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Letters

Hemoptysis Due to Breath-Hold Diving
Following Chemotherapy and Lung Irradiation:
A Differential Diagnosis; with Authors’ Reply

Editor — In a recent case report published in your journal, a
60-year-old male breath-hold diver was reported to have
experienced hemoptysis after five repetitive apnea dives to a
maximum depth of 13 meters of sea water (MSW).! The
patient’s past medical history included treatment for breast
carcinoma with surgery followed by adjuvant chemo- and
radiotherapy. The radiotherapy had resulted in parenchymal
fibrosis in the irradiated part of the lung. It was concluded by
the authors that the patient most likely suffered from alveolar
hemorrhage due to capillary stress failure. As explained in
more detail in the discussion by the authors, this occurs when
abnormally high stress in the walls of the pulmonary
capillaries leads to ultra-structural changes such as disruption
of the capillary and alveolar endothelium, resulting in
pulmonary edema and potentially pulmonary hemorrhage.
The authors also stated that pulmonary barotrauma (PBT)
was less likely because of the shallow diving depth. However,
in our opinion, PBT is a plausible pathophysiological
mechanism in this case. We would like to highlight the
pathophysiological mechanism that could have precipitated
PBT in this case and emphasize the notion that diving at
relatively shallow depths is not protective for barotrauma.

PBT occurs when a pressure gradient across the alveolar
membrane develops that exceeds its breaking point. When
lung volume adapts to changes in absolute pressure in
accordance with Boyle’s law, no significant gradient develops
during descent or ascent. However, a critical prerequisite for
accommodation of volume/pressure changes in the lung
during a dive is the absence of structural lung abnormalities
that compromise lung tissue compliance.? Healthy lung tissue
(schematic model in figure 1, left panel) can accommodate
for the increased pressure at depth by allowing for a decrease
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in volume, preventing a pressure gradient across the alveolar
wall. In contrast, when the lung tissue is characterized by
decreased compliance due to inflammation or fibrosis (figure
1, right panel), the alveolar space cannot adapt its volume in
proportion to the increased pressure, and a pressure gradient
builds up.

It is a common misconception that diving depths of 10 MSW,
for example, can be considered as being shallow and unlikely
to cause PBT. In fact, as shown in figure 2, the absolute and
relative changes in gas volume across diving depths is
greatest at shallower depths due to the exponential relationship
between volume and pressure. The minimal pressure gradient
required to cause rupture of the lung membrane can be
reached with a pressure equivalent to only 1 MSW.? Several
cases of PBT have been reported to occur in relation to
breath-hold dives at depths not exceeding 5 MSW.*¢

Obstruction may be an additional risk factor for PBT when
redistribution of air to peripheral alveoli occurs in lung areas
with interstitial fibrosis and air way obstruction, such as was
possibly present in the reported patient. Air trapping may lead
to over-inflation trauma during ascent. Although mostly a risk
in divers breathing compressed air, overexpansion injury
during ascent has also been reported in breath-hold divers.’

It remains difficult to assess the mechanism of alveolar
damage in the reported case. The absence of free air on the
computed tomography (CT) scan does not rule out PBT, as
PBT can be difficult to detect, depending on the size of the
defect, the presence of other intrapulmonary pathology, and
the time period after which a CT scan is obtained. The pivotal
role of the pre-existing lung disease in this case is stressed by
the fact that the alveolar hemorrhage occurred in the irradiated
areas of the lung where parenchymal abnormalities were
chronically present. The tearing effects from pressure
gradients formed between peribronchiolar and perialveolar
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Figure 1. Pathophysiological model of the influence of parenchymal lung disease on the development of an alveolar membrane

pressure gradient.
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Figure 2. Volume changes in relation to diving depth.

tissues during gas-expansion tend to be greater if the elasticity
of different lung areas is inhomogeneous.”

In conclusion, we agree with the authors that capillary stress
failure is a plausible diagnosis in the reported case. However,
PBT needs to be considered as a differential diagnosis. Divers
with a history of pulmonary disease or thoracic irradiation
need to be screened for interstitial lung disease by spirometry
and CT of the thorax to exclude parenchymal pulmonary
disease that may pose a risk of PBT during both Scuba and
breath-hold diving.
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