Deep Stops
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Through history, a key concern for divers was and continues to be how to get back to the surface without suffering decompression sickness (DCS). British scientist, J.S. Haldane combined empirical data with scientific studies to develop step-by-step decompression procedures that, along with the accumulated experience and work of many scientists, led to the development of modern decompression tables and computer algorithms. 
DCS still occurs in recreational divers but at a rate of 0.01-0.04 percent, and cases are often mild and treatable. However, the possibility of severe injury — though rare — makes divers eager to hear about any measure that might reduce further the risk.

In mid-1990s, Richard Pyle, a biomarine scientist who frequently made dives to great depths in search of fish species, noticed that sometimes he felt fatigued after dives, and at other times, he felt normal. 

An excellent observer and trained scientist, he figured out that on dives when he had to stop during his ascent to deflate the swim bladders of his specimens, he felt much better. Soon, he introduced a brief stop half-way to the surface on all his dives, and formed the strong opinion that this significantly reduced his post-dive fatigue. He shared his experience with fellow divers and the practice of “deep stops” became widespread among technical divers before it could be scientifically tested. 
What is a deep stop? In the minds of most who practice it, the deep stop is an additional stop during ascent, introduced by divers beyond what the used algorithm is calling for. However, there are now computer algorithms that claim to include “deep stops,” though neither these algorithms nor the practice of deep stops has been thoroughly validated to date. 
QUESTION: HOW DO DEEP STOPS AND BUBBLE MODELS TIE TOGETHER?
Discussion about deep stops is not new to the scientists studying decompression safety. Since the Haldane established first decompression tables, the issue of depth of the first stop has been debated. The answers varied over time depending on prevailing contemporary dive practices and concerns. 
Haldane, for example,  assumed that tissue may sustain a certain level of supersaturation or critical volume of surplus gas before bubbles occur. That is why his decompression model applied a relatively quick ascent to the depth which will exploit highest sustainable supersaturation and provide most drive to get inert gas out of the body. 

Later it became clear that bubbles probably occur much earlier than Haldane assumed and these findings led to the creation of socalled bubble models. 
Many dive computers on the market incorporate deeper stops than earlier Haldanian models. Some of them are based on bubble models while other adjust parameters of non-bubble models to achieve similar effects. However, to mimic closer the practice of technical divers, some computers add stops deeper than their models ask for or leave divers to do so if they wish. 

The question before divers today is: How effective are deep stops at preventing DCS, whether called for by a bubble algorithm or used by divers independent of what their computer suggests. 
To help divers make choices in this issue, we asked several experts for their opinions regarding possible advantages of deep stops and current trends in decompression. We asked them explicitly three questions. Their answers are listed below. Additional explanations they provided are published in the online edition of AD (link).
1. Is it advisable for divers to insert additional deep stops regardless of what their dive computers suggest?

PETER B. BENNETT: Divers should follow their dive computer readout.  If they have a computer with a deep stop option they can use it.  If the computer does not have a deep stop option they should stick to its readout.*
DAVID DOOLETTE: If a diver is unhappy with their method of decompression  planning they should choose another method.

VALERY FLOOK: I doubt if it is possible to give straight forward unqualified answers in a few words  because the depth and duration of a stop designed to make a difference to the outcome in terms of bubbles depends on the depth and duration of the dive.*
SIMON MITCHEL: No. Divers should not arbitrarily adjust their decompression algorithms. If the deep stops inserted are at the wrong depth and / or for the wrong period, there is a significant chance of increasing rather than decreasing the risk of the profile. If divers find the concept of deep stops appealing they should choose an algorithm into which they have been incorporated by a designer with relevant expertise.

DAVID SOUTHERLAND: Not at this time.*
2. What does it take to compare safety of two or more decompression procedures?

PETER B. BENNETT: Reduction of bubbles in the blood vessels with the deep stop, especially the highest grades 3 and 4 is regarded as reducing decompression “stress” and is safer.  However, the definitive research as to whether the use of a deep stop in addition also reduces the incidence of neurological DCS is yet to be done.* 

DAVID DOOLETTE: Comparing, for instance a "deep stops" schedule and a ""traditional" shallow stops schedule, requires each schedule be dived many times, by many divers, with everything else about kept the same, and with a pre-determined end point such as DCS or perhaps VGE scores.*  

VALERY FLOOK: Decompression procedures are very easily compared using bubble models.  They are very difficult to compare using Doppler bubble scoring and even more difficult to compare using DCI.*
SIMON MITCHEL: The difficulty of this task cannot be overstated. Ideally, the comparison would take place over very large numbers of dives that are carefully controlled for time, depth, activity and temperature using human subjects who complete even numbers of dives generated by both procedures. As much as possible, the divers would be blinded to the procedure used* 

DAVID SOUTHERLAND: Short Answer: It depends.

3. Should typical recreational divers diving within no-D limits be concerned about deep stops?

PETER B. BENNETT: There is no more reason for concern about deep stops anymore than for the widely accepted shallow safety stop.  Both were developed based on reduction of bubbles in the blood vessels seen in research studies.  The research on the deep stop is in fact more extensive and is based also on actual recreational dives.*  

DAVID DOOLETTE: Recreational diving within no-D limits conducted with a shallow safety stop has a good safety record.  There is insufficient evidence to suggest a deep stop offers any advantage.

VALERY FLOOK: From what I have seen there should be no problem for divers working within the no-D limits.*
SIMON MITCHEL: No, and partly for the reasons outlined in the answer to question 1. In addition, there is insufficient data available to justify a “deep stop” approach in recreational no decompression diving. Divers should, however, pay careful attention to ascent rates, and the imposition of shallow safety stops is still considered beneficial.
DAVID SOUTHERLAND: No, although recreational divers should be aware of the issue.  If sufficient evidence becomes available, then a diver might be better off just upgrading the dive computer with a newer algorithm.

· More extensive answers may be read at AD on-line edition, Link:
