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Overall there were 43 papers presented by 10 Nations. The topics ranged from basic biochemical research into cell behavior in the cold to serum potassium at the point of death; cross-adaptation, hydration in the cold, operational medicine such as non-freezing cold injuries, human protection in adverse environments such as the design and development of winter clothing; laboratory experiments in cold air and frost nip; cold water and cold air survival modeling and cold exercise physiology, and key problems for the soldier such as weapons handling in the cold and the effects on marksmanship. In addition there were presentations from military members with case studies of cold injuries, these are always appreciated for their practical value.
In quite recent history, Napoleon lost 500,000 troops in the cold on his winter retreat from Moscow in 1812; the Germans and Russians lost close to 3 million troops in the winter of 1941/1942; and much more recently the Russians reported a large loss of troops in the winter in Afghanistan. On the one hand, technology has advanced rapidly such that the latest weapon systems can pin point target a single human being or building from several miles away; yet on the other hand, paradoxically our physiology and psychology has progressed at a snail pace in its application to protecting the soldier’s in the cold. We still do not have a set of good army combat clothing, tents and sleeping bags, a standard for testing humans and equipment and a reliable validated modeling system. Furthermore, our human testing is only conducted on small series’ of young fit males, and rarely on females or older populations. None of these results have yet been validated on the over 35 group of soldiers, male or female.

The meeting opened with a paper from Gamble of the US Army, regarding the prevention and management of cold-weather injuries. This paper highlighted the importance of forward surgical care, rapid evacuation and the role of thermal injuries. He discussed hypothermia prevention strategies, current rates of hypothermia, and the limitations with re-warming techniques in the current combat areas. There were questions regarding the continued use of the Mylar blanket in re-warming despite supportive evidence, as well as discussion on the potential benefits of mild hypothermia in trauma patients and negative effects on blood coagulation.
Oakley clearly defined the problem of Non-Freezing Cold Injuries (NFCI), and the fact that since Ungley described the syndrome in 1945, the Royal Navy Institute of Naval Medicine (INM) clinic referrals have gone up from 50 patients a year to over 300 in 2007. A significant cause of the rise in referrals may be due to the susceptibility of British soldiers of African or Caribbean decent, or perhaps the incident number have not increased at all but are the result of the Joint Service Publication 539 and the new training program in place to help soldiers identify NFCI. Although the fact has been known since the Korean War that Afro-American troops were more susceptible, it was largely ignored. Due to two papers being withdrawn, Oakley gave an extra presentation on the details of NFCI, defining the conditions and presenting various observations with data from the INM. Oakley defined the Ungley stages, and the effect of NFCI on the British Armed Forces stating that about 20% of them are later discharged. Mechanisms were proposed such as local nerve cooling and local vascular endothelial damage. There were questions such as related injuries (Paddy foot, Trench foot) and Oakley stated they are all the same mechanism and NFCI is now the preferred term. Again attention was brought to the fact that the publications and training on NFCI were most likely the cause of the recent increase in cases reported. Tipton’s group at Portsmouth University is completing research into the mechanisms behind NFCI.
Izard’s paper confirmed the observation made by Oakley in the keynote address that British soldiers of Afro-Caribbean descent are more likely to be effected by NFCI but by a different factor, an observation first made by the U.S. Army in the Korean War. Izard used longitudinal data to attempt to identify potential variables that predispose people to NFCI. However, screening procedures for recruits who may be susceptible have so far not been successful and even making an accurate diagnosis is still somewhat contentious, in addition it is not possible for the UK Army to segregate those who can and cannot work in the cold. The inconsistency across NATO countries in their reporting of NFCI needs further investigation, as it seems unrealistic that this problem only exists in the UK.

Ducharme and Brajkovic attempted to assess the risk of frostbite for the planning of a military operation in the cold. They investigated less severe conditions than originally examined by Siple and Passel, and (for the first time) looked at the relationship between risk of frostbite on the face and cold induced vasoconstriction during exposure to cold wind. However as an audience member noted we have to be careful in connecting the two as the measured locations of the CIVD were not necessarily the measured locations of the frost nip. Contrary to the Siple data using the Old Wind Chill Index, where the risk of frostbite occurred within one minute; using the New Wind Chill Index, 58% risk of frostbite occurred in 20 minutes. Furthermore, there was an inverse relationship between CIVD frequency and frostnip for Equivalent Temperatures ​< -28C.
Von Rosenstiel described a comprehensive cold weather prevention and management program administered primarily through education and training. This is highly commendable and appropriate, however there was no data presented to show whether it was working or not. If this is proven to be so successful, then should it not be adopted by NATO troops?

Richter described the success of using the Ulm protocol for the treatment of deep frostbite. The key to success being in the multi-modular vascular treatment with an anti-platelet therapy on site, anticoagulation, prostaglandin E1, oxygen, etc. This protocol is based on the classification of frostbite published by Emmanuel Cauchy, the head of the medical mountain team of Chamonix Hospital, Mont Blanc. The question is should this protocol be used or modified and adopted by NATO medical officers? There was also some debate about the protocol for the HBO therapy.
Jorum presented a paper on Cold Induced Neuropathies, and an example of a case of cold immersion which 2 years later led to cold injury fiber neuropathy in the legs. She also discussed the effects of cold exposure in cases 2-3 months later and 8 years later, and the effect on cold sensation (detection). She discussed the increase in cold pain hypersensitivity of the injured soldier as well as increased sweat gland output and contra lateral cooling and impairment in vasoconstriction.
Vogl presented an interesting case study of an accidental immersion with 27 minutes exposure to extreme cold. He discussed the difficulties with diagnosis and rewarming strategies in the field, the use of warm infusions, and implications for further injuries.

Kjaergaard discussed the translation of the treatment of hypothermia to the field (i.e. Kabul) and the limitations of using core temperature as an indicator for mild, moderate, and severe hypothermia as well as the method of treatment. He reconfirmed that the treatment of hypothermia can be divided into two groups, those patients with a body core below 35°C and conscious; and those below 32°C and unconscious and those below 32°C with a collapsed circulation. And that only those in the latter two groups require intense therapy. The practical application of this paper would suggest that each NATO country should republish this paper and circulate it to all its Army, Navy and Air Force medical officers, or a Working Group should be formed to establish a common NATO policy. This could be based on the guidelines recommended by Golden to the British Medical Research Council.

Ness presented the US/German bilateral agreement on health status monitoring: and application to cold environments. He presented the phenotypic expressions such as the size of extremities in relation to the environment. He also discussed acclimation in humans and return to warm environments and an overview of what can be found in cultures that are exposed to the cold for long durations.
Sterri presented an investigation into the molecular response to cold stressed cells in non-freezing cold injury, and suggested a cream containing 4% Bimoclomol may help to prevent injury. However before recommending a pharmacological intervention we need to determine its validity, I am not sure if this research has reached a level of maturity where a clinical trial should be conducted among NATO nations to confirm the efficacy of Bimoclomol in a military setting. In addition, there were questions from the audience on the validity of these stress markers, as these stress markers may return to normal and may not necessarily be part of the mechanism that results in NFCI.

Gunderson, et al, published excellent fundamental biochemical research to quantify temperature effects on markers of circulatory leukocyte function, but their results were inconclusive. This often happens when basic work is conducted and they should be encouraged to continue their work in the Department of Protection at the Norwegian Defense Research Establishment.

Savourey, et al, should be commended for the development of a complete program to predict the thermo physiological duration limits in soldiers in cold climates; this was validated in 8 young males. May I politely suggest that we need to extend the range of human validation marginal unfit males over 35, and of course females must be included too. It was encouraging to see that the Predictor model is going to be also usable in English soon. Limitations noted during the presentation include the inability to incorporate the effect of breaks in exercise, as is often the case with training. The speaker indicated that the model does accommodate for this, but this function still requires further investigation, as the predictive model is not ideal for this scenario and works by being conservative. In addition there is need for the incorporation of various anthropometric variables into the model, as the speaker indicated that the model is based on an average body fat, mass etc for a population and could not account for individual differences.
Amon, et al, examined the effect of 28 days hypoxic training on the CIVD response (a sleep high/train low strategy). This showed some promise in the prevention of cold injury by enhancing the CIVD response. However, this training may not be practical for a large group of soldiers, but may be useful for Special Forces like alpine skiers, Seals and Marines, etc. Research on these strategies has yet to determine the mechanisms for the result, this requires further investigation.

