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Introduction
You have kindly invited me to give an opening address in Session Four of the HFM Symposium on “Soldiers in cold environments”.  Only a matter of several weeks ago, I received this request from one of my colleagues.  This is not untypical of the request that we receive from military operators.  

“Chris,

I have been asked to provide the Airforce with an assessment on the extent to which 1) wind chill and 2) sea state reduce the predicted survival time of aircrew who have ditched in waters between 0 deg C and 20 deg C, wearing either flying suit only, immersion suit with cotton long johns, or immersion suit with either one or two woolen undergarments.  

Our Airforce currently use the standard survival time chart (with a different survival curve for each tog- or clo-value ensemble), but these are based on survival in calm waters.

Do you have any information that would help develop (or adopt an already-established) guidance for predicting survival of ditched aircrew in cold waters that are not calm?  I know that DRDC-Toronto had developed a Cold Exposure Survival Model software (a copy of which I have requested to evaluate for this purpose).  I know that moderate sea states can reduce the insulation properties of an immersion suit by up to 60%, but I am sure that commanders would like to know the extent to which these two conditions of wind chill and sea state reduce survival time.  I think the output would be a graph (or table) with predicted survival time for calm water and moderate sea states in each of the ensembles.

Having read many of your NATO RTO papers, amongst others, I thought that you would know of such a predictive model/graph/table.

Thanks for your help.”

Because the answer is not simple, I thought that the cold water survival prediction curves would be an admiral topic to discuss at the symposium.

My objective is to encourage scientists to consider the psychology of survival in their future laboratory experiments, and to provide advice to young thermal physiologists joining a very noble cause to prevent loss of life.  Their research ultimately will be applied in the design and development of lifejackets, immersion suits, survival equipment for life boats and life rafts.  Furthermore, the advice will give guidelines to regulators on the development of new standards, both national and international.  I am also politely going to suggest that all of us try to be a little more specific in the interpretation of the data, and make it more useful for the operators.  Although the topic of the symposium is related to soldiers; soldiers in transit by sea can become shipwrecked.  In this day and age where transit has to be quick; they are also likely to be drowned due to an amphibious landing or a helicopter ditching.  So, Search and Rescue (SAR) with associated survival prediction times is a very pertinent topic to review.

The Problem – Sudden Immersion in Cold Water


I am going to address the situation in Canada, but I am sure that the researchers who work in countries surrounded by cold water will recognize the same problems in their own countries.  Externally, Canada is surrounded by three oceans, and within our vast country there are thousands of large lakes and rivers.  Canada also, by international agreement, is responsible for SAR up to 200 miles off its three massive shorelines.


For over six months of the year, the water temperature Canada wide and offshore is well below 16°C.  The pioneering work by Molnar in 1946 (17) identified for the first time that the survival time for a human immersed in water below this temperature was relatively short.


For whatever reasons, each year many people end up accidentally in cold water.  The country spends millions of dollars providing search and rescue services for these unfortunate victims.  Unfortunately some are never found and some have drowned before they could be rescued.  The responsibilities for search and rescue is divided between the Canadian Air Force and the Navy (with ground search assistance from the Army); the Coastguard; the Royal Canadian Mounted Police; the Provincial and City police forces, and in isolated areas by locally formed SAR crew.  This is coordinated between three international Rescue Coordination Centers positioned across the country (Halifax, Nova Scotia; Trenton, Ontario; Victoria, British Columbia).  

Advice, re-standards and regulations for all these agencies are provided by regulatory bodies in Transport Canada (Marine Safety Branch), the offshore oil industry, by Scientists in University faculties across the country and in military Research and Development laboratories such as the Defense Research and Development Canada in Toronto (DRDC) (the former Defense and Civil Institute of Environmental Medicine).


Our thermal physiologists, both military and civilian, are quite as likely to be providing advice to a Workers Compensation Board on fisherman survival, as for Inuit hunters who have lost one of their colleagues who has fallen through the ice to a SAR helicopter crew searching for a team of Coastguard sailors that have upturned a Fast Rescue Craft in cold water and eventually have drowned.

