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1. 
Initiative/Intervention: 

Assessment and Validation of Acclimatisation to a Hot-Dry Climate in British Armed Forces Personnel
The United Kingdom military operational doctrine requires our Forces to be prepared to deploy worldwide, potentially at short notice, for prolonged periods of time, and with limited medical support. Over the last four years there has been an ongoing commitment to military operations in Iraq (Operation TELIC) which has required our personnel to travel rapidly from UK to a hot-dry desert environment and to commence their military duties as soon as possible in a climatically hostile environment. As part of the physiological risk reduction process, we try to ensure that personnel are acclimatised before taking up their in-theatre roles. However during the early phases of this Operation TELIC there were a relatively high number of serious heat casualties, requiring aeromedical evacuation to UK and, sadly, a few fatalities. This prompted the Surgeon General to direct that the acclimatisation and heat illness (HI) prevention guidelines for personnel deploying to this hot-dry theatre of operations should be reviewed.

Heat acclimatisation is a whole body adaptation which primarily affects the cardiovascular, respiratory and thermoregulatory systems.  Acclimatisation to an elevated ambient temperature results in a reduced heart rate, reduced core and skin temperature, increased sweat rate, more dilute sweat and better maintenance of plasma volume and peripheral blood flow compared to unacclimatised individuals exercising at the same intensity.  This results in individuals who are able to function more effectively in the heat and work harder with reduced risks of becoming heat casualties.

Personnel can become partially acclimatised prior to deployment through a progressive physical exercise programme, which causes a sustained elevation of core temperature for at least 60 minutes each day. This enables the time required for full acclimatisation in theatre to be reduced and therefore enables troops to become operationally fully functional earlier. However there is still debate over how long a period of acclimatisation is required to enable personnel to function effectively having travelled to hot climates. 

Due to the operational tempo during the early Op TELIC deployments, the initial guidance for the in-theatre acclimatisation programme had to be based on evidence drawn from the literature. Whilst scientifically sound and tempered by lessons learned previously from supporting similar military activities, this guidance had not been directly evaluated in relation to the operational and environmental challenges in Iraq. 

By 2005/6 the operational situation was sufficiently stable to enable the initial guidance to be validated by deploying a field evaluation team to run a Field Evaluation Facility (FEF) at Shaibah Logistics Base near Basra. 
Volunteers, who had previously been assessed in UK to obtain baseline data, reported to the FEF during their prescribed acclimatisation training period to undergo a standardised Heat Tolerance Test (a step test) whilst being physiologically monitored. This enabled the evaluation team to accurately measure the rate of acclimatisation and assess the impact of the transit from UK to the operational theatre.

The precise aims of the project were to:

· quantify the extent of physiological acclimatisation that is acquired through the in-theatre acclimatisation training package which all personnel should attend for a minimum of 6 days;


· quantify the extent of physiological acclimatisation that is acquired over the initial 10 days in theatre associated with the current acclimatisation advice;


· quantify the extent of physiological acclimatisation that is acquired over the first 15 days following arrival in theatre;


· provide an evidence-based rationale for the current acclimatisation guidelines and to identify the different stages of acclimatisation over the first 15 days in theatre;


· evaluate the effect of prolonged air transit into theatre on heat tolerance.
2.
Description of working population:

British Armed Forces personnel deployed to Iraq on Operation TELIC:


· During Major Combat Operations (March/April 2003): 46,000 

· May 2003: 
18,000 

· May 2004: 
  8,600 

· May 2005: 
  8,500 

· May 2006: 
  7,200 
3.
Reasons for choosing 1 and 2, including organisational context:

During the early combat and follow on operations in Iraq in 2003 the hospital HI admission rate was approximately 53/1000. Most of these HI casualties occurred around the first roulement of troops, which took place in June/July 2003.  
Over the period May – July 2003, there were 622 HI related hospital admissions and over the course of the hot season that year 161 personnel were sufficiently ill to warrant aeromedical evacuation to UK (Approx 10% of all cases evacuated from theatre over that period).
At that time the existing tri-Service HI prevention guidance was focused largely on prevention of exercise related HI in temperate climates. The experience of the initial phases of Op TELIC clearly demonstrated that this policy needed to be updated to counter the operational risks of climatic HI in Iraq. 

The initial acclimatisation and HI prevention guidance was based on theory and scientific literature. As soon as operationally feasible, this study was conducted to validate the guidance by checking that it actually worked in theatre.    
4.
How did you measure outcomes?

The following environmental and physiological parameters were measured to assess the rate and effectiveness of the acclimatisation programme:

· Environmental Temperature: The heat stress (WBGT) within the FEF was measured continuously using Metrosonics WBGT Monitor.

· Nude Body mass:  Weighing Scales (Sartorious, Epsom, Surry UK).

· Thermoregulatory mechanisms:

· Core temperature: Rectal thermistor (Grants Instruments, Cambridge UK) inserted 15cm beyond the anal sphincter.

· Skin (shell) temperature: Skin temperature thermistors (Grants Instruments, Cambridge UK) were positioned at 4 sites (chest, arm, thigh and shin).

· Body heat storage was calculated from core and skin temperature data.

