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Over the past 12 years I have written articles on 
various aspects of decompression sickness but I have 
never focused on Doppler-detected, moving, intra-
vascular bubbles and the whole decompression prob-
lem. I have a particular interest in this topic as DRDC 
Toronto (DCIEM) has been involved in this area for 
the past 30 years, and my Master of Science thesis 
was on Doppler-detected bubbles and DCS. 

When we dive we breath air/mixed gas under in-
creased pressure. According to Dalton’s Law of par-
tial pressure and Henry’s Law of solubility, we start 
the dive with the same partial pressure of inert gas 
in our bodies as the air we have been breathing for 
the previous couple of days (assuming no diving or 
significant altitude changes in that time period). Our 
bodies are ‘saturated’ with nitrogen. 

Divers at Buford Sink. Photo: Steve Straatsma

During the dive we absorb more inert gas into our 
bodies. We also absorb more oxygen, but the excess 
is used up within a few minutes of the pressure be-
ing reduced. Therefore, when we surface at the end of 
the dive the partial pressure of inert gas in our bodies 
will be greater than the partial pressure of inert gas 
in the air we are breathing, and may be greater than 
the ambient pressure surrounding us. Our bodies are 
‘supersaturated’ as they contain inert gas at a higher 
pressure than the air we are breathing. This excess 
inert gas will exit our bodies via our lungs until the 
pressures are again the same (this process takes a few 
days but the most rapid loss occurs shortly after the 
dive). In reality our bodies become supersaturated as 
soon as we leave the bottom and ascend. For many 
complex reasons our bodies can tolerate a small de-
gree of supersaturation. However, if the amount of 
supersaturation is too great, we will develop the signs 
and symptoms of decompression sickness.

In 1878 Paul Bert stated that DCS was primarily 
the result of bubbles of inert gas that formed in the 
tissues and blood during and following too rapid de-
compression. This made sense in that animal research 
had shown bubbles in the tissues and blood follow-
ing rapid decompression when the animals had symp-
toms of DCS. It also made sense that if the divers/ani-
mals ascended slowly, their bodies would have time 
to eliminate some of the excess inert gas. Ideally the 
ascent should be slow enough so that at no time dur-
ing the ascent or when the divers/animals surfaced at 
the end of the dive was the amount of supersaturation 
more than their bodies could tolerate (i.e. no bubbles 
would form). In the 1960s we finally developed the 
ability to detect moving intravascular bubbles and to 
our amazement, we discovered that many divers had 
large numbers of moving intravascular bubbles with-
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out any of the signs or symptoms of DCS! The sig-
nificance of these moving intravascular bubbles has 
been debated ever since.

How are these bubbles detected? The Doppler Ef-
fect is defined as “the apparent change of frequen-
cy and wavelength due to the relative motion of the 
source of a wave disturbance and the observer; an ap-
proaching source results in an increase of frequency 
and shortening of the wavelength, a receding source 
has the opposite effect.” (Webster’s Dictionary, en-
cyclopedic edition, 1988). The most familiar demon-
stration of this effect is the sound of a train whistle as 
it approaches and then passes you while you are sit-
ting beside the train tracks. The frequency or tone of 
the whistle decreases after the train passes.

The same principle is used to detect blood flow 
in clinical medicine. Sound waves are directed at a 
blood vessel and they are reflected back by the walls 
of the red and white blood cells. As the cells move to-
wards and then pass and move away from the probe, 
the frequency of the sound reflected decreases. Clini-
cal Doppler units are designed so that the change in 
frequency is audible.

The same basic idea is used to detect moving bub-
bles in the blood, and the bubble is heard as a ‘click’ 
or a ‘pop.’ Stationary cells/bubbles are not detected, 
as there is no change in the frequency of the sound. 
The surface of a bubble (gas - liquid interface) re-
flects sound better than the surface of red and white 
blood cells (liquid – solid interface).

Other ways of detecting bubbles have been tried 
but Doppler is still the most sensitive technique avail-
able. Echocardiography will show large bubbles but 
Doppler will show smaller bubbles. In addition, a 
Doppler unit is far smaller, less expensive, and more 
portable than an echo unit! 

The amount of ‘noise’ generated by bubbles (the 
loudness of the signal) depends on the number of 
bubbles, but it also depends on the size of the bub-
bles. The amount of ‘bubble noise’ you can hear also 
depends on the amount of ‘background’ noise. This 
means that it is quite difficult to quantify the amount 
of gas moving past the probe. Two different scales 
have been developed. The original scale was devel-
oped by Dr. Spencer in the 1960’s (he started using 
Doppler in divers). His scale is quite subjective and 
basically Grade 0 is no bubbles, Grade 1 is a few bub-

bles, Grade 2 is more bubbles, Grade 3 is many bub-
bles and Grade 4 is continuous bubbles. This scale 
is useful for determining the presence or absence of 
bubbles and if there are few or many bubbles. Un-
fortunately, with this scale it is extremely difficult to 
use data when more than one person has graded the 
bubble noise as different people will often give the 
same signal a different score.

In the 1970s Dr. Kisman (DCIEM) and Dr. Masurel 
(France) worked together to develop a more objective 
scale for grading bubble noise. Their original objec-
tive was to develop an automated system that would 
score the bubble signal. Unfortunately, the comput-
ers of that era were hopelessly inadequate. Work is 
still ongoing and some success has been achieved, 
but the bubble signal is very complex and a trained 
human ear/brain is still the best way to score the sig-
nal. A side benefit of the Kisman/Masurel scale is that 
different technicians will usually give the same KM 
Grade to the same bubble signal, if they have been 
well-trained and are highly experienced (this was the 
second focus of my Master of Science thesis). 

The KM scale is quite complex, but it can be con-
verted to Grades 0 to 4 like the Spencer scale. The 
scale is NOT linear. Grade 0 represents no detected 
moving bubbles. Grades 1 and 2 represent very little 
moving gas while Grades 3 and 4 represent a large 
amount of moving intravascular gas.

There are two major problems with detecting 
moving intravascular bubbles with Doppler. The first 
is that if the probe is not focused on the correct lo-
cation, no bubbles will be detected, even if they are 
present. Current custom-designed Doppler probes 
have a fairly wide area of coverage to help minimize 
this problem. The second problem is that the moving 
walls of the heart and other structures in the chest also 
reflect sound waves and generate ‘noise.’ It can be 
very difficult to detect bubbles in the presence of all 
the other noise from the chest. This is especially true 
when there are so many bubbles that the bubble noise 
is continuous. In this situation the rater is quite likely 
to miss the bubbles completely and score the signal 
as zero, even though there are a very large number of 
bubbles.

The way to address this problem is to listen for 
bubbles outside the chest. The veins returning blood 
from the arms are large and easy to listen to under the 
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clavicles (in front of the shoulders). The background 
noise of the cells moving past the probe is like ‘wind 
in the trees’ and it is extremely easy to detect the bub-
bles. For this reason, since DCIEM started Doppler 
research in divers in 1978, both subclavian veins have 
always been assessed (in addition to the heart).

A final problem with Doppler-detected bubbles is 
that bubbles tend to stick to the walls of veins. When 
the muscles are contracted and blood is forced along 
the veins, the bubbles are ‘knocked off’ the walls and 
a shower of bubbles occurs. A diver may have no 
moving bubbles at rest but a large number of bubbles 
after movement. Because of this, the KM scale also 
grades the bubbles after either a deep kneebend for 
the chest or contraction of all the muscles in the arm 
for the subclavian vein. The contraction is repeated 
three times and the ‘movement’ scores averaged.

So what have we learned? In my thesis I analyzed 
data from 3,234 experimental dives done at DCIEM 
between 1978 and 1989, mostly to develop new de-
compression tables. These dives were very stressful 
and approximately 50% of the divers had at least one 
Doppler-detected bubble after the dive. The depths 
ranged in depth from 15 to 100 msw (50 to 330 fsw) 
and bottom times lasted from 5 to 100 minutes. Ap-
proximately 1/2 of the dives were on air and 1/2 on 
heliox. Over 80% of the air dives and over 97% of the 
heliox dives required decompression stops.

The diagnosis of DCS changes over time and can 
differ between physicians. Therefore, a set of diag-
nostic criteria was developed to diagnose DCS and 
a physician not involved in my thesis used them to 
identify 73 cases of DCS in the data set. Sixty-six of 
the 73 cases had Doppler-detected bubble scores of 
Grade 3 or 4, at least once, usually after movement, 
after the dive. Of the 7 cases without Grade 3 or 4 
scores, two had Grade 2 scores and one got bent after 
a repetitive dive where he had bubbled Grade 3 on 
the first dive. Four cases fit the diagnostic criteria for 
DCS, but were probably not really DCS (according to 
a group of hyperbaric physicians).

Therefore, virtually every diver who developed 
DCS had a large number of Doppler-detected mov-
ing intravascular bubbles after the dive. However, 
many divers had Grade 3 or 4 bubbles without any 
signs or symptoms of DCS. Of all the divers who had 
Grade 3 bubbles, approximately 5% developed DCS. 

Of those divers with Grade 4 bubbles, approximately 
10% developed DCS. Divers with Grade 0, 1, or 2 
bubbles had virtually no risk of developing the signs 
and symptoms of DCS. 

Divers complete their decompression at Devil’s Eye Spring in 
north Florida. Photo: Jill Heinerth

How Bubbles Might Cause DCS 

So what is the possible significance of these bub-
bles? One possibility is that bubbles only reflect the 
amount of inert gas supersaturation. That is, large 
numbers of bubbles identify divers with enough inert 
gas supersaturation for the inert gas to cause the signs 
and symptoms of DCS via some mechanism that does 
not involve the bubbles. Although this is possible, I 
believe it is highly unlikely.

We have known since the 1970s that intravascu-
lar bubbles are not actually inert but that they cause 
a large number of changes in the body. They cause 
red blood cells to clump together, they cause platelets 
to be used up, they activate white blood cells, they 
increase vascular permeability and they sometimes 
activate the complement system (as well as other 
changes). Therefore, it seems most likely to me that 
these bubbles are somehow involved in causing the 
signs and symptoms of DCS. Let’s first look at a few 
facts regarding these bubbles. 

Every bubble will equilibrate with the surrounding 
tissues and will therefore contain water vapor, oxy-
gen, and carbon dioxide, as well as the inert gas (ni-
trogen and/or helium). Bubbles tend to form at the 
venous end of capillaries and move along the circu-
lation into the small veins, then into the larger veins, 
then to the right side of the heart and through the pul-