Cold Water Survival Prediction Curves

As previously mentioned, in 1946, Molnar was the first person to attempt to provide the operators with a cold water survival prediction curve.  If one considers that humans have been drowning particularly in cold water for millions of years, yet previously no one had attempted to relate water temperature with survival time, then Molnar’s paper was an incredible achievement.  I might add with my tongue slightly in my cheek, if this paper had been submitted to a journal in 2009, it may not have been accepted for publication.  The scientific journals are somewhat reluctant to publish retrospective data that is not absolutely pure and through the very nature of the data cannot often be defended with all the statistical analysis.


Subsequently, this survival curve has been modified by Barnett in 1962 (3), by Hall in 1972 (7), by the Red Cross with the help of Hayward (9, 10, 11, 12 & 13) and Hayes (8) in 1986, by Oakley and Pethybridge in 1987 (16), by Tikuisis in 1997 (18) and finally by Wissler in 2003 (19).  Credit must be particularly given to Tikuisis at DRDC(T) who after modification of the data has made a very useful computer model for data used by SAR agencies worldwide.


The pros and cons of using the survival prediction curves has been superbly discussed by Golden in his “Predicting Immersion Survival Time – Art or Science?” at the International Association for Survival Trainers in Louisiana in 2003 (6).  This should be read by every Naval officer, helicopter pilot, Commanding Officer of a SAR helicopter squadron or SAR centers.  It should be mandatory reading for all instructors in Marine Survival training schools.

The Psychology of Survival

However, to date few researchers have considered the pioneering work of Professor Leach on the psychology of survival in conjunction with the cold-water survival prediction curves (15).  The human brain has very limited capabilities to make correct decisions in complex situations even in the absence of stress.  What psychologists refer to as ‘human information processing’ is the why that the brain handles many problems and decisions in a quick fashion.  Unfortunately however, in life threatening situations, our brain is very limited in its ability to process information and to respond quickly and most important, correctly (this is the same problem when facing complex situations).  80%-90% of victims of a single life threatening situation usually when presented with a death or serious injury involved, will display inappropriate and often counter-productive behavior when faced with the disaster; they will become stunned in denial and exhibit paralyzing anxiety.  Only about 10%-15% of victims will remain calm and rational.  Typical examples of this behavior are described by Leach in his text book.  This book should be also read by all the people who have been advised to read the Golden paper on ‘Predicting Survival Times – Art or Science?’


After two kayakers drowned off Howe Sound, British Columbia in October 2007, this author was asked to attempt to bring the two topics together in a simple manner for the layperson.  With the approval of Leach, the problems of both cold water and the psychology of survival were summarized in an article in the Sea Kayaker magazine in February 2008 (2).  

Human Information Processing

Very briefly, our brain uses an input selector (also called a “register”) to process all the information received by our sensory organs. All the sensations, such as vision, hearing, taste, smell, temperature, vibration, pain and posture, are constantly being fed into this register or input selector by nervous system or “telephone lines.” Here the information is encoded and put into a central processing unit, which is referred to as your short-term or working memory. The number of “telephone lines” to the central processing unit is very limited, and in any survival situation, you should assume that you only have one line. This makes the processing system essentially a single-channel analyzer. This explains, for instance, why people will swear that they did not hear an alarm sound when they were completely engaged in some other complex task, even if the alarm was very loud. They will be telling the truth because their internal “telephone lines” were busy processing the other information and could not process any more information.

The limitation of the input selector is one of the primary reasons why it is not easy for a single person to deal with a complex problem on his/her own under emergency conditions, and why working as a team provides a much better chance of survival.

From the brain’s input selector, information is entered into the short-term or working memory where it is compared with other similar experiences which may already have been encoded in long-term memory as schemas or routines. The stored schemas—routines that have been learned and reinforced by practice—are available for comparison to any new information entering into the working memory. The connection with the schema provides a quick path to deciding upon an appropriate response to the emergency. If no schema is present, a plan of action has to be formulated using working memory alone. That’s a very time-consuming process (see below) and has a limit on how much information it can hold and process in a given time.  With each new situation, a schema is developed and a response is generated. This response is then stored in long-term memory for a more rapid future response.

As we go through life, experiences from the benign to the dangerous are entered into our long-term memory as separate schemas. We have millions of schemas logged into our brain. Most are quite ordinary and automatic: turning the alarm clock on before you go to sleep at night, locating your toothbrush and brushing your teeth first thing in the morning, unlocking the car and putting the keys in the ignition, and so on. Some, like helicopter underwater escape, defensive driving techniques, fire drills, CPR and kayak rescues, are all created as schemas and reinforced by regular practice. If there is no rehearsal of these emergency schemas to get them fully established in long-term memory, then the fine detail in them fades, and it’s not remembered for later use when it may be lifesaving. That is why critical skills in our daily work and play require regular refresher training.

As stated above, this process of decision making in normal, non-stressful circumstances takes about a tenth of a second to happen. If no schema has been developed for such ordinary situations, then the information processing is done by the Supervisory Attentional System (SAS) in the brain. The SAS takes care of planning, decision-making, trouble shooting, error correction and solving novel problems.  It also helps us perform in technically difficult or dangerous environments and overcome strong habitual responses.

The SAS kicks in when we need to respond to an unplanned capsize, decide whether to swim to shore or wait to be rescued or assist an injured buddy crying for help. However, under stress and with no schema to follow, the SAS is slow and takes 100 times longer to process information compared to information stored as normal schemas.  In an emergency, it can be quickly saturated with information and, as a result, be disabled just when it is most needed.  The concern then is that the brain is limited in making good decisions when confronted with a complex situation.

Inappropriate Behavior Under Stress
Going hand in hand with our human information processing system, we also have a psychological protective mechanism that “shields” us from some of the stresses in life but sometimes doesn’t do as good a job as it should do. This is called self denial.

Professor Leach has an explanation for this phenomenon of self-denial. If your life is routinely comfortable and uneventful, your perception of a threat may be minimized by a feeling of having the odds in your favor—“It will never happen to me.” The response to an imminent threat is generally, and surprisingly, one of inactivity and a failure to take any positive protective action.

People tend to reduce their awareness of personal threat to a level that they feel comfortable with. They will also ally themselves with other people in their group who appear similarly unconcerned about the threat. A consensus that something is not a serious risk produces a strong desire to conform to the group. This failure to acknowledge a risk is often made worse because preparation for dealing with a threat is often considered to be boring, inconvenient and costly, and how many times have you heard people refer to a threat by saying “don’t even think about it, that might make it happen” – and yes of course, it is easier to deny it.

How Much of This Information is Now Taught on Survival Courses?

To date, few Universities and military and civilian survival schools discuss the psychology of survival and its close relationship to cold-water survival in their marine survival curriculum.
Survival Systems Ltd. Dartmouth, Nova Scotia, Canada introduced Leach’s work into their courses in 2006; Brooks et al introduced it into the Canadian Forces Flight Surgeon course in 2006 and the NATO RTO HFM-152 course (1) in 2007; Also, Ducharme and Lounsbury introduced the psychology of survival to the International Association of Safety and Survival Training (IASST) community in 2007 (4 & 5).  Finally, as stated above, Brooks introduced it to the civilian kayaking community in 2008 (2).  Hopefully with this positive reminder, the NATO thermal physiologists and those under contract to NATO will commence to consider the topic of survival psychology, not only in their experiments, but also in it’s application to the design and development of lifejackets, immersion suits, survival equipment (life boats and life rafts) and in guidelines to regulators on the development of new national and international regulations and standards.


I specifically mention the importance of the scientists being more involved in the application of their knowledge in the design of equipment and use the example of the plastic bailers in the Estonia marine accident.  The bailers were compression vacuum packed in plastic bags.  The designers and the operators had never thought that the plastic would be difficult to break open in freezing weather by people under stress.  Such a fundamental piece of survival equipment should have been instantly easy to deploy.  This was not the case and at least one person lost his front teeth trying desperately to break through the plastic (14).