· Sweat rate (total & local): 

· A plastic sweat patch (Opsite, Smith & Nephew, UK)  was attached to the left scapula according to an adapted method
 of Brisson (1991)
.  
· Sweat sodium concentration and osmolality: (ICP atomic emission spectrophotometry) and osmolality (3300 Micro-osmometer, Advanced Instruments Inc.). 
 
· Cardiovascular response:

· Polar heart rate monitor (Polar Vantage, S810, Polar Electro, Kempele, Finland)

· Heart rate and temperatures were monitored throughout, and recorded by data logger every 5 min (Grants 1200 data logger, Grants Instruments, Cambridge UK).  

· Perception of environment and exercise:

· Rate of Perceived Exertion (RPE): Visual analogue scale, after Borg
,  every 5 minutes during the one hour HTT.

· The thermal sensation (TS): Visual analogue thermal sensation scale
 every 5 minutes during the one hour HTT.
5.
What were the health benefits?

· This investigation demonstrated that the current guidelines do enable personnel to undergo acclimatisation over the 15 day period following deployment. 

· The guidelines also state that the acclimatisation period should be an 8 day package, to include an initial rest period of 24 h before commencing the exercise regime.  The current investigation has shown that the majority of physiological acclimatisation occurs during this period. 

· The mean percentage of acclimatisation provides a summary of adaptation.  A total of 12 ± 8% of acclimatisation was gained by Day 2 which was in the main due to changes in heart rate.  Over half of the acclimatisation (53 ± 3%) was achieved by Day 6, and 71 ± 6% was achieved by Day 9 of environmental exposure.


· The second principle finding was the deleterious impact that prolonged air transit has on exercise in the heat. The air transit into theatre is a long and arduous journey that can stretch over a period of several days.  The lack of road moves in Iraq often led to delays of personnel in transit camps where facilities can be less than adequate for the proper promotion of optimal heat acclimatisation and general well-being of personnel.  

· The elevation of RPE scores during Day 2 of the acclimatisation period was evident of an increase in perceived effort when exercising.  This is supported by an increase in thermal sensation, suggesting that personnel perceived themselves to be hotter during the HTT.  

· This highlights the need for personnel to be given 24 h of protected time to enable them to rest and recuperate before in-theatre acclimatisation training commenced.  Personnel should also be strongly dissuaded from undertaking personal physical training (PT) during this time and also for the following few days until recovered from transit and completely acclimatised.  


In summary, there is strong support for the current guidelines which state that the acclimatisation period should be an 8 day package, to include an initial rest period of 24 h before commencing the exercise regime or RSOI lectures.  Although it is evident that personnel will not be fully acclimatised during this initial 8 days, it is likely that the adaptive process will be approximately 70% complete.  Commanders should be aware that deploying personnel may take up to a maximum of 15 days to acclimatise to a hot-dry environment, and should organise personnel appropriately when fulfilling operational commitments.  
By following the acclimatisation training programme, personnel became acclimatised effectively, enabling them to take up their operational roles without an increased risk of HI.
A further indirect, but valuable, benefit was a generally increased awareness of the dangers of HI amongst commanders at all levels in theatre and increased drive from them to minimise climatic exposure risks during normal work. 
The overall result has been a significant reduction in HI casualties requiring aeromedical evacuation to UK (less than 10 personnel over the period 2005/2006).


6.
Give an account of the difficulties/obstacles that arose and how they were addressed:

· General Compliance Issues:

· There was initially some reluctance amongst commanders to ensure that all of their personnel completed the acclimatisation training programme, due to pressures of work and a desire to take up operational duties as quickly as possible. 

· This was tackled by personally briefing of all incoming commanders to ensure that the understood the climatic risks being faced.

· A number of commanders and units only paid minimal attention to the Theatre Standing Operational Instructions (SOIs), which contained the HI prevention and acclimatisation advice.

· This was tackled by providing regular briefings for commanders and widely publicising the theatre SOIs, even including radio interviews and announcements.


· Study Specific Issues:

· Loss of subjects. A number of volunteers were lost from the study due to operational requirements preventing them from attending the FEF for the designated testing session. 

· This was tackled by personally ensuring that individuals were briefed and that their line managers knew what was being planned. Where necessary transport was provided to get participants to the FEF and extra/alternate experiment timings were made to fit in with the subjects’ duty commitments.
7.
Explain how this might be used elsewhere
· The acclimatisation programme that has been validated here can be transposed to other hot-dry operational areas.

· A similar investigation protocol can be followed if validation of acclimatisation programmes is required in other operational theatres.

· This study provides evidence of the time period that should be allowed for acclimatisation to hot-dry environments by any organisation sending personnel overseas from UK, not just the military.
NOTE:

Colonel Owen deployed to Iraq as the Medical Officer for the Evaluation Team. The team was made up of the following personnel:

· Mr S Delves, Scientific Officer, Institute of Naval Medicine

· Col J Owen, Army Professor of Occupational Medicine 

· Lt M Middleton, Medical Support Officer, Institute of Naval Medicine 
� Delves S.K.  Reliability and validity of an adapted plastic sweat patch (report in preparation)
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