for
autoimmune disease - an overview. Front Physiol. 2017;8:591.
doi: 10.3389/fphys.2017.00591. PMID: 28861003. PMCID:
PMC5559548.
11 A r i e l i R , K h a t i b S , Va y a J . P r e s e n c e o f
dipalmitoylphosphatidylcholine from the lungs at the active
hydrophobic spots in the vasculature where bubbles are formed

13
14

15

16

131

on decompression. J Appl Physiol. 2016;121:811–5. doi:
10.1152/japplphysiol.00649.2016. PMID: 27516538.
Dietl P, Liss B, Felder E, Miklavc P, Wirtz H. Lamellar body
exocytosis by cell stretch or purinergic stimulation: possible
physiological roles, messengers and mechanisms. Cell Physiol
Biochem. 2010;25:1–12. doi: 10.1159/000272046. PMID:
20054140.
Weibel ER. The pathway for oxygen. Boston: Harvard
University Press; 1984.
Guillot L, Nathan N, Tabary O, Thouvenin G, Le Rouzic P,
Corvol H, et al. Alveolar epithelial cells: master regulators of
lung homeostasis. Int J Biochem Cell Biol. 2013;45:2568–73.
doi: 10.1016/j.biocel.2013.08.009. PMID: 23988571.
Pantazi D, Kitsiouli E, Karkabounas A, Trangas T, Nakos G,
Lekka ME. Dipalmitoyl-phosphatidylcholine biosynthesis is
induced by non-injurious mechanical stretch in a model of
alveolar type II cells. Lipids. 2013;48:827–38. doi: 10.1007/
s11745-013-3800-8. PMID: 23728506.
Moon RE, Cherry AD, Stolp BW, Camporesi EM. Pulmonary
gas exchange in diving. J Appl Physiol. 2009;106;668–77. doi:
10.1152/japplphysiol.91104.2008. PMID: 19008484.

Pieter Jan AM van Ooij1,2
1
Diving Medical Centre, Royal Netherlands Navy, Den Helder,
The Netherlands
2
Department of Respiratory Medicine, Academic Medical Centre,
University of Amsterdam
Address for correspondence: Diving Medical Centre, Royal
Netherlands Navy, PO Box 10.000, 1780 CA Den Helder, The
Netherlands
Pjam.v.ooij.01@mindef.nl
doi: 10.28920/dhm48.3.130-131. PMID: 30199886.
Funding and conflicts of interest: nil
Submitted: 18 July 2018
Accepted: 03 August 2018
Key words
Bubbles; Cardiovascular; Surfactant; Risk; Hypothesis; Editorials
Copyright: This article is the copyright of the author who grants
Diving and Hyperbaric Medicine a non-exclusive licence to publish
the article in electronic and other forms.