Providing a Practical Answer for the Operators

I will now return to my introduction where I was asked about survival times.  In my 44 years of practical dealings with the operators, whether it be as a physician on a 60-day dive on a Polaris nuclear submarine, or prior to being dangled over the cold Atlantic Ocean in a Sea King helicopter to conduct a medevac to a fishing vessel, one fact has become clear to me.  The operators want a clear yes or no answer to their questions.  They see things as black or white and have to make life saving decisions using this principle.  If they viewed the world like we do as physicians and physiologists, then they would not be admirals, generals, pilots or master mariners – they would be physicians or physiologists.  As one can see, providing black and white answers to such questions posed to me and similar ones posed to you too are not clearly delineated where one can say, “stop searching, the person is dead by now, or they will not survive another 4 hours if the sea conditions escalate to sea state 6”.  Nevertheless, in my opinion I believe we can do better.

Psychologically related cold exposure deaths possibly explain the high incidence of unknown causes of deaths.  Hence, the inclusion of the psychology of survival could take the form of a shaping factor of a magnitude that would be dependent on casualty characteristics and the intensity of the situation.  The acquisition of experimental data to develop such a model is problematic due to the difficulty in creating/simulating life-threatening situations under a 'controlled' setting. Thus, one is relegated to assembling case histories, but the number required for statistical significance makes this a considerable challenge, but should be attempted because our Rescue Coordination Centers are recording survival scenarios on a daily basis.


We are paid as physicians and scientists to provide the best scientific advice to the operators, not to give them wooly, unhelpful answers at best, which cause them to be more confused and frustrated.  This leads them to lose confidence in us as a resource to provide the best possible advice for that particular life-threatening situation.


Just like John Leach describes, we ourselves fall into the same trap, it is easier to deny providing a best answer for the conditions by making excuses, than to assist the operators in making some very difficult decisions.


For two years as the Navy Command Surgeon, I worked on a daily basis with the Search and Rescue Coordination Center in Halifax, Nova Scotia and the Admiral in charge of the Canadian East Coast Fleet.  There was never a week that went by, when some search had to be conducted offshore down our long eastern seaboard.  Between us and that is the key, we saved many lives, and whenever possible did not put our personnel into excessive unnecessary danger, and indeed we saved precious fuel in our helicopter and frigates that would otherwise been wasted unnecessarily.


If we wish to regain the confidence that some of the operators have lost in us, not only do we need to engage them more on a daily/weekly basis, and not once the crisis occurs.  We must also attempt to publish more of the applied papers that tend to be turned down before even leaving the laboratory and certainly receives pages of criticism from the reviewers if they ever get submitted to a scientific journal.  We can provide sound advice explaining the pros and cons of the survival equation, but we have to be honest and thoughtful.  I have attended many different marine survival meetings, standards meetings, and equipment meetings.  Over the years, time and time again when asked after having given my opinion about a certain topic, but in many cases I cannot support it with any published scientists work.  The common question is do you have a paper or a report on this.  Operators, legislators, standard writers are naturally resistant to make changes, and replace procedures, standards and regulations unless they can see something published on the topic; even a small abstract helps.  

Conclusions
1) From Molnar’s pioneering publication in 1946, we have made reasonably good progress in the prediction of survival in cold water.

2) But, compared to progress in other sciences over the last 60 years, our scientific knowledge trails badly behind.

3) If the psychology of survival is to be included in any prediction model equation, then it can only be done if one has certain knowledge of a casualty’s likely behavior in a life-threatening situation.

4) As a result of conclusion 3, Rescue Coordination Centers should start to look more closely at the causes of death or near death in their investigation reports. 

5) Due to the manner in which the scientific community review and publish data in the journals, there has been considerable lack in publishing applied data that would forward our knowledge and assist the operator in their multiple decision-making (safety equipment, regulations and standards).
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