Rintamaki, et al, examined how soldiers can assess their thermal sensation to cold in a field exercise. The principal finding was that the cold sensation was noted in the fingers more commonly than in the toes. However on further investigation this may be due to the fact that the fingers were exposed to the cold and wet, but the feet were in boots. There was also some concern about using the core temperature as a predictor as the core temperature may not even change during the field exercise. As skin temperature is a function of core temperature, perhaps the relationship between thermal sensation and skin and core temperature is really just a function of the skin component. There was no explanation of this as the author recognized that the core temperature is included in the skin temperature calculation. In addition, the anthropometry of the fingers was not considered as a factor for prediction, and the author indicated that these measurements were taken, but not incorporated in this analysis.
Werner, et al, reported on a new non-invasive method to measure core temperatures under cold conditions that replaces the rectal thermometer. The results indicated that using 2 heat flux sensors on the head and sternum is not accurate to detect core temperature in immersion. The authors suggested this method might have some use in field research in the future such as air flight and space stations. One major limitation noted by the audience was that the two sites chosen for the sensors did not show the initial spike response upon cold-water immersion, as they could not be exposed to the cold water. Therefore this method could only be used with immersion research where the sensors are protected (i.e. by a survival suit). Additional investigation needs to be conducted in regards to the effects of subject adiposity.
Two papers were presented on the thermal response to whole body immersion in 10°C and 18°C water for 6 hours by Bourdon, et al. There were two principle findings. The first was that in the 10 Navy Seal volunteers wearing “special cold water” wet suits, these suits provided adequate thermal protection for long duration immersion from a medical point of view, but not for an operational point of view. After 6 hours of exposure to the two water temperatures there was a total core temperature drop of 0.9C. However, local skin temperatures demonstrated large differences. They did not recommend a modification to the wet suits. The second finding was that the six cylinder thermoregulatory model (SCTM) predicted physiological responses to whole body immersion with ‘acceptable’ accuracy and can be used for prescribing a specific wetsuit for a specific operational condition. Should the SCTM model now be reviewed and refined for use across NATO nations?
On the topic of Survival prediction, and presented in a poster session later, but needed to be discussed here in conjunction with the previous paragraph on thermal modeling. Schlykowa provided an excellent review of the topic using the original Wissler model developed in 1984 and the new German model developed more recently and examined by Bourdon, et al. I am glad this paper has been presented because it brings up many issues that warrant the establishment of a Working Group, which ultimately may lead into an R.T.O conference. Specifically, the issues of testing survival suits with humans versus manikins; the validation of manikins and physiological data; the application of data taken from young fit soldiers, sailors, university graduates to the slightly unfit, over 35 year old males, and of course female data (most data is male data); the issue of point of death and point of incapacitation which may be several degrees of body core temperature different; and whether the standard should reflect survival with no thermal damage to the extremities or whether some non-freezing cold injury is acceptable or even frostbite. In 1984, when Wissler and Allan produced their original survival prediction curves and prescription for immersed CLO values for immersion suits for the North Sea Offshore Oil Industry, they realized that it was impossible, at least at the time, to develop a survival suit that could be worn in a fighter or helicopter that would provide “perfect” protection; hence the compromise. However, 25 years later, the topic must be re-visited by the NATO HFM panel.

Vaagenes, et al, reported on extensive work using the Rat Model to examine if the inflammatory response was amplified when rapid re-warming was conducted from mild hypothermia after a hemorrhagic insult was created. They concluded there was no overall gain to be made by rapid re-warming. There was a question from the audience at what temperature should active re-warming take place?

Launay and Savourey examined the very important and practical topic of the thermo physiological risks of cross adaptation in one paper and a second paper suggesting that acclimation to hypobaric hypoxia induces a normothermic general cold adaptation, but not a cold adaptation at sea level. In the first paper, cross adaptation was examined in 8 soldiers who spent 4 weeks in French Guyana. The results indicated that exposure to heat, changes thermoregulation to cold by increasing sensitivity but results in higher risks of hypothermia. In the second paper, the authors noted that after an expedition to Everest there was in increase in sensitivity of the thermoregulatory system, mechanisms of insulative adaptation and increased vasoconstriction. Therefore a high risk of cold injuries. Limitations acknowledged in the experiment (a) the choice of subjects; (b) the reproducibility of this test; and (c) the effect of individual variation. The large individual variation was acknowledged and the authors indicated the need for more research while recognizing that this variation is realistic and precisely the problem that confronts researcher in operational combat situations.
Moving on to the design and development of winter clothing for soldiers, including a detailed review of Finnish Military clothing, tents and equipment. Vilhunen discussed the protection of combat clothing against cold in long-term exposure. Then, Jussial et al discussed the physiological properties of the new military combat clothing and its effect on survivability and performance in long term cold exposure. Anttonen presented a model and method on how Finland selects operation clothing for their Defense Force for various activities. This has been very successful in use since the early 1970’s. The model looks at all the critical issues that make an item of clothing good or mediocre such as air gaps in the layers of clothing, reflecting membranes, friction between layers of clothing, etc.
Limitations in this research originate from the data being dependent on questionnaire data from 30 subjects attempting to determine (a) the “survivability” of the clothing and, (b) at same time, the assessment of their “mental and physical performance”. As there was no functional test of performance of the clothing or no objective measures of mental performance etc. Comments were made by the audience about the limitation of the data, that it was all subjective, and was compared to an older ensemble. In addition, there was no evaluation of the properties of the clothing for robustness at the end of the exercise, which was previously mentioned as an important factor in the evaluation of military clothing. The audience expressed the opinion that this evaluation of clothing would be difficult to disseminate, as there were no objective measurements of mental or physical performance.
On the topic of modeling and predictions, Pavlinic et al, suggested that one method to prevent cold-water injuries would be to recommend an optimal clothing ensemble to be prescribed for each environmental condition. They examined the first steps of examining a combination of micrometeorological monitoring and biometeorological forecasting with the combination of thermo physiological data of clothing ensembles. To prescribe such an ensemble, they tested this concept out in three different ways; on a thermal manikin; with soldiers on guard duty; and with soldiers conducting a 12 km hike. This concept showed promise and may be even further improved with the introduction of the Universal Thermal Climate Index.

Mantysaari, et al, investigated whether interval thermal protection during the rest periods of interval exercise in cold can improve overall physical work capacity. Using 8 healthy young men under various conditions, their results showed that in the short intervals of rest skin temperatures were higher and cold sensation lower (a good thing); but the downside to that was that in the longer intervals of rest was the increase in sweating, a risk of hypovolaemia and increased peripheral cooling (a bad thing), but it was difficult to make any firm conclusions due to the number of possible combinations of exercise intensity, thermal conditions, pause durations and methods of cold protection. They recommended future research should concentrate on identifying some basic rules by which a soldier can avoid several effects of cold in the operational environment. There was some question from the audience in regards to the clothing ensemble selected as it may result in a lot of sweat accumulation and may not be practical for this level of exercise.
Rautanen presenting lessons learned from Field Training in the Finnish Defense Force where the Jaeger Brigade trains North of the Arctic Circle in Lapland, with 6-7 months of snow and in temperatures as low as -51C. Capt Eriksen from Norway then presented with lessons learned from Afghanistan in 2007/2008 discussing the winter influence on the insurgence, hibernation, decreased mobility, isolation, and he highlighted the need to maintain operations during the winter months.

Pavlinic discussed a modeling program for a 12 km hike over 3 hours in the Julian Alps in winter, while wearing 2 different clothing ensembles. The model examines how well the garments perform in field conditions. There were questions as to if the error in the model can be corrected and if it is possible to predict extremity temperature. Pavlinic, et al, confirmed that the “improved” Wissler model predicted the thermoregulatory response well of 10 military personnel on two entirely different scenarios, 3 hour guard duty and a 3 hour hike in the Julian Alps. This model is also available to the public. Perhaps the time has come to establish a NATO survival prediction curve for clothing and survival in cold air, and at least a common protocol for testing winter clothing. This is a perfect opportunity to fund a Working Group.

