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Just over 45 years ago, in 1970, researchers at the University of Pennsylvania used the best
information available at the time to derive a model for development of pulmonary oxygen toxicity.1,2
The measurement they used was decrease in vital capacity (VC), (VCis the volume of air that a
person can exhale when starting with full lungs.) and the data came from altitude and hyperbaric
exposures to generate oxygen partial pressures (PO2) between normoxic (0.2 bar, 0.2 atm) and 0.5
bar, from sea-level exposures to 83% 02 for 50 hours and to 98% 02 for 72 hours, to hyperbaric
exposure to air at 5 bar (PO2 = 1 bar) for 48 hours, and to hyperbaric oxygen (PO2 = 2 bar) for 12
hours. From these data they described exposure to any PO2 as an equivalent number of minutes of
100% oxygen (02) at 1 bar, the Unit Pulmonary Toxic Dose (UPTD). A median decrease in VC was
associated with each number of UPTDs.

The UPTD model, like all models, did not fit the data exactly, but it seemed to be a good fit. The
number of UPTD of any exposure was defined as (where PO2 is in bar and t is exposure time in
minutes)

Number of UPTD = ¢ - M 1/1.2
1-0.5

Exposures to two different PO2 during one dive could be added together for a cumulative dose.
Exposures with a time separation, say, a dive followed by recompression treatment, were harder to
assess; the UPTD model had no way to include partial recovery.

Many studies have been performed since 1970. Let’s fast forward:

. The group at the University of Pennsylvania who proposed the UPTD model continued to collect
hyperbaric chamber data about the development of pulmonary oxygen toxicity. The U.S. Navy
Experimental Diving Unit (NEDU) found that the results for PO2s from 1.5 to 2.5 bar deviated
importantly from the UPTD predictions. In fact, the model fit well only to the PO2 = 2 bar study
used in the development of the UPTD model (but not to a later PO2 = 2 bar study) and to PO2 =
1.5 bar data.

Il.  Researchers from Duke University showed that the underlying injury to the lungs differs
depending on the exposure PO2 even though the signs and symptom are similar for a large
range of PO25 Thus, a single model cannot be expected to fit for all PO2s.

Ill.  There is no “unit dose” that can be multiplied by time to find the effect across all PO2 VC changes
approximately as a function of time for PO2 <1.5 bar,4 b ut approximately as a function of time
squared for higher PO2s.

IV. The U.S. Navy Treatment Table 6 (TT6) provides 633 UPTDs. This is predicted to cause a 2%
(median) decrease in VC, a negligible change. However, among 18 healthy subjects who

underwent a TT6 exposure, three divers had decreases in VC ranging from 8% to 12%, decreases
that lasted from 1 to 3 days. Changes in other pulmonary function variables were also

notable in those three and in one other diver. One of the divers reported mild symptoms. Clearly,
UPDTs do not provide the full picture.

V. Because VC changes cannot be detected until there is swelling of lung tissues and/or liquid in
some of the air spaces (interstitial and/or pulmonary oedema), other markers of pulmonary
oxygen toxicity that occur earlier with exposures to low PO2s, for example, symptoms, are
preferable. UPTDs have not been correlated to symptoms or to other changes in pulmonary
function.

VI. We need a model that includes recovery if we are to assess “pulmonary 02 dose” over multiple
dives and/or recompression treatments.

Science progresses through the proposal of models and hypotheses that are tested initially with one
set of data, retested with new data, and either disproven or not disproven. The UPTD model that
showed promise in 1970 has been displaced by later evidence. It is time for the diving community to
pay attention to the last 40 years of evidence. UPTDs are not a useful measure.
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