Oska, et al, wished to examine the effects of a 12-day maneuver in a cold environment effected physical performance. The temperature was on average -5C. Maximum VO2 was obtained on the bicycle for 22 subjects, 10 of these subjects were also used in the field. Muscle performance tests consisted of leg extension and tests of anaerobic power, including maximum grip flexion and pinch grip. In the exercises soldiers were measured as moving 1-2km.hr on foot, moving 6-15km a day. The percentage of time spent below anaerobic threshold was 96%. There was little fatigue noted in the motorized infantry because they were not engaged in sustained over-exertion, and the fitness level of the soldiers could maintain their physical performance during the long-term military maneuver in the cold. Based on metabolic estimates, there was a 7700 kCal deficit after the exercise.

Daanen presented a model to predict the deterioration of finger dexterity by measuring the Wind Chill Equivalent Temperature (WCET) and the square root of the exposure time. There were two limitations identified with this study, the first being that the authors used techniques such as the Perdue Peg Board to measure finger dexterity but no practical field measure (assemble/clean weapon). In addition the hand exposures may not mimic field applications (taking off gloves just for the test). There were also questions as to if these results were subjects specific (was the group homogeneous) and since the Perdue Peg board was a one-minute test, do the results apply to anything greater than 1-minute exposure.
Peitso, et al, presented a field trial of increasing fluid for soldiers in the cold with juice, although a reported improvement in performance was shown, there was no placebo, and performance was not actually measured, simply self reported. The usefulness of this research is limited as there were no actual measures of the hydration state of the soldier, and increased “reported” performance may have easily been the result of participation in the study.

A more controlled experiment by Castellani, et al, showed (using a marksmanship simulator with 120 pop-up targets at 300 meters over a period of 30 minutes of sentry duty) that hypo-hydration impaired endurance exercise performance in temperate, but not in cold air.
Tannheimer, et al, observed changes in hematocrit and hemoglobin in 12 mountaineers at altitudes of 4850 meters and 7600 meters over a period of 62 days. They noted an intravascular haemoconcentration in the climber’s blood initially and attributed this to a shift of fluid to the interstitial space.

Jacobsen, et al, conducted basic research using anaesthetisised pigs to investigate how potassium levels rise in blood plasma after cardiac arrest at low body core temperatures; this was compared to potassium levels after cardiac arrest at normal body temperatures. They concluded that if the pig data can be transferred to the human, when a person is found cold, apparently dead and having a low plasma potassium level, the person must have had a cardiac arrest after being cooled down. However, if a normothermic person is found with a cardiac arrest and low plasma potassium, it can be suggested that the heart function could not have lasted for more than one hour. This is extremely important research and more work should be done to validate the response in humans.

Castellani, et al, examined the effect of supplementing tyrosine into soldier’s diets on the cognitive skills of marksmanship under cold conditions. Nineteen soldiers were immersed in cold and 15 of them were later exposed just to cold air. Their results supported previous research to show that supplementary tyrosine improved working memory and improved marksmanship in the cold. This research appears to be mature and NATO should develop a protocol for the prescription of Tyrosine to soldiers operating in a cold environment.

Bourrilhon, et al, measured the energy expenditure of ten professional climbers in an alpine climbing mission over 30 hours on Mont Blanc. They noted that energy expenditure was high than the level reached by American soldiers during a recent one-week winter exercise.
Now addressing the poster sessions. There were six posters presented by the Finnish Institute of Occupational Medicine and the Finnish Defense Force all related to their previous new winter protective clothing related to the keynote address by Antonnen.
Antonnen et al reported on three-layer winter clothing that was tested for thermal insulation on a walking manikin. They reconfirmed that the effect of wind must be considered in any manikin testing because the air can penetrate to deeper layers of the clothing through the pumping effect of walking and the air spaces between the different thickness of materials.

Jussila, et al, reported on the evaluation of eight different materials suitable for winter underwear used by 242 infantry and artillery personnel in a winter maneuver. They concluded that a non-plain type of fabric such as polyester wool was better to reduce moisture accumulation.

The third poster was presented by Anttonen, et al, who had placed 18 sleeping bags individually on a thermal manikin to assess the overall over-night survival of soldiers in the field. Criticism of the sleeping bags included that they were too complicated, slippery between inner and outer layer and very cramped/too short. Why has it taken so many years to perfect a decent sleeping bag?

The fourth poster was presented by Vilhunen, et al, on the function of different layers of glove on the ability to shoot a rifle accurately at +2°C and -20°C outside air temperature. As Vilhunen reported, if the soldier’s heat production drops below 200W, even good gloves do not work well at temperatures of -20°C. The critical issue is really to try to keep the anastamoses open.

Anttonen and Valkama presented the fifth poster on how to provide cold protection to the face at an ambient temperature of -30°C and wind speed of 10 meters/sec. As we all know the biggest problem is one of the accumulation of exhaled moisture. They assessed all the human factors related to a good facemask, but the solution is complex and there is still a lot of work to be done to provide a good one.

On the topic of re-warming, Rissanen and Rintamaki presented the sixth poster.
How does one re-warm the fingers and toes when one is in combat either shooting a rifle or launching a grenade?
Summarizing all the papers, there was a very good spread of topics and the papers were of excellent quality. One glaring omission in the reported experiments was that no one used regular over 35 year old “normal” soldiers, and only in one paper did it appear that women were used as subjects. Future research must include females and the over 35 year old subjects of both sex.

Finally, the HFM panel must be commended for organizing this symposium. It has revealed a very important fact that has been very obvious to the principal author of this TER for over 40 years. In 1967, as a young Polaris submarine medical officer in the Royal Navy, it was very apparent that technology for all the weapon systems for all three services was extremely well funded. We fired a missile off Cocoa Beach, Florida from 60 feet submerged and its various warheads landed within a matter of feet from their planned target in the Indian Ocean. Yet there was no funding to look at our problems of breathing high levels of Carbon Dioxide and Freon on 60-day continous dives, or the effects of extreme heat stress suffered by the engine room staff due to the serious steam leaks! Us poor old humans just had to put up with it all, little has changed. Over the years, funding for any human experimentation to enhance the performance and protection of the soldier, sailor or airman has not been well funded. We had to, and still have to beg for pitiful amounts of money. This shows clearly in our progress to protect our service personnel in the cold. Even in the 21st Century, we have not come up with a common NATO policy on the treatment of hypothermia, the standard human testing protocol for test clothing in the cold, the development of a standard thermal manikin for cold water and cold air. Like the length of time it took for the identification of Cold Shock and Swimming failure as the principal cause of drownings in cold water; so it has taken many years to identify non-freezing cold injury and start to take steps to screen for it and protect from it. None of this is the fault of the scientists; it is simply a lack of funds to do the research.
And what is more, when I look at the several hundred now fading photographs of the equipment that was tested in a huge trial in Canada in 1944, in which every nation’s cold weather clothing was evaluated, I honestly cannot see that we have made much progress except in material items such as Velcro, Gortex, micro fibers, methods of physiological measurement such as heat flow discs, data loggers, and EKGs. We still have not solved the problem of providing our forces with much improved protective clothing, good diets, policies on work rest cycles in the cold, and the treatment of cold injury. None of this is the fault of the scientists; it is simply a lack of funds to do the research.
This of course is due to the fact that NATO has poorly funded our human research. Someone has persuaded them that cold and exercise physiology is a mature science, therefore it now can be done by modeling. Nothing could be further from the truth. As a result, we have all seen massive spending cuts and closure of military laboratories. NATO still does not recognize that our soldiers, sailors and airmen may have great weapon systems; but, a hard fact to swallow is that without addressing the problems addressed above, then in the opinion of the author, the situation will not improve in the near future. Hopefully someone in high places will see the problem and will initiate a coordinated well-funded NATO initiative to improve the performance of Soldiers in a Cold Environment. Otherwise in the next 25 years when this topic is revisited and I am long gone, little will have changed.